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ABSTRACT

This thesis is a critical edition, with introduction, translation and partial
commentary, of the Automata, a two-book mechanical treatise written by Hero of
Alexandria (first century CE). It provides the first commentary on BOOK ONE,
dealing with the construction of a mobile, as opposed to a stationary, automaton.

The preface summarises the significance, aims and limitations of the work.
The opening section gives a summary of some of the conventions and
abbreviations used in the thesis, and is followed by a list of figures.

The introduction provides a context for an informed reading of the text. It
consists of six parts. Part One discusses the ‘Heronian question’, with particular
attention to the chronology of the Aufomata and the Pneumatica. Part Two
evaluates previous editions and translations, and summarises the main novelties of
this study. Part Three assesses the manuscript tradition, including a stemmatic
analysis of a large number of manuscripts. Part Four mainly discusses the various
forms of the title of the treatise, which is reconstructed as /1epi avroudrwv (On
Automata). Greater uncertainty surrounds the heading of BOOK Two, Igpi otardv
avroudrwv (On Stationary Automata), which may have been derived from Hero’s
source, Philo of Byzantium (third-century BCE). Part Five focuses on the work
itself. It starts with an overview of the structure of the text, with remarks on
previous editorial practices. This is followed by a critical description of the
contents of the treatise and by a discussion of the historical, literary and cultural
background. This, in turn, allows for consideration of the performative context of
Hero’s automata. Attention is then paid to the purpose and intended audience of
the treatise, followed by an exploration of Hero’s relationship with his sources. A
stylistic comparison with the Pneumatica sheds new light on Hero’s degree of
originality, removing suspicions of interpolation. Finally, discussion turns to the
status of the text. Internal inconsistencies are best explained as the result of
incomplete authorial editing. Part Six addresses the principles of the edition.

The text, apparatus criticus and translation form the centre of the thesis. To
maximise readability, the layout of the English translation mirrors the layout of
the Greek text. The elucidation of the manuscript sigla and abbreviations used in
the apparatus criticus precedes the text.

The commentary is mainly philological and text-critical in nature.
However, it also addresses stylistic, interpretive and reconstructive issues, without
failing to consider the oldest manuscript diagrams.

Following the commentary are six appendixes: (1) a concordance of
editions; (2) addenda et corrigenda to Schmidt’s edition; (3) three stemmata
codicum;, (4) illustrations; (5) a review of Masia (2015); (6) an index of technical
terms. Appendix (4) includes manuscript diagrams and reconstruction drawings of
the mobile automaton. The thesis closes with a bibliography.
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PREFACE

The Aufomata, our only extant treatise on the design and construction of ancient
automata, was probably written sometime between the second half of the first
century and the beginning of the second century CE by Hero of Alexandria, one
of the most well-known technical and mathematical writers of antiquity. The
treatise, which in all likelihood was published (posthumously?) in an
incompletely revised form, is divided into two books, each devoted to a different
type of automaton, one mobile (Vrayov) and the other stationary (ctatdv). We
know little about Hero’s sources, except that he drew directly on a lost treatise
by the third-century BCE mechanical writer Philo of Byzantium for the second
part of his work. In fact, it has been suggested that the greater portion of BOOK
TWoO repeats verbatim Philo’s earlier text,' and there are indications, including
linguistic and stylistic differences between the two books, which tend to confirm
this suggestion. Apart from this, a stylistic comparison with the Pneumatica, a
treatise on pneumatic devices, suggests that Hero made eclectic use of multiple
sources, often improving pre-existing technology.

The Automata is of particular importance for our understanding of both
the history of science and technology and Hellenistic and Imperial entertainment
culture. Thus far, scholars have tended to focus on particular aspects of the
work, such as its continuities and discontinuities with mathematical prose,? the
mechanisms of movement of the mobile automaton,® or the theatrical relevance
of the stationary model.* However, since the appearance of Schmidt’s standard
edition in 1899 (with notes, but without a commentary), very little attention has
been paid to text-critical problems,’ and the sole English translation of the
treatise, published by Murphy in 1995, is neither widely available nor

unproblematic.

' Schone (1891: 77).

2 Cambiano (2011).

3 McCourt (2012). On the relationship between the mobile automaton and construction
machinery, artillery and water-lifting machines, see Keenan-Jones—Ruffell-McGookin (2016).

# Marshall (2003) and Beacham (2013).

5 The most notable exception is the exchange on interpolations between Olivieri (1901)
and Schmidt (1903).



This thesis has been undertaken as the philological component of a larger
research project, ‘Hero of Alexandria and his theatrical automata’, headed by
Professor Isabel Ruffell (School of Humanities, Classics) in collaboration with
Dr. Euan McGookin (School of Engineering). The purpose of this project was to
investigate the historical, technical and theatrical context of the treatise, the
practical and technical viability of the automata (in particular, of the mobile
type), and their influence on developments in Renaissance automata and
robotics. As part of the project, the present thesis aims to provide a new critical
edition of the text, accompanied by apparatus criticus, an English translation, a
detailed introduction and a full-scale commentary on BOOK ONE. In particular, it
sets out to offer a fresh interpretation of the text, giving special attention to the
following aspects: (1) the language and style of Hero; (2) the nature and
(philological) status of the text; (3) the manuscript tradition of the text; (4) the
situation of the work within the ancient tradition of automata-making; (5)
whether and how Hero’s devices functioned; (6) Hero’s degree of originality.

As with any study, this work has limitations. First, although the edition is
based on the collation of a larger number of manuscripts than the previous
edition, it has not been possible to access all manuscripts nor to collate all the
available manuscripts fully (see further Introduction, §§3.1-2). Because of this,
and in the absence of an apparatus fontium,® no attempt has been made to use
sigla for the consensus of all complete manuscripts or between groups of
manuscripts. Second, the introduction does not include full discussion of the
instructional mode in the treatise both because this requires a separate and
detailed treatment and because there is no commentary on BOOK Two.” Third,
the thesis does not purport to offer a technological history of the automata or to
investigate the text in direct relation to broader technological discourses.
Technical and technological issues are addressed in a number of places but do

not constitute the main approach of the thesis.

® This will be added at the stage of revising the thesis for publication. The need for an
apparatus fontium depends on the fact that some manuscripts are fragmentary.

7 Reasons of word-count and time prevented me from writing a commentary on BOOK
Two. This is of course not to say that the text of BOOk Two has not been studied. See my
remarks in Introduction, §6.1. I intend to produce a full commentary when preparing the thesis
for publication.
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CAVEAT TO THE READER

At the stage of revising the thesis I obtained copies not only of the most recent
edition of Hero’s Metrica (Acerbi-Vitrac 2014) but also of two less frequently
cited studies which deal with, or touch upon, the delicate and complex question
of Hero’s date (Reinhardt 1930; Sakalis 1972). I have been unable to incorporate
these studies into the present thesis. It is worth noting that, while Acerbi-Vitrac
(2014: 16-22) offer a valuable discussion of the most important pieces of
evidence which are generally used for dating Hero, they are overly pessimistic
about the possibility of establishing a fairly secure chronology for the author.
The study by Sakalis (1972: 158-60), primarily on linguistic grounds, makes
Hero contemporary with Nero, thus lending further precision to Reinhardt’s
(1930) previous linguistic and stylistic analysis (first century BCE/first century
CE). I therefore encourage the reader to consider the opening section of the
Introduction only as a preliminary foray into a much-needed reassessment of the
status quaestionis on the chronology of Hero and his works. For discussion of
the problems associated with Masia’s (2015) argument that the eclipse of Dioptr.
ch. 35 cannot be used for dating Hero, see Appendix 5.
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CONVENTIONS AND ABBREVIATIONS

1. ANCIENT AUTHORS

Abbreviations of ancient authors and their works follow the conventions of

Liddel’s and Scott’s A Greek English Lexicon, revised and augmented by Jones
(henceforth LSJ), of Glare’s Revised Supplement to LSJ (henceforth LSJ,
Supplement) and of the Oxford Latin Dictionary (henceforth OLD), with the

following additions:

Anon. Vit. Aesch.
Eust. Antioch. Engastr.

Gal. Al Fac.
Foet. Form.
— Meth. Med.

San. Tu.

Georg. Torn. Or. Georg. Xiph.

Hero, Mech. Frag.

Hero Byz.
Jos. Genes.

Marc. Diac. Vit. Porph.
Max. Conf. Amb.

Paraphr. rec. in Lycophr.

Anonymus Vitae Aeschyli
Eustathius Antiochensis, De
Engastrimytho contra Origenem
Galenus, De alimentorum facultatibus
Id., De foetuum formatione libellus
Id., De methodo medendi Ilibri
quattuordecim

Id., De sanitate tuenda

Georgius Tornices, Orationes in
honorem Georgii Xiphilini

Hero Alexandrinus, Mechanicorum
fragmenta

Hero Byzantinus, De strategematibus
Josephus Genesius, Regum libri
quattuor

Marcus Diaconus, Vita Porphyrii
Maximus Confessor, Ambigua ad
Joannem

Paraphrasis recentior in

Lycophronem
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Ph. Parasc. Philo Byzantinus, Parasceuastica et

poliorcetical
Plu. Aet Rom. Plutarchus, Aetia Romana et Graeca
Cur. 1d., De curiositate
Ser. Num. 1d., De sera numinis vindicta
Praec. Ger. Reip. Id., Praecepta gerendae reipublicae

Ps.-Nonnus, Comm. in Greg. Naz. Serm. Pseudo-Nonnus, /n quattuor orationes

Gregorii Nazianzenii commentarii

Ps.-Plu. Lib. Ed. Pseudo-Plutarchus, De Iiberis
educandis
Schol. rec. Ar. Nub. Scholia in Aristophanis Nubes

(scholia recentiora Eustathii, Thomae

Magistri et Triclinii)

Schol. anon. rec. Ar. Nub. Ead. (scholia anonyma recentiora)

Schol. Tzetz. Ar. Nub. Ead. (scholia recentiora Tzetzae)

Theoph. Cont. Theophanes Continuatus,
Chronographia

I also occasionally abbreviate Biton’s Kataskeuai (Constr.), Pappus’ Synagoge
(Syn.) and Oribasius’ Collectiones medicae (Coll. Med.).

References to Greek authors are made according to the standard citation
systems of the 7hesaurus Linguae Graecae (henceforth 7LG), with the

following exceptions:

(1) Hero’s Dioptra, Geometrica, Metrica and Pneumatica are cited by page and
line of the pertinent volumes of Heronis Alexandrini opera quae supersunt
omnia (Leipzig 1899-1914; repr. Berlin 2011) unless reference is made to the

whole chapter (abbreviated as ‘ch.’, pl. ‘chh.”);

(i1) Hero’s and Philo’s Belopoeica and Bito’s Kataskeuar are cited according to
the edition of Marsden (1971: 66-77), which has been reformatted compared to

! As noted by Whitehead (2016: 9 n. *), LSJ erroneously abbreviate all of Philo’s extant
works as ‘Bel.’.
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the previous editions of Wescher and Thévenot. So, for example, Hero, Bel. 73.6
refers to page 73 in Wescher and to line 6 in Marsden (so also in the case of
Bito’s Kataskeuai), whereas Ph. Bel 73.22 refers to page 73 in Thévenot and to
line 22 in Marsden.

2. REFERENCES

References to the text are by chapter (Roman numeral) and section (Arabic
numeral), with page and line numbers of the present edition given in square
brackets (for an exception, see Introduction, §3 with n. 70). Citations of whole
chapters or sections are made without reference to page and line number, unless
the context otherwise requires (see Introduction, §5.1, and the synopsis headings
in the Commentary on BOOK ONE). Cross-references to notes in my commentary
follow the same citation system. When there is more than one commentary entry
for the same line, cross-references to different notes are distinguished by citing
the relevant portion of text in bold style. References to illustrations in this

edition are shown in bold (e.g. Fig. 1).

3. PERIODICALS AND REFERENCE WORKS

Abbreviations of periodicals follow the conventions of L ’Année philologique.

The following abbreviations are used for standard reference works:

Bailly A. B., Dictionnaire Grec-Frangais, Paris 1950.
Bécares Botas V. B.B., Diccionario de terminologia gramatical

griega, Salamanca 1985.

Chantraine, DELG P. C., Dictionnaire étymologique de la langue
grecque. Histoire de mots, Paris 1968—1980.

Chantraine, Form. P. C., La formation des noms en grec ancien, Paris
1933.

CciD Corpus des inscriptions de Delphes, Paris 1977—.

CODM The Concise Oxford Dictionary of Mathematics,

Oxford 2014° (1990").
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Denniston, GP

Didyma

DS

DGE

FGrH

Frisk, GEW

Forcellini

GEL

GG

HE

c

D

1G

KG

JD. D., The Greek Particles, Oxford 1954°
(19341,

Didyma Inscriptions. Texts and List, ed. D.F.
McCabe, Princeton 1985.

C. Daremberg-E. Saglio, Dictionnaire des
antiquités grecques et romaines daprés les texts et
les monuments, Paris 1877-1919.

F.R. Adrados et al., Diccionario Griego-Espafiol,
Madrid 1980-.

Die Fragmente der griechischen Historiker, ed. F.
Jacoby, Berlin 1923-1959.

H. F., Griechisches etymologisches Worterbuch,
Heidelberg 1955-1972.

E. F., Totius Latinitatis Lexicon, Prato 1858—
1875.

J.P. Louw-E. Nida, Greek-English Lexicon of the
New Testament Based on Semantic Domains,
New York 1988.

Grammatici Graeci, Leipzig 1867-1910 (repr.
Hildesheim 1965).

A.S.F. Gow-D.L. Page, The Greek Anthology.
Hellenistic Epigrams, Cambridge 1965.
Inscriptiones Creticae, ed. M. Guarducci, Rome
1935-1950.

Inscriptions de Délos, ed. A. Plassart et al., Paris
1926-1972.

Inscriptiones Graecae, Berlin 1873—.

R. Kiihner-F. Blass, Ausfiihrliche Grammatik der
griechischen  Sprache, 1. Elementar- und
Formenlehre, Berlin 1890° (vol. 1), 18923 (vol. II).
R. Kiihner-B. Gerth, Ausfiihrliche Grammatik der
griechischen Sprache, II. Satzlehre,
Hannover/Leipzig 1898° (vol. I), 19043 (vol. II).
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LSAM

LSJ

LSJ, Supplement

Milet

Mugler, Dictionnaire
OLD

PG

Powell, Coll Alex.

RE

SEG
TGL

TLG

TLL
VS

Lois sacrées de [’Asie Mineure, ed. F.
Sokolowski, Paris 1955.

H.G. Liddell-R. Scott-H.S. Jones, A Greek-
English Lexicon, Oxford 1940—1968.

P.G.W. Glare, Greek-English Lexicon. Revised
Supplement, Oxford 1996.

Milet.  Ergebnisse der Ausgrabungen und
Untersuchungen seit dem Jahre 1899, ed. T.
Wiegand, Berlin 1906—.

C. M., Dictionnaire historique de la terminologie
géométrique des Grecs, Paris 1958.

Oxftord Latin Dictionary, Oxford 1968—1982.
Patrologia Graeca, Paris 1857—.

J.U. P. (ed.), Collectanea Alexandrina,

Oxford 1925 (repr. 1970).

Paulys  Real-encyclopddie  der  classischen
Altertumwissenschaft, ed. G. Wissowa ef al,
Stuttgart 1893—Munich 1978.

Supplementum Epigraphicum Graecum, Leiden
1923—.

Thesaurus Graecae linguae, Paris 1831-1865.

L. Berkowitz-K.A. Squitier, 7Thesaurus Linguae
Graecae: Canon of Greek Authors and Works,
New York/Oxford 1990* (Irvine, CA 1977").
Thesaurus linguae Latinae, Leipzig 1900—.

Die Fragmente der Vorsokratiker, ed. H. Diels-W.
Kranz, Berlin 1951-1952°(1903").
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4. EDITIONS AND TRANSLATIONS

In the apparatus criticus and in the commentary the abbreviation ed. princ. refers

to the first edition of Hero’s Aut. and Spir. (also referred to as Thévenot). The

following editions and translations (listed chronologically) are cited by the name

of the editor and/or translator only:

Baldi

Thévenot

Couture

Prou

Schmidt

Schmidt, Supplementum

Murphy

B. B. (trans.), Di Herone Alessandrino de gli
automati, overo machine se moventi, [ibri due,
Venice 1589.

M. T. (ed.), Veterum mathematicorum Athenaei,
Apollodori, Philonis, Bitonis, Heronis et aliorum
opera Graece et Latine pleraque nunc primum
edita, Paris 1693.

D. C. (trans.), Heronis Alexandrini de
automatorum fabrica, in Thévenot 243-274.

V. P. (ed.), “Les théatres d’automates en Gréce au
II° siécle avant lére chrétienne daprés les
AYTOMATOIIOIIKA dHéron dAlexandrie”,
Mémoires présentés par divers savants 4
[Académie des inscriptions et belles-lettres de
[nstitut de France, s. 1,9.2 (1884) 117-274.

W. S. (ed.), Heronis Alexandrini opera quae
supersunt omnia, 1.1. Pneumatica et automata,
Leipzig 1899.

W. S. (ed.), Heronis Alexandrini opera quae
supersunt omnia, 1.2. Pneumatica et automata,
Supplementum, Leipzig 1899.

S. M. (trans.), “Heron of Alexandria’s On
Automaton-Making”, HTechn 17 (1995) 1-44.

All emendations, deletions and transpositions have been cited in the

apparatus critici and in the commentary by the name of their proposer only. J.F.
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Boissonade’s and B.J. Rozema’s (proposed) supplements in AP 11.185.4 have
been cited from Floridi (2014: 356, 360), whereas the reference to Commandino
in my app. crit. to Papp. 1024.24-1026.2 is to Commandino (1588: 305). The
conjectures of A. Brinkmann, H. Diels, F. Haase, P. Hildebrandt, H. Schone, R.
Schone have been cited from Schmidt’s edition of Hero’s Aut, except when it
was possible to locate their original (or intermediary) source (see below).? F.
Susemihl’s supplement has been cited from Susemihl (1891: 744 n. 190). M.
Egger’s conjectures have been cited from Prou’s edition of BOOK TWO of Hero’s
Aut., although it is not clear whether the emendation at XXX.6 has been
proposed by M. Egger or by E. Egger. (In his /ndex, Prou 255 refers to E. Egger,
“Coup d’ceil sur I’histoire des acteurs dans I’antiquité”, in Id., Memoires de
littérature ancienne, Paris 1862, 409-423, but I was unable to find any mention
of the conjecture there.) Schmidt’s and Prou’s have been cited from their
respective editions. Weil’s have been cited from his review of Prou’s original
1881 edition (Weil 1882: 420, 421, 422, 423), while Olivieri’s critical
observations have been cited from Olivieri (1901: 432, 433, 434). E.S. Forster’s
supplement (see Comm. on I1.6 [10.4-8]) has been cited from Nussbaum (1976:
152). J.G. Schneider’s correction (see Comm. on IV.1 [18.6]) has been cited
from Schmidt’s edition of Hero’s Spir., whereas G. Murray’s conjecture (see
Comm. on VL3 [24.16-20]) has been cited from Biehl (1970: 47); for the
emendations of C. Wescher and L. Dindorf, see Introduction, §4.1. The

following abbreviations should be particularly noted:

Diels for XXI.1 [68.12] and XXIL6 [72.20]: Schéne
(1891: 75 n. 3, 76 n. 5)
Haase for IL8 [12.1], XV.2 [52.16], XV.3 [54.2], XVI.2

[54.16-17], XX.3 [66.6], XXIL.5 [72.13], XXIII.6
[78.3]: ‘schedae Schoenianae’; for XX.1 [64.7]:
Haase (1847a: 432 n. 34)

2 Some of Haase’s and R. Schone’s emendations were in turn cited by Schmidt from the
so-called ‘schedae Schoenianae’ (on which, see Schmidt, Supplementum 12 n. 2), which I have
been unable to locate (for these emendations, see below).
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R. Schone for XX.1 [64.5-6], XXIII.1 [74.7] and XXX.2
[106.14]: ‘schedaec Schoenianae’; for XX.4
[66.17], XXI 2 [68.15], XXII 4 [72.3], XXII 6
[72.20], XXVII 3 [102.1], XXIX 1 [104.17]:
Schone (1891: 75 with n. 4, 76 n. 5)

5. SECONDARY SOURCES

Secondary sources other than those listed in §§3-4 above are cited by author and
date. Publications by two or three authors are referred to by the last names of all
authors, separated by a hyphen. If a name contains a hyphen, an en dash is used
instead. For works by more than three authors, only the name of the first author
is cited, followed by ef al. Multiple publications by the same author in the same
year are distinguished by lowercase letters (a, b) after the year. For forthcoming
works by the same author, Arabic numerals (1, 2) are used for the same purpose.
English-language titles of cited works are capitalised headline-style, whereas

titles in other languages are capitalised sentence-style.

XiX



Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

AW N =

10
11

12

13

14

15

LIST OF FIGURES

Hero’s mobile automaton

Drive mechanism of Hero’s mobile automaton

Bearing arrangement of the axle of Hero’s mobile automaton
Configuration for straight-line motion (plan view)

(a) manuscript diagram

(b) modern reconstruction

Bobbin and cord arrangement for straight-line motion
(a) forward

(b) forward and backward

(c) forward and backward with pause

Side elevation of case and tube

(a) manuscript diagram

(b) modern reconstruction

Circular motion

(a) manuscript diagram

(b) modern reconstruction

Configuration for rectangular motion (plan view)

(a) manuscript diagram

(b) modern reconstruction

Configuration for rectangular motion (side view)
Mechanism for raising and lowering wheel el/vp

First configuration for snake-like motion (plan view)
(a) manuscript diagram

(b) modern reconstruction

Wheel np mounted on hub and close-up of hub with cord wound
around it

Second configuration for snake-like motion (plan view)
Third configuration for snake-like motion (plan view)
(a) manuscript diagram

(b) modern reconstruction

Kindling altar of Dionysus (front view)

XX



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

16
17
18
19
20
21

22

23
24

25

26

27
28
29
30
31
32

Piping system for libation of milk and wine (front view)
Modern gas tap vs ancient water tap

Hero’s double-piped tap

Trigger mechanism for Hero’s belly-bow (yaotpagpétng)
Trigger mechanism for weight fl

Parapet(s) for descending garlands

(a) manuscript diagram (plan view)

(b) modern reconstruction (side view)

Stylobate, ring (itvc) and base of the shrine (plan view)

(a) manuscript diagram

(b) modern reconstruction

Transmission system for dancing Bacchantes

Single cVpty&

(a) manuscript diagram (plan view)

(b) modern reconstruction

Transmission system for extending the range of the mobile automaton
(a) manuscript diagram (side view)

(b) modern reconstruction

Double cOpry&

(a) manuscript diagram (plan view)

(b) modern reconstruction

Bottom of double cOptyE with slides (front view)

Door mechanism for Hero’s stationary automaton (front view)
Starwheel and DonAfiyylov assembly for moving arms (side view)
Papyrus scroll for sailing ships (front view)

Axle and pulley assembly for plunging dolphin (plan view)

Mechanism for Nauplius’ torch (front view)

XX1



INTRODUCTION
1. THE AUTHOR

Nothing is known for certain about Hero’s life except that he lived and worked in
Alexandria, Egypt,! in the mid-first century ce. A highly erudite scholar,? he
wrote numerous mechanical and mathematical treatises, most of which are
extant either entirely or in part.® His corpus includes works on pneumatics (On
Water-clocks, Pneumatica),* artillery (Belopoeica),® land-surveying (Dioptra),
geometry (Definitions, De Mensuris, Geometrica, Metrica, Stereometrica),’

1 The geographical location is inferred from the epithet AleEav8pedc. For the evidence
and discussion, see Giardina (2003: 6-7 nn. 5-6). See also below, 84.

20n Hero’s erudite profile, see Vitrac (2009: esp. 191-5).

3 For a full account of Hero’s works, see Giardina (2003: 31-74), who distinguishes
between ‘mathematical works’ and ‘technological works’, the latter being further subdivided into
‘technologico-theoretical’ and ‘technologico-practical’. As Giardina (2003: 34) herself notes, her
classification is based on modern epistemological assumptions. See Vitrac (2009: 156) for some
cautionary remarks about the inadequacy of application of the distinction between mathematical
and technical to the ancient situation.

4 The Pneumatica was intended as a sequel to a four-volume work on water-clocks (Spir.
2.12-15), of which only scanty fragments are preserved in Pappus’ commentary on Ptolemy’s
Almagest and Proclus’ Hypotyposis. These fragments have been edited by Schmidt (below,
82.1). On the title of this work, see below, n. 108.

51 do not include in my study the fragmentary treatise attributed to Hero and commonly
known as Cheiroballistra, since the general scholarly consensus regards it as spurious. The
Heronian authorship has been accepted by Prou (1877) and Marsden (1971: 206-33), who both
edited, translated and commented on the work. For a more recent edition, translation and
discussion, see Wilkins (1995). The most recent reconstruction of the cheiroballistra, a hand-held
arrow-shooter, has been proffered by Iriarte (2000), who also carefully discusses previous
reconstructions.

6 The De Mensuris, Geometrica and Stereometrica underwent alterations at the hands of
later writers, but it is difficult to distinguish between original and interpolated material.
Likewise, in Byzantine times the Definitions was augmented with material from other sources,
but in this case it is easier to draw a line of demarcation (Deff. 1-132 vs 133-8). There has been
some debate about the authenticity of this work (Giardina 2003: 83-4), which has culminated in
Knorr’s (1993) suggestion that its author was the mathematician Diophantus of Alexandria,
traditionally dated to the mid-to-late third century ct (but see Knorr 1993: 184-5, 187 for the
suggestion that he lived either in the early-mid third century or in the first century CE; as noted
by Klein 1968: 248, a first-century Ct date was first proposed by Bachet 1621 in his Epistola ad
Lectorem). The grounds for this attribution are as follows: (1) both the Definitions and
Diophantus’ Arithmetic are dedicated to a Dionysius; (2) the prefaces to these treatises show
similarities in content and style. Neither (1) nor (2) proves conclusively that Diophantus wrote
the Definitions both because Dionysius was a very common name (in either case he is addressed
with a different title) and because both authors represent to a certain extent a common ‘Oriental’
Hellenistic tradition; see Neugebauer (1969: 178-9). The similarities between the prefaces
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catoptrics (Catoptrica),” and applied and theoretical mechanics (Automata,
Baroulcos, Mechanica).® The date of his activity has been long debated, with
suggestions ranging from the first century BCE to the third century ce.® A
consensus was reached after Neugebauer (1938: 22-3) demonstrated that Hero
was earlier than Ptolemy (fl. 127-148 cE), and that the lunar eclipse (not a
‘Sonnenfinsternis’, Asper 2001: 136) mentioned in ch. 35 of his Dioptra is an
actual eclipse that occurred on 13 March 62 ce.X® The so-called ‘Heronian
question’ has received renewed attention in more recent years, and Sidoli (2011)
took pains to show that the date of 62 CE can only be taken as a terminus post
quem for Hero’s activity. Although many of his observations remain valid, it is
worth examining the question in some detail.

Sidoli’s (2011) main argument is that the eclipse data in Dioptr. ch. 35 do
not correspond to an accurately recorded observation that can be attributed (at
least with any certainty) to Hero. His aim, therefore, is to partly refute
Neugebauer’s (1938: 23) earlier argument, which he contends depends upon
three claims: (1) the mathematical methods of Dioptr. ch. 35 are purely
nomographic and the eclipse of 62 CE, being ‘ill-suited” to such methods, must
have been used as an appeal to the recent memory of his readers; (2) the data
stated in Dioptr. ch. 35 refer to an eclipse that Hero himself observed, despite the
fact that he does not explicitly state this; (3) the lunar eclipse of 13 March 62 CE

suggest to me a relation of direct dependence between the two. On the addressee of the
Definitions, see, more recently, Asper (2001), who proposes to identify him with the first-
century CE grammarian Dionysius of Alexandria (Suda & 1173; Matthaios 2015: 226, with
further bibliography).

7 The Catoptrica, which was previously attributed to Ptolemy, is preserved in a — probably
abridged — Latin translation by William of Moerbecke. For a recent edition and English
translation, see Jones (2001), who (pp. 150-51) raises doubts about the authorship.

8 The Mechanica survives in Arabic translation, as well as in fragments preserved in
Pappus’ Mathematical Collection. The Baroulcos, which was originally a separate work, has been
transmitted as part of both the Mechanica (Mech. 1.1) and the Dioptra (ch. 37); see Drachmann
(1963a: 22-32).

9 For a summary of the main positions, see Giardina (2003: 8-25). These chronological
limits were set by the fact that Hero cites several times Archimedes and is cited by Pappus.

101n a recent article, Masia (2015) argued that the eclipse has no evidential value for the
purposes of dating Hero. The problems associated with Masia’s argument are discussed in
Appendix 5.

11 Neugebauer (1975: 846) amplifies this point, suggesting alternatively that Hero might
have appealed to his own memory. Sidoli (2011: 60) defines nomographic methods as ‘some
tradition of using techniques of ancient geometry to produce line segments or arc lengths on an
instrument in such a way that they could then be measured by an analog measuring tool’.
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is the only one in the range of dates in which Hero might possibly have been
active that gives a good fit for the data provided in the text.!? In order to prove
his argument, Sidoli (2011: 57-8) points out that the eclipse data in Dioptr. ch.
35 are too vaguely formulated (contra, Giardina 2003: 18), which, as he
maintains, accords neither with the standards of precision found in other ancient
technical works nor with the method of finding the great-arc distance between
two locations (in Hero’s own example, Alexandria and Rome) set out in that
chapter. From these and other observations, he concludes that the reason why
that particular eclipse was chosen is that it had been seen in both cities by the
contemporaries of Hero or his source, and that Hero might in fact have drawn
the eclipse data from the latter (Sidoli 2011: 59). While this argument is cogent,
it only indicates that the year 62 CE is a terminus post quem for Hero’s Dioptra,
not for his activity as such. There are at least two problems with it. First, it
misattributes claim (2) to Neugebauer (1938: 23).13 Hero’s autopsy of the eclipse
was first inferred by Drachmann (1948: 76),'* and was later independently
suggested as a possibility by Neugebauer (cf. above, n. 11). In his earlier study,
Neugebauer (1938: 24) only concluded that ‘man Heron entweder an das Ende
des ersten Jahrhunderts n. Chr. setzen muss oder alle Daten zwischen etwa — 100
und + 200 als gleichwahrscheinlich ansehen kann’.!> Second, it fails to take
account of other pieces of internal evidence used for dating Hero. The evidence
can be summarised as follows:

(a) Hero, Mech. 3.20 describes a direct screw press with a female screw
cut into its beam, a device which Plin. Nat. 18.317 says was invented twenty-two
years before his time. This, together with Hero’s description of the screw-cutter
(Mech. 3.21),%6 establishes a terminus post quem of 55 cE for the Mechanica.’
This date has been corroborated by Drachmann (1932: 125-8), who called

12 These three claims are quoted, almost unaltered, from Sidoli (2011: 55).

13 The same mistake has been made by Vitrac (2009: 155).

14 This has already been noted by Keyser (1988: 218 with n. 5).

15 In subsequent studies, Neugebauer (1969: 178; 1975: 846) decisively opted for the
former alternative.

16 Drachmann (1963a: 140) finds it likely that the screw-cutter, a device for cutting female
screw threads, was Hero’s own invention.

17.Schmidt X1X, XXI1I-111. Keyser (1988: 218) cautions that Schmidt's argument is valid
only if the screw-cutter was published for the first time in the Mechanica (which would indeed
be the case had Hero invented it; see above, n. 16) and if Pliny had found out about it only
through published works.
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attention to the fact that another instrument described by Hero, Mech. 3.16-17,
the so-called galeagra,*® is referred to by Plin. Nat. 15.5 as nuper inventum;*°

(b) Suet. Nero 41.2 and D.C. 63.26.4 both mention a new type of water-
organ that was demonstrated in 68 CE in Rome. A comparison with Hero’s water-
organ (Spir. ch. 1.42) has led Keyser (1988: 219-20) to suggest that the new
model was Hero’s own invention, which, in turn, would provide an approximate
date for the publication of the Pneumatica.?° ‘Composition’ is more correct than
‘publication’, given that the Pneumatica was in all likelihood published
posthumously (cf. below, 85.7);

(c) In ch. 25 of his Dioptra, Hero employs Eratosthenic, rather than
Posidonian, measurements of the circumference of the Earth. This gives a
terminus ante quem of c.114 ce for the Dioptra, since it was then that the
mathematician/geographer Marinus of Tyre introduced the Posidonian
measurements in Alexandria;?!

(d) The first Hebrew treatise on mensuration, the Mishnat ha-Middot,
which was composed no later than 150 CE, shows a strong Heronian influence in
terms of subject matter (Gandz 1940). This provides a terminus ante quem for
the Metrica.

This evidence alone suffices to show that Hero was active between the
years 55 and 114-150 cE, and so there seems to be no reason to doubt that the
eclipse of 62 ce, whether Hero observed it or not, occurred during his lifetime.
As far as (b) is concerned, it should be noted that while the water-organ was first
invented by Ctesibius, who lived in the early to mid-third century BCE,?? Hero’s
model was most probably based on an earlier prototype by Ctesibius’ successor
Philo of Byzantium.?® Unfortunately, we have no means of knowing what Philo’s
device looked like, and Drachmann (1948: 100) believes that the differences
between the Ctesibian and the Heronian versions are so slight that it is of little
importance that we cannot distinguish between Philonian and Heronian

18 The galeagra was a wooden bin used for holding the olive pulp. Hero describes two
versions of it; see Drachmann (1963a: 122-6).

19 Drachmann’s argument is summarised in Drachmann (1948: 75). Sidoli (2011: 59 n. 2)
is aware of Schmidt's and Drachmann’s arguments.

20 Keyser’s argument has been accepted by Raios (2000: 35) and Giardina (2003: 27-8).

21 Krafft (1973: 16), cited by Asper (2001: 136 n. 14).

220n Ctesibius, see further below, §5.3.

20n Philo, see further below, §82 and 5.3.

XXV



improvements.?* What is certain, however, is that the improved version of the
device had only recently been introduced in Rome, as one can infer from
Suetonius’ words (organa hydraulica novi et ignoti generis, Suet. Nero 41.2). The
date of 68 CE, therefore, must be regarded as a terminus ante quem for the
introduction of the new model into imperial circles rather than for either its
invention or, for that matter, the publication of the Pneumatica.

An attempt to narrow down the chronological range of Hero’s activity has
been made by Raios (2000). He adduces two main pieces of evidence in support
of a Neronian date (Raios 2000: 29-31, 34-6). The first is the inauguration of
two (unfinished) construction projects, namely, the canal from Lake Avernus to
the mouth of the Tiber (probably started in 64 cg) and the canal through the
Isthmus of Corinth (67 CE).? In particular, the construction of the latter would
provide a more secure terminus ante quem for the Dioptra on the basis of the
assumption that the Egyptian geometers forming Nero’s entourage (Ps.-Luc. Ner.
4 = 221.27 Kayser) included Hero. Clearly, this is highly speculative, and the
fact that some of Hero’s problems deal with hypsometric differences and the
digging of a tunnel cannot be taken as a definitive indication of Hero’s
involvement in either project.?6 And even if he did take part in the design and/or
construction process, it does not follow that he composed his Dioptra before the
years 64—-67 CE. The second piece of evidence is the fact that Nero sung the role
of Nauplius (Suet. Nero 39.3), whose myth, as will be seen, is displayed in
Hero’s stationary automaton. The value of such evidence depends on the
interpretation of a poem by the first-century CE epigrammatist Lucillius (AP
11.185) as alluding to Nero’s performance, a performance which would have
taken place during his journey to Greece (67 CE). This would establish either a
terminus ad quem or a terminus ante quem for the composition or even the
publication of the Automata.?’” But let us look at Lucillius’ epigram:

24 For the differences between Ctesibius’ and Hero’s water-organs, see Drachmann (1948:
7-9). Keyser (1988: 219) is inclined to think that, in addition to using horn for the valve-springs
instead of iron, Hero introduced several improvements in technical details.

250n the former, see Arata (2014); on the latter, see Werner (1997: 114-16).

26 Pace Raios (2000: 30-1 with nn. 54-6), who refers to Dioptr. 204.25-8 (hypsometric
differences), 234.19 (height of a ditch) and 238.3-4 (digging of a tunnel). On tunnels, see also
Dioptr. chh. 16 and 20.

27 For the tentative suggestion that the Automata was published posthumously, see below,
85.7.
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‘EAMvov anéioe oy noté, déomota Kalsap,
gloeldwv goar Nodmhov “‘Hyéloyog.
Noadmhoc ‘EAMvesoty del kokov | péya koo,
<*FE> | k10op@dOv Exov.
4 lacunam fere octodecim litterarum praebet P : <kal mopoov yebomnv> dub. Floridi coll.

Crinag. AP 9.429.3-4 et Bass. AP 9.289.3 : <kai @puktovg yevdeic> vel <éx ppuktdv yev-
ddv> Rozema : <vnueiv &neppdilov> Boissonade

Hegelochus, my Lord Caesar, once relieved a city

from the Greeks by coming on stage to sing of Nauplius.

Nauplius is always an evil to the Greeks, either bringing a great wave
<***> or bringing a citharist.

The reference to a performance centred around the character of Nauplius has led
most scholars to think that Lucillius is satirising Nero through the figure of the
tragic actor Hegelochus,?® and hence that the words ‘EAAMvov dnéhoe méiv (line
1) refer to Nero’s proclamation of freedom and tax immunity for Greece (67 CE;
Suet. Nero 24.2; 1G 7.2713.12-14).° This interpretation has been rightly
challenged on the following grounds: (1) the myth of Nauplius was a rather
popular subject in the early Imperial period, and we know that Nero performed
other traditional tragic roles (Suet. Nero 21.2-3);% (2) the repeated addresses to
Koicap in the Lucillian corpus should be understood as reminders that Nero is
the primary addressee of the book rather than as clues to a hidden satire;3! (3) the
inclusion of the poem among epigrams about incompetent singers and actors
(AP 11.186-9; cf. lemma to AP 11.185 [B] &ig x10ap®»d00g, GAXG punv Kol Tporym-
dovc kal koumdovg) indicates that ‘Hyéhoyog (line 2) is not a fictive name.3?
Thus, the epigram should simply be read as a satire of Hegelochus, and there

28 Hegelochus was famous for having mispronounced E. Or. 279 in the first performance
of the tragedy in 408 BCE. The episode is famously ridiculed by Ar. Ra. 303-4; for a discussion
of Hegelochus’ error and other testimonia, see Csapo-Slater (1994: 267-8).

2 For Nero’s philhellenic agenda behind the event, see Enos (2013: 47); contra, for
instance, Alcock (1993: 16).

30Floridi (2014: 357-8).

31 Gutzwiller (2005); cf. also Floridi (2014: 78-9), with references. The most common
interpretation is that the address 6éonota Kaioap in AP 11.185.1 refers to Vespasian rather than
to Nero; see Floridi (2014: 357).

32 Gutzwiller (2005), whose position has been endorsed by Floridi (2014: 358).
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would be no reason to connect Nero’s performance with the mythical display of
Hero’s stationary automaton. The year 67 CE, as a result, does not constitute a
chronological indication for the Automata.3?

2. EDITIONS AND TRANSLATIONS OF THE AUTOMATA

The history of the editions and translations of the Automata is a complex one.
The reasons for this are threefold. First, it is intimately connected with questions
concerning the history of the text. The surviving manuscripts of the treatise,
most of which are late and of ancillary importance for the constitutio textus,
show a disruption of the order of chh. XXII-XXV.3* This issue was not
recognised as such until 1882, when H. Weil (1818-1909) published a review of
Prou’s original edition of Book Two which, among other things, constitutes a
valuable source of emendations (Weil 1882). Second, the first translations of the
work antedate the editio princeps by more than a century and were based on
Greek exemplars that have not yet been identified. This means that these
translations should be treated as a source of critical information. Third, Hero’s
debt to Philo of Byzantium (fl. ¢.200 BCE), from book 6 of whose work (now
mostly lost) our author derived much of his material on the stationary
automaton, has been acknowledged not before the end of the nineteenth century
(Schone 1891; cf. below, § 5.6). The obvious implication of this is that the first
attempts to edit the second part of the treatise (which is more problematic
textually when compared with the first) did not take into account the surviving
portions of Philo’s work: of his eight- or nine-book compendium of mechanics
entitled Mnyavikn ovvraéic (Mechanical Collection) there survives, in the
original Greek, only the fourth book on artillery construction (Bslozorixd),

33 Marshall (2003: 263 with n. 9) feels that the treatise postdates more strictly technical
works such as the Dioptra, and hence he tentatively suggests an early Flavian date.

340n such disruption, and on the attempts to restore the original chapter order, see below,
83.2, and esp. nn. 84 and 86.

XXViii



along with substantial excerpts from the seventh and eighth books, concerning,
respectively, fortifications (ITapackevaotixd) and siegecraft (IloAiopknrid).®

2.1 Editions

The treatise was edited for the first time by M. Thévenot (1620-1692), Ph. de la
Hire (1640-1718) and J. Boivin de Villeneuve (1663-1726) in Thévenot 243-74.
The text of their edition, which contains facing Latin translation by D. Couture
(dates unknown), is largely unsatisfactory, because it is based on three relatively
late and inferior manuscripts: Pa, Pd and Pf. However, despite his marked
reluctance to emend (see Thévenot V1), Thévenot has corrected the text in a few
places (I11.9 [12.13], VII.2 [26.13], IX.1 [30.6] and [30.9]), while in others he
appears to have derived his (variant) readings (or corrections) from the equally
late manuscripts Pc, Pe and Pg.3 The illustrations are copied from Baldi’s
drawings, occasionally modified in small details and reversed horizontally.

A little more than a century and a half later, in 1847, F. Haase
(1808-1867) announced a complete re-edition that was part of a larger project
consisting of a six-volume collection of works by military and mechanical

35 The arrangement of Philo’s Mechanical Collection was first elaborated by Haase
(1847a) and later by Orinsky-Neugebauer-Drachmann (1941). These reconstructions, which are
mainly based on the presence of cross-references in the extant portions of the work, agree on the
order of the books. Curiously, Whitehead (2016: 20-1) does not mention either of these
reconstructions, but he (p. 21 n. 19) does refer to Garlan (1973: 16-18; 1974: 283-4) for the
controversies concerning the order of books 5-9. Although there is some variation in the titles of
individual books, most notably in the title of book 6 (below, n. 123), the generally accepted
arrangement is as follows (asterisked titles are not attested in Philo): 1. Eicaywy, 2. MoyAikd, 3.
Auwuevonotixd, 4. Belomoiixd, 5. ITvevuatixd, 6. * Avtopuaroromztikd™ Abrouaronotixd, 7.
Iopaockevaotixd, 8. * [ToAopkntixd, 9. Iepi émotoidv (Unless this was a separate treatise).
Book 5 is preserved in Arabic translation (translated into French and English, respectively, by
Carra de Vaux 1902 and Prager 1974) and in a partial Latin translation of another (lost) Arabic
version (fully translated into German by Schmidt: see below, 82.1; for a selective English trans-
lation, see Prager 1974: 79-91, 127-233). Further references in Rance (2016). On the subject-
matter of book 6, see below, n. 126.

36 Some of these readings are correct (dmomopeiav, V.2 [20.14]; dvoryduevov, XIV.1
[50.21]; év, XXV1.2 [90.14]), but of course it is debatable whether Thévenot (or either of the
other two editors) took all of them from the manuscripts. In at least two cases (V.2 [20.14] and
XXV1.2 [90.14]), they may be due to conjectural emendation. See, by contrast, the erroneous
readings mepipepnc (111.2 [16.8]) and dvexboovtor (XXIINL5 [76.17]).
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writers.®” Although none of the projected volumes ever appeared, the
announcement remains valuable as an indication of a renewed interest in the
works by Hero. Haase intended to use manuscripts (Ae), Mc, Pa, Pc, Pe, Pf, Pg
and Ph as the basis for his edition.®

In 1881 the civil engineer V. Prou (1831-1884) re-edited the second part
of the treatise on the basis of seven Paris manuscripts (P,-P; = Pa, Pb, Pd, Pe, Pf,
Pg and Ph): “Les théatres d’automates en Grece au 1I° siecle avant lére chré-
tienne daprés les AYTOMATOIIOIIKA dHéron dAlexandrie”, Mémoires
présentés par divers savants a |/Académie des inscriptions et belles-lettres de
Institut de France, s. 1, 9.2 (1881); reprinted, apparently unaltered, as part of an
enlarged issue of the same publication in 1884 (erroneously catalogued under the
year 1878 at BNF, Gallica,
http://gallica.bnf.fr/ark:/12148/cb32813503c/date18780101).3° This publication
has a quadripartite structure. In the introduction (“Introduction historique’), Prou
reviews Magnin’s (1852) book on the history of European puppetry (which he
criticises for not mentioning Hero’s work) and discusses previous and contem-
porary scholarship on the Automata, most notably the first two translations of
the treatise (respectively, by Baldi and D’Auria; see below), the editio princeps
and the contribution of Martin (1854). Immediately following the introduction,
Part One (‘Premiére partie’) provides observations on the manuscripts used in
the edition, addresses the issue of the disrupted chapter order (albeit without
understanding it) and discusses the two types of automaton distinguished by
Hero — “‘mobile’ (Uraryov) and “stationary’ (otatdv) — against their mythical and
theatrical background. Part Two (‘Deuxiéme partie’) furnishes a technical
examination of the mechanisms described, or alluded to, in the treatise, and for-
mulates an engineering theory of how (repeated) motion is imparted by means of
the counterweight (‘théorie des cordons moteurs des automates d’Héron d’Alex-

37 See Haase (1847h: esp. 9-10). In addition to the Automata, Haase planned to publish
(vol. 3) the following Heronian or pseudo-Heronian works: Baroulcos, Belopoeica,
Cheiroballistra and Dioptra.

38 Of these, he fully inspected (Ae), Pa, Pc, Pe, Ph and partially collated Mb, Pf and Pg.
Schmidt’s account (Supplementum, 138) is not only incomplete but also incorrect: in addition to
omitting Mb, it includes Pe among the partially collated manuscripts.

39 Murphy 8 is wrong in claiming that Prou’s edition was republished as a book in 1884.
Both COPAC and Google Books records suggest instead that it is the original edition that was
published as a separate volume.
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andrie’).*0 Part Three (“Troisiéme partie”) contains the Greek text with French
translation underneath it and footnotes mainly devoted to linguistic and
philological matters. The edition closes with an analytical index of topics,
persons and Greek words; Part Two and Part Three comprise modern illustra-
tions (some of which appear more than once), whereas Part One and Part Two
include partial quotations and translations of Book ONE. The main contribution
of Prou’s edition to scholarship lies in the emphasis he places on the relevance of
Hero’s automata both to the history of theatre and to the history of technology.
All too often, however, he has a very poor understanding of Hero’s mechanisms
(for two notable exceptions, cf. Comm. on V.3 [22.2-3] and IX.5 [32.8-9]),
offers implausible or even absurd reconstructions, and fails to provide evidence
to support them.*! As a result, despite a relatively good number of improvements
and corrections, Prou did not lay solid foundations for an adequate
understanding of the text.#? Some of his conjectures are ungrammatical,*® while
others are either unconvincing (for instance eiAnua, XXV.5 [88.4]) or altogether
wrong (for instance nopaydévra, XXI111.8 [78.16]). His footnotes do not always
specify whether the readings adopted in the text and not found in the editio
princeps derive from the manuscripts. The availability of Prou’s 1881 edition is
very limited. In Europe | know of copies of the original edition in only three
university libraries: Freie Universitat Berlin (borrowable),** University College
London (not borrowable) and Université Paris-Sorbonne (not borrowable).*®

The decisive turning point in the editorial history of the Automata came
in 1899, when W. Schmidt (1862-1905) published the first volume (divided into

40This theory has not been taken into account in the present study because it requires
advanced mathematical skills which | do not possess.

41 See already Schmidt, Supplementum 139, who cites as examples of Prou’s
misunderstanding of the Heronian principles his emendations of the text of 11.2 [6.14-15] and
V1.1 [22.22-24.3]. In addition to my observations on these passages, see my Comm. on XIV.2
[52.5-6] and XVI.3 [56.1-2], as well as my synopses on XII1.1-7 [44.15-48.13] and XI11.7-9
[48.13-50.15].

42 An opinion already held by Schmidt, Supplementum 139.

43 These are mpockwtoavteg (V1.2 [24.13]), nvoryuévov (XIV.1 [50.21]), nepryvoing
(XXIV.6 [84.10]), dmotepvdvrag (XXVI1.3 [92.8]) and drootpepdvtog (XXVI.4 [92.12]).

44 Only internal members of the university are eligible to borrow the item, but anyone can
consult it in loco. | thank 1. Kirsch, librarian of the Philologische Bibliothek of the Freie Uni-
versitéat Berlin, for the information (personal communication, January 7, 2019).

45 |n the present edition, I refer to Prou’s 1884 reprint. Unfortunately, because | also refer
to Weil’s 1882 review of Prou’s original edition, this creates an inconvenient anachronism.
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two parts) of the Heronian opera omnia (Teubner). The first part includes, in
addition to the Pneumatica and the Automata, the text, with apparatus criticus,
facing German translation and footnotes, of (a) the exiguous fragments of Hero’s
four-volume work on water-clocks as preserved in Pappus’ commentary on
Ptolemy’s Almagest (in Ptol. 87.9-88.10 and 89.4-5) and Proclus’ Hypotyposis
(Hyp. 4.74-7), (b) the Latin version of Philo of Byzantium’s Pneumatica, and (c)
Vitr. De Arch. 1.6.2, 9.9.2-5 and 10.12-13 (all relating to pneumatics). The
second part (Supplementum) is mainly devoted to the manuscript tradition of
Hero’s twin treatises, and contains an extensive word index to the entire edition.
Schmidt’s edition can be considered as the only serious attempt to approach the
text in a systematic and scholarly fashion. He consulted manuscripts which were
apparently unknown to his predecessors (in his apparatus criticus and throughout
his discussion of the history of the text sigla are used only for those manuscripts
which he considered to be superior, on which see below, 83), made use of almost
all of Haase’s collations (which had been made available to him through R.
Schone*® and were previously unknown to Prou), and printed the text of chh.
XXI11-XXV in the correct order (though, lamentably, he was not aware of Weil’s
reconstruction, which is clearly preferable to that of R. Schone). He greatly
improved the readability and presentation of the text (to wit, he punctuates far
better than Thévenot and Prou and adopts a text layout that is not just more
faithful to that of the manuscripts but also more perspicuous),*’” although his
approach to conjectural emendation appears to have been rather erratic: at times
he does not emend where emendation is required (see, for instance, the retention
of the manuscript reading &reiincduebo, VI.2 [24.12]), at other times he
intervenes too rashly (see, for instance, the emendation 8¢’ av for oo, 11.3
[8.3]), and at yet other times he proposes emendations that are unsupported (see,
for instance, the conjecture &v to for &v 1@, XVI1.3 [56.1]) or poorly supported
(see, for instance, the suggested addition of <dpudélovoav> at XXI.2 [68.19]).
His apparatus criticus records emendations by previous scholars whose first
source may be difficult to locate, but contains errors, oversights and omissions
(for example, he does not acknowledge readings found in Prou’s edition and

46 See Schmidt, Supplementum 12 n. 2.
470n the text layout of previous editions, see below, §5.1.
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instead treats them as his own conjectures).*® Schmidt was the first to discuss the
text in relation to (at least some) manuscript diagrams and to comment on the
modern illustrations included in his edition (see his “Anmerkungen zu den
Automaten, insbesondere zu den Figuren”, pp. LI-LXX, which shall be here
referred to as Anmerkungen; he provides a similar set of observations for the
Pneumatica at pp. XXVI-L). These illustrations, however, which were drawn by
H. Querfurth (dates unknown), are not always based on the manuscript
diagrams, and not infrequently include more details than are warranted by the
text. Schmidt’s edition has three major drawbacks: (1) he did not include
photographic reproductions of the manuscript diagrams (half-tone photo-
reproduction processes had only recently become a regular feature of mass-
market periodicals, were rather expensive, and would probably not have yielded
satisfactory results)*® but instead included only a small number of graphic
reconstructions; (2) he provided only a partial and at times erroneous account of
the history of the text, without undertaking a thorough stemmatic analysis of the
manuscripts known to him either directly or indirectly; (3) he was excessively
inclined to invoke interpolation in a way that ignores the multi-layered and
incompletely revised nature of the text.

2.2 Translations

The first translation of the Automata into a Western language appeared in the
sixteenth century when B. Baldi (1553-1617),° mathematician and polymath
from Urbino, made a translation into Italian, accompanied by explanatory and
textual endnotes, illustrations ultimately based on the manuscript diagrams, and
a prolegomenon tracing the history of automata-making (“Discorso di chi
traduce sopra le machine se moventi”).5! Originally a project of his master F.

48 All these errors are collected in Appendix 2.

49 For the history of half-tone technology, see e.g. Twyman (1970: 31-2).

50 Recent years have seen a surge of interest in Baldi’s life and works: see Nenci (2005),
Cerboni Baiardi (2006) and Siekiera (2009; 2010).

51 Baldi’s translation has been recently studied by Micheli (2005). This article contains
much valuable information on Baldi’s situation within the Renaissance and the scholarship of the
time, but is not unproblematic, especially in relation to its treatment of Baldi’s endnotes.
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Commandino (1509-1575),% the translation was completed in 1576 and
published in 1589 under the aegis of the dedicatee of the work, G. Contarini
(1536-1595).>2  This publication most probably encouraged Baldi’s
contemporary, the Neapolitan mathematician J. D’Auria (fl. ¢.1590),5 to
undertake a Latin translation of the whole treatise (date unknown), now
preserved in the seventeenth-century manuscript Parisinus gr. 2380, ff. 211'-
241V.55 During the last decade of the century, after the publication of his first
translation, Baldi retranslated the treatise into Italian. This second translation,
preserved in the autograph manuscript Laurentianus Ashburnham 1525 (Due
libri di Herone Alessandrino delle machine da se operanti,®® saec. XVI), has
remained unpublished.5” Shortly afterwards, in 1601, Baldi published in Venice
a minimally revised version of his first translation, under the title Di Herone
Alessandrino de gli automati, overo machine se moventi, libri due, nuovamente
ristampato e con ogni diligenza ricorretto.58 Baldi’s unpublished translation has

52 Baldi mentions this in his Vita di Herone Alessandrino (Ambrosianus D 332 inf., f.
107).

53 For the date of the translation’s completion, see the colophon at p. 41V. Prou 121
erroneously cites the year 1569.

54 D’Auria was particularly famous for his Latin translations of Autolycus of Pitane,
Euclid and Theodosius of Bithynia, all published in Rome in the years 1587-1591 (Prou 121-2).
For further biographical information, see Toppi (1678: 145).

55 Unfortunately, this translation became available to me too late (February 7, 2019) to be
fully incorporated into the present edition. The colophon at the end of the manuscript (f. 241V)
indicates that D’Auria’s exemplar was a Vaticanus.

56 A caveat is in order here. This translation was first catalogued under the erroneous title
Due libri d’Herone Alessandrino, delle machine da se operante (cf. no. 1525 in Catalogue 1853,
unpaged), which was later corrected to Due libri di Herone Alessandrino, della machina da se
operante (Relazione 1884, available online at
http://www.bmlonline.it/la-biblioteca/cataloghi/fondo-ashburnham-catalogo). Micheli (2005:
248), who seems to have consulted the manuscript, has Due libri di Herone Alessandrino delle
machine da se operanti. | myself do not know the correct form of the title because, unfortunately,
I have been unable to examine the manuscript. The form cited by Micheli is certainly the most
plausible, for it is consistent with the title of Baldi’s original translation.

57 The approximate date of the translation suggests itself from Baldi’s statement that he
had retranslated the Automata and (once again) dedicated his translation to Contarini (Laur.
Ashb. 1525, f. 2@, cited in Micheli 2005: 248).

%8 Scholars have been divided into several camps: those who regard Baldi’s 1589 and 1601
translations as identical (G. Mazzucchelli, cited in Affo 1783: 168-9; Martin 1854: 40; Micheli
2005: 249), and hence claim that the only difference between the two is in the frontispiece; those
who find no significant differences between them (Schmidt, Supplementum 140 n. 2); and those
who consider them to be completely or significantly different from each other (P. Paitoni, cited
in Villa 1767: 481 n. (I); Affo 1783: 169). | have selectively collated the two translations against
each other, and have only very rarely found minor stylistic differences. For this reason, and
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been erroneously considered as the autograph copy of either the first or the third
translation:> in his manuscript preface Baldi is explicit that he had based his
first translation on a manuscript belonging to Commandino and that, in order to
retranslate the treatise, he compared this manuscript with a manuscript that
belonged to G. V. Pinelli (1535-1601).5° Two further translations are reported to
have appeared, respectively, in 1647 (Bologna) and 1661 (place of publication
unknown).8t

Baldi’s 1589 translation is of primary interest because it represents the
first serious attempt to make sense of the Heronian text. As Baldi 3" himself
states, his rendering was based on a very corrupt manuscript. As a result, his
translation leaves much to be desired in terms of internal coherence and
soundness, but it is nonetheless generally accurate, showing peculiar sensitivity
to technical language.®? Although not free from mistranslations and
misunderstandings, particularly with reference to architectural or mechanical
descriptions, it contains a number of corrections which are unlikely to be based
upon readings of his exemplar and which have been either found in other
manuscripts or confirmed by later conjectures (see, for example, my Comm. on
1.7 [10.11-14]). Baldi’s endnotes are typically informative and succinct,
explicating his translation practice and elucidating (albeit not always
successfully) problematic passages or less familiar words (his failure to make
acceptable sense of the text is exemplified by his imaginative comments on the
corrupt words tovg tdv dapdvav ypdvovc: VI.3 [24.19]; see Comm. on VI.3

because digitised copies of Baldi’s 1601 translation are of lower quality, in the present edition |
consistently refer to the earlier, unrevised version. It is worth noting that both the preface, which
is dated February 1, 1589, and the colophon are reproduced unaltered in the revised edition.

59 For the former misapprehension, see Rose (1975: 246); for the latter, see Libri (1841:
72 n. (1)), followed by Schmidt, Supplementum 140 n. 2.

60 aur. Ashb. 1525, ff. 4™v. The access to Pinelli’s manuscript, which Baldi consulted in
Padua, allowed him to clean up a number of mistakes in his first translation (Ambr. D 332 inf., f.
1077). The only example known to me is Baldi’s rendering (34") of XXI1.4 [72.6], ‘si vedevano le
navi condotte al mare sui carretti’ (reading oyaiov in place of Ayordv), which he later (Laur.
Ashb. 1525, f. 44") was able to correct to ‘vedendosi le navi da Grechi al mare condotte’ (cited
from Micheli 2005: 251 n. 18). D’Auria (f. 232"), too, has the erroneous version: ‘Naves enim
videbantur a curribus deductae’. See further below, n. 63.

61 See, respectively, Affo (1783: 169) and Martin (1854: 40), who refers to the 1661
translation as an unaltered re-edition of the first translation. Despite my best efforts, | have been
unable to locate these posthumous translations.

621 agree with Micheli (2005: 251-2) on this point.
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[24.16-20]). Some of his translations suggest that his exemplar was a manuscript
belonging to what Schmidt considered to be the inferior branch of the tradition
(below, 83.2),%2 and, in particular, a manuscript somewhat allied to M.%*

The second half of the sixteenth century saw the appearance of at least
another translation into vernacular Italian (Delle cose che si muovono. In
volgare, Ambrosianus N 237 sup., ff. 56™-78"),% but the next milestone in the
attempts to make the text more accessible to a larger audience is the Latin
translation by Couture, Professor at the Collége de la Marche and member of the
Académie des inscriptions since 1701. Couture’s translation is not particularly
noteworthy except for the fact that it is highly dependent on Baldi’'s. While it is
true that Couture shows a certain (admittedly low) degree of independence, as
already noted by Schmidt, Supplementum 138, he does not improve the places
where he deviates from Baldi (there are several mistranslations/misconstructions

63 See already Schmidt, Supplementum 141, who supported his view by citing Baldi’s
translation (407 of XXVII11.1 [100.9-10]: ‘si vederanno le navi, secondo che s’é detto’ (his
exemplar probably had goivovtar in place of o0 patvovton, as in M). The Teubner editor
(Supplementum 140-1) was inclined to accept Prou’s suggestion (214 n. d) that Baldi’s exemplar
was the same as that used by D’Auria (on which, see above, n. 55; more precisely, Schmidt
suggested that the only plausible candidate is Vb, a manuscript which I have not been able to
consult). Prou explained the shared error of Baldi’s and D’Auria’s translations of XXI1.4 [72.6]
(above, n. 60) as owing to the corruption of Vo TdV Ayordv into Hmo (or &mi) TdV auatdv. This
corruption, however, is utterly implausible on palaeographical grounds. Both translators seem to
have corrected dxaiowv (not oxaiwv, as with Micheli 2005: 251 n. 18), which appears in M and
other manuscripts, to dyéov (dyéwv < dyxaiwv < dyadv). The reading presupposed by their
translations does not seem enough to posit a common exemplar. More recently, Micheli (2005:
251 n. 18) has argued that Baldi based his translation on Ab, a manuscript which he
unwarrantedly believes to have belonged to Pinelli. But, as Micheli (2005: 248-9) himself
acknowledges, Baldi’s first exemplar rather belonged to Commandino; see above.

64 In addition to the passages cited above (n. 63), see the following translations (the
readings given in brackets occur in M): ‘accomodata di maniera’ (18'; appoot wg, 11.8 [12.6]);
‘ritornerassi’ (207; dvaywpnoet, 1V.3 [18.20-21]); “r* (21%; p, V1.4 [26.4]); “che si vede’ (23Y; ob
AenBdtog, IX.5 [32.11]); ‘una’ (24"; adto, X.3 [34.14-15]); ‘al tutto’ (24'; macwv, X.4 [34.20]);
‘simile’ (25Y; 8potoc, X1.10 [40.19]); ‘che basti’ (30"; pév &&dpyewv, XVI11.2 [58.1]); “di corna de’
cervi’ (34Y; 8¢ haopdv kepdtmv, XXIV.1[80.7-8]); ‘Restami hora’ (41"; Aowmdv 8¢ dotv &poi,
XXX.1[106.4]). Cf. also the following readings cited by Baldi: 8epitovta (42V n. 8; 1.5 [4.12]);
depeAnt@v/diepnintdv (437 n. 10; 11.2 [6.16]); xoxhiov (457 n. 28; XVI11.3 [60.3]). None of the
manuscripts that | have consulted appears to have been Baldi’s exemplar because they do not
contain the following readings which the scholar claims to have found in the Greek text: ame-
Mxwvov (44r n. 21; X.1 [34.1]); mepdvnv (46r[457] n. 6; XX V.5 [88.6]); kpdtapov (46V[45Y] n.
12; XXV1.7 [96.2]); odxopa (47Y n. 20; XXIX.2 [104.22]).

65 Unfortunately, | have not been able to consult this translation, which, according to
Micheli (2005: 249 n. 15), covers only Book ONE. The manuscript (whose date is 1551-1600)
also contains an Italian translation (presumably by the same hand) of Hero’s Pneumatica (Degli
effetti dei venti. In volgare, ff. 17-50").
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and a few independent omissions scattered throughout, which seem to stem from
a hasty reading of the text). For the most part, he pays very little or no attention
to the Greek, as is apparent from the number of calques and omissions that he
shares with Baldi.5¢

It was not until 1881 that the treatise was (partly) retranslated into a
Western language. Prou’s translation into French is fluent and easily readable but
is based on an inadequately constituted text. Although Prou pays some attention
to technical terminology, his translation often lacks accuracy and precision. His
tendency to translate freely becomes most obvious in cases where he relegates
the correct translation to a footnote. Contrast, for example, his translation of
XXV1.2 [90.16-17] kotadedepévar [sc. ail yovior] as ‘munis de cordons’ (230)
with the following explanation (230 n. b): ‘reliés par le bas, au moyen d’un
cordon sans fin, entourant extérieurment le pied carré de chaque barreau
vertical’. Or, to take a more extreme case, in a footnote he translates the term
youpothpia (XXVII.1 [98.5]) as ‘tenons de menuiserie’ (236 n. c), but in the
body of the text, apparently in order to avoid supplying the term of comparison,
he opts for its opposite (‘mortaises des menuiserie’, 236). Some of his
renderings are more paraphrases than translations (see, for example, his
rendering of XXIV.2 [80.12-13]: ‘Les outils seron également de couleur
naturelle’, 216-17), while others are blatantly wrong (see, for example, his
rendering of XXX.7 [110.12-13]: “La translation des personnages, aussi bien que
leurs gestes secondaires’). For a more serious misunderstanding, cf. his Greek
text and translation of XXIIL.5 [76.16-18]: Gtav 8¢ tavavtio émotpéem TOV
déova, kol pévtotr avorydioovtar (dvediocovton plerique codd.), 60ev kAeicOnq-
covtat ai BOpar (“si je fais tourner I’arbre en sense inverse, pendant que la porte
est ouverte, celle-ci sera refermée’, 223).57

66 Calques and shared omissions occurring in Couture’s translation of Book ONE, too
many to list here, are cited where appropriate in the Commentary. The following list gives
examples of (a) calques and (b) shared omissions in Couture’s translation of Book Two (as far as
(a) is concerned, Baldi’s translations appear first, followed by Couture’s): (a) XXVI1.7 [94.20] ‘sia
un naspo’(38V)/*sit modiolus’ (270), XXX.2 [106.12] “‘ornamenti da capo delle donne’(41")/‘ad
capitis ornamentum mulieres’ (273) and [106.14] ‘giovanetto’(41")/‘adolescentem’(273), XXX.6
[110.1] “se altra cosa gli si vede vicina’(41V)/*si quid aliud in propinquo videbatur’ (274); (b)
XXIN.5 [76.17] xai pévrot... 60gv, XXX.6 [110.2-3] 10 Spotov.

67 See also the criticisms in Schmidt, Supplementum 139.
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The first complete modern translation appeared as part of Schmidts
edition. His is a rather sophisticated translation and one which privileges stylistic
concerns and accessibility (so to speak) over strict faithfulness to the text. His
translated text often does not reflect his Greek text, introducing conjectures
and/or supplements (whether his own or someone else’s) which are otherwise
relegated to the apparatus criticus. Sometimes he alerts the reader to the
phenomenon, but other times he does not (in his translation he generally uses
square brackets to indicate deletions but refrains from using angle brackets to
enclose additions). The most conspicuous example of such discrepancies is his
rendering of XXVI1.4 [92.15-17], where he (435) does not fail to include his
tentative emendation <8¢t 8¢ 10 10D mivakog £dapog udvov €ng Tdv 0boviny Tdv
ocvvellnuévav tod xdptov, dtav @ kavdvi dyyione,> neminpokévor oe (in place
of t¢): ‘Es ist aber notwendig, wenn man die Wandeldekoration der Achse
wirklich nahe gebracht hat, dass man die Flache der Biihnenhinterwand nur bis
zu den Prospektrollen gefullt hat” (in his note ad loc. he signals his intervention
but stresses that the whole of XXV1.4 [92.14-17], which he deletes as spurious,
is suspicious).®® There are also terminological inaccuracies and
misinterpretations (or not so stringent interpretations). For examples of the
former, see Comm. on I11.1 [14.18-19] and XII11.3 [46.4-6]; for examples of the
latter, see Comm. on 1.2 [16.7-10], XI.10 [40.19-42.1] and XVII.2
[56.22-58.1].

It was only after more than ninety years that the treatise received a
translation into English. Murphy’s 1995 translation, which comes accompanied
by a brief introduction, bidimensional illustrations and textual and explanatory
endnotes, is generally of very poor quality. In her introduction, Murphy
discusses (albeit sketchily) several aspects of the text, provides a rapid and

68 Examples of this phenomenon in Schmidt’s translation of Book ONE will be found in
the Commentary. For further examples pertaining to Book Two, cf. Schmidt 411 (suggested
transposition of wdAwv, XXI [68.10-11]; unclaimed), 415 (Diels’ addition of <f 6¢ Afnva. éni>,
XXI1.6 [72.20]; claimed), 435 (Schmidt’s suggested addition of <tnv pév> or Prou’s addition of
<EMv uév>, XXVI.5 [94.6]; unclaimed), 439 (no fewer than seven emendations, of which six
are claimed and one unclaimed, XXV1.7-9 [94.19-96.13]), 443 (Schmidt’s suggested addition of
<éumemeyviov>, XXVI1.2 [98.10]; claimed), 445 (Schmidt’s suggested emendation émgdperar or
R. Schéne’s conjecture émypieton, XXVII1.3 [102.1]; unclaimed) and 453 (Schmidt’s suggested
addition of <toi¢ uvboic>, XXX.7 [110.15]; unclaimed but enclosed in parentheses).
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incomplete survey of previous scholarship on the treatise and its author,®® and
partly explains her principles of translation. These principles can be summarised
as follows (Murphy 8): (1) the translation is mostly based on Schmidt’s text,
although some reference is made to Prou’s edition of Book Two; (2) some of
Schmidt’s emendations are adopted for the purpose of improving the legibility of
difficult or corrupt passages, whereas some of his lacunae are ignored when the
text is deemed translatable without recourse to emendation; (3) occasional
departures from Schmidt’s textual choices and assessments are duly indicated in
the endnotes.

There are several problems with the application of principles (2) and (3)
and with Murphy’s translation more generally. First, Murphy has a poor grasp of
Greek grammar and syntax, which results in frequent mistranslations,
misinterpretations and/or unwarranted interpretations. Murphy seems to have a
peculiar notion of how to deal with corrupt or lacunose passages, and while she
usually uses angle brackets to enclose additions, she also uses square brackets
for the same purpose (Murphy otherwise uses square brackets to indicate
deletions). This is perhaps best exemplified by her translation of V1.2 [24.12-15]
GAAG punpopdtiov momoavies kol tpookornoavteg {Enetiioopev} émi v &Ee-
Mktpav kol wdlv to évavtio éneiMicavieg anoddoopey €ic v Aciav: ‘take
stretches of it [sc. the cord], glue them on to the cylinder and then wind the
[remaining] cord in the opposite direction and attach it to the counterweight’
(15-17). Terminological choices aside, it is unclear what the reader should make
of ‘[remaining]’ and whether it is intended to correspond to {éneiAicouev},
which is enclosed in square brackets in Schmidt’s text. Take also, for instance,
her rendering of XI11.4 [46.11-13], which contains a lacuna (éx 8¢ tob Eo dy-
yetov <***> €1epog AV 0 YYos Kol eEpmV Ouoing ¢ TOV Ve colfve): ‘and
from the container Z0, another pipe X¥Qs, likewise bearing towards cylinder
Y®’ (23) Here the subject coAnv seems to be treated as the direct object of the
main verb of the immediately preceding sentence, keicOw, which is freely
translated as ‘put’. Second, Murphy only very rarely takes note of the
(admittedly many) instances in which she departs from Schmidt’s text, and, even
when she does, misreadings may be involved (see Comm. on I11.2 [16.7-10]). In

69 The most notable omissions are Olivieri (1901) and Schmidt (1903); Weil (1882) is
cited once, but has been taken into account only marginally and superficially.
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all other cases, it is not always clear whether she emends the text in a different
way (but see the caveat in Murphy 8), whether she in fact follows Schmidt’s (or
Prou’s) translation, whether she translates creatively or whether she understands
the Greek text correctly. One example will suffice. Her translation of XX.2
[64.19-66.2] runs as follows (28): “as though drawn up [sc. the figure of Athena]
by means of a cord, it can appear, upright, and then be hidden again as though
drawn down by another cord” (oomep VIO odpToL TIVOG EmicTacauévng OpOov
eavivol kol Tdhv Vo £tépag katakAOfivar). There is no such parallel structure
(“as though... as though’) in the Greek, and it is difficult to see how ‘drawn up’
could correspond to émionacapévng, which cannot but refer to the cord (omdptov
wvdq). If the verb were meant to refer to Athena’s figure ((odiov), it would have
been émionoacauévov (gender switch should here be ruled out because ‘upright’,
dp0Oov, still agrees with (pdiov). Third, Murphy has a contradictory approach to
interpolations, and while she generally follows Schmidt in deleting passages as
interpolated, she treats (or appears to treat) some of these passages as authentic
(XI.7 and X1.10, on which see synopsis on XI; for equally unfortunate results,
see Comm. on XV1.2 [54.17-18]). Her translation is also not free from omissions
(in Book Two alone, for example, she omits translating the whole of XXVIII.7
[104.9-13] émotpéyet... €), (terminological) inconsistencies and errors (note
especially that she has section XVII1.4 start with XVI11.3 [60.3] kai tog dAlag,
etc.). On the whole, Murphy has produced a translation that is certainly more
accessible than Schmidt’s (at least to readers who may not know German) but
which lacks coherence and is misleading or confusing. Murphy’s illustrations are
rudimentary, not always faithful to the text and occasionally without letter
labels; despite her claim to the contrary (Murphy 8), additional elements not
mentioned in the text are inconsistently indicated in the endotes or in the
illustrations themselves. For reasons that she leaves unspecified, she did not see
the manuscript diagrams.

A number of partial translations also exist, scattered throughout various
books, theses, and articles. Let me single out only McCourt (2012), who offers
not always accurate English translations of [1ll.1 [14.17-16.4], V.3-5
[20.18-22.20], VI.1-2 [22.21-24.9], VIL1-VIIl.2 [26.6-28.19], 1X.1-3
[28.4-30.2], X.3 [34.12-13], XI1.1-4 [36.1-28]. My debt to previous translations is
clearly seen in the Commentary.
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2.3 The present edition

The overview offered so far shows that previous attempts to edit and translate
the treatise have been unsatisfactory to a greater or lesser degree. Until now, one
major drawback was the absence of a comprehensive edition and commentary,
an absence more acutely felt in recent years in response to the growing scholarly
interest in ancient science and technology more generally and in Hero and his
works more specifically. The present edition aims at partially filling this gap by
offering the first-ever full-scale commentary on Book ONE, alongside a re-
examination of the manuscript tradition and a systematic, consistent and accurate
translation of the entire treatise based on a completely new text. The following
aspects of this doctoral study should be particularly noted: (1) the edition
depends on a larger manuscript-base than the edition of Schmidt, and
alphabetical sigla have been consistently assigned to all manuscripts; (2) the
constitutio textus and concomitant interpretation have taken into account, in
addition to those emendations and editorial interventions already found in
Schmidt’s edition, the contributions by Weil (1882), Olivieri (1901) and Schmidt
(1903); (3) a more balanced approach has been adopted with regard to
interpolations, and careful attention has been devoted to the nature and status of
the text; (4) the oldest manuscript diagrams have been consulted and included in
the study, and a whole new set of reconstructions accompanies the thesis
(Appendix 4); (5) in order to facilitate comparison between pre- and post-
Schmidt editions (where chh. XXII-XXV are arranged in different orders), a
concordance of editions has been appended (Appendix 1). For an explanation of
the principles and criteria followed in the present edition, see below, §6.
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3. THE HISTORY OF THE TEXT OF THE AUTOMATA™

On the basis of current evidence, the text of the Automata has been transmitted
by 43 manuscripts either in its entirety or in part. Schmidt knew only of 38.7
The earliest manuscript dates to the thirteenth century: A (Marcianus gr. Z. 516,
ff. 196V-208"),”2 which Schmidt selected as codex optimus. All the other
manuscripts are recentiores, dating from the fifteenth to the eighteenth centuries.
The other three manuscripts upon which Schmidt mainly based his text all date
from the sixteenth century. These are G (Gudianus gr. 19, ff. 1-20V),* M
(Magliabechianus 11.111.36, ff. 125-141V) and T (Taurinensis B.V.20, ff. 82V-
101V), the last of which, having been heavily damaged by fire in 1904, now
contains only portions of lines 2.1-66.6 (ff. 1027-114" are completely lost).’

In what follows, | shall first discuss Schmidt’s method of listing
manuscripts and then provide an updated list, which includes those witnesses to
the text that were unknown to him (Ba, Bd, Mb).”® This will also allow me to
provide information on my use of the manuscripts. | shall proceed to give a
summary of Schmidt’s account of the tradition. This will lead to an examination
of the relationships between the manuscripts. Finally, | shall offer conclusions
and future lines of enquiry into the transmission of this text.

70 For reasons of space, and for the sake of legibility, the vast majority of references in
this section to individual readings and portions of text cite page and line numbers only.

71 Schmidt, Supplementum 56 n. 1 cites Montfaucon’s (1739: 677) reference to three more
manuscripts of the work, once in the possession of I. Voss in York (numbered 2256, 2312 and
2323). He suggested that since he knew of four Vossian manuscripts in Leiden, two of which
contained the Automata (i.e. Lc and Ld), Montfaucon might have simply made a mistake.
Another possibility is that the manuscripts were already lost in Schmidt’s time. | have been
unable to trace these three manuscripts.

721 follow Schmidt’s dating of the manuscript, which was confirmed through personal
communication with D. Riccoboni. Scholars before him had argued for a twelfth-century date
(Zanetti-Bongiovanni 1740: 278) or even a fourteenth- or fifteenth-century date (Haase); see
Schmidt, Supplementum 3 with n. 4.

73The last folio of the manuscript (f. 21) is erroneously indicated as 18 in Schmidt,
Supplementum 7.

74 F, Porticelli, special collections librarian, Biblioteca Nazionale Universitaria di Torino,
personal communication, June 30, 2015.

75 To these should be added Ha and Hb. Although Schmidt, Supplementum 10 knew of
the existence of these manuscripts, he was not aware of the fact that, in addition to the
Pneumatica, they both transmit the Automata.
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3.1 List of manuscripts

Before listing the manuscripts, it is important to note that the treatise has come
down to us under three different titles: ITgpi avrouaroromrixiic (the oldest
attested form), Ilepi avrouaromomtikdv and Ilepl tdv avrouatomomtikdyv. (In
my view, none of these is the original title, which I have reconstructed as Ilepi
avroudrwv, see my detailed discussion below, §4.) Schmidt, Supplementum 54-
6 classified the manuscripts in three main categories according to the presence,
absence and form of the title, citing separately those whose title was unknown to
him (in his list manuscripts are numbered continuously 1-38,7¢ followed by
number 39, which corresponds to D’Auria’s Latin translation). Schmidt’s list is
no longer satisfactory for at least three reasons. First, as will become clear
below, the form of the title is not necessarily suggestive of a distinct branch of
the tradition. Second, Schmidt lumped together manuscripts bearing the title
Iepi avrouaromomrikdv and manuscripts bearing the title ITgpi tév avrouaro-
oty when in fact the latter form is a corruption of the former. Third, his
fourth and last group of manuscripts (nos. 33-8) includes manuscripts whose title
either was already known in his time (nos. 36-7) or is no longer unknown (nos.
33-4). The list below gives (in alphanumerical order) the name and date of each
manuscript, and, when known, the folios containing the text or portion thereof
(square-bracketed numbers refer to errors made by Schmidt in the respective
descriptions of the manuscripts,’” whereas angle-bracketed numbers and/or
letters to information he did not provide). The following superscript signs when
appearing over manuscript sigla are used to indicate, if known and applicable,
the presence or absence of the (different forms of) the title: * = ITgpi avrouaro-
romriknic, " = Ilepl avrouaroromrikdv, ™ = Ilgpl 1@V avrouaromomtikdv, °
= no title. A superscript ? indicates that the title is unknown.

6 Although | do not follow this system, in my list | have included Schmidt’s numbers
within square brackets to enable the reader to compare my discussion of the tradition with his
earlier discussion. Note, however, that although Schmidt also adopted his numbering system for
A, G, M and T, these are consistently referred to by sigla throughout his discussion.

77 Because most manuscripts of the Automata also contain the Pneumatica, the vast
majority of such descriptions are scattered throughout the first chapter of Schmidt’s
Supplementum (“Der Handschriftliche Bestand der Pneumatik”, esp. pp. 1-39), where he adopts
a different numbering system. This can easily create confusion for the modern reader.

xliii



- Ambrosianus C 266 inf., saec. XVI, ff. 331V-349" = Aa" [1]

- Ambrosianus D 131 inf., saec. XVI, <ff. 1'-28™> = Ab™" [16]

- Amstelodamensis I11.F.26 (olim 104), saec. XVII, <ff. 1-28"> = Ac™" [33]

- Angelicanus gr. 109 (olim S.1.17), saec. XVI (1548-1553), ff. 49"-67" = Ad™
[17]

- Argentoratensis C.I11.6, saec. XVI, ff. 167-193" = (Ae)" [2]"®

- Barberinianus gr. 69, saec. XVI-XVII, f. 6" (only 64.2-14 up to aénvav) = Ba

- Barberinianus gr. 261 (olim 11.82), saec. X VI, ff. 44-66v = Bb™ [18]

- Baroccianus gr. 169, saec. XV (1476-1500), ff. 194v-212<V> = Bc™ [3]

- Burneianus gr. 108, saec. XVIY4, ff. 81v-100" = Bd"

- Escurialensis T.1.3, saec. XVI, <ff. 51"-69v> = Ea™ [19]

- Escurialensis @.1.10, saec. XVI, ff. 50<¥>-<70"> = Eb™ [20]

- Fabritius 93 kvart (olim Hauniensis universalis 93), saec. XVIII, <ff. 1'-15v> =
F* [5]

- Gudianus gr. 19, saec. XVI, ff. 1-20V = G” [4]

- Harleianus 5589, saec. XVI3/4, ff. 197-27" = Ha™"

- Harleianus 5605, saec. XV12-%4 ff, 50v-69" = Hb™

- Leidensis Bonaventurae Vulcanii 4, saec. XVI/XVII (1500-1600?), ff. 35<"-
44=> (up to 32.18 ¢poduev) = La™™ [21]

- Leidensis Scaligeri 45, saec. XV ex./XVI1, ff. 64V-96" = Lb? [32]

- Leidensis Vossianus Miscellanaeus 6, saec. XVII, ff. 35<>-39<v>

(up to 32.18 £poduev) = Lc™ [22]

- Leidensis Vossianus Miscellanaeus 17, saec. XVII, ff. 117[10]-36<" = Ld™"
[23]

- Magliabechianus 11.111.36, saec. XVI, ff. 125'-141Y = M™ [24]

- Marcianus XXX.4 (Class. 11), saec. XVI/XVII = Ma’ [35]

- Marcianus gr. Z. 516, saec. XIII, ff. 196v-208" = A" [6]

- Matritensis 4788 saec. X VI, ff. 52'-71V = Mb™

- Monacensis gr. 431, saec. XVI, ff. 17'-36" = Mc”" [7]

- Monacensis gr. 577, saec. XVII, ff. 1'-11vV = Md" [8]

78 According to Schone (1891: 73 n. 2), this manuscript, which was still available to
Haase (see above, §2.1), was lost before the time of his writing. Unfortunately, | have been
unable to trace the manuscript. | have used round brackets to indicate that the manuscript is lost.
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- Oxoniensis Collegii Beatae Mariae Magdalenae 12, saec. XVI (1569-1570), ff.
15v-33v[34] = 0" [9]

- Parisinus gr. 2428, saec. XVI, ff. 52<>-71V[73] = Pa™ [25]

- Parisinus gr. 2430, saec. XVI/XVII (1590-1610), ff. 143<>-168"[170] = Pb*
[10]

- Parisinus gr. 2431, saec. XVI (1540-1550), <ff. 52v-72V> = Pc" [11]

- Parisinus gr. 2432, saec. XVI (1555-1575), ff. 51<™>-71<"> = Pd™" [36]

- Parisinus gr. 2434, saec. XV1 (1520-1570), ff. 56<>-90v[93] = Pe” [12]

- Parisinus gr. 2519, saec. XV vel XVI, ff. 1<=>-33<>= Pf™ [37]

- Parisinus gr. 2520, saec. XVI, ff. 1<>-35v[38] = Pg™[13]"®

- Parisinus suppl. gr. 11, saec. XV, ff. 51<>-70<V> = Ph™ [26]

- Philippsianus 1548, saec. XVI (fortasse 1541 vel 1542), ff. 55v-76" = Pi" [14]

- Riccardianus gr. 47, saec. XVI, ff. 76v-104" = R™ [27]

- Taurinensis B.1.18, saec. X VI, <ff. 36"™-50v> = Ta™ [29]

- Taurinensis B.V.20, saec. XVI (1541), ff. 82¥-101" (now only up to 66.6 cVpo-
uev) = T [28]

- Thottianus 215, saec. XVI, <ff. 48"-71vV> = Th™ [34]

- Vallicellianus R 29, saec. XVI, ff. 1=>-25" = Va’ [38]

- Vaticanus gr. 1054, saec. XVI, ff. 47"-66" = Vb™ [30]

- Vaticanus Urbinas gr. 75, saec. XVII, ff. 38"-57V = V¢ [31]

- Vindobonensis suppl. gr. 21, saec. XVII (c.1600), ff. 143<>-168<¥> = Vd" [15]

Apart from A, G, M and T, Schmidt fully collated manuscripts La, Lb, Mc, Pi
and R. Others he partially collated (Aa, Bb, Ma, Md, Ta), although the extent of
his collations is not always clear.8% Additionally, he also relied on the (selective)
collations made by Haase ((Ae), Pa, Pc, Pe, Pd,8! Pf, Ph), Hildebrandt (\Vb) and
Prou (Pa, Pb, Pe, Pd, Pf, Ph). On the other hand, he had no access, either direct

79 Schmidt, Supplementum 54 rightly cites this manuscript as probably having the title
Tepi avrouaroromruciic. Note that Prou 117 n. 1, who consulted the manuscript, erroneously
claims that the manuscripts (known to him) all have the title ITgpi avroparoromzixdv.

80 He collated samples (‘Proben’) of Ta, whereas he inspected Bb more extensively (‘an
mehreren Stellen’) than Aa and Ma. As for Md, he only says that it was not fully collated. See
Schmidt, Supplementum 14, 24, 56, 117.

81 Pd is not mentioned among the manuscripts Haase intended to use for his edition, but
Schmidt is explicit that the scholar undertook an extensive collation of the manuscript
(Supplementum 31).
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or indirect, to Ab, Ac, Ad, Bc, Ea, Eb, F, Lc, Ld, O, Th, Va, Vc and Vd.22 In
producing the present edition, | have prioritised the main manuscripts used by
Schmidt and those that he did not collate or were unknown to him. Given the
scope of this work, | have decided to leave out of consideration Pi, which
Schmidt convincingly eliminated as apograph of A (Supplementum 114). | have
thus seen manuscripts La, Lb, Lc, Ld, Pa, Ph, Pg and Pf, and photographic or
microfilm reproductions of manuscripts A, Aa, Ab, Ac, Ad, Ba, Bb, Bc, Ea, Eb,
F, G, M, Mb, O, Pb, Pc, Pd, Pe, T, Ta, Th and Vd. | have also been able to
consult images of Bd, Ha and Hb, but these manuscripts came to my attention
too late to be examined and collated for the purposes of the constitutio textus
and the stemmatic analysis.23 In addition to the lost manuscript (Ae), | have been
unable to locate Ma, Mc, Md and Va. For this reason, and because of pressing
time and financial constraints, | could not secure access to all manuscripts. I
have therefore taken the readings of manuscripts (Ae), Mc and R either from the
apparatus criticus or from the Supplementum of Schmidt. The same applies to
those readings of T which are (a) partially preserved or (b) no longer extant. The
following list gives all the occurrences of (a) and (b) within 2.1-66.6 (in the
former case square brackets enclose portions of text now lost):

(@) [mepi avdrtopo]romomti[kdv], 2.2; Pdp[ovc], 8.20; mhie[iov], 8.20;
[¢€Jopmicavtec, 10.1-2; katéotpotans Swoxoldn[tov]t, 16.5-6; [E]n[d&el],
18.3; pi[Adc]oecbar, 20.5; p[x], 22.6; nep[itedeicn T°M9, 24.1; éro[Sepévn] T :
[6m0dedboBm Opoimg eic] t[fv Aelav kpikov ocvveyo]ué[vov adtii. mdhv odV]
kota[eepouévn] T2M9, 24.4; [repic]epévny, 26.4; Bd[oic], 28.8; AeAnddt[wc],
32.11; xéyp[ov], 32.12; doue[unpnuéva], 34.16; nel[doeic], 34.21; [kei] cvp-
Bricetan, 36.16; drodiddta[i], 60.7; t6[dovc], 64.17;

(b) Bdpovg, 12.1; kota T2 : peta Ti, 22.2; &, 22.21; npowouov, 30.1;
gkdebev, 32.9; khedpiov...mhvbiov T2M9, 32.14-15; n, 34.7; mepieiingbeico,

82 Strangely, his account of the tradition does not include discussion of Pg, although the
manuscript had in fact been collated by Haase and Prou. Also, he did not mention Ma, Pd, Pf, Ta
among the manuscripts that were more or less known to him (see Supplementum 112 and 115).
These discrepancies must probably have depended on the amount of information available to
him.

83 These three manuscripts first came to my attention after my primary supervisor learned
about them (see Ruffell 2016). Because of the tight timescale for the completion of the thesis,
and because other in situ collations had yet to be carried out, it was decided to postpone collating
Bd, Ha and Hb until I should be able to revise the thesis for publication (Prof. Costas
Panayotakis, personal communication, June 14, 2017).
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36.15-16; émMoccwv, 38.7; apéoket, 40.6; xai, 48.7; omdptoc om., 48.17; xai
om., 48.18; tovtov, 50.18; ékxpvmteton, 52.14; neptibetat... ondprov om. T :
add. T2, 54.4; ebivtog, 56.1; oteyvdtatov, 56.17; &€apyely, 58.1; koi om., 58.9;
cod, 58.10; tovtn, 58.12; otpépovtog, 58.18; éneideioa, 58.21; 1 om., 60.6;
dameppaypévav, 60.12-13; toic, 60.14; ékpéer T : &xpén TP, 60.20; got,
62.11; kotoxeyopnkauev, 64.5-6; BovAducba, 64.7; Smypdoeswv, 64.8; «ali,
64.11; ydp, 94.18.

3.2 Schmidt’s account of the tradition

Schmidt divides his account of the tradition into three parts. Misleadingly titled
“Der Archetypus der Automaten”, the first part combines discussion of the
disruption of the order of chh. XXII-XXV with observations on the archetypical
manuscript of the text (Supplementum 107-111). He convincingly argues that,
because the manuscripts (known to him) have the disrupted chapter order,8* they

84 All of the complete manuscripts that | have consulted (including Bd, Ha and Hb) have
the following textual sequence: XXI11.1-6 [70.4-74.3] Oi p&v odv... udfog + XXIV.1-XXV.1
[80.1-84.11] oVtwc yivetat... toVg tektovebovtag ovtag + XXIN.6 [74.1-3] 16 wivokt... uddog
(with slight variants) + XX11.6-XXI111.8 [74.3-78.19] /| p&v odv d1d0eoic... Sidodoa + XXV.1-7
[84.12-90.5] khetoBévroc... Sy (the correct sequence is henceforth resumed). The disruption is
signalled in most manuscripts either with odk o1t cuvexig 6 Adyoc ovtoc (as in A and G) or
with Aeimer (as in M), which appear (usually in the margin) where the repetition of XXI1.6
[74.1-3] t® wivaxt... pdBog occurs. The editores principes (and before them Baldi 46" n. 5) took
the marginal Asinel to indicate a lacuna in the text (printed by Thévenot 266.25-6). Prou 133-7,
who recognised the editors’ mistake (or, rather, the scribe’s mistake), argued that the repeated
lines were the result of scribal interpolation (he considered the words t® mivakt as belonging to
the beginning of ch. XXV) and filled what he apparently thought was a different lacuna as
follows: Td pév <odv> mepi TodG TEKTOVEVOVTOG 0bTMS <év> 1@ Tivakt <yfvetot, yevopévng Tig
TPMOTNG Gvoiteng Tdv Bupdv. Tavtog & duotépog dvorydeicog det duo cvyrkieiecbo>, XXV.1
[84.11-12] (Prou 133 n. 45 erroneously states that ovv is found in Pb Pd Pg Ph; the word is
nowhere found in the manuscripts). Prou’s supplement does not restore the coherence of the text
because it leaves the chapter order unaltered (ch. XXIV describes the first scene of the Nauplius
play and must follow ch. XXI11, which describes how the doors of the niva& are opened and
closed automatically). Schmidt’s text is based on Schone’s (1891: 74 n. 2) restoration of the
original chapter order. Instead, | follow Weil’s (1882) reconstruction, which, as we have seen in
§2.1 above, was altogether overlooked by Schmidt. The difference between Weil’s and Schone’s
reconstructions lies in whether or not the words t® nivaxt are considered as repeated from the
end of ch. XXII. My endorsement of Weil’s reconstruction is based on stylistic grounds. The
nivaé is not mentioned in the openings of chh. XXVI (Tadta pév odv ot yiverar, 90.6) and
XXVII (O pév odv mapdmrovg obtm yiverar, 98.1), which follow the same pattern as XX V.1
[84.11-12]; cf. also XXIV.1 [80.1], where, however, the opening words have been supplied. The
omission of tob nivakog after dvorydévrog (XXV.1 [84.12]) is easily explained by the very
repetition of t® nivaxi. Neither Schmidt nor I consulted all available manuscripts, but | find it
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all ultimately derive from a single common exemplar (‘Exemplar’, not
‘Archetypus’).8> Schmidt ascribes such disruption to a transposition of two folios
rather than to the combination of said transposition with the replacement of a
lost folio with a folio coming from a different manuscript (Schone’s thesis),
and advocates (wrongly in my view) for the archetype as a strongly interpolated
manuscript.®” The second part, titled “Der kritische Wert von AGT fir die
Automaten”, examines the (comparative) value of A, G and T, mainly showing
that (1) A is the best manuscript, and (2) AG belong to a superior class of
manuscripts as against T (Supplementum 111-12). Building upon the analysis of
the preceding section, the third part, titled *“Beurteilung der (brigen
Handschriften der Automaten”, assesses the rest of the tradition, and includes
preliminary consideration of D’Auria’s Latin translation (Supplementum 112-18).
Here Schmidt divides the tradition into two classes of manuscripts. One class
consists primarily of manuscripts bearing the title ITgpi avrouaromomnzixic (as in
A and G). To it also belongs Lb (where the treatise is untitled). This he regards
as the better class (‘bessere Klasse’). The other, inferior class (“schlechtere

unlikely that Ma, Va, Vb and V¢ contain the correct textual sequence. On how the disruption
occurred, see below, n. 86.

85 See already Schone (1891: 74 n. 2).

86 Schone’s (1891: 74 n. 2) thesis rests on two facts: (1) the repetition of XXI1.6 [74.1-3]
kepavvoc... udbog; (2) the lacunose state of XXIV.1 [80.1]. In his view, the lost folio contained
XXI1.6-XXIV.1 [74.3-80.1] # pév odv didfeoiq... <Kai tadta pev> and was replaced by another
folio which contained more words at the beginning (kepavvoc... pdboc) and less words at the end
(hence the lacuna at the beginning of ch. XXIV). | espouse Schmidt’s thesis (Supplementum 108-
9) that the scribe, after skipping one folio and realising his mistake, signalled the disruption by
repeating the lines immediately preceding the end of ch. XXII (which, however, would include
1@ mivaxt, following Weil’s reconstruction) and by writing in the margin the words Zot1 cuveymig
0 Méyog ovtog (Which are indeed attested in the oldest manuscript). The textual divergences
between the two iterations of XXI1.6 [74.1-3] t® wivaxkt... pdOoc can be explained by assuming
that the scribe was citing from memory. Equally, the omission of the initial words of ch. XXIV
need not necessarily have occurred at the same time as the disruption, and might represent a later
stage of the transmission. Schmidt’s thesis makes sense only if we assume that, out of the four
folios containing chh. XXI1-XXV, the first and the third were rectos: (a") [...]-XXI1.6 [74.3]
KoTaoTpoPny eixev 6 wddog, (bY) XXI1.6-XXII1.8 [74.3-78.19] 1 pev odv d1d0eoic. .. Sidodoa,
(c") XXIV.1-XX V.1 [80.1-84.12] <Tadta pév odv>... TodG TEKTOVELOVTOG 0bTmE, (dY) XXV.1
[84.12] kAecbévrog 8¢ xai-[...] (where (b) and (c) have been transposed).

87 Schmidt, Supplementum 110 bases his argument mainly on the assumption that X1.7
[38.15-40.2], X1.10 [40.17-42.3] and XXV1.4 [92.14-17] are the result of interpolation. | believe
that these passages are authentic, and consider the treatise to have been compiled from various
sources. See further below, §5.6 (esp. 85.6.1 on snake-like motion). Regardless of the passages
in question, Schmidt’s appeal to interpolation is logically flawed because extraneous material is
much more likely to have been interpolated at a later stage.

xlviii



Klasse”) consists of manuscripts bearing the title Ilepi avrouaromomrixdyv (as in
M and T) or IIegpi tév avrouaroromtikdv. In addition to these two classes, he
identifies three broad groups of manuscripts:

() Aa, (Ae), Mc and Md, a group closely allied to G. Aa, Ae and Mc are
shown to be independent of each other, whereas Md is considered a copy of Mc.
Pb, which Vincent (1858: 171) was inclined to consider a copy of (Ae), closely
follows this group (Supplementum 112-13);

(b) Pa, R and presumably Ta, a group closely allied to T. Pa and R are
dismissed as unimportant in view of this affinity (Supplementum 115-16);

(c) Bb, La, M, Ph and presumably Pd (Supplementum 116-17).

Two points are especially striking about Schmidt’s evaluation and use of
the manuscripts. The first is that he seems to include M among the codices
potiores, although in fact he discusses it together with the other manuscripts (his
consensus codicum a indeed comprises only AGT).88 The second point is that he
is inclined to regard even those manuscripts of which he has no knowledge as
either good or bad, depending on which title they bear (see Schmidt,
Supplementum 114, 117). | have investigated the manuscript tradition in more
detail and have constructed three provisional stemmata based on a partial
collation of the manuscripts (Appendix 3).8° (Note that, in order to avoid
incorrect, incomplete or misleading results, my stemma includes neither those
manuscripts which Schmidt collated and which I did not collate nor the lost
manuscript (Ae) nor the extremely fragmentary manuscript Ba; for the purposes
of the constitutio textus, | have undertaken a complete collation of A, G, M and
T, the last three of which have been consistently cited in the apparatus criticus as
representatives of different sub-branches of the tradition.) As 1 shall
demonstrate, my investigation offers some significant corrections to Schmidt’s
analysis.

88 See Schmidt 336 (Conspectus Notarum).
89 In the stemmata, | use dashed lines to indicate contamination.

xlix



3.3 Stemmatic analysis

The manuscript tradition divides into two branches: branch B, represented by
manuscripts A, Aa, Bc, Ea, F, G, Lb, O, Pb, Pc, Pe, Pg, Vd (Stemma 1); and
branch y, represented by manuscripts Ab, Ac, Ad, Bb, Eb, Ld, M, Mb, Pa, Pd,
Pf, Ph, T, Ta, Tb, and the fragmentary La, Lc and Ba (Stemma 2). The
disruption of the order of chh. XXII-XXV suggests that both these branches
derive from a common hyparchetype (a) rather than directly from the archetype
(), which will have presumably contained the correct sequence of chapters.
Manuscripts of the B branch are superior to manuscripts of the y branch, as is
clear, for instance, from the following textual divergences:

12.11 1ic B : ko y (praeter Ba)

20.16 00 B : xaiy (praeter Ba)

20.19 xvddaxt B : kvoda&Ly (praeter Ba)

28.15 8tav B : oVt y (praeter Ba)

36.3 £t B : Eomi vel éoti vel £oti vel éotiy (praeter BalaLc)
42.5 o¢ B : dote kai ogy (praeter BaLalc)

64.11 t®v B : koiy (praeter LaLc)

82.8 tpun®d B : Tpvmnuo y (praeter BalLalc)

100.12 émotdrov B : otdrov y (praeter BalLalc)

102.23 yap B : 10 y (praeter BaLaLc)

This bifurcation is further evidenced by a number of omissions that are found in
y but not in . Take the following examples:

4.10 8¢ B : om. y (praeter Ba)

28.13 yap B : om. y (praeter Ba)

28.20 V! B : om. y (praeter Ba)

54.13 obtog B : om. y (praeter Ba La Lc)
58.9 kai B : om. y (praeter BaLaLc)



These two branches are each further subdivided into two main sub-
branches, with the B branch leading to A and &, and the y branch leading to € and
C. Let us first consider the g branch and then turn to y.

3.3.1 The B branch

The manuscripts belonging to this branch share only one error in common,
namely the omission of 90.6 ovv. The & sub-branch contains manuscripts Aa, Bc,
F, G, O, Pb Pc, Pe, Pg, Vd and cannot stem from A, because A (and its indirect
descendants Ea and Lb) has a separative error at 22.19 duov (av ).

Schmidt, Supplementum 111 rightly regarded A as the codex optimus
because it has comparatively few significant errors and offers good readings not
found in the other main manuscripts: 2.9 ot 8¢ (Eotwv A™), 14.14 § &v (8¢ ov
A%), 96.12 uépoc (shared by 1). (Of these readings, he cites only 14.14 § év and
96.12 uépoc, to which he further adds 20.13 ev6¢iog; but here A reads énevfeiag
rather than én’ ed0siac.)

On the other hand, the vast majority of the 8 manuscripts offer a superior
text than A at 20.20 év toic (évtor APe) and 24.8 dmomopeio (dmopeia F),
although they share the former reading with € and the latter with k. (Schmidt,
Supplementum 112 cites the former reading among the good readings of G; for
the disadvantages of his approach, see below.)

& splits into two further sub-branches (6 and 1), containing, respectively,
manuscripts Aa, Bc, G, F, O, Pb, VVd and Pc, Pe, Pg.

The 1 manuscripts share several conjunctive errors, which prove that they
form a close-knit group:

2.13 apudlovta] apudlovtt, 10.11 kowov] kowva, 22.2 éEehiktpa] &EehikTpav,
40.3 Todg om., 50.3 puépn om., 66.11 avt®d] avti, 90.14 toic om., 108.17 t0] i,
110.6 1c] N¢ ot

They share an error found in A:

8.8 cvveounpiopévac] &xov Eounpiopévac (Exov eounpiopévac A)



They share two errors found in {:

6.16 51 fépnlwtdv] 8 EpniaTdv
36.13 eipyocpévor] sipyacpévag

Pe and Pg cannot derive from Pc because Pc has the following separative
errors against both manuscripts:

2.12 xwetron] ketron, 20.20 SuPefnrac] upepnrag, 20.20-21 &ic... toixorg om.,
100.8 npxac] npnkog, 100.14 dyovsav] aiovoav, 102.9 ydopa] xdAoopuo.

Pc cannot derive from Pe and Pg because the latter two manuscripts share at
least two significant errors not found in Pc: 2.17 xai] kai kai, 20.19 &v @] &v &
év ©. Cf. also the correct reading of Pe Pg at 20.14 dmomopeio not found in any
other manuscript, including Pc (dmopeiav). Pe cannot have been copied from Pg
because Pg has a separative error at 18.17 dvamitvopévog (a reading taken from
€). Similarly, Pg cannot have been copied from Pe because at 14.12 Pe has an
error (kol vedtepov) which Pg could hardly have corrected by conjecture (kai
votepov Pg). Pe and Pg thus seem to share a common exemplar (&), in its turn
derived from .

Manuscripts Aa, Bc, F, O, Pb and Vd ultimately derive from a common
exemplar with G, namely 6, as shown by the following conjunctive errors:

2.6 &v] kai év, 14.1-2 dpydvwv... Kivovpévmv om., 28.23 keévov] Kivovpévov,
32.17-18 1¢ kol tamewvodobar om., 38.13-15 np&dueha... yowvikidt om., 40.6
Gpéokel] dpéoet, 48.8 otvoc] 6 oivog, 58.15 &tépa] Erepoc, 90.2 dvtippdocetv]

avtippdooov, 94.4 évapt®d] &v avt®d, 94.18 kota om., 96.6 n{] L.

The existence of intermediate exemplars (v and 1) between 6 and Aa, Bc, F and
O (from which are indirectly derived Pb and Vd) is supported by two facts. The
first is that all these manuscripts (henceforth indicated by v) share at least two

significant errors not found in G:

4.13 dpdpec v (cpHpoug AaPc O™I) : devpaig G (sicut 1)



64.17 yryxduom v (yryxduo F) : yiyhdum G (sicut Mpest)

The second is that Aa, Bc and O (together with its indirect descendants Pb and
Vd) share a number of conjunctive errors not found in F:

2.3 avtoporonomtikic] avtopatikig (avtopatoromtikic O), 2.10 Tpocdyov-
to1] mpooayopevoviar, 42.3 pecorafodoa] pesocviiapodoa, 54.13 odv] 8¢,
92.12-14 neprethely... mivakog om., 96.1 8] d¢ kai.

Aa, Bc and O must therefore derive not from v (as F seems to do) but from its
descendant t. Before looking more closely at the T manuscripts, let us consider
F. F’'s scribe seems to have had access to G because the manuscript contains
errors of G not found in the other witnesses: 6.1 dnuiovpyodvrag] dnpodvro,
32.14 6punv] 6 pnv, 48.10, Bdpn] Bdpa, 52.20 adtépata] avtduatog. Cf. also
the following two passages, where F reproduces (almost exactly) the readings of
G:

100.18 émunker kewpuévn FMI (the main text reads &mpnker pévn, which shows
that the scribe does not realise that G’s underlining is meant to correct kewuévn to
pévn)

108.10 pé-|to G : pe- vac. ¢.3 10 F (F’s underlining draws the reader’s attention
to the tentative marginal correction pécov, presumably taken from the y branch)

F also shows signs of cross-contamination from wy (cf. 90.14 vroysypoppéva)
and o (cf. 90.14 év, 106.1 droormacOsiong, the former also occurring in Pepcs),

Aa, Bc and O form a recognisable subgroup, as shown by the following
agreements:

8.9 mapenyéev] nepemyéerv, 14.18 tecodpnv] tettdpov, 16.2 énikerron] énixkn-

ton, 18.6 éxmuticOnoetal] ékntucbfioetan, 48.17 81a] dia ToDd.
Aa and Bc probably derive from a common sub-hyparchetype (v) because they

both have at least one significant error not found in O: 50.17 yiveta1] xai yiveton
(koi yivetar Aa). Bc cannot derive from Aa for chronological reasons, and



because it has the correct text at 28.8 kopvon (Ko{pucpﬁ Aa0) and 100.15 &rop-
owv (éndpactv AaQ). Similarly, Aa is independent of Bc because of the
following two separative errors of Bc against Aa: 80.9 undév] un 8¢, 110.8 xai
KoaleOnval] kekaAveOiivor. Manuscripts of this subgroup show signs of
contamination from the y branch, and perhaps more specifically from {: cf.
readings at 4.12 okepmaviCovta, 6.15 dnmdmcavteg (a further corruption of dmo-
Bdoavtec) and 20.12 menepacpévorc (a reading found in ¢ and also shared by
Bb EaLbTb). Cross-contamination is also likely to have occurred between Aa
and, respectively, o and Ph: for the former relationship, cf. 42.2 tobtov (AaP! :
tobtov 0) and 48.17 ondproc (a reading tentatively added by Aa™? and which in
all probability was already found in «); for the latter, cf. 106.12 dumvkac (Aa
Ph (dub. in mg.))_
O, Pb and Vd share the following errors against Aa and Bc:

20.9 dmonopeia] éumopeiag (Exmopeiag PbC), 46.2-3 ta 8¢... (n? om., 94.8-9 1ov
&v... kavéva om., 98.9-11 év ©... dekpvapiov om.

Pb and Vd share numerous conjunctive errors not found in O, for instance:

4.6 Ovpav] putdv, 22.2 i puv] nuiv, 50.21 krepiov] kherrpidv, 52.20 avtduato
10] T avtdpoze, 58.5-6 mdyoq... dEovog om., 66.4 Bpovtic] ppovtic, 80.8 pndia
Kotepyaocpévac] pdioko tepyocpévag, 108.18 ta kdpora] to kKdpota kol Ko-

HoTa.

Pb cannot derive from Vd because Vd has omissions not found in Ph: 22.1 {co,
30.19-22 mopevdivat... mievpav (mopevbiivor om. Ph), 66.21-22 dvoyeypappé-
vav... ovtod (omitted also by Bb Ta, probably through contamination), 106.4
nuiv. Likewise, Vd is unlikely to have been copied from Pb because VVd does not
reproduce the text of 42.5-7 as it appears in Pb: ¢ éav mpoatpopedo. Sropeunpo-
uéva, o¢ eipntot, kol N Tod TAvBiov] og lpntat, kai N Tod TAvdiov dav Tpooit-
poueda dapepnpopéva o¢ eipntor kol 1 tod Thvbiov. Pb and Vd, therefore,
seem to be close copies of an exemplar () derived from O.

The 6 manuscripts present a superior text than A at 6.19 vmdpyn, 40.19
gtepoc, 106.7 €dagog, 106.13 Owpdkiov, 108.13 mepdviov, although some of
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these readings are shared either by € (106.7, 106.13), by n (6.19) or by both
(108.13). (Schmidt, Supplementum 112 cites 40.19, 106.7 and 106.13 among the
good readings of G but he clearly overlooks the connections between G and
manuscripts of the & branch, in particular M.) G is superior to the other
manuscripts of this family (including the earlier manuscript Bc) because, as the
lists above have shown, they contain a number of additional errors not found in
G. G has a better reading not found in A, M and T at 108.17 tottw (shared also
by AaAcLdTa).

Finally, before moving on to consider the y branch, let us look at Ea and
Lb. These two manuscripts (the former of which transmits the text under the title
Iepi avrouaromomrtikdyv, whereas the latter has no title) share some errors of A
not found in the other manuscripts. In addition to 22.19 auov (see above), cf. the
following (minor) errors: 20.2 yap yevnOéviwv] yop ye yevnOéviav (in A two
letters have been erased after ye, perhaps vv, as suggested by comparison with
yev- in yevnBéviwv), 36.15-16 nepreiindeica] nepietindica, 62.6 Digp tpoydV]
vreptpdyov (here T now reads [***]6ywv, although the agreement of Eb PaTa
gives us what is in all probability the original reading, vrép tpdywv; Pf’s corrupt
reading omgp tpdémwv, too, supports both the word-division and the
accentuation). Ea and Lb also share numerous conjunctive errors that prove that
they are gemelli. Some examples:

2.19-20 dieokevacuévov] diemiokevacuévov, 6.11 dunodiloviat] éurodildviwv,
10.4 8¢l ypricOat] xpficBan 8¢l, 20.13 mopeiav] mopiav, 20.19 mwvbiov] Thwvoi-
d1ov, 58.18 dra& otpépovroc] drootpapévroc, 66.5 modloic] mdAwv, 106.5 neoel-

ton] meioeton, 108.13 piym] powyer, 110.1-2 npocamovevéuntoi] npocamoveted-

untou.

Both manuscripts share an error found in :

94.10 éé&npnpévar] Entnuévon

They also share some errors found in ¢, for instance:

4.12 npilovta] nepilovta (mepi (Ovta Ea)



80.14 £tpdmnoa] nTpdmnca

Lb cannot derive from Ea because Ea has omissions not found in Lb:
14.18 tecodpwv (tettdpwv Lb), 16.15 tod. Ea also has a separative error at 88.2
tpdmnpo (a reading taken from ¢; here Lb has tpdnva, an error probably due to a
misreading of the exemplar, which in all likelihood will have reproduced the
hardly legible reading found in A: tpumay A% : tpumw APC(tvidew)) On the other
hand, | have been unable to find errors peculiar to Lb which could exclude the
possibility that Ea has been copied from Lb. The close correspondences between
the two manuscripts would suggest that Ea is the apograph of Lb, but in the
absence of a full collation it is difficult to reach definitive conclusions.
Regardless, it seems clear that the two manuscripts derive from a descendant of
A which is now lost and in which the treatise was untitled (n); Ea must have
taken its title from y.

3.3.2 The y branch

The y branch is more complex than the B branch. Its two sub-branches (g and €)
contain, respectively, manuscripts Ab, Ac, Ad, Bb, La, Lc, Ld, M, Mb, Pd, Ph,
Tb (and apparently also the exiguous fragment of Ba) and Eb, Pa, Pf, T and Ta.
The & manuscripts share errors not found in ¢ and vice versa, although there are
evident traces of contamination between the two sub-branches:

4.1 xexheopévon € (praeter Ba ThPesl) : kexhetopévav ¢ Thpes!

6.19 vrdpyovtt € (praeter BaLar®) : vmdpyov T (vel ti vel 1i) ¢ (praeter TaPcs!) :
vrdpyov i TaPes! : drdpyov Lare

10.18 xaza € (praeter Ba) : érxi om. ¢

12.10 otatoig € (praeter Ba) : otpatoic

64.3 avaysypdebai € (praeter La Lc) : aveotpdpdon § (dveotpdp[***] T)

106.4 gpoi € (praeter BaLalc) : n pev ¢

¢ splits into two further sub-branches (x and A), containing, respectively,
manuscripts Ab, Ac, Bb, La, Lc, Ld and Ad, M, Mb, Pd, Ph and Th. The
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following readings shared by some manuscripts of k and A indicate that there has
been contamination between the two sub-families:

42.1 1p1dv] moidv vel noiov Ad AbMIBb Pd

42.11 xivhoenv] kiviicewg Bb M Tb

54.6-7 £xdedepéva] ékdedouéva Ab Ac Ad Bb Ld (8kdedepéva Aci)
80.15 énoinca] énoincac Bb M2

96.11 £éxkvobeionc] dxhvbsionc Ab Ac AdLd M Th

The A manuscripts share a few conjunctive errors and probably derive,
through intermediaries, from a common exemplar. 1 list the common errors that |
have found: 2.11 opiopévoug] opiopéva, 10.7 katatetaypuévoc] KotoTeTapuévoc,
92.1 etotpoga] ebotpogar. The following partial agreements should also be
noted:

62.1 niepiov M Th : nbpiov Ad Pd Ph : nibpiov Mb

72.1-2 tehebeov M : tedékecty Ad Mb : tedépecty Pd Ph Th! (tedékeotv Th2M9)
104.21 Zmonouévny AMMbPAPh : émomaocpévny Th* (émomacouévny
prcsl)

The exact relationship between manuscripts belonging to this group is difficult
to establish.?® However, it seems possible to make the following suggestions:

(1) Ad, M, Ph, Th seem to ultimately depend on a different sub-
hyparchetype (w) from Mb and Pd because they have at least one significant
error not found in Mb and Pd: 64.10 dvaysypoupévmv] kol dvoysypoupévmy.
Conversely, Mb and Pd have a separative error at 96.11 éykvbsiong (cf. above;
ék0eiong Ph?c : gxyvbeiong Phresl);

(2) Ad and Ph seem close to each other and perhaps presuppose a
common exemplar (x), as suggested by the following conjunctive errors not
found in the other manuscripts: 8.2 dvokivnto] dvokiverta, 52.14 edapudotond]
evopudotoc, 54.3 pépouc] uépov, 64.19 @ote] dotar. Ph cannot derive from Ad
because of the following separative errors of Ad against Ph: 58.17 v A om.,

9 According to Prou 132, Pd and Ph seem to be apographs of Pa. This cannot be because
Pd and Ph share no substantial errors with Pa.
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90.6 xAewobévroc] Aewpbévrog, 96.5 otpagpnoetar] otpoenoetar, 110.1 i om.
Similarly, Ad cannot derive from Ph because of the following separative errors
of Ph against Ad: 66.9 moAA®V] moADv, 96.7 éEelicoev] éEedliooewy. Cf. also
above under (1);

(3) Th appears to have a closer relationship to M than the other
manuscripts of this group, although it generally presents a more corrupt text than
M and shows signs of contamination (I have called their hypothetical
hyparchetype y). Consider especially the following common omissions of M and
Tb not found in the other manuscripts and which Th? has often filled either
above the line or in the margin: 2.17 1y (add. Th#!), 16.2 &nikeiron (add. Th2m9),
26.21 7 (add. Tb2'), 98.13 7. Cf. also the following errors common to both
manuscripts and not found elsewhere: 18.2 ténov] tpémov (témov Thresl), 26.18
ottog] #n (oVtwg Th2M9) 90.6 kheisBévtoc] Aeicbévrog (kheisBévroc M),
90.14 vnomeppayuéva] vmoysypouuéve.Th appears to have derived some
readings from 0 (for instance 94.4 év avt®) and from ¢ (for instance 80.12 6po-
yopovg, also shared by Mb). See also above.

In comparison with other manuscripts belonging to the g branch, M more
consistently offers good readings not found in A, G and T. Schmidt,
Supplementum 117 belittlingly calls these ‘leichteren Verbesserung’ and claims
(rightly, 1 believe) that they are due to conjectural emendation. He gives a list of
19 passages but singles out as particularly remarkable only three: 8.3 éyxvkiiovg
(so also Th; the other € manuscripts are variously corrupted), 10.8 &otou dfijlov,
94.17 m\oimv (so also O Ta and the other € manuscripts except Bb, which derives
its reading, mAeiov, from a different branch). Cf. also especially 6.6 undsv émin-
todvta (undev émintdvra AcLc), 16.11 ékmenetoxvio (ékmometakvio Ph) and
100.18 émkepévn.?t It is likely that most of these conjectural corrections were
already in €.

Manuscripts Ab, Ac, La, Lc and Ld ultimately derive from a common
exemplar with Bb, namely «, as shown by the following conjunctive errors:

91 Schmidt, Supplementum 117 strangely cites the first two readings among the
conjectural improvements of La. His app. crit. to 6.6 [= 342.8 Schmidt], on the other hand,
records only Bb and La.
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8.3 3¢l 8¢ kal do0] kai Soa 8¢ del, 10.7 katoretayuévoc] évietapévoc, 12.11 k]
d1a, 16.15 noapokadélerar] mapoakodiCetar, 14.20 épéotnke om. (add. Ac?™9

Ld2mg), 20.10-11 kozokorovbodvto] énakorovbodvra (ema- Lc).

There is also little doubt that some errors common to Ab, Ac, Bb and Ld and
occurring beyond the point in which La and Lc break off were already found in
K. 36.7 d&ovec] ot doveg, 58.14 dnodedécbw] anodeddcbw, 64.18 katakekhpé-
vov] kotakekMopévov (katakekhuévov AcC?™M 1 katokekinuévov  Ld2m9),
Contamination is likely to have occurred at the level of x because all these
manuscripts have the same reading (or insignificant variations thereof) as that
found in A% (2.9 om1 8¢ Bb La : éoti 8¢ Ab : éotl 8¢ Ac Ld : £oti 8¢ Lc).

Manuscripts Ac, La, Lc and Ld seem to descend (through various
intermediaries) from a common exemplar with Ab which was copied from «,
namely o. This is suggested not only by the fact that all these manuscripts have
the title Ilgpi wdv avrouaromomrikdv but also by the presence of conjunctive
errors of Ab, Ac and Ld. The ones that I have found all occur beyond the point
in which La and Lc break off (for the relationships between La, Lc and Ld, see
below). Some instances:

92.16-17 neminpokévol] neminpouéval, 94.19 élicoetan] eidjoeton (_ eilfoe-
ton Ld), 96.4 dnwc] ovtog, 100.14 napdmrovv] tetpdmiovy, 104.21 émionoca-

uévn] émonmpévny, 106.1 drooyacheiong] dmooroachHeiong.

Cross-contamination is likely to have occurred at the level of o, too, because Ab,
Ac and Ld all share with p the omission of 90.6 odv (on which, see above). Ab,
furthermore, seems to have consulted A (or, perhaps more likely, its apograph
Pi) because it shares with A the omission of 12.9-10 &ia... éupdiietar (add. A™I
AbM9),

The existence of intermediaries between o and Ac, La, Lc and Ld can be
inferred from the following considerations.

(1) Ac, La, Lc and Ld cannot derive from Ab because Ab has numerous
errors and omissions not found in Ac, La, Lc and Ld (or in Ac and Ld alone
when these occur beyond the point in which La and Lc break off). Some
examples: 6.10-11 ot tpoyoi... pnte om. (add. Ab™9), 34.13 kai tomevobioeTat
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om. (add. AbM9), 58.15 €] €C €C. Given the mutual independence of Ac, La, Lc
and Ld (on which, see points below), the following error common to these
manuscripts and not found in Ab was already in their common (ultimate)
exemplar (@): plypott @ : wiypatt Ab* : mviypnatt AbPS! (a reading probably
taken from Bb). The same applies to some errors common to Ac and Ld and
occurring beyond the point in which La and Lc break off. One example: 100.6
gkomdoel] komdoeL.

(2) La, Lc and Ld cannot (partly) derive from Ac because Ac has the
following omissions not found in La, Lc and Ld: 6.12-13 &ig 10 onicw, 30.3-32.3
‘H 8¢... ovv.

(3) Ac, La and Lc cannot (partly) derive from Ld because Ld has a
separative error at 16.5-6 dwkotaivrrovo (kaAvmrovro Ld?M9, a reading taken
from B and appearing also in La* Ta; Ac?™d corrects the reading of other ¢
manuscripts, diakolbntovta, to diakoldntoveey). Given the independence of Ld
from La and Lc (on which, see point (4) below), it is likely that the following
errors common to La, Lc and Ld and not found in Ac were already in Ld’s direct
ancestor (aa): 18.17 davomvtiopoc] avamitiopdc, 20.18 1] 10, 30.21 avtdv v
om.

(4) Ld cannot derive from La and Lc both because the latter two
manuscripts are incomplete and because they share the following conjunctive,
separative errors against Ld:

16.9 kwvoedeg om., 20.14 yivesOar] yivetor (ytyvesOou La™m Ld), 26.8 dujybw]
duiyw, 28.7-8 tpoyol... Tp om.

Lc cannot derive from La because La has the following separative errors against
Lc: 2.4 n&wpévng] déapévoog (nEopévng Lc), 2.17 vmdoyeoic] vrdotooic, 8.8
ovveopunpiopévac] ocvvempepepiopévog (cvvempuepiopévag Le, a reading shared
by AbAcBb Ld). Similarly, La does not seem to have been copied from Lc
because Lc has at least one separative error against La: 20.10 ordviov] ondvowv
(omdviov Lc™9). It is therefore likely that La and Lc descended from a common,
incomplete exemplar (BP), in its turn derived from aa..

Although Ac and Ld are somewhat removed from one another, they often
share the same variant readings and marginal annotations. Some of these are



nothing more than erroneous conjectures, while others are the result of
contamination from B — or, in some cases, more specifically from 1. As an
illustration, consider the following agreements:

1.22.13 apudovra ActLdln ext) - gopdlovrt Ac2™ILd™d (sicut 1, de quo vide
supra)

1.54.12 Oepilovto Act Ld(ntext) (sicut ceteri codices familiae €) : mpiovra Ac2m9
Ldmo

XX.264.7-8 émypdpetv kouvdtepov Act (@verpdeew ante émypdpew deleto) | (in textu) (gjcyt
ceteri codices familiae €) : al. cod. ypdeewv kov[*]tepov Ac?™9 : al. cod. ypdeev
Kawvovtepov LA™ (ypdpev kavotepov B)

XX.164.8 npo npdv Act Ld(n ) (sicut ceteri codices praeter EaPc&) : mpog
nuag Ac2m9 Ld™ (sicut Pc : mpo nuag Ea&)

Let us conclude our analysis by turning to . Within this family, we can
distinguish, on the one hand, between Pf and Ta, and, on the other, Eb, T and Pa.
Pf and Ta appear to derive directly from  and to have little independent value
when compared with other manuscripts of the same family, especially T. This is
so for two reasons. First, Ta presents a composite text, with readings taken from
B and . Examples of the former:

16.5-6 xoldmrovto Ta : Stakaivmtovtt T (sicut Eb Pa Pf)
66.7 xatatpéyovrac Ta (sicut BbPS!) : xatatpéyovreg T (sicut ceteri codices
familiae y praeter Bbpes!)

Examples of the latter:

16.11 éxmemetoxvia Ta : éknenctakodoag T (sicut Eb Pa Pf)

20.21 ovpeueig Ta (sicut Pe) : copgoung T (sicut ceteri codices familiarum B et §)
22.1 ot Ta (sicut F™9) : 1y T (sicut ceteri codices familiarum B et { praeter F™M9)
See also above. Second, Pf seems more corrupted than T (I will provide some

examples below). Pf cannot derive from Ta for chronological reasons, and
because Ta has the following errors peculiar to itself: 36.4 kai] 611, 96.7 £&ghio-
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ocw] &Eehilev (dEeMooev Ta™md), 108.11 mepoviw] mepdviov. Similarly, Ta
cannot derive from Pf because Pf has the following two unique omissions:
24.3-4 6poiwg... mdiv, 100.14-15 tov... Tpory-.

Manuscripts Eb, T and Pa share a number of conjunctive errors not found
in Pfand Ta:

8.6 gic om. (add. T?2M9), 10.11 xai] thc (kai T?2M9), 20.11-12 Eo11 Pavepov] Empa-
vepov (Empovepov T! @ gott T?M9), 22.2 xata] peto (kato T?MI Eb2MI Pamo),

36.16 cvuPnoetar] kai copPriceton (kes T).
Eb and Pa, moreover, share conjunctive errors (presumably) not found in T:

4.9 tavtmv] tavtav, 6.10 &v om., 8.1 newpacHar] nopacHo (tepa[*]10ar T), 64.8
ypagew] Entypdeov (Emypdeev T), 66.23 oeleioc] aceletag ([***] T).

Eb is closer to T than Pa is, because it reproduces, either exactly or nearly so,
some omissions and marginal additions of T that Pa does not: 24.3-4 -34c0w...
Kotapepo- (émodepévr TLED! : dnodeddcbn. .. katapepouévn add. T?MI Eb2MI),
28.11 «koi (add. T?m9 Eb2M9), 32.14-15 rhebpiov... mavOiov (add. T?M9 Eb2MI),
54.4 mepuribetat... ondptov (add. T?™ : omdptov... thc add. Eb2M9). These
dissimilarities between Eb and Pa, along with the existence of errors of Eb not
found in Pa (for instance 80.14 avtnv] avtovc), suggest that Pa does not derive
from Eb. Similarly, Eb cannot derive from Pa because Pa has the following
separative errors against Eb: 6.10 pfte om., 16.7 voiokog] avickog, 36.21-22
ydlaoua] xdopa. There is, therefore, enough evidence to suggest that Eb and Pa
are descended from the hyparchetype of T (w) through a common intermediary
(o).

Finally, note the following agreements between, respectively, (1) Eb and
Pf and (2) Pa and Pf:
1)
2.6 cuverdvt] cvvaldvr (corr. EbZH)
)
20.13 e00eiac] énarov Oetag (Pacr)
22.3 avtn] avyn
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3.4 Conclusions and future research

In this section, | have shed new light on the history of the text of the Automata.
As has been seen, Schmidt divided the manuscript tradition into two branches,
within which he identified three rather vague groups of manuscripts. While he
was able to eliminate Md and Pi as apographs, his analysis did not go far enough
in examining the relationships between the manuscripts and, in particular,
between the main branches of the tradition. My starting point has been Schmidt’s
classification of the manuscripts. | have focused my attention on updating his
classification, on the one hand, and on attempting to establish the relationship
between the manuscripts, on the other. My stemmatic analysis has demonstrated
three things:

(1) While Schmidt’s division into two branches still broadly holds, the
manuscript tradition is much more fluid than his account leads us to believe (for
cross-contamination, see Stemma 3, where, for the sake of simplicity and clarity,
I have indicated only the first layers of the main families of manuscripts).
Manuscripts belonging to the g branch almost always, but not exclusively, share
the title ITgpi avrouaroromzixic. Although in fact belonging to the p branch,
manuscript Ea has been shown to have derived its title (I7epi avrouaroromzi-
k@v) from the y branch.?? Schmidt’s criterion for predicting the value of
individual witnesses, therefore, is no longer entirely adequate;

(2) Although G and T occupy a lower position in the stemma when
compared to other manuscripts of their families, they are of superior stemmatic
value and should therefore be retained as representatives of their branches;

(3) Because M offers good readings not found in A, G and T and presents
a purer text than Tb, it deserves to be included among the main manuscripts. As
a result, my consensus codicum a differs from that of Schmidt in its inclusion of
M.

My analysis of the manuscript tradition of the Automata shows that there
is still much work to be done, and | conclude by suggesting briefly some

92 A cursory look at Schmidt’s account of the tradition tends to confirm that, among the
manuscripts that | have not collated, those bearing the oldest form of the title belong in the B
branch ((Ae), Mc, Md) and those bearing the title ITepi adrouaroromricdvbelong in the y
branch (R, Vb, and possibly also Vc¢). Casual inspection suggests that the same holds true,
respectively, of Bd (B branch) and Ha and Hb (y branch).
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directions for future research. First, future work should focus on undertaking a
full collation of all extant manuscripts. Only when that is done and all
manuscripts incorporated into the stemma will it be possible to identify
apographs, revise the apparatus criticus and use sigla indicating consensus
between groups of manuscripts. Second, considering the nature of the tradition,
it would be fruitful to investigate contamination at a more granular level. Such
investigation, which will necessarily include closer inspection of marginalia, is
expected to shed more light on the links between manuscripts. Third, greater
attention will need to be devoted to palaeographical and codicological aspects.
The primary purpose of such a study will be to provide an updated description of
the manuscripts, which will in turn benefit the stemmatic analysis. Fourth, the
issue of scribal emendation will have to be examined more closely in order to
better assess and compare the value of individual witnesses.

4. TITLES

The discussion in the previous section leads us to the inevitable question: “What
was the original title of the work?’. The form IIgpi v avrouarorontikdv
should be left out of consideration because, as we have seen, it is a corruption of
Iepi avrouaromomtikdv which appears in an inferior branch of manuscripts.
Our choice, then, seems to be between ITepi avrouaroromzixic [sc. wéyvnc] and
Ilepl avrouaroromzikdv. The former has been adopted by Schmidt and
Murphy,® while the latter was the only title known to Thévenot (who adopted it)
and to Prou®* (who emended it; see below, §4.1) and was apparently endorsed by
LSJ s.v. avtopatonomtiki.?® Before starting our discussion, we should bear two

93 Schmidt 339 translates the title freely as ‘Die Automatentheater’, although he also
offers two more literal translations: ‘Der Automatenbau’ (339 n. 1) and, keeping closer to the
original, ‘die Kunst Automaten zu bauen’ (Supplementum 54). Murphy 11 has ‘On Automaton-
Making’, and refers to the Greek title either as Peri automatopoietikes or (quite illogically) as
Automatopoietikes.

94 But see above, n. 79.

9 |ts transliterated nominative form (‘Automatopoetica’, LSJ s.v. Hero) has gained favour
among classical scholars; see e.g. Mango (1950: 23 n. 42), Sambursky (1962: 177 n. 44), Tarrant
(1976: 275), Facal-Gonzalez (1982: 179), Cuomo (2002: 166 n. 4), Berryman (2007: 44 n. 19),
Mitchell (2007: 226) and De Groot (2016: 56). Although LSJ cite the title as ta ad(topoatomon-
11kd), they are unlikely to refer to the form Ilgpi wév avrouaromomnticdv (see my remarks in
§3.1 above about Schmidt’s listing of the manuscripts).
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things in mind. The first is that the various versions of the title attested in the
manuscripts include the author’s name (usually, “Hpwvog AAeEovépémc)% as
their first element. The second is that uncertainty often surrounds the
genuineness and reliability of titles of ancient works.%

While Schmidt, Supplementum 54 found both Ilepi avroparoromrixic
and IIepi avrouaromontikdv plausible,®® he preferred the former title on
grounds of manuscript support. To corroborate his preference, he made two
additional points. First, ITepi avrouaromomrixnic finds better support in other
names of technai: Belomotikn (Ph. Bel. 51.8; Hero, Bel. 74.10), fovpatonotikni
(Procl. in Euc. 41.8), dpyavonotikry (Procl. in Euc. 41.5), dontpikn (Procl. in
Euc. 42.4) and dntwen (Procl. in Euc. 38.12, 40.9, 59.23, 63.8). Second, Hero
uses the term avtopotonomtikn at 1.1 [2.7]; but cf. also 1.1 [2.3]. The parallel
forms cited by Schmidt are not parallel stricto sensu. They are suffixed either
with -wkdc or with -motikdc, not with -momnticdc.9® Furthermore, in none of the
passages quoted do they serve as titles. The fact that Hero (twice) uses the term
avtouatoromtikn does not necessarily imply that the treatise originally bore the
title I1epi avrouaromomntixric.t0

Schmidt’s discussion is hardly satisfactory, not only for the reasons just
given but also for three other main reasons: (1) he overlooked -earlier
emendations; (2) he misinterpreted an important piece of literary evidence which
so far has not been placed in its proper perspective (see below); (3) he left out of

9 Manuscripts Ea and Pc have, respectively, Tob avtod and “Hpwvog 10D adtod. These
readings can be explained by the fact that in both manuscripts the text of the Automata is
immediately preceded by Hero’s Pneumatica.

97 See especially the discussions in Horsfall (1981) and Fredouille (1997).

9% Tittel (1912: 1049), contra, argues that both titles deviate from standard titulature of
mathematical and technical works, which usually requires the nominative plural neuter. Murphy
8 n. 1 follows suit, stating that ‘neither title is consistent with the forms of other titles of
technical works, such as Heron’s Belopoiika’. This needs correction. The oldest attested title is
partly consistent with other Heronian titles (see below). On the characteristic openness of Ilgpi-
writings, see Dubischar (2015: 565).

99 Similarly, Schmidt, Supplementum 53 compares ITepi adrouaromomtikdy With
nominative plural neuter forms ending either in -ucd (ITvevuarixd) or in -notikd (Belomotixd,
Auwuevorotixd, Opyavorotixd). He quotes Ajuevorotixd and Opyavorotixd, respectively, from
Ph. Bel. 49.2 and 49.3. Philo, however, uses the term dpyavomorixkd not as a title but only as an
alternative designation for artillery-construction: viv 8¢ xavkel Aéyewv, ka0t &€ dpyfig
Sidraéy nomoducda mpoc oé, mepi TV Pelomotik®dv, D1 6 TIVMV dpyaVOTOTIKDY KAAOVHEVKDY,
Ph. Bel. 49.2-4,

100 The term adtoparomomtiky is unattested outside the Automata.
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account the presence of a separate heading introducing the second part of the
treatise (IIepi orardv avroudrwv).l% Discussion of such heading will be
relegated to the end of the section because it can be used as corroborating
evidence for what I think is the original main title.

4.1 Earlier emendations

The following emendations of Ilgpi avrouaromomrikdv have been proposed:
Igpi avroparorotwv (Dindorf ap. TGL s.v. avtopoatomomtixde), Ilepl avro-
uarorolikév (Wescher 1867: 71 unnumbered n.), and Adrouarorotixd (Prou
117 with n. 1; Tittel 1912: 1049).192 These conjectures are improbable, not least
because neither avtopatomointoc nor adrtopatomolikdg is attested in extant
Greek literature.1% Dindorf’s adtopoatonomtmy is curious for two reasons. First,
Dindorf suggests emending avtopatoromtikig (1.1 [2.3]) to adtopatomotikig,
and therefore we would rather expect odtopatonotik@v. Second,
avtouatomointog is a deliberate calque on the Latin automatopoétus: automato-
poetasque [Turnebus : -pictasque vel -pitasque codd.] machinas (Vitr. 9.8.4).
Unlike its Latin counterpart, the Greek term looks like a passive verbal adject-
ive, and so would not yield a reasonable sense (*‘On things made automatically’).
The nominative plural neuter Avrouaroroiikd is preferable to ITepi avrouaro-
notikov (cf. above, n. 98), but neither Wescher’s comparison between similar
forms (Belomotikd, Opyoavomotikd, Awpevomotikd)® nor Prou’s reference to
Plato’s use of dyomotikdg (Smp. 187e4, Grg. 463b3, 464d4, 465b1, 465d6; cf.

101 This heading is omitted in Ab, Ad, Bb, Ha, M, Mb and Pd. Prou 132 erroneously
maintains that only four of the Paris manuscripts (Pb, Pe, Pf, Pg) divide the treatise into two
books. The remaining three Paris manuscripts each have a different heading: ITepi otazov avro-
pdrov (Pa), Iepi tév otardv avroudrov (Pc) and Iepi tdv otardv fiBliov [sic] B (Ph). The
editio princeps has no heading, whereas Prou and Schmidt have, respectively, Ilepi tov oratdv
avroudrov (despite Murphy 8 n. 1) and Ilepi crardv adroudrov.

102 Tybjerg (2005: 206) and Wikander (2008: 788) curiously adopt transliterations of
Abrouaronotixd.

103 The oxytone form avtopatoromtdc, cited by TLL s.v. automatopoeetus and OLD s.v.
automatopoétus, is likewise unattested, and its accented last syllable violates the rules for the
accentuation of verbal adjectives in -tog (on which, see KB 1.538-9).

104 \Wescher (1867: 71 unnumbered n.) refers to the term otopotomnotio, along with Beho-
notia, dpyavomotia, Apevomotia, pnyavomotia and épyonotta. | was, however, unable to find an
attestation of the term.
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also 465d2 and 500e5)%% provides sufficient grounds for preferring a compound
in -motikdg. For the same reason, avtouatoromtikic (1.1 [2.3]) should not be
emended to adtopoTonotikAc.

4.2 The original main title

None of the emendations proposed so far answers our question, and we are still
left with the two alternative forms of the title. The title ITgpi avrouaromomriknic
is clearly preferable to ITegpi avrouarorontikdv, and it is reasonable to think
that the latter form arose as a corruption of the former. However, as will become
clear below, other Heronian titles which follow the same pattern consist of nepi
followed by the name of an object rather than that of a techneé.

The answer to our question comes from the following passage in book 8
of the Mathematical Collection of Pappus (fourth century CE):

~ \ \ 4 \ \ \ /, < 4 \ \
KOAODGL d€ UNYAVIKOLG Ol TOAool Kol ToVG Boupaciovpyovs, oV ol LEV O1a
’ ~ e e/ ~ ¢ \ \ ’ \
TVELUATOV QLLOTEXVODSY, G “HpoV TVELHATIKOTG, Ol € dld vevplov Kot
ondptov Euydyov kKivioelg dokodot pipeicbot, ®c “Hpwv avtopdrtolg kol
’ pl4 \ \ ~ p) y & bl /4 e 2 / bl /4 N
Cuyloig, AAAOL O€ d1 TV £’ VOUTOG OYOVUEVAV, G APYXLUNING OXOVUEVOLS, N
@V &’ Véutog mporoyinv, ®c “Hpwv vdpiotc, a on kal th yvopoviki Oewpio

Kowvovodvta poiverar. 10

5 0dploig scripsi secutus Martin (infra, n. 108); vide etiam locos ibi citatos : 0dpeioic codd.,
rec. Commandino et Hultsch

The ancients also call mechanicians the wonder-workers, of whom some
pursue their art by means of air, as Hero in Pneumatica, some seem to imitate
the movements of animate things by means of little strings and cords, as Hero
in Automata and Balances, others by means of bodies floating in water, as
Archimedes in Floating Bodies, or by means of water-driven clocks, as Hero
in Hydria, which in fact appears cognate with the study of sun-dials.

105 On dyomotikdc as preferable to dyomomticd, see TGL s.v. dyomommikde. Other ex-
amples of the alternation between -motikdc and -romtikdg are
avdpravronotiki/avdpiavtoromriky, dpronomotikdd/dpronomtikde, mAomotikdg/mhonomtikdc,
crromotikdc/crtonomTikdc.

106 Papp. 1024.24-1026.2.

Ixvii



Scholars almost unanimously agree that the term avtduarog is here used as the
title of the treatise.1%” This interpretation is supported by the mention not only of
other works of Herol® but also of Archimedes’ Floating Bodies.'® If one were
to follow Tittel (1912: 1049) in interpreting these words as referring to classes of
objects, one would have to understand the dative as instrumental, which does not
accord well with the repeated use of 814 + genitive. Moreover, a reference to
Archimedean floating bodies would be redundant, because the corresponding
generic class is designated as ta £¢ Vdatoc dxobueva. The crucial issue here is
not, | believe, whether the plural datives refer to ancient works, but rather what
sources lie behind the passage. Berryman’s (2009: 59-60) comparison between
the classifications of mechanics by Pappus (Syn. 1024.12-1026.4) and Proclus
(in Euc. 41.3-18, drawing on the first-century BCE writer Geminus)'° led her to
conclude that Pappus, too, drew on a doxographical tradition.!! This is correct
as far as it goes, but it does not go far enough. The question of sources proves
much more complex. Hultsch (1877: 115, 119-22) identifies two main sources
for Pappus’ book 8. He feels that one major source was Hero’s Mechanica, which
he believes to have been excerpted by Pappus himself in the introduction.'t?
However, he contends that an informed but less polished interpolator, in addition
to excerpting Hero’s Mechanica, supplemented the introduction, and particularly

107 Schmidt, Supplementum 54 n. 1 takes the words adtopdroig kai {vyloig as an
inaccurate quotation of the title. But see below, n. 108.

108 Hero’s now lost Zvyia (or Iepi Cvyimv?), which was presumably concerned with
entertainment devices such as statuettes balanced on pins (Martin 1854: 42 with n. 3), is
mentioned nowhere else. By contrast, Hero’s treatise on water-clocks (“Ydpua or, following
Martin 1854: 42, I1epi vpiwv) is also known as Iepi vopiwv dpookoreiwv (Procl. Hyp. 4.73; cf.
Papp. in Ptol. 89.5). Martin (1854: 42 with n. 5) cites a third form of the title (IZgpi vpooxo-
neiwv), which replaces Iepi vépinv dpooxoreiwv not in Halma’s (1820: 107) edition of Proclus’
Hypotyposis but in the edition of the same work by Grynaeus (1540: 42). The title of the work
cited by Pappus may be an abbreviated form of Ilepi vdpiwv wpockonsiwv.

109 Archimedes’ treatise is so titled (Apyuidovg Oyovuévev) in the so-called Archimedes
Palimpsest (on which, see Netz et al. 2011); cf. also Hero, Spir. 24.11-12 (&redeixdn yap Apyi-
undet &v tolc Oyovuévoig, etc.). Str. 1.3.11 refers to it as Iepi tadv dyovuévav.

110 Berryman (2009: 60 n. 21), for instance, draws attention to the parallel between
Pappus’ words oi 8¢ 81d.... pupeloBon and Procl. in Euc. 41.8-9 ta 8¢ dia vedpov xai ondptmv
Zuyiyoug Ok kol kivioelg dmopupovpévav; cf. also ol pév d1d... prioteyvodowy with to pév
da tvdv erhoteyvodoa (Procl. in Euc. 41.8-9).

U1 Hultsch (1877: 119) had already recognised that the two classifications were drawn
from a similar or identical source.

12 Hultsch (1877: 123 n. 12) considers Pappus’ definition of mechanics (Syn. 1022.8-13)
to have been repeated verbatim from Hero’s Mechanica. See Cuomo (2000: 105) for the tentative
suggestion that this definition derives from some work by Ptolemy.
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the section devoted to the classification of the discipline,!'® on the basis of a
commentarial tradition originating from the so-called Heronian school (ot mept
tov “Hpovo unyovikoi, Papp. 1022.14-15).114 The main implication which
concerns us here is that, even if Hero did not mention his work on automata in
his Mechanica, the interpolator’s source contained a reference to the title of the
treatise. This title, which likely reflects an earlier stage of the tradition, can be
reconstructed as ITepi avroudrwv on analogy with other Heronian titles, such as
Lepi Si6npac, Tepl Vopiwv wpookoresionv and possibly also * ITepi (vyiwv. S
How are we to explain, then, the oldest attested title? The most plausible
explanation involves the assumption that the treatise came to lack all or part of
its title. The fact that in the manuscripts the title is not repeated at the end may
be taken as a tentative indication that it was originally placed at the beginning,
rather than at the end, of the roll.1*6 If so, it would have been more easily
exposed to damage, and hence more likely to be replaced by a different title.1’
The presence of an internal title, of course, does not preclude that the roll also
bore an external title, but ancient testimony suggests that such titles (usually
written on fragile parchment labels) were optionally added at the request of the
owner of the roll.118 The title ITepi avrouaroromrixiic, therefore, may have been
supplied on the basis of the opening of the treatise, all the more likely because
ancient works were often identified by their incipits.!*® So, while we cannot be

113 That the references to ancient works in Pappus’ passage have been added by a later
interpolator is suggested by the use of the simple dative. In other, similar cases, Pappus employs
év + dative: Syn. 54.31-56.1, 270.20-1, 270.31-272.1, 272.2, 298.3, 312.7, 312.20-1, 360.19-20,
410.22-3, 1026.9, 1060.5-6, 1064.8, 1068.3, 1068.19-21, 1106.13-14, 1114.5-6, 1130.7.

114 Contra, Cuomo (2000: 105) and Vitrac (2009: 167 and 174 n. 41), who assume direct
dependence of Pappus upon Hero.

115 See above, n. 108. Another mechanical treatise has a comparable title, Athenaeus
Mechanicus’ ITepi unyavnudrov.

116 Turner (1987: 13): ‘[t]he habit of putting a title at the end is carried over into the codex
form’; see also Holtz (1997: 479). For a recent discussion of initial and end-titles in papyri, see
Caroli (2007: 52-60).

117 The inclusion of Hero’s name could be taken as an argument against my proposal.
However, we can envisage at least three scenarios: (1) only the title of the work was lost, either
entirely or in part; (2) the whole title was lost, but the scribe supplying the information was
already acquainted with the work; (3) the whole title or part of it was lost after the treatise had
been transcribed into codex form, but the authorship was deduced from the fact that the
manuscript contained other Heronian works.

118 See Cic. Att. 4.4a, 4.5 and 4.8, with Oliver (1951: 243) and Holtz (1997: 472 n. with
12). For a comprehensive discussion of external titles, see Caroli (2007: 23-52).

119 See Nachmanson (1941: 37, 49-50); Kenney (1970); Holtz (1997: 470, 474-77).
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entirely sure that ITepi adroudreov is Hero’s original title, it has two clear
advantages. First, albeit based on thin evidence, it rests on more solid and
authoritative ground than Ilgpi avrouaromomrikric, which is attested only
relatively late. Second, it conforms more closely to the author’s mode of titling.
If Hero had used avtopatomomtikdg in the main title, he would probably have
chosen a plural neuter (Avroparorointixd).t?°

4.3 Ilepl otardv avtoudrov

There are three possible interpretations of Ilgpi orarév avroudrov. (1) it is a
genuine title; (2) it is an interpolation;?! (3) it is a subtitle.!22 The first two
interpretations support the idea that neither of the manuscript titles is the original
one, although (1) is more unlikely than (2). Let us briefly consider these three
options:

(1) This interpretation does not tally well with the main titles, which do
not include indication of the book number. If either of them were the original
title, one would have expected Hero to use the same title for both books and to
specify the book number, just as he does with his Pneumatica. Furthermore,
accepting this interpretation would seemingly require that the original title be
Iepi dmayoviwv avroudrov, which is not only unsupported but also unsuited to
the more general character of the first book (cf. I-11);

(2) This interpretation begs the question of how the heading was
supplied. It might have been based on XX.1 [64.7] mepi 8¢ TV 6T0T®V 0dTOUA-
tov (cf. also 1.8 [49-50]), but the absence of the article would seem to suggest
that the scribe had Ilepi avroudrwv before his eyes. This interpretation,
therefore, may serve as indirect confirmation of our reconstructed fitle;

(3) This interpretation, at least as | understand it, presupposes that the
heading is genuine. Two possibilities arise here: either Hero felt the need to add

120 See above, nn. 98-9.

121proy 132 (albeit without substantiation). It is unclear to me why he prefers the
(corrupted) form Ilgpi wév oratdv avroudrov (above, n. 101).

122 Murphy 8 n. 1. See also Schmidt 404, who prints this heading in a smaller type than
that employed for the main title.
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a subtitle to the second part of the work, or (more likely) he found it in book 6 of
Philo’s Mechanical Collection.1?3

While | cannot exclude entirely (2), I am inclined to interpret this
heading as a genuine, originally Philonian subtitle.

5. THE WORK

Hero’s Ilepi avroudrmv is our only extant treatise entirely devoted to the design
and construction of ancient automata. It belongs to what might be called the
‘supergenre’ of technical ekphrasis, namely the verbal description of a technical
artefact.1?* ‘Supergenre’ is a more appropriate term than ‘genre’ not only
because distinctions between different genres of technical literature are not easy
to grasp, but also because such descriptions appear across a variety of text types
and genres, ranging inter alia from epigram and didactic poetry to commentary,
instruction manual and epistolary prose.1?> The treatise situates itself firmly in
the context of Graeco-Roman culture, while also being highly reminiscent of
Hellenistic mechanical works. It combines an interest in a single specialised
subject, such as is found in Philo’s Belopoeica (and such as would presumably
have been found in his lost treatise on automata),'?® with a systematic, unified
approach typical of other works of its time (the most important example
certainly being Vitruvius’ De Architectura); Hero achieves this mainly in two

123 The title of Philo’s now-lost book 6 has been reconstructed by Orinsky-Neugebauer-
Drachmann (1941: 53) as Adrouaromomrixd (cf. also ‘Automatopoeetica’, Haase 1847a: 432).
Some modern scholars prefer Avzouaroroiixd (in its transliterated form), although without
providing any explanation (Lewis 1997: 86; Tybjerg 2008: 654; Beacham 2013: 21; Koetsier-
Kerle 2016: 354; Rance 2016: 444; Whitehead 2016: 21).

124 For groundbreaking work in this area, see Roby (2016).

125 For discussion of the different genres included under the umbrella of technical
ekphrasis, see Roby (2016: 26-42). On “supergenre’, see Hutchinson (2013).

126 The content of book 6 of Philo’s Mechanical Collection was first inferred from Hero’s
comments about Philo being his source (XX.1 [64.8-10]; Haase 1847a: 432), and it has been
commonly accepted that it represents the work mentioned by Philo himself in ch. 3 of his
Pneumatica, called De arbitriis mirabilibus (On Marvellous Opinions) in the Latin version (Spir.
462.26-7). Carra de Vaux (1902: 37) disputed the content of the book and suggested emending
the corresponding Arabic text to read On Marvellous Instruments (Des instruments merveilleux).
A comparison with the classification of sciences in Avicenna’s Treatise on Wisdom (resa ‘il fi
'I-hikmet) led him to argue that the book dealt with water-organs. This argument has not gained
favour among classicists, and although Carra de Vaux may be right to think that ‘opinions’ does
not make much sense, | cannot see why the reconstructed title cannot refer to automata.
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ways: by intertwining several disciplines, both scientific and non-scientific, and,
as we shall see, through presenting variations upon a range of mechanical
arrangements.1?’

As has been already noted, Hero presents us with two types of
automaton, one mobile (Yrayov) and the other stationary (ctatdv). Both these,
as Hero himself describes them (in Book ONE and Book Two, respectively),!?8
are devices that use stored energy to perform a series of actions. One shared
characteristic of both the mobile and the stationary automaton is their power
source. Both devices are powered by a falling counterweight, although Hero
(11.6 [10.8-9]) mentions another possible power source for mobile automata — the
so-called VomAny€, a mechanism analogous to the torsion engine for catapults
and which is not used anywhere in the treatise. (In Book Two, we find a
different device, mostly referred to as vomAiyywov, which is used to produce a
vertically swinging motion; see further below, 85.2 and Comm. on 11.6 [10.4-8].)
It is interesting to note that, when Hero uses the term ovtdépatoc (or its
corresponding adverb avtoudtmc) elsewhere, he refers to motion that is brought
about by means of a falling weight.!?® But, mechanics (and indeed language)
aside, Hero does not tell us exactly where or how his automata were used, nor
does he tell who his treatise (or similar treatises) was intended for. He is, on the
other hand, slightly more explicit about his sources, for, apart from Philo, he
acknowledges the existence of a tradition that he has inherited and improved
upon.

In what follows, | shall first provide a convenient overview of the
structure of the text, paying particular attention to the editorial practices of
previous editors. This will be followed by a brief critical description of the
contents of the treatise and then by a discussion of its historical, literary and
cultural background. This, in turn, will allow me to consider possible settings in
which Hero’s automata might have been used. After that, | shall discuss the

127 See Roby (2016: 266-8 and, more generally, 86-9).

128 The division into books goes back to Hero himself (1.8 [6.3] and [6.7]). It is partly
retained in one of the manuscripts, Ph, where the second book is numbered in the margin (above,
n. 101).

129 | owe this point to Prof. Isabel Ruffell. For avtéuatoc, cf. Spir. 70.10 and 198.17; for
avtopdrwg, cf. Dioptr. 202.28, Spir. 90.13 (quoted below), 174.2, 180.12, 182.1-2. On Hero’s
concept of avtdpatog, cf. Comm. on 1.2 [2.10-11].
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intended audience of the treatise. Finally, after discussing Hero’s use of sources,
I shall address the status of the text.

5.1 Internal arrangement

The treatise, as it stands in the Teubner edition, is divided into 30 chapters,
further subdivided into 161 numbered sections. Chapter divisions mostly follow
manuscript practice,® with a few being supplied by Schmidt (XXIII, XXIV,
XXVI, XXX).13L Further subsectioning, as well as chapter and section
numbering, is @ modern innovation, although two points should be noted: (1)
X1.9 and XI11.3 are marked off, respectively, in G (with an L-shaped sign) and T
(by rubric); (2) Schmidt’s claim (app. crit. to 342.11) that in the manuscripts the
chapters are not numbered is misleading because, even though no corresponding
numbers are found, in M chh. V-XXVII are (discontinuously) numbered 1-16.132
The division into chapters is also adopted in Thévenot (31 indented paragraphs)
and, as far as Book Two alone is concerned, Prou (11 0sopruata, subdivided
into 45 sections), but in neither case does it reflect faithfully obvious divisions in
the manuscripts.

Hero’s material is usually organised into (semi-)coherent, largely self-
contained units, with cross-references both within and between books. However,
order is far from being the governing principle of the text. Although Hero uses
signposting throughout (most of) the work,!33 the narrative is interspersed with
digressions, and some topics are addressed in more than one place.

For readers wishing to obtain an overall impression of the contents of the
treatise, Schmidt’s edition provides a useful starting point. His translation is
accompanied by 44 descriptive headings, which are placed both at the beginning
of each chapter and at the beginning of (or within) sections. Most of these are

130 The only exceptions are chh. X and XXI, which are made to begin, respectively, with
IX.6 [32.17] i¢ 8¢ detand XX.5 [68.3] mepi The TdV.

131 Schmidt is silent about the first three editorial interventions. Ch. XXIX was first
marked off by Haase (noted by Schmidt in his app. crit. ad loc.).

132 This series omits number 15, while also including number 7 twice (i.e. chh. XII and
X111, although in the latter case the number seems to have been added by a later hand). The
marginal number 13 is placed next to XXIV.2 [80.14] rather than at the beginning of the chapter.
The following chapters are not numbered: VI, XV, XX, XXI, XXII, XXI1I, XXIV, XXVI.

133 |n this regard, see Baldi 46" [erroneously numbered 45] n. 5, cited by Prou 135 with n.
49,
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incorporated, sometimes in a slightly altered form, in his list of contents
(Schmidt 510-11), which, however, does not give a complete idea of the internal
arrangement of the work. Prou, too, provides descriptors, though not always
satisfactory. Here | attempt to remedy these shortcomings by offering a fairly
detailed outline of the structure of the text:

Book ONE

| [2.3-6.8] Preface
1.1 [2.3-8] Automata-making
1.2-7 [2.9-4.22] Mobile and stationary automata
1.7 [4.22-6.2] Automata-makers as wonder-workers
1.8 [6.3-8] Affirming one’s authority
I1 [6.9-14.16] Constructional preamble
11.1 [6.9-17] Ideal ground surface, trackway
11.2 [6.17-8.2] Lightweight materials

11.3 [8.3-8] Smoothness of components, different types of bearings (kve-
daxeg and yowvikidec)

11.4 [8.9-12] Importance of lubrication
11.4-5[8.12-10.3] Cords
11.6 [10.4-10] Two different power systems (VomAny€ and counterweight)
11.7 [10.11-19] Basic components (axle, wheels and case)
11.8 [12.1-3] Calibrating the forces
11.8 [12.3-6] Movements other than locomotion
11.8-9 [12.6-13] Descent of the counterweight in the tube, trickling grains
11.9 [12.13-15] Principle of movement explained
11.10 [12.16-19] Unequal movements
11.10-11 [12.19-14.10] More on cords
11.12 [14.11-16] Novelty and pleasantness of the arrangement
I11-1V [14.17-20.7] Arrangement and performance of the mobile automaton

1.1 [14.17-16.4] Dimensions of the mobile automaton (base, column
shafts, architrave)

111.2-4 [16.5-22] Arrangement of the mobile automaton
IV.1-4 [18.1-20.1] Performance of the mobile automaton
IV.4 [20.1-6] General advice on dimensions

V-VI [20.8-26.5] Forms of motion. Straight-line motion
V.1-2 [20.8-17] Forms of motion (straight-line, circular and rectangular)
V.3-5 [20.18-22.20] Straight-line forward motion, drive mechanism
VI.1-2 [22.21-24.15] Straight-line backward motion
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V1.3 [24.16-20] Repeated forward and backward motion

V.4 [26.1-5] Side elevation of the case
VII-VIII [26.6-30.2] Circular motion

V11 [26.6-28.3] Configuration for circular motion

VI [28.4-30.2] Mathematical principles underlying circular motion
IX-X [30.3-34.24] Rectangular motion

1X.1-3 [30.3-24] Configuration for rectangular motion

IX.4.-6 [32.1-17] Pauses, initiation of movement (digression)

IX.6-X [32.17-34.24] Raising and lowering the wheels (re-configuration)
X1 [36.1-42.8] Other forms of motion

X1.1[36.1-5] Polygonal and snake-like motion

X1.2-5 [36.6-38.6] First configuration for snake-like motion

X1.6 [38.7-14] Measurement of cords (digression)

X1.7 [38.15-40.2] Second configuration for snake-like motion

5 )XI.8 [40.3-7] Technical superiority of pivots (kviddaxec) over hubs (yowvi-
K10€G

X1.9-10 [40.8-42.3] Third configuration for snake-like motion
X1.11 [42.4-8] Smooth and easy movement of the case

XI11[42.9-44.14] Other movements. Lighting of the altar(s)

XI111.1-7 [44.15-48.13] Pouring of liquids

X111.7-9 [48.13-50.15] Rotation of Dionysus and Nike

X1V [50.16-52.6] Sound of kettledrums and cymbals

XV [52.7-54.7] Descending garlands

XVI1 [54.8-56.10] Dancing Bacchantes

XVII.1-2 [56.11-58.2] Concealing the cords

XVI1.3-XVIII [58.3-60.9] Increasing the range (I). Potentially unsuccessful
modifications

XVI11.3 [58.3-8] Bigger wheels, smaller axle
XVI111.1-3 [58.9-60.3] Mechanical transmission

~XVIINL.3-4 [60.3-9] Increasing the range of other movements, repeated
rotation of Dionysus

X1X [60.10-62.20] Increasing the range (I1). Two-counterweight system

Book Two

XX [64.2-68.4] Preface
XX.1[64.2-7] Looking back
XX.2-3 [64.7-66.2] Praise and criticism of Philo, Athena’s machine

] XX.3-4 [66.3-10] Philo’s forgetfulness (sound of thunder, bolt of
lightning)

XX.4 [66.10-18] Sound of thunder (digression)
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XX.5 [66.19-68.4] Praise of Philo, improved presentation
XX1.1-2 [68.5-18] Generic account of stationary automata
XXI1.2 [68.18-70.3] Setting the scene
XXI1.1-2 [70.4-16] Ancient versus modern stationary automata
XXI1.3-6 [70.17-74.4] The Nauplius arrangement (five scenes)
XXII1.1-2 [74.5-13] Construction of the nivag
XXI11.2-8 [74.14-78.19] Automatic opening and closing of the doors
XXI1V [80.1-84.10] First scene. Greeks repairing their ships
XXI1V.1-3 [80.1-82.7] Preliminaries
XXI1V.3-6 [82.7-84.10] Automatic movement of the arms
XXV [84.11-90.5] Second scene. Launching of the ships
XXV.1-3 [84.11-86.12] Preliminaries
XXV.4-6 [86.13-88.12] Automatic unrolling of the cloth
XXV.6-7 [88.12-90.5] Concluding remarks
XXV1[90.6-96.15] Third scene (1). Sailing of the ships
XXVI.1-6 [90.6-94.14] Preliminaries
XXV1.6-7 [94.14-96.15] Automatic (un)rolling of the papyrus scroll
XXVII [98.1-100.4] Third scene (11). Plunging dolphins
XXVI1.1-3 [98.1-19] Preliminaries
XXVI1.4 [98.20-100.4] Automatic movement of the dolphins
XXVIII [100.5-104.13] Fourth scene. Nauplius the torch-bearer and Athena
XXVII1.1 [100.5-10] Appearance of Nauplius and Athena
XXVI11.1-3 [100.11-102.2] Concealing the torch and other devices
XXVII1.3-6 [102.2-104.4] Construction of the torch
XXVII1.6-7 [104.4-13] Automatic lighting of the torch

XXIX [104.14-106.3] Fifth scene (I1). Shipwreck. Appearance of Athena by
mechanical means

XXX.1-6 [106.4-110.10] Fifth scene (II). Shipwreck. Drowning Ajax
XXX.1-5 [106.4-108.14] Bolt of lightning
XXX.5-6 [108.14-110.10] Disappearance of Ajax

XXX.7 [110.11-15] Epilogue

5.2 Contents

As is clear enough from the schematic outline | have just provided, Book ONE
(which takes up two-thirds of the treatise) opens with a preface which introduces
the whole work. There Hero describes the types of automata that can be built,
articulates his position as author and editor, and, more importantly, makes a
number of claims to justify his enterprise. He gives two main reasons for dealing
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with the topic of automata-making, both grounded in the tradition that he has
received. First, there is a striking element of wonder involved in the viewing and
contemplating of automata (10 #kminktov thc Oewpiac, 1.1 [2.5]).1%* He is
explicit that the construction of automata belongs to a broader tradition of
spectacular marvels (bovpatovpyio or Oavuotomotia; 1.7 [4.22-6.2]), and we
have seen in 84.2 above that in later times Hero’s treatise was still felt to belong
to such tradition (the later interpolator in Pappus). Second, the making of
automata incorporates all types of mechanical knowledge (1.1 [2.6-8]), and thus
requires a complex variety of craftsmanship (10 mowilov tic... dnuovpyiacg, 1.1
[2.4-5]). This claim certainly serves to magnify Hero’s own work, but it is not
without grounds: when we read Hero’s descriptions of the automata (particularly
of the mobile type), we find that he makes use of hydraulic elements, with
comparisons drawn between some of his devices and artillery technology (11.6
[10.6-8], XI11.9 [50.10-11]).138

The rest of the book deals almost in its entirety with the mobile
automaton (which I will describe shortly). Hero’s account is preceded by an
explanation of the (pre)conditions leading to mechanical success (or failure),
including information on procedures and principles for achieving motion (I have
called this section “Constructional preamble’). Two points of particular interest
emerge from this portion of the treatise. One is Hero’s concern with the
characteristics of the surface on which mobile automata (such as wheeled shrines
or temples) move (11.1-2 [6.9-17]). The ground should be as flat and as even as
possible to ensure smooth operation of the device. As an alternative, Hero
suggests the use of a prepared trackway consisting of grooved wooden boards so
that the wheels of the automaton may be made to fit into the grooves. This
arrangement recalls the railways used in theatrical performances to move either
entire stage buildings (theatres at Sparta and Megalopolis) or éxkvkAiuata
(theatre at Eretria).13 What is particularly suggestive here is the fact that, as
noted by Lewis (2001a: 9), in the Hellenistic theatre at Megalopolis the rails

134 |n a recent article, Tybjerg (2003) has argued that Hero deploys wonder to strengthen
the epistemological claims of mechanics, but this misses the point of the text. For discussion, see
Comm. ad loc.

135 Keenan-Jones—Ruffell-McGookin (2016: 168). See also Roby (2016: 267).

136 See Lewis (2010a: 9-10), with references. On the ékxoxAnua, cf. Poll. 4.128; Taplin
(1977: 442-3); Newiger (1990: 34-9); Csapo-Slater (1994: 270-3); and, most recently, Brioso
Sanchez (2006).
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were probably made of wood rather than stone (as in the other examples)
because no trace of them has been found. The second point is that all the
movements in both the mobile and the stationary automaton are ultimately
brought about by the vertical action of a single counterweight (although in fact
Hero later suggests the addition of a second counterweight in the mobile
automaton; see below, 85.6.2). The counterweight is located in a (rectangular)
tube (cVp1y&) full of millet or mustard seeds (dry sand is instead preferred in the
stationary automaton to extend the length of the performance: cf. Comm. on 1.9
[12.10-13]). When these grains trickle through an aperture situated at the bottom
of the tube (which is opened manually: 1X.5 [32.12-13]), the counterweight falls
down, drawing cords which are connected to various instruments — mainly axles,
but also drums, pulleys and other cylindrical components. To regulate the timing
of movements, there are slack hanks of cord glued onto the appropriate place
with wax (11.10 [12.19-14.6]). These are Hero’s tools. He makes no use of
toothed wheels or gears, and yet he achieves a variety of results.'3’

Hero’s mobile automaton is essentially a roofed shrine of Dionysus set on
top of four columns (Fig. 1), with Bacchantes dancing around the figure of the
god, self-kindling altars (one in front and the other behind him), a miniature
panther effigy lying at his feet and a winged Nike holding a wreath and resting
upon the apex. The automaton is about 1.5 metres high — Hero gives only
approximate dimensions of some of the automaton’s components such as the
base, the column shafts and the (lonic) architrave (I11.1 [14.17-16.4]) — and
moves upon wheels which are housed in a small casing (mAvbiov). In its basic
form, it moves forward in a straight line, stops, performs a ritual scene
(“apotheosis of Dionysus”),’®8 and then moves back to its starting point. Other
patterns of movements are possible, either theoretically (rectangular) or

137 Drachmann (1963a: 197). The absence of gearing can probably be explained on
technical grounds, such as problems related to wear and excessive heaviness (Murphy 40 n. 6).
The first attested example of gearing is found in Ctesibius’ water-clock (rack and pinion), on
which see below, 85.3. Later examples include the famous Antikythera mechanism (second
century BCE), a device used to calculate astronomical positions, Vitruvius’ mention of wheels
engaging each other at right angles in water-mills (De Arch. 10.5.2) and Hero’s use of different
types of gearing in the dioptra (cf. esp. Dioptr. ch. 3), in the hodometer (Dioptr. ch. 34), and in
the baroulcos, which latter would allow (albeit probably only theoretically) a weight of 1000
talents to be lifted with a power of five talents (above, n. 8). For discussion and further
references, see Drachmann (1963a: 200-3).

138 | borrow the descriptive phrase of Prou 138 (‘Apothéose de Bacchus’).
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practically (circular, snake-like, and perhaps also the more elusive polygonal),
and the automaton can also move back and forth many times;*3° Hero likewise
suggests several possibilities for extending the range of motion, although only
the last one might have proved feasible at all (further details on all these
configurations are given below and/or in the Commentary ad locc.). When the
automaton comes to a halt, the upper display animates itself. The altar in front of
Dionysus flares up. Milk or water spurts from the thyrsus the god holds in his
left hand, and wine flows out of his cup onto the panther lying beneath.140
Garlands sink down from the upper part of the peristyle, immediately followed
by the Bacchantes dancing in a circle to the accompaniment of kettledrums and
cymbals. When the sound ceases, the figures of Dionysus and Nike rotate
simultaneously 180 degrees. All these movements (except for the sinking of the
garlands) repeat themselves once more, with Dionysus and Nike returning to
their original position.

Book Two opens with a preface that provides a transition between the
two main themes of the treatise. The stationary automaton consists of a box
called wiva&, which is set on top of a wooden pillar. Hero does not provide any
information about its size,!#! although we are informed that in neither type of
automaton should the dimensions raise suspicion of human agency (I1V.4
[20.1-6]). The wiva& type mimics the function of a theatre, with, among other
things, doors that open and close and figures painted on a series of backdrops
which possess movable parts. (On the theatrical relevance of the term zivag, see
below, 85.4.2.) In this case, too, there is scope for repeating the movements
(XXI.1 [68.8-14]; cf. 1.3-4 [2.17-4.9]). The particular specimen chosen by Hero
seems to go back to Philo, although it is not impossible that it predates him by

139 Some movements are presented as occurring ‘(as many times) as we may choose’ (X.3
[30.23], X1.11 [42.7]). Similar expressions are very frequent in the treatise and seem to
emphasise the mechanical (or scenic) adaptability of the devices.

140 Much the same arrangement can be seen in two Pompeian frescoes, known
respectively as ‘Bacchus and Silenus’ (Temple of Apollo, VII, vii, A; MANN, inv. no. 9269) and
‘Bacchus and Vesuvius’ (House of the Centennial, 1X, viii, 6; MANN, inv. no. 112286). This
iconography probably serves to characterise Dionysus as an almighty god who can unlock the
secrets of the universe. | shall explore this in a forthcoming article, provisionally entitled

“Unlocking the Secrets of the Universe: Hero, Aut. 3-4 and AP 14.24”,

141 See, however, XXI11.1 [74.7-9], where he advises that the boards forming the frame
(mavbiov) of the wivag should be one-sixth as wide as their length. Marshall (2003: 261)
suggests that perhaps the box is ‘over a metre wide’.
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some years.!42 Before describing his preferred model, which presents the myth
of Nauplius through a succession of five scenes,’*® Hero (XXII.1 [70.4-14])
recalls the earliest type of stationary automaton. This presumably pre-Philonian
model featured a succession of three scenes, allowing only limited movements
(opening and closing of doors, a painted face with moving eyes, and dropping
backdrops).1* On the other hand, in Philo’s model, which was improved upon by
Hero (see further below, §5.6), we find a wider range of movements (cf. the
remark at XXI1.2 [70.14-16], which suggests that the passage was already to be
found in Philo). The animated scenes of the automaton can be briefly
summarised as follows:

(1) Twelve figures are painted on the backdrop of the box. They
represent the Greeks (Aavaoi or Ayotof) repairing their ships after the capture of
Troy.#> Their right arms, which are made of horn, are attached flush to the
backdrop and move up and down. Their movement is brought about by means of
a star-shaped wheel (dotepioxog) which repeatedly hits a counterweighted bar
(YomAiyyrov) behind the backdrop;

(2) The ships are launched. They are painted on a piece of cloth the same
size as the backdrop of the box and which is held up by means of a cord fixed to
a pin. When the cord is released, the cloth drops under the weight of a rod which
is attached to its underside (the same principle is at work at XV.4 [54.6-7] and
XXX.3[108.1-2]). Similar dropping backgrounds are used in scenes (4) and (5);

142 This view has been forcefully held by Marshall (2003: 263), although he did not
elaborate further. But see below, n. 144,

1430n the main sources for this myth, and on the connections between the automaton’s
narrative and Sophocles’ fragmentary Nauplius Pyrkaeus, see Marshall (2003). Although I cannot
here examine the relationship of the automaton to tragic drama, | must nevertheless mention the
position taken by Weil (1882: 417-8). He contended that only the fourth scene may have been
inspired by Sophocles’ play, while also attributing the first and the second to Hero. I find his
position pessimistic and his attribution unconvincing because it ignores the Philonian origin of
the material. The question certainly deserves to be studied in greater detail, particularly in light
of the existence of Roman tragic evidence (Pac.Trag. inc. 45 Ribbeck = Cic. Div. 1.14.24).

144 Marshall (2003: 275 n. 40) has suggested that the Nauplius automaton represents an
expansion of a three-scene pre-Philonian model on the basis that the third scene follows closely
on the second in the same way the fifth follows closely on the fourth. For a brief description of
the individual scenes, see below.

145 Brumbaugh (1966: 124) misreads Aavadv (XXI1.3 [70.22]) as Aavaiddv (‘Danaids’),
and hence takes these figures to represent ‘nymphs’ (pp. 54, 114, 124; cf. ‘busy shipbuilding
girls’, p. 126). The manuscripts have no such variant reading here.
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(3) The ships sail by, with dolphins swimming alongside. The sailing of
the ships is achieved by means of a horizontally scrolling backdrop made of
papyrus and with sky and sea painted on it. The scroll slides back and forth
rapidly so as to produce the illusion that the ships painted on the cloth
background actually move. The dolphins are each fixed by means of an axle to a
pulley hidden inside the floor of the stage. As the pulley rotates, the dolphins
appear to swim, plunging down into the hidden cavity which shields the door
axle;

(4) Nauplius and Athena appear, both painted on a backdrop. Nauplius
holds up a blazing torch. The lighting of the torch is effected by means of a lamp
hidden inside the top part of the box. The lamp is set inside a chest which has a
triangular bronze plate. When the plate slides, turning around its own pin, the
flame reaches up and sets the shavings on fire. A similar arrangement is used to
kindle the altars of Dionysus;

(5) The ships are wrecked, Athena appears on stage and (Locrian) Ajax
drowns being struck by lightning. The last dropping backdrop depicts the
shipwreck and Ajax swimming. The rotating figure of Athena is placed on a
pivoted base, which allows it to flip up and down, with two cords pulling it from
below. (This mechanism, as we shall see below, replaces Philo’s earlier use of a
unyovn.) The base is either on or connected to an axle. The combination of these
two elements forms a mechanical joint (ioydpiov).146 As for the painted figure of
Ajax, it is made to disappear by being covered by a piece of cloth of its size. The
cloth is painted so as to resemble the rest of the background, and drops down at
exactly the same time as the board depicting the bolt of lightning.

The description of the stationary automaton is followed by two cursory,
interrelated observations (XXX.7 [110.11-14]): (a) that all the movements occur
in the same way (with explicit reference to the forward motion of the mobile
automaton, mopeia); (b) that all the wivaxec are managed by the very means that
have been put into practice in Hero’s chosen arrangement. These reassert the
mechanical and scenic flexibility of contemporary automata as opposed to their
distant predecessors, thus picking up a number of remarks made throughout the
treatise (1.8 [6.4-7], 11.12 [14.12-14], XXI.2 [70.2-3]). The text, as it stands now,

146 | follow here the reconstruction by Ruffell (forthcoming 1) rather than that by
Querfurth (in Schmidt LXI1-VI1I), which is overdetailed and not entirely reliable.
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ends in a lacuna, which probably contained a statement as to the variability of
the stories represented in the stationary automata (XXX.7 [110.14-15]): mAnyv 61t

StodAdocovTon <***> 147

5.3 Historical, literary and cultural background

In order to contextualise Hero’s models, it is necessary to examine briefly the
literary and cultural history of ancient automata. Three main strands can be
identified, all of which are somehow connected to the dimension of wonder and
amazement. The first strand concerns epic representations of automata. These
imaginary automata differ from actual models especially as far as their power
source is concerned. The second strand concerns isolated inventions, dating to
the Classical period, that use different power sources but which have limited
programmability compared to later examples. The third strand concerns the
development of a systematised tradition, which begins in the Hellenistic period
and extends well into the Imperial era (and beyond).'*® This tradition is
associated, in particular, with the name of Ctesibius.

The idea of creating self-working artefacts can be traced back as far as
Homer. In the Iliad, we find the first examples of mythical automata, such as the

147 Most manuscripts have the marginal note Aeinet at the end of the text. This note has
received different interpretations. Prou 248 n. f seems to have taken it as referring to a lacuna
occurring before diodldocovtat, which he filled with the word p6otc. In his edition, Schmidt
(app. crit. to 452.12) apparently took it as referring to the incomplete state of the text
(‘[u]nvollstandig’, Schmidt 452 n. 3), but dismissed it as false (see already Baldi 47V n. 22).
Olivieri (1901: 431) wrongly regarded it as indicating a big lacuna in Book ONE (see further
below, 85.6.2). In his rebuttal of this view, Schmidt (1903: 277 with n. 1) presented two
alternatives: (1) it refers to a lacuna at the very end of the treatise; (2) it refers to a lacuna which
contained the complement of SiuAAdocovrtou (in his edition he printed a lacuna before the verb
and suggested adding toic ud0oic). | am decidedly inclined to take it as referring to the treatise’s
lacunose ending rather than to the (apparently) incomplete state of the text (on which, see below,
n. 255). It is hard to decide whether to place the lacuna before or after diaAldocovtor (XXX.7
[110.14-15]) because the weight of textual evidence does not favour either position (complement
before: Spir. 10.16-17; complement after: Mech. Frag. 2.1 = Papp. 1116.12). Unlike Schmidt, |
have opted for the latter option. If diwAAdocovral occupied the very end of the folio (possibly a
verso), the concluding word(s) of the treatise could have easily been lost. The words added in the
margin of Ab by a second hand clearly make no sense: kata Tovg dvopoiovg kol ToAAODG T@V
Sdwyeypapuévov tpdnovg (“according to the many dissimilar ways of the things described [?]").

148 | will not consider late antiquity both because the evidence for this period is
particularly difficult and because it is not directly relevant to establishing a context for Hero’s
automata.
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self-opening gates of Olympus (Il. 5.749 = 8.393) and Hephaestus’ self-moving
tripods (I1. 18.369-79), the latter being described as ‘a wonder to behold” (Badpa
18é00at, line 377). The workshop of Hephaestus also famously includes golden
maidservants ‘with a mind, voice and strength of their own’ (tfig¢ &v pév vdog
goTi ueto epeoty, &v 8¢ kol avdn | kol cévog, Il. 18.419-20) and bellows which
respond to their master’s will (1. 18.468-73). It is unclear, indeed unlikely, that
any of these devices involves mechanical skill, and other examples such as the
Phaeacians’ self-piloting ships (Od. 8.555-62) or the Hesiodic Pandora (Op. 60-
82) certainly support the idea that divine power is the source of animation.4?

The first securely attested examples of mechanically automated devices
date to the fourth century BCE. One such example is found in Aulus Gellius
(second century cE), who, drawing on Favorinus, ascribes to the philosopher and
statesman Archytas of Tarentum the construction of a wooden flying dove (Gell.
10.12.8-10 = Archyt. T Al10a Huffmann). Although the account lacks necessary
details concerning the design of the device, Gellius, who concludes his passage
with a direct quotation from his source, informs us that it operated through a
combination of air and counterweight (libramentis suspensum et aura spiritus
inclusa atque occulta concitum). Schmidt (1904: 349-351) offered a
reconstruction of the functioning of the device, arguing that the dove was
propelled by compressed air which was released by a valve (nowhere mentioned
by Gellius). His reconstruction is not unproblematic, not least because such a use
of compressed air is unparalleled in later pneumatic devices, and it is more likely
that air was introduced through a tube to provide the initial impulse.t>
Nevertheless, he also suggests, rather convincingly, that the dove was used as
part of larger display to impress guests at a symposium.® This certainly accords

149 Berryman (2009: 24-8), who singles out the moving statues of Daedalus (Pl. Men.
97d4-e5; cf. Euthphr. 11b9-d1) as the best candidates for mechanical automata. In my view, she
pushes her argument to an extreme. The fact that mechanics did not develop until the fourth
century BCE does not mean that later authors could not look upon mythical automata as
precursors of existing models, as exemplified, for instance, by Arist. Pol. 1235b34-1254al. For
other mythical automata, see, among others, Cambiano (1994: 624).

150 For full discussion, see Huffman (2005: 572-7), who observes that the dove is unlikely
to have been free-flying.

151 This suggestion has been accepted by Schiirmann (1991: 175). See also Schiirmann
(2002: 36).
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well with the characterisation of the dove as something wonderful
(admirabile).152

Archytas’ flying dove is in some respects a unicum in the history of
ancient automata. This is so not only and not so much because of its pneumatic
power source (we have seen that Hero envisages two different power sources of
automata, neither of which involves a fluid) but rather because, as noted by
Huffman (2005: 575), there are no other examples of birds actually flying.
Nonetheless, it is tempting to associate its origin with the technological advances
that took place under Dionysius I, tyrant of Syracuse (405-367 BCE), with whom
Archytas was allied and under whose patronage could have been involved in the
development of catapults.'® A similar association is made by a third-century ce
source. In a fictive letter from the philosopher Speusippus to the tyrant Dion
([Socr.] Ep. 35 Hercher),>* the Syracusans are congratulated for rejecting a
number of innovations of Dionysius I, including the habit of sending ingenious
(co@d) devices to Delphi in the form of dedications. Although the text is rather
cryptic, there is mention made of Apollo (perhaps a playful allusion to Dionysius
1)155 ‘hearing and seeing the small cart running around in the hippodrome
automatically’ (dxovoac kol t0 audéiov I8mv 0 &v 1@ mrodpdum meptTpéyov
avtépatov). Here there is no indication as to what might have powered the
automaton. Rehm (1937: 329) ruled out the use of a counterweight (it is not clear
where it would go) and suggested, on the basis of his reconstruction of
Demetrius’ snail (see below), that the cart was operated by two men, one turning
a windlass to drive the wheels and the other changing the direction of motion.

152 Berryman (2009: 96) speculates that Archytas’ device was in fact either a catapult (?)
or, more probably, a catapult projectile because, whereas Gellius refers to it as simulacrum
columbae (‘representation of a dove’), his source simply calls it Tepiotepd (‘dove’), possibly
appealing to the rather widespread use of animal names in describing machines and their parts
(on which, see esp. von Staden 1998, as well as the use in the Automata of the terms koy\iag and
kOpag, indicating respectively a ‘screw’ and a “hook’: chh. X and XV, respectively). This is
extremely unlikely for at least two reasons. First, mechanical writers never use the verbs volare
or wéropon (which are found in Gellius’ account) to refer to the hurling of a projectile. Second,
although the precise mechanism of the device remains conjectural, there is no parallel for the
combination of air and counterweight in artillery technology. For Ctesibius’ air-powered catapult,
see below, §5.6.

153 See Berryman (2009: 95), citing Keyser (1994: 31). The connection between automata,
artillery and Dionysius | is investigated by Ruffell (forthcoming 2), on whose work | base the
discussion which follows.

154 On the date of the Socratic Epistles, see Sykutris (1933: 106-22).

155 Rehm (1937: 330), endorsed by Ruffell (forthcoming 2).
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Technical considerations aside, the cart is explicitly described as small (although
it is difficult to say how small) and would probably not have contained all that
equipment. A perhaps more likely power source would be something like Hero’s
YomAny€, involving sinew spring, which would have been well known to the
technical entourage of Dionysius |.

The tradition exemplified by the pseudo-Socratic letter is also reflected
in the works of Aristotle, where we find the first references to adtépota
(whether or not in direct connection with wonder). The two sources | have in
mind are Arist. GA 734b7-15 and MA 701b2-10, where automata are invoked as
analogues for living organisms or biological processes (in the former case for
sperm motility, in the latter for animal locomotion). In both cases the point of
comparison is the ability to turn an initial impetus into a causative sequence of
actions.® The second passage distinguishes two types of device, adtépata and
audéa, but the text is particularly difficult and corrupt,’>” and it is not clear
exactly how these devices would have functioned. Nussbaum’s (1976: 149-50)
interpretation is that the first type refers to marionettes which move thanks to a
system of interlinking pegs and cables (otpépiat), but this is perhaps overprecise
and it is not impossible that their power source may have been the unwinding of
cords (possibly of sinew) from a windlass.*>® As for the cart mentioned in line 5,
I am not entirely convinced that it was fully automatic (as Ruffell has it),!>° but

156 Berryman (2009: 72-3); cf. also Cambiano (1994: 628-9). Particularly relevant in this
connection are [Arist.] Mu. 398b13-16 and Gal. Foet. Form. 4.688-9 Kiihn.

157 For discussion of the text-critical problems, see Nussbaum (1976: 146-52). For
consideration of the passage in connection with Micheli’s (2005) argument that Aristotle’s
automata were powered by a YomAny&, see Comm. on 11.6 [10.4-8].

158 A suggestion made by Ruffell (forthcoming 2) and already found in nuce in Nussbaum
(1976: 150). The “interlinking pegs’ in Nussbaum’s reconstruction depend on an emendation of
the quite problematic phrase kpovdvtov dAAAlag tog otpéfroag (line 3) to kpovdviwv EAANIA
Tdv EXAmv. In commenting on this passage, Philoponus (in GA 77.16-17) talks of pieces of wood
transmitting motion to one another ‘through some mechanism’ (8ia. tivog unyaviic), which, as
noted by Ruffell (forthcoming 1), admits of several different reconstructions.

159 Again, the text is rather problematic. Most manuscripts describe the cart as 8nep dyo00-
pevov avto Kivel eig €000 (others have either domep dyoduevoc or Homep dyoduevov in place of
8mep dyoduevov). The most commonly accepted emendation is 6 yap dyoduevoc, which makes
avto the object of xwvel. Ruffell (forthcoming 2) suggests an ingenious emendation of odto to
avto on the basis of the reflexive use of kivéw in Aristotle’s discussion of how something can be
avrokivnrog (Ph. 258a-15), which makes the cart automatic. This slight emendation is very
tempting, especially in view of the evidence from the pseudo-Socratic epistle discussed above.
But it seems to me that Aristotle implies a contrast between the initial impetus of motion (kwet)
and the subsequent steering of the device (xwveitar). See further below.
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certainly Aristotle refers to an automatic change in the pattern of movement
(k0KA® Kvelton @ Gvicovg Exev Tov¢ Tpoyove... kabdmep &v toig KLAIvSpoIg,
lines 5-6). Both the mention of unequal wheels and the (rather obscure)
comparison in relation to solid geometry bring the device closer to Hero’s mobile
automaton. 160

It is only in the Hellenistic period that we see a sustained tradition of
automata-making emerge. Perhaps the originator and first exponent of such
tradition was Ctesibius of Alexandria (c.300-230 BCE),'6! who, according to
Vitruvius (De Arch. 9.8.2; cf. 9.8.4), was also the founder of pneumatics as a
discipline. Unfortunately, none of his works has survived, but we know that he
wrote two works, called respectively Pneumatic Theorems (ITvevuarixa Oswpri-
uara, Ph. Bel. 77.12) and Commentaries (‘Yzouviuara, Ath. Mech. 29.10).162
Although best known for inventing the fire-pump, the water-clock and, as we
have seen, the water-organ, he also described the application of hydraulic
principles to the construction of automata of the kind we find in Philo’s and
Hero’s Pneumatica (singing birds and drinking animals).163 Vitruvius selected
only Ctesibius’ more practical inventions and instead left out of consideration
‘those things which are not for the sake of necessity, but for the sake of pleasure’
(quae non sunt ad necessitatem sed ad deliciarum voluntatem), referring the
reader for more details to Ctesibius’ own Commentaries (De Arch. 10.7.5).

160 See Ruffell (forthcoming 2). For the tentative suggestion that kdAwdpog here refers to
a children’s toy, see Nussbaum (1978: 348).

161 On the question of Ctesibius’ date, see Drachmann (1948: 1-3). Ctesibius may not have
been originally from Alexandria, for Ath. Mech. 29.9 calls him 6 Ackpnvdg (Fraser 1972: 2.622-
3 n. 445). But the ethnic is conjectural (cf. Wescher 1867: 29) and unattested outside this passage
and Hero Byz. 263.1, as noted by Whitehead-Blyth (2004: 142). The ethnic of Boeotian Ascra is
Ackpaiog, and Vitr. 9.8.2 refers to Ctesibius as Alexandrinus. Whitehead-Blyth (2004: 142)
speculate that the obscure ethnic provides an indication that Ctesibius’ family migrated to
Alexandria from rural Boeotia, unless another otherwise unknown Ascra (or Ascre) is meant.

162 Fraser (1972: 1.431) erroneously cites the latter as ‘Yzouvnuaziouoi. But cf. Fraser
(1972: 2.619 n. 421).

163 \itr. 9.8.4 and 10.7.4, with Oleson (1984: 125) and Callebat (2003: 168-170). For
singing birds and drinking animals, see below. Granger (1934: 313 nn. 1-2) unintelligibly
connects the term angubatae in Vitr. 10.7.4 with the automatic owl appearing in Spir. ch. 1.16
(erroneously cited as 1.91), on which see below. The meaning of this hapax is uncertain, but it
seems to refer to the kind of figure described in Ph. Spir. ch. 36 (Drachmann 1948: 70; cf.
Callebat 2003: 169), today commonly called ‘Cartesian diver’. Hero’s owl, at any rate, is made to
turn rather than walk, as presupposed by Granger’s (1934: 313) translation of the term (‘walking
automata’).
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That Ctesibius was associated with the royal court at Alexandria under
the reign of Ptolemy Il Philadelphus (283-246 BCE) is made clear from Hedylus’
description (in Athenaeus) of Ctesibius’ invention of a drinking-horn (pvtév),t64
to which I shall return in more detail below. Similar drinking vessels are later
encountered in Philo’s and Hero’s Pneumatica, and some of them would have
provided spectacular entertainment at royal symposia.l%® Ctesibius’ horn,
however, belongs to a different class of devices, namely that of ‘temple
automata’: automata that were placed in temples, sanctuaries and similar
confined religious settings, either temporarily or permanently, and which mainly
served either (politico-)religious or decorative functions (or both).166 At the same
time, it also belongs to what Bur (2016: 79 n. 31) calls “dedicated inventions’,
that is to say dedications which were used to promote scientific and
technological achievements.16” Although much of our evidence for automatic
contrivances comes from the Roman Imperial era (Hero’s Automata and
Pneumatica) or is filtered through the Arabic tradition (Philo’s Pneumatica),
automata must have featured prominently among such Hellenistic achievements
because they were an offshoot of the intellectual activity of the Mouseion, whose
scientific work reached its apex in the third century BCE.168

Ctesibius’ horn was shaped in the form of the head of the Egyptian god
Bes and featured an automatically operated trumpet which would emit a shrill
sound (Aydv niyov, HE 1845) when the wine flowed out. It was dedicated by
Ctesibius himself in the temple of Arsinoe Zephyritis (erected 270 BCE), and was
probably placed upon a pedestal or plinth on which was inscribed Hedylus’

164 Ath. 11.497d-e = Hedyl. HE 1843-1852. The text is particularly corrupt. For full
discussion, see Galli Calderini (1984: 87-91), with ample bibliography.

165 See Schiirmann (1991: 164-70); Wikander (2008: 790); and, most recently, Bur (2016:
7, 130). For (sympotic) drinking-horns, cf. Ph. Spir. ch. 16; Hero, Spir. chh. 1.18, 2.13, 2.28. Bur
(2016: 130) rightly notes, albeit without citing any source, that Hero’s use of the term kpotiip
provides an indication of the sympotic context of such devices. The term occurs 30 times in
Hero’s Pneumatica (Spir. chh. 1.14, 1.19-20, 2.12, 2.31, 2.34-5).

166 For ‘temple automata’, see Schiirmann (1991: 224-34). See also, most recently, Bur
(2016: 127-87), who, however, includes in this category not only devices specifically flagged for
use in temples — such as, for instance, Hero’s holy water dispenser (Spir. ch. 1.21) or the so-
called ayvietiprov (‘ritual purifier’, Spir. ch. 2.32) — but also devices which are reasonably
thought to have been used in private houses. See below.

167 Fraser (1972: 1.412-3) mentions two other examples: Eratosthenes’ dedicatory epigram
on the duplication of the cube (Eutoc. in Arch. Sph. Cyl. 111 96.10-27 Heiberg-Stamatis =
Powell, Coll. Alex. fr. 35) and Archimedes’ inscribed tombstone (Cic. Tusc. 5.64-6).

168 See Fraser (1972: 1.319, 426) and Fragaki (2012: 30), with further bibliography.
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dedicatory epigram.'® The poem leaves no doubt that its true focus is on the
figure of Ctesibius,'’® who is emphatically praised for his clever invention (GA\a.
KtnoiBiov copov eipnua tiete Todto, HE 1851). This can be understood as part
of a larger propagandistic strategy in the Ptolemaic programme of political
legitimation and self-aggrandisement,'’t as the following example will make
Clear.

At a slightly earlier date than the erection of Arsinoe’s temple,
Alexandria was host to a procession which took place at the Ptolemaia festival in
the city’s stadium, the so-called Grand Procession. The procession, which
occurred under Ptolemy’s auspices (probably in the years 280-275 BCE), was
described by Callixeinus of Rhodes in a work called On Alexandria (Ath. 197c-
203b = Callix. FGrH 627 F 2; Rice 1983) and consisted of a series of smaller
processions. The surviving text deals almost entirely with the procession of
Dionysus, featuring a conspicuous display of wealth. The procession was opened
by Silens, Satyrs, Nikai with golden wings and other lavishly ornamented
figures, followed by the statues of Dionysus (4.60 metres high) and Nysa (3.70
metres high), both seated on a cart (Ath. 197e-198f). Holding a thyrsus in its left
hand, the statue of Nysa — a personification of Dionysus’ birthplace, following
(Rice 1983: 66-8), rather than the god’s nurse — stood up ‘mechanically without
anyone laying their hands on it” (unyavik®¢ 008evoc T0g xeipag Tpocdyovtog)t’?
and then sat back down after pouring a libation of milk (Ath. 198f). Callixeinus’
description, textually and iconographically, recalls Hero’s mobile automaton, all
the more so as the seated statue of Dionysus appears to pour a libation.1”® The
functioning of Nysa is unclear. Rice (1983: 63-65), picking up and amplifying
an earlier suggestion by Fraser (1972: 1.426), suggested that Nysa was the work
of Ctesibius (or of someone directly influenced by him) on two grounds: (a) that
Ctesibius was connected with the royal court (as noted above); and (b) that the
Nysa statue (which was presumably built with hinged joints) was powered by a

169 Fraser (1972: 1.413). Rice (1982: 63) is more cautious about identifying the dedicator
with Ctesibius, although she does not explain.

170 Fraser (1972: 1.413), endorsed by Rice (1982: 63).

171 On the propagandistic intent of the poem, see Galli Calderini (1984: 89).

172 Compare the expression Hero uses at 1.6 [4.18] undevog mpocidvtoc,.

173 Rice (1983: 59) notes that, because the liquid is not specified, the statue was probably
only positioned to suggest the action. Contra (rightly, in my opinion), Ruffell (forthcoming 2),
who observes that the procession involves a large amount of fluids.

IXxxviii



cam-and-lever arrangement,!’# a solution which would accord well with
Ctesibius’ experiments with the transference of circular motion into linear
motion attested by the rack-and-pinion mechanism of his water-clock (Vitr.
9.8.4-7). Leaving aside the attribution (and therefore also leaving aside
Ctesibius’ water-clock), it is worth noting that, while the cam seems to be
attested already in the third century BCE,'”® Rice’s reconstruction is perhaps
overdetailed, and Nysa’s repeated action could just as easily have been achieved
using cords and axles in the fashion usually favoured by Hero and apparently
also Philo.17® Be that as it may, what needs to be stressed here is that the
prominence assigned to Nysa by being positioned at the beginning of the
procession anticipates and confirms the propagandistic intent of the parade,
which is most fully accomplished through the celebration of the Indian campaign
of Dionysus-Alexander (Ath. 200d-201c),'”” and thereby of Ptolemy’s own
legacy. What we have here, it seems to me, is a combination of propaganda,
entertainment and the element of wonder.

A similar example of this, but with more emphasis on technical mastery,
is described in Polybius’ Histories. Polybius, quoting the Athenian orator
Demochares, briefly mentions a mobile type of automaton associated with one
of Demochares” sworn enemies, Demetrius of Phalerum, the governor of Athens
in the years 317-307 BCE (Plb. 12.13.11 = Democh. FGrH 75 F 4). The
automaton was part of a procession through the theatre of Dionysus, which
probably took place at the Dionysia festival of 309/308 BCE (Rehm 1937: 317):
‘a snail moving automatically went before him [sc. Demetrius] in the procession,
spitting up slime’ (koyMag avtopdtog Padilov mponyelto THE TOUTAS K0T,
olodov avamtowv). On the basis of a highly speculative reconstruction by
Schramm (in Rehm-Schramm 1929: 20-1 with Figs. 6-7) of a siege-engine
known as the é\émolic (‘city-taker’) of Posidonius of Macedonia and described
by Bito (Constr. 53.4-56.7),178 Rehm (1937) reconstructed Demetrius’ snail as a

174 For similar reconstructions, see Lewis (1997: 84-5) and, most recently, Koetsier-Kerle
(2016: 354-5).

1751 ewis (1997: 94) on Plin. Nat. 18.97, cited by Wilson (2002: 16).

176 Ruffell (forthcoming 1), citing as a paradigmatic example ch. XXII1 of the present
treatise.

177 See Rice (1983: 67), citing Fraser (1972: 1.202).

178 For criticism of Schramm’s reconstruction, see Marsden (1971: 89) and, more fully,
Lendle (1983: 49-53) and Campbell (2003: 12-13).
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three-wheeled, human-operated automaton, three or four metres in height, with
its two rear wheels powered by an internal treadmill and a controllable wheel at
the front. The implausibility of Rehm’s reconstruction aside,'”® comparison with
the aud&a discussed above, on which Demetrius’ snail seems to have been an
advance,’ and with Hero’s mobile automaton suggests to me that this model
should have been considerably smaller than the size suggested by Rehm. What
brings the snail closer after all to its Heronian successor is the combination of
motion (in this case, probably linear) with the projection of liquids. It is certainly
noteworthy that, in describing Dionysus’ libation, Hero uses the terms dvomoti-
oudg (IV.3 [18.17]) and dvomvtio (XI1.1 [44.15-16]), themselves ultimately
derived from dvomtom,'8 which suggests that the same or a similar hydraulic
mechanism was at work in Demetrius’ snail. At any rate, although frustratingly
silent about the mechanics of the device, Demochares’ testimony is particularly
valuable for what it tells us about the snail’s performance context.

The theatrical use of automata is better attested in the Roman Imperial
period, although most of our evidence from that time more directly relates to
private settings (see below). Two examples seem to me particularly relevant.
The first example concerns Nero’s famous attempt to kill his mother Agrippina
in 59 ce. One of our sources for the episode (or, in fact, series of episodes) is
Suetonius,® who tells us that Nero, after trying to kill her with poison and then
contriving a collapsing ceiling (lacunaria, quae noctu super dormientem laxata
machina deciderent), devised a “collapsible boat” (solutilis navis) to destroy her
either by shipwreck or by the falling down of its cabin (vel naufragio vel
camarae ruina).'® The (ultimately unsuccessful) idea of such boat is attributed
by Tacitus (Ann. 14.3) to Nero’s former preceptor Anicetus, who would be
responsible for Agrippina’s death (Tac. Ann. 14.8; D.C. Epit. 61.13.4-5),

179 For a full discussion, | refer the reader to Ruffell (forthcoming 2). | am not particularly
interested here in the strictly technical side of things. Bito’s passage dealing with the internal
mechanisms of the é\émolg is also textually problematic (cf. esp. Bito 55.4-5).

180 5o Ruffell (forthcoming 2).

181 Note, however, that the quotation of Demochares’ text known to us through the indirect
tradition contains the variant reading drnomtoov (“spitting out’; Suda o 352).

182 Suet. Nero 34.2-4. Other sources: Tac. Ann. 14.1-13 and D.C. Epit. 61.12-13.
Although the three accounts differ significantly in detail, they are likely to have been derived at
least in part from a common source (see Devillers 1995).

183 Suet. Nero 34.2. Tac. Ann. 14.5 has a collapsing, lead-weighted ceiling, which does
not seem to be automatic; see Ruffell (forthcoming 2).
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whereas in Cassius Dio it is associated with the emperor’s future wife, Poppaea
Sabina, who herself instigated the murder, and with whom Nero watched an
automatic collapsing ship in the theatre (D.C. Epit. 61.12.2-3):

~ bl / bl ~ ’ /4 9 \ p) 3 ¢ ~ ’ ’
VoV 100VTEG €V TO BedTp® O1AVOUEVNV TE VTNV €9’ €0VTHG Kol Tva Onpla
agieioay, Kol cuvicTouévny o Ay dote kol £ppdobat, tolady £Tépov

T EWG EVOVTNYNGOVTO.

Having seen in the theatre a ship parting asunder by itself, letting loose some
beasts and coming back together so as to be robust again, they quickly had
one such ship built for themselves.184

The second example is found in Apuleius Metamorphoses, where the
protagonist Lucius attends the pantomime performance of the Judgment of Paris
in the Roman colony of Corinth (Met. 10.30-4). The scene is Mount Ida, a
towering wooden structure ‘built with sublime craftsmanship’ (sublimi[s]
instructus fabrica), with abundant vegetation, goats grazing among the low
grasses and a fountain pouring out water from the mountain’s peak (Met. 10.30).
The performance prominently features dances of Juno, Minerva and Venus (all
with attendants) with the aulos accompaniment, followed by a moralising
interlude on the corruptness of judges. It concludes with a wine-saffron mixture
showering down from the peak of the mountain and a spectacular earthquake
(Met. 34):

tunc de summo montis cacumine per quandam latentem fistulam in excelsum
prorumpit vino crocus diluta sparsimque defluens pascentis circa capellas
odoro perpluit imbre, donec in meliorem maculatae speciem canitiem
propriam luteo colore mutarent. lamque tota suave fraglante cavea montem
illum ligneum terrae vorago decepit.

184 Exactly how the ship would have disassembled itself remains unclear, but Tacitus’
account is slightly more accurate (Ann. 14.3): ergo navem posse componi docet [sc. Anicetus]
cuius pars ipso in mari per artem soluta effunderet ignaram [sc. Agrippinam].
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Then, from the very peak of the mountain, through a concealed pipe, saffron
dissolved in wine spurted out high into the air and, flowing down in scattered
streams, sprinkled the goats grazing all around with a fragrant shower, until,
dyed to a greater beauty, they changed their natural hoariness to a golden-
yellow colour. And now that the whole theatre was smelling sweetly, a chasm
in the earth swallowed the wooden mountain.

Although Dio’s account may have been rooted in anecdote,'® and despite the
fictional nature of Apuleius’ story, both examples reflect theatrical practices
which were common in early Imperial times. The best evidence comes from
Seneca’s Epistles. In one such letter, Seneca contrasts the true sapiens with
someone who invents (among other ingenious devices) ‘a system for squeezing
saffron up to an immense height from concealed pipes’ (quemadmodum in
immensam altitudinem crocum latentibus fistulis exprimat, Ep. 90.15), whereas
in another letter he describes ‘unexpected devices such as objects fitting together
which come apart, or separate objects which join together automatically, or
objects which stand erect, then gradually collapse’ (ex inopinato varietates aut
dehiscentibus quae cohaerebant, aut his, quae distabant, sua sponte coeuntibus
aut his, quae eminebant, paulatim in se residentibus, Ep. 88.22).18% Significantly,
these contrivances are mentioned as a product of the arts of entertainment (artes
ludicrae), which, as Seneca says, ‘aim at the pleasure of the eyes and the ears’
(ad voluptatem oculorum atque aurium tendunt; cf. Vitr. 10.7.5 quae
delectationibus oculorum et aurium usu sensus eblandiantur, in reference to
Ctesibius’ devices).

Quite the same taste for entertainment is known to have been catered for
at the private banquets of the Roman elite. Our richest source of information is
Petronius. In the Cena, we find frequent references to automata (or closely

1851t js difficult to say whether Dio’s account is more historically reliable than Tacitus’.
What seems certain, however, is that Tacitus’ amplification of Anicetus’ role was due not only to
his being the prefect of the fleet at Misenum but also, and more especially, to the similarities
with the Tacitean account of the death of Octavia (Ann. 14.60-4), in which Anicetus also played
a significant role (Ann. 14.62); see Devillers (1995: 327-8, 330-1), with bibliography. On
Tacitus’ account of Octavia’s death, see, more recently, Murgatroyd (2008).

186 The comparison between the Apuleius passage and the Senecan Epistles has been
noted by Zimmerman (2000: 367, 403, 405); see also Denard (2007: 154). For the widespread
use of saffron in theatres, Zimmerman (2000: 403) also refers to Lucr. 2.416, Hor. Ep. 2.1.79-80
(crocus used metonymycally for ‘stage’) and Ov. Ars 1.103.
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related devices), and the use of actual theatrical apparatus contributes to
transforming Trimalchio’s house into a stage (see Panayotakis 1995: 91). So, at
the beginning of the dinner, Trimalchio is introduced to us as having a ‘clock
and a uniformed trumpeter in his dining-room’ (horologium in triclinio et
bucinatorem... subornatum, Sat. 26.9), where horologium seems to refer to a
water-clock.18” Later on we encounter the narrator Encolpius watching out for a
not better-specified automatum (Sat. 54.4) and then, a few chapters later, a self-
opening ceiling which lets out a hoop adorned with golden crowns and perfumes
(Sat. 60.1-3; note especially the description of the automaton as an earthquake:
lacunaria sonare coeperunt totumque triclinium intremuit, Sat. 60.1).18
Immediately following this is a dish with a pastry figure of Priapus holding fruits
and grapes which spurt out saffron when touched (Sat. 60.4-6). Yet another
textual portion presents us with the famous zodiac dish (Sat. 35.1-6 and 36.1-4).
The disclosure of the upper part of the dish allows the guests to see an
impressive display (Sat. 36.1): birds, sow’s udders, a winged hare made to look
like Pegasus, and fish swimming in a spiced sauce which was flowing out of the
wine-skins of the four figures of the satyr Marsyas at the corners of the dish
(notavimus etiam circa angulos repositorii Marsyas quattuor, ex quorum utriculis
garum piperatum currebat super pisces, qui quasi in euripo natabant). This was
certainly intended to resemble public fountains, which were often ornamented
with statues (see, for instance, Prop. 2.32.15-16), and Hero in the Pneumatica
describes similar figures of Satyrs pouring water from their skins (Spir. chh. 1.37
and 2.15).189 Meerwaldt (1921: 411 with n. 1) argued that the swimming of the

187 See Raios (2000: 26), citing Maiuri (1945: 151) and Smith (1975: 53). Baldwin (1978:
87 n. 3), on the other hand, is undecided between a sundial and a clepsydra. Meerwaldt (1921:
407-10), apparently endorsed by Raios (2000: 26-7), proposed to interpret the participle
subornatus as instructus (‘equipped’) and the phrase horologium... et bucinatorem... subornatum
as horologium bucinatore subornatum, which makes Trimalchio’s trumpeter an automatic piece
of apparatus (contra, Panayotakis 1995: 57 n. 13). The text makes sense as it stands, and
Meerwaldt’s interpretation strains the syntax. Raios (2000: 26) wrongly attributes to Meerwaldt
the claim that, in its remaining occurrences in the Satyricon (21.2, 36.2, 40.5), subornatus means
either “dressed in” or “‘decorated with’. Cf. Meerwaldt (1921: 408): ‘[u]t his locis [sc. citatis], ita
I. 1. mea quidem sententia proprio, non translato, sensu est accipiendum subornare’ (my
emphasis).

188 Similar movable ceilings were rather common in upper-class Roman dining-rooms; see
Sen. Ep. 90.15; Suet. Nero 31.2; Val. Max. 9.1.5; Macr. S. 3.13.8; Panayotakis (1995: 90); Raios
(2000: 21-2, 24).

189 Meerwaldt (1921: 411), cited by Raios (2000: 28).
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fish was effected automatically by mechanical means, an argument which seems
to have ultimately depended on the difficulties he faced in interpreting the text
(he printed the reading quicunque instead of qui quasi). On the basis of a (highly
dubious) comparison with Hero’s configuration for circular motion in the mobile
automaton and with the mechanisms used in Spir. ch. 1.16, he suggested that
there was a hollow cavity beneath the ‘canal’ (euripo), with a cord wound
around an axle and having one end passing through two pulleys and the other
end attached to a counterweight; the falling weight would have caused the axle
to turn by pulling upon the cord, which would, in turn, rotate the canal.1®® There
are many problems with this reconstruction. | shall mention only the most
conspicuous. First, there is no hint in the text that the basin containing the fish
would rotate; the fish are merely said to ‘swim’, and the illusion could easily be
achieved by the constant flowing of garum. Second, the circular pattern of
motion in the mobile automaton in reality depends on the fact that the two main
driving wheels are not of the same size, but the outer wheel is bigger than the
inner one (cf. synopsis on VII-VIII). Third, the mechanical arrangement found in
Spir. ch. 1.16 features a combination of weights and pneumatic elements and,
although a counterweight is used to turn an axle (only 180 degrees), the ultimate
power source of the whole device is running water. Here mechanical means are
used to animate a scene where birds stop singing when an owl turns to look at
them and then resume when it looks away again (Spir. 90.10-16):

/ 3 b4 p) / N p) pl4 N / 14 p) ’
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eB&yyovtat. kai Todto TAcovVAKIG yiveTal,

Several birds are constructed, arranged either in a spring or in a cave or
generally wherever there is running water, and beside them an owl which
turns automatically towards the birds and turns away again; when it has
turned away, the birds twitter, and when it has turned towards them they no
longer twitter. And this takes place several times.

190 This reconstruction has been accepted by Raios (2000: 28).
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It has been recently suggested that this and other Heronian and Philonian
displays involving singing birds®®? or drinking animals'®? are likely to have been
used in temples because, unlike temples and other public spaces, the dvépdv of
private houses did not have access to running water (énippvtov ¥Vdwp).1*3 This
suggestion is partly misleading, since it does not take into account the
architectural transformations of the Roman house occurred between the third
century BCE and the first century Ce. Schirmann (2002: 41, 44) has argued
(rightly, in my view) that Hero’s hydraulic showpieces, with their emphasis on a
continuous source of running water (cf. above, n. 193), seem to reflect the
development of the Roman house in the Late Republic and Early Empire, when
many triclinia either looked onto or were built in a planted garden with different
water sources. It seems very tempting, therefore, to take Hero’s reference to a
‘cave’ as a sign of the popularity of elaborated grottoes in the Roman Imperial
period.19

Tracing the history of ancient automata from their first mythical
appearances as imaginary artefacts to their more spectacular Imperial
instantiations reveals that they were used in different contexts, ranging from
public occasions such as religious festivals and theatrical shows (with occasional
overlaps, as in the case of Demetrius’ snail) to private elite settings such as the
Greek symposium and the Roman comissatio (with or without overtly theatrical
connotations). Mainly used for entertainment, automata took the form of
performance pieces or dedications (sometimes overlapping), and could also
serve religious and political purposes, especially in the affirmation of economic
and technological power.

191 Philo: Spir. ch. 60 (owl and birds); Hero: Spir chh. 1.15 (blackcap), 2.4-5.

192 Philo: Spir. ch. 59 (Pan and the dragon); Hero: Spir . chh. 1.29-31.

193 Bur (2016: 152, 162). Schiirmann (2002: 41) notes that Pan and the dragon (Spir. ch.
59) is the only Philonian device which makes use of continuously running water; it is also the
only one explicitly flagged for use in temples (Schiirmann 1991: 223 n. 2). For running water (or
lack thereof), cf. also Hero, Spir. 136.10 (\dwp érnippvtov), 140.7 (drippidTov viog Udatoq),
144.7-8 (uite dmippidrov Svrog Bdatoc).

194 On which, see Robinson (2011: 198-200).
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5.4 The performative context of Hero’s automata

The discussion in the previous section leads us to the question of where the
automata described by Hero were used. Very few scholars have addressed this
issue, and, as far as I know, in only two cases has the question of the context of
use of the mobile automaton been the subject of separate investigation. In what
follows, I shall discuss the context of use of the mobile and the stationary
automaton separately. Before doing so, it is worth summarising briefly the
positions taken by previous scholars both because they sometimes argue that the
automata were used in the same context and because none of them discusses in
detail the context of deployment of both automata. The following positions are
mentioned in logical rather chronological order:

(1) Schiirmann (1991: 190) confidently claims that both automata were
used in private parties (‘privaten Festen’), but she does not explain.t®® This
argument is slightly elaborated in Schirmann (2002: 45, 53), where, however,
she focuses only on the stationary automaton.1®® The envisaged sympotic context
concerns Philo’s stationary automaton rather than Hero’s later version;1%’

(2) Prou 147 suggests that, while spectacles involving mobile automata
were initially performed in the theatre’s orchestra, the Aoystov might have
provided a more appropriate performance context for Hero’s mobile automaton;

(3) Bur (2016: 101) argues, on the one hand, that the mobile automaton
was likely used as a paratheatrical form of entertainment at an ancient festival of
Dionysus, and, on the other hand, that the stationary automaton seems more
suited to a private context, either the symposium or the temple.

5.4.1 Mobile automaton

Let us start, then, by considering the performative context of the mobile
automaton. As noted above, Prou asserted that the theatre’s orchestra was the

195 The rest of her discussion takes the form of a critical description of Hero’s treatise
(Schirmann 1991: 190-201).

196 |n the same article, she also discusses the mobile automaton (Schiirmann 2002: 45-6),
albeit without any direct reference to its context of use.

197 Schiirmann’s argument is elaborated by Beacham (2013: 33) in relation to Hero’s
model.
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place where the earliest mobile automata were displayed. There is no need to
discuss the validity of this assertion both because we have seen that other public
venues are attested for the Classical period — Delphi’s hippodrome from the
pseudo-Socratic epistle comes to mind — and because there is no way of knowing
for certain whether this was in fact the case. The premise of Prou’s assertion is
the suggestion that the apotheosis of Dionysus may have been a popular subject
of such representations because it would have served to harmonise the
introduction of brand new (scenic) technology (that is, the mobile automata)
with Dionysus’ role as the patron god of theatre. Again, we do not know whether
the subject was popular, although we do know that the particular presentation of
the mobile automaton was Hero’s (1.8 [6.4]). Certainly, though, Dionysus’
patronage of drama is something we should keep in mind as we proceed.

Prou’s suggestion that the mobile automaton performed its motions on
the Loyelov has been harshly criticised by Bur (2016: 101). Bur’s criticism
revolves around two points: (1) Prou misinterprets the symbolic significance of
the automaton in that he compares it to an actor (‘un véritable acteur’); (2)
Hero’s description of the performance, with its emphasis on the repetition of
movements (in particular, the double half-rotation of Dionysus), rather suggests
that the automaton was completely surrounded by the audience. As for the first
point, 1 cannot find any misinterpretation. Prou’s comparison sounds like a
rhetorical exaggeration, a device not infrequent in his writing. The second point
is not less problematic because, regardless of where the automaton was
employed, Dionysus will not have faced all the spectators at any given time.
Assuming a circular audience, only half of it will have faced the god when not in
motion. Prou’s suggestion, in my view, accords well with the increasing
prominence assumed by the scene building in Graeco-Roman theatres, where the
Moyelov could extend out to one-half of the orchestra’s radius (Kuritz 1988: 23),
although some of the spectators would perhaps have been too distant to enjoy the
spectacle. The weakness of Prou’s position rather lies in how he elaborates his
suggestion. He imagines that the automaton travels back and forth along an L-
shaped path: from the outermost thyromata to the middle of the scene, and from
there to the middle of the Aoyslov.1® This is not an instance of rectangular or

198 Prou evidently had in mind an Eastern type of theatre, such as the theatres at Ephesus
and Miletus (on which, see Dinsmoor 1950: 306).
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circular motion, as Prou maintains, but of polygonal motion, a pattern which is
only alluded to in passing by Hero. On the whole, the theatre remains a plausible
context for the performance of the mobile automaton. Apart from the central role
of the figure of Dionysus in the display itself, it is supported by two sets of
evidence: (1) the theatrical automata | have discussed in §5.3 above (I am
thinking in particular of Demetrius’ snail, whose affinities with Hero’s mobile
automaton have been noted);1% (2) Hero’s own observations at 11.1-2 [6.9-17]
concerning, on the one hand, the properties of the ground,?® and, on the other,
the use of a prepared trackway, which, as we have seen in 85.2 above, has
recognisable parallels in earlier theatrical practice (the Hellenistic theatre at
Megalopolis offers the closest parallel).

Bur’s criticism of Prou’s position leads her to envisage a processional
context. She puts forth three possibilities (Bur 2016: 101-2): (1) the automaton
was paraded on a cart (as was the statue of Nysa); (2) the automaton was brought
out during the final sacrificial feast; (3) the automaton was employed during one
of the pauses of the procession when specific ritual acts were performed to the
accompaniment of music, singing and dance.?! She prefers options (2) and (3)
because, although option (1) has the advantage of being supported by a historical
parallel, *one cannot help but feel that the overall impact of the “miracle” of the
machine would likely have been more impressive in a slightly calmer situation
where all the attention was focused on this spectacular piece of technology’ (Bur

199 But see the caveat on the processional use of the automaton below.

200 Hero seems to be referring to a stone slab-paved surface (Comm. on 1.1 [6.9-13]).
Frederiksen (2000: 148) associates the orchestra’s lack of architectural importance in the
Hellenistic period with the few attempts that were made to provide the orchestra with a stone
surface (e.g. theatre at Priene), further noting that ‘[t]here are difficulties in interpreting the

“smoothed rock” orchestrai found in not a few theatres (e.g. Argos 2, Korinthos 11 and Boiotian
Orchomenos); whether they were normally covered by a layer of sand or beaten earth is naturally
impossible to know. Traces of such layers have been found at for example Morgantina and
Solous’ (for these theatres, see his Appendix at pp. 169-173). For the transition from wood to
stone in the Roman amphitheatres of the Republican period, see Welch (2007: 91-4).

201 See Kavoulaki (1999: 295), who cites the famous example of the cult regulation of the
Molpoi concerning a procession from Miletus to the sanctuary of Apollo in Didyma (LSAM 50
= Milet. 1.3.133, on which see now Slawisch-Wilkinson 2018); see also Chaniotis (2011: 28).
There is no mention of moments of repose in Athenaeus’ text, although, according to Rice (1983:
77-8), the mixing of wine with water and its subsequent distribution to the guests in the stadium
described at Ath. 200b probably occurred during one such interval. For a similar station in the
procession of the Athenian Dionysia of 309/308 BCE, see X. Eq. Mag. 3.2, erroneously cited by
Bur (2016: 102 n. 5) as X. Eg. 3.2.
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2016: 101). Although I agree with her on this point, | do not agree that the statue
of Nysa offers a historical parallel both because it was considerably larger than
the figure of Dionysus — we do not know the latter's dimensions but the
automaton itself was more than half the size of Nysa — and because it was in
some respects a different kind of automaton (articulation, absence of rotation).
Apart from size, there is another problem with a strictly processional use of the
mobile automaton, that is, it would probably have taken a long time to set it up
for performance, a feature the automaton shares with the stationary type.?0? It
seems therefore possible to rule out both option (1) and option (3), unless we
suppose that the automaton had been set up in a fixed location (stadium, theatre
or the like) well in advance. As far as option (2) is concerned, it is perhaps worth
noting that we do not know where the Grand Procession terminated. Processions
usually ended at the deity’s altar, where, after the sacrifice, there was a public
banquet generally followed by athletic or artistic contests (Chaniotis 2011: 30-
1). This may not have been the type of situation which would have allowed
spectators to focus all their attention upon the automaton. Rice (1983: 35)
suggested either that each of the smaller processions within the Grand
Procession headed toward the altar of its own deity or, more likely, that the
whole procession continued to a large assembly point. Alternatively, because no
trace of a monumental altar has been found in Alexandria, it has been suggested
that the final destination of the procession was the Acra or citadel of the city,23
which was probably located within the Inner Palaces of the city and where a
pavilion had been designed and constructed to serve as a dining hall designated
for the entertainment of royal guests (Ath. 196a-197c; Rice 1983: 31-4). This
pavilion, as Athenaeus describes it, had important iconographic connections with
the procession of Dionysus in terms of its decorative elements, such as columns
resembling thyrsoi (196c), symposia scenes featuring figures from tragedy,
comedy and satyr drama (197f) and niches containing Delphic tripods (Rice
1983: 32). A context such as this is not processional in the strictest sense but in
fact sympotic, and would have certainly offered a more intimate environment in
which to enjoy the automatic performance. In this respect, it is certainly not

202 A point made to me by Prof. Isabel Ruffell.
203 Viviers (2014: 32), followed by Bur (2016: 78). Rice (1983: 35) suggests that a
temporary altar may have been set up for the occasion.
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without significance that the iconography of the mobile automaton represents
Dionysus as the patron of wine (wine spurting out of his ocxbgoc) rather than as
the patron of theatre, with explicit emphasis on the god’s orgiastic connotations
(thyrsus, Bacchantes). Since the automaton would have needed some space to
move around in different directions, it might just as easily — in fact, perhaps
more easily — have appeared in outdoor spaces such as domestic gardens
(compare the examples of hydraulic devices given in 85.3 above).

To sum up, two different performative contexts emerge as the most
plausible for the mobile automaton. On the one hand, the evidence pertaining to
the device’s mobile ancestors points to public settings, first and foremost among
them the theatre. This is further supported by internal evidence concerning the
performance preconditions. On the other hand, the automaton would have also
provided suitable entertainment at private (outdoor) banquets, where the
domestic and theatrical spheres could overlap and intertwine (as with
Trimalchio’s dinner party). Represented as the patron of wine, Dionysus could
thus reclaim and reassert his role as god of the theatre.

5.4.2 Stationary automaton

The situation is perhaps less complex in the case of the stationary automaton.
Schirmann (2002: 45, 53) has concinvingly suggested that Philo’s stationary
automaton was used as a form of entertainment in Hellenistic private symposia,
where it replaced or complemented the more traditional puppet shows.?%4 The
basis of her suggestion is an implicit comparison with some of Philo’s hydraulic
showpieces which are not in any way bound to a particular place because all that
they need is a table or base on which to be positioned.?% Thus, she argues, Philo
describes devices that are appropriate for a sympotic venue both because they do
not require access to running water (for an exception, see above, n. 193) and
because they do not take up much space; the stationary automaton would have

204 Among the examples she cites (Schiirmann 2002: 37) are X. Symp. 4.55 (vevpdona-
ota), Ath. 19e (TToOsvog 6 vevpoorndotng) and Hdt. 2.48 (dydAipata vevpdonaocta). But
Xenophon uses the term metaphorically to describe a troupe of performance; see Huss (1997: 44;
1999: 302). | take these references from Ruffell (forthcoming 2).

205 See Schiirmann (2002: 41 with n. 34), citing Ph. Spir. chh. 40-2 and 46. The stationary
automaton is supported by a wooden pillar (kiéviov Edlvov, XXI1.1 [68.8]; cf. 1.3 [2.17-18]).



fitted in the average avdpdv even when all the couches (up to seven in number,
with a maximum of fourteen people) were occupied. | find no difficulty with this
view, and considering that the Roman triclinia generally had only three couches
each accommodating three persons,?% | cannot see why the automaton could not
have been used in Roman banquets as well. A performative context of this type
is supported by another set of considerations, which make it a much better fit for
the symposium/comissatio than for the temple. Beacham (2013: 33), who,
following in the footsteps of Formigé (1921), investigates Book Two as a
source of evidence for theatrical practice in the Hellenistic age, observes that
such a presentation would find its ideal occasion in private Roman banquets,
where, as we have seen, automata were popular and where a variety of
performances took place (cf. below, n. 207). I am not sure that “ideal’ is the right
word given that we do not know exactly what form tragic presentations took in
the Imperial period.?2” Nevertheless, | believe that the explicit theatricality of the
stationary automaton is significant, and it is certainly something that would have
appealed to the tastes of learned Roman banqueters. In addition to the narrative
itself, which has obvious dramatic origins, | would like to recall briefly other
salient connections with the domain of theatre: (1) the automaton forms a
proscenium arch, with the audience facing the stage, the performance area
‘framed” and some of the mechanisms hidden in an upper space which
terminates on either side in wings (XXVIII.2-3 [100.11-102.3]);?%® (2) the
automaton displays a series of painted scenes, and takes its name (wivag) from
the painted panels that were increasingly popular in the Hellenistic and Roman
theatres (see further Comm. on 1.3 [2.17-18]); (3) the device which Hero uses for
producing the sound of thunder is explicitly compared with a theatrical device

206 \jtr. 6.5.6; cf. Hor. Sat. 2.8.20-24 (specifying the names and position of the guests at
Nasidienus’ party), with Schiirmann (2002: 37 n. 13).

207 See Jory (1986: 150 n. 2). A wide range of private entertainments (e.g. Atellan farce,
mime, comedy, story-telling, acrobatics) is attested in the sources, and is best exemplified by the
broad applicability of the term acroama (Petr. Sat. 53.12, 78.5); see Horsfall (1989: 79-80, 87 nn.
53 and 61), with further references.

208 See Marshall (2003: 263). A triangular pediment covers the central part of the board
hiding the mechanisms, and Hero notes the resemblance with a shrine; although this may have a
religious significance, its primary function is to create a rational and coherent whole (8nwg 6 pi
dAbymG 1y cavig dmtkelévn <R>, Getdg TpooTiBetan o th kabdmep oM vaiokw, XXVIIIL3
[100.18-19]).
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employed for a similar effect (XX.4 [66.10-18]);2%° (4) the (possible) use of one
or more pnyovad, first introduced by Philo and later apparently rejected by
Hero;?1° (5) the dropping backdrops which are used for scene changes (scenes
two and four) — or, in one case, to bring about the dénouement of the plot (scene
five) — are comparable to the Roman siparia;?!! (6) the continously moving scroll
of papyrus used to create the illusion of movement of the ships (scene three) is
similar in effect to the scaena ductilis (as opposed to the scaena versilis), a
movable painted screen which could be drawn off to the side to disclose another
scene behind.?1? It goes without saying that the use of such machinery and
equipment would create much the same theatricalised environment as we saw in
the Cena. My conclusions here do not differ greatly from those reached on the
performative context of the mobile automaton.

5.5 Hero’s intended audience

Having established a broader context for Hero’s automata, | would now like to
address the question “What was Hero’s intended audience?’. In order to answer
this question, we need to interrogate ourselves about the nature and purpose of
the treatise. It has been said that the work belongs to what | have called the
‘supergenre’ of technical ekphrasis, a category which encompasses many
different genres and forms. Hedylus' dedicatory epigram considered above
(85.3), to take an extreme example, describes Ctesibius’ drinking-horn only from
the perspective of the viewer and is far removed in both purpose and form from
other works belonging to the same category such as Philo’s and Biton’s
construction manuals on artillery engines and Hero’s general introduction to the

209 The device used for producing thunder in the theatre was called Bpovteiov and (if we
are to trust our sources, which are late and not reporting from their own experience) differed
from the one described by Hero. It consisted either of a leather sack filled with pebbles which
was made to collide with a bronze plate (Poll. 4.130; Schol. vet. Ar. Nub. 292b alpha) or of an
iron container in which stones were shaken (Schol. vet. Ar. Nub. 292b beta); see Horst-Dieter
(2003). Hero’s testimony is significant because it attests to a third type of device. In my
Commentary (synopsis on XIV), | have therefore used the term Bpovzelov to refer to it.

210 See below, 85.6. On the punyavn, see Arnott (1962: 72-8) and Newiger (1990: 34-9). A
recent reconstruction of the device can be found in Chondros et al. (2013).

211 Beacham (2013: 31), with bibliography.

212 Beacham (2013: 30). On the scaena versilis and scaena ductil