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Technical Terminology in Greco-Roman Treatises
on Artillery Construction

Mark J. Schiefsky

1. Introduction

This paper is concerned with the technical terminology of a well-developed
ancient art or téyvn, the building of artillery engines. By technical terminology
I mean the specific terms or phrases used by practitioners of an art or téyvn in
connection with their professional activity, For my purposes in this paper, a
term or phrase qualifies as a technical term if there is good reason to think that
it was used in a reasonably standardized way by practitioners of a given v
to refer to objects, concepts, or procedures connected with that éyvn. My pri-
mary aim is to consider technical terminology in relation to the knowledge that
practitioners possessed and utilized in their professional activity,

Ian

1) Peestatereies

Figure |: Non-torsion and torsion artillery (Marsden 1971: 47, 56)
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1 begin with a brief description of the technical tradition reflected in the ancient
texts on artillery construction {cf. Marsden 1969; Landels 1678: 99-132). While
the use of the bow can be documented from the beginnings of Greek civiliza-
tion, the invention of artillery engines may plausibly be dated to 399 B.C,,
when the tyrant Dionysius of Syracuse brought together a large number of
craftsmen with the specific goal of developing new military technology (Dio-
dorus Siculus 14.41; Marsden 1969; 48-64), The earliest artillery was based on
the idea of extending the power of the traditional bow, as in the so-called
“belly-bow” or yaorpugéng (figure 1, left). This could be drawn back by rest-
ing the curved beam (marked TXYW® in the figure) against the belly; once
ready, the bow would remain locked in position until the string was released by
a sophisticated trigger mechanism. At some point in the mid-fourth century
B.C. it was realized that the resilient properties of animal sinew or hair could
provide much more power than the traditional bow. A typical example of this
type of artillery engine (known as torsion artillery) is shown in figure 1 on the
right. Long strands of animal sinew were wound through the frame, and the
arms of the engine were thrust into the bundles of strands (see especially the
front elevation “c” in figure 1), The pull-back and trigger mechanisms were
similar to those of the yootpapétng, but had to be stronger because of the
greater forces involved. After its invention in the mid-fourth century B.C.,
torsion artillery spread rapidly through the Mediterranean world, and remained
standard well into the Roman empire. Within torsion ariillery, two types of
engines were distinguished: the straight-shooting engines or euthytones (gb8v-
tovol), and “back-turned”, “V-spring” engines or palintones (moAfvtovol). As
illustrated in figure 2, these names were based on resemblance to the shapes of
two different kinds of standard bow. The key difference between them was that
the arms in palintone engines could be pulled back farther, making them more
powerful. For this reason euthytones could shoot arrows only, whereas palin-
tones could shoot both arrows and stones.

m

Euthytones” Palinitones
: o
<= - - = A~ ~
Straight -spring V-spring

Figure 2: Euthytones and palintones (Marsden 1971: 45)
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The construction of both torsion and non-torsion artillery depended on the
existence of practitioners with highly specialized skills and knowledge. In par-
ticular, two types of information were of crucial importance. First, lists of di-
mensions were given, specifying the precise size of all components of an artil-
lery engine down to the smallest detail. In the case of torsion artillery, the fun-
damental unit in which these dimensions were specified was the diameter of the
hole through which the spring cords were strung. A larger hole meant-a larger
spring and thus a more powerful engine. Sccond, precise quantitative relation-
ships were set out, correlating the size of the stone or the length of the arrow
the engine was designed to shoot with the diameter of the spring hole. In the
case of arrow-throwing engines, the diameter of the hole was specified as one-
ninth the length of the arrow. For stone-throwers a much more complicated
formula was developed: the diameter of the hole was obtained by taking the
cube root of the weight of the shot, then adding one-tenth of that root, Accord-
ing to Philon of Byzantium, an important source to whom I will return below,
these calibration formulae were discovered in Ptolemaic Alexandria as the
result of an extensive program of systematic investigation and experimentation
fostered by royal patronage.!

How was this knowledge transmitted? Oral instruction was no doubt of
great importance. Philon’s remarks about the pafronage of the Alexandrian
kings suggest a thriving community of researchers in close contact with one
another; Rhodes too was an important center for the development of military
technology.? But written texts also played an important role in the standardiza-
tion and dissemination of the technical knowledge of artillery construction.’
Three sources in particular provide extensive information about the technical
terminology employed in the discipline: two treatises by Heron of Alexandria
and Thilon of Byzantium (both entitled Belopoeica), and three chapters of the
tenth book of Vitruvius® De architectura (10-12), In what follows [ shall con-
sider each of these sources in turn, with special emphasis on their treatment of

Y Philon, Bel 50.24-26; tobto 62 ouppaiver notfioor todg dv AlefuvSpaly teyvitag mpdroue

peyddny doymrdrag yoprylav Sl o phodéEav xok plorépvav dneifpdar fusiiéov. In the
foltowing all references to Heron and Philon are to the text of Marsden's edition (1971).

2 Cf. Philon’s remarks (Bel, 51.10-14) that the construction methods he teports in the Be-
lopogica are based on personal association with engineers in both Alexandria and Rhodes:
tatopiicopey obv oy, kabdn xol adtol mopeivigopey #v & AksEavpely cugtadivieg émt
mhefov 10T nepl 18 TowdTo Koruywopdvols tevitug, kol dv ‘Pde yvaolévieg otk dAlyol
dpyrékoot kol mopd vobtolg katavorjoavieg td pdliota tdv dpydvoyv sdSorpobvia
obveyyug xlnrovia Th perhoton peBddm Afyeabu olitwg. For other references to the oral
transmission of knowledge in Philon’s Belopoeica see 68.1-2, 72.24-6, Cf. also Bel, 67,30,
where Philon indicates that the constructional details of the bronze-spring engine invented by
Ctesibius had not been “passed on” to his time: tfig 8¢ xotaoxevfig olnw Swdedopévg,

3 Both Heron (Bel. 73.6-11) and Philon (Bel. 49.4-11) refer to numerous writers on the topic of
artillery construction, without mentioning any by name,
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technical terminology. How self-conscious are these authors about the technical
character of the terminology that they use, and what can we infer from this
about the audiences for which their texts are intended? What information do
these texts provide about the range of this terminology, the degree to which it
was standardized, and the way in which it developed? 1 shall conclude with
some brief remarks on the relationship between technical terminology and
technological and scientific development.

2. Heron of Alexandria

Heron of Alexandria’s Belopoeica, probably written in the first century A.D.,
describes the construction of various kinds of non-torsion and torsion artillery.
These descriptions are set in the context of an account of how the latter devel-
oped out of the former as a response to difficulties arising from the need to
achieve ever more powerful impact and longer range. A number of considera-
tions indicate that the text’s intended audience was not limited to practitioners
of artillery construction. The Belopoeica opens with a striking passage arguing
that the study of mechanics in general, and especially the branch of it known as
artillery construction (Bshomorla), can provide the tranquility (deapatie) that
was the ultimate goal of philosophical study (Bel. 71.1-73.5).# Heron then goes
on to take issuc with predecessors who allegedly wrote only for those with
extensive knowledge of the subject (Bel. 73.6-74.4):

"Emel obv ol mpd fipdv mhslorag piv dvaypapds nept fehonoukdy drorjsuyvto,
nétpo ol Bebéoe dvaypawdpevol, obdt elg 88 altyv olite e KoTaokevdg
Ty dpydvav éktibeton kard tpdrov ofite tde Todrav ypiiosk, BN Harep
yivdarovor mhor Ty dvorypogly Enovjoavto, kehdg Eyew droloyBdvopey &E
abt@v 16 dvadafeiv kol dppavioo nepl 1o dpydvav 1@v &v Tf Bekomorly, de
uindé fowg drapybvraw, Snog ndow sdnapaxahodéntog yévntm i mapddooc,
Epoliuey olv nepl kutooxevfic Tdv SAov e kel 1@V dv abrol kard népoc Tolg
dpydvors, kol mepl 1@v dvopdrov, xal mepl TAc cuvbdosme aitdv kol
dEoptioeac, ¥t 88 wal mepl T &kdorov ypsiag wal pétpov, Tpoeubvres epl
Thg T@v dpydvar Sapopds kel dic iy dpyrlv Brxuctov oty mpoefifdatn.

While the sentiment s/ vis pacem, para belfum is a commonplace in ancient writings on mili-
tary technology (Marsden 1971: 44), the opening of the Belopoeica is far more radical, in that
it not only claims that mechanics is superier to philosophy, but also attempts to appropriate
the term piocoplo itself (72.3-8): pmyavicl) 88 drzpfion oy St v Myav mept tdmg
SiBuoxaMay d5ifate mdvieg dvBpdnovs drapdyeg (v nioractor 3t évig xal haylotou
pépovg mhtiig, Adym 8% 100 katd Ty kakoupbvny Pshomodav, 8¢ fc ofite &v elpnvekf
karaotdost wepayBiisovial mots dxBp@v kel mokeplov frovddow, ofite dvordvrog moléjon
rapayBioovead note T napadibopévy bn' abriig 51 w@v dpydvav ethoconla,
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Writers before me have composed numerous treatises on artillery dealing with
measurements and designs; but not one of them describes the construction of
the engines in due order, or their uses; in fact, they apparently wrote exclu-
sively for experts. Thus I consider it expedient to supplement their work, and
to describe artillery engines, even perhaps those out of date, in such a way that
my account may be easily followed by everyone. I shall speak about the con-
struction of complete engines and the individual parts thereof, about nomencla-
ture, composition, cord-fitting, and, furthermore, their individual use and
measurements — afler first remarking on the difference between the engines
and the original development of each engine. (Translation: Marsden 1971)

The deficiencies criticized here are partly a matter of content (discussion lim-
ited to “measurements” and “designs™), partly of form or mode of expression
(lack of an orderly, methodical, and clear exposition). In conirast to these
authors, Heron promises a discussion of the construction, use, and terminology
of the various engines that will present the subject in a way that is clear to any-
one. The concern with nomenclature is signaled throughout the text by the
frequent use of the verb xohéw to mark technical terminology (Fégen 2003:
45). Often Heron describes the construction of a component of an artillery en-
gine in general terms, and only then indicates that it is “called” such and such,
viz. by the practitioners of the téyvn itself.’ Moreover, in keeping with the
criticisms made in the above passage, Heron refrains from giving specific di-
mensions for the various parts of the engines that he describes. Such dimen-
sional lists, as noted above, were central to the technical tradition of artillery
construction and are an important feature of both Philon’s and Vitruvius® ac-
counts. But they are irrelevant if the goal is to communicate the general meth-
ods and terminology of the discipline. Finally, as the passage above suggests,
there is good reasen to suppose that the Belopoeica reflects the technological
level of a time several centuries before Heron’s own (Marsden 1971; 1-2);
again this is understandable if the text is intended to communicate general prin-
ciples rather than the latest in specialized design. A clear conirast with the Be-
lopoeica in this regard is provided by another of Heron’s treatises, the Cheiro-
ballistra, which is indeed subject to many of the criticisms leveled in the above
passage {Marsden 1971: 206-233). It describes the construction of a piece of
artillery that was probably quite up to date in Heron’s time, including precise
specifications of dimensions, but in a way that could hardly be understood

For a typical example see Bel. 71.7-78.4, after the description of the construction of the
yaotpapéng (figure 1, left): dxddovv 82 tdv pdv EZHO xavdva gdpryya, Stdatpay 52 tdv
Emieljevoy ebid) kavévar 16 82 Sexbpevov td Péhog kofhaopa dmokina: 1) 82 petald v
EO pépog 100 Lmeipbvov xavévog yehdvioy (v ydp kol dymhdtepov wob dmikeyidvon
Kkavévag) Tdv 52 NEO ddkwwlov yeipa té 58 slpnpéve ompdno kazoyeic 1 52 [P kevéviov
gyaomptay 1dv 58 TYQXY kavéva xatoyvoylSa vd 82 AB, TA #xpo tob téZon dykdvas, See
also Bel, 81.1-2, 83.3-5, 89,2-5, 93.7, 97.10, 99.10-100.1, 100.5-7, 101.7.
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without extensive familiarity with both the methods and terminclogy of artii-
lery construction.®

Heron provides extensive evidence of a specialized terminology for the dif-
ferent types of artillery engines (both torsion and non-torsion) and their parts, A
sample of these terms, most of which are marked by the presence of xahéw in
the text, is given in table 1 below. The range and detail of this terminology is
striking. In the case of non-torsion engines, Heron'’s terminology covers not just
large-scale components such as the case (cOpy£) and slider (Siwotpe), but also
fine details such as the ysip or “claw”, a part of the trigger mechanism, and
katakhelg or “clicker”, a key component of the pull-back system. For torsion
engines, we have a whole series of terms connected with the spring or tévog
and its frame or nAwbiov, such as nepltprov or “hole-carrier” (the part of the
frame containing the holes through which the spring cords passed), nopooctdng
or “side-stanchion” and dvmiotdang or “counter-stanchion” (the vertical sup-
ports holding the two hole-carriers together), émtuylg or “tightening-bar” (an
iron rod placed over the holes to hold the springs in place and to tighten them
when necessary), yowikig (washer placed under the tightening bars), and Omd-
Oepa (a strengthening plate placed between the washer and hole-carrier). A
further series of terms concerns the base or fdoig of the engine: these include
Tpameto “table”, xhpaxis “ladder”, dvmpeldiov “stay”, dvamonatnpla “rest”?,
and the kapyfioov or “universal joint” on which the case of the engine was
mounted. Finally we have a series of terms connected with the stretching of the
spring cords, a crucial procedure in the construction and use of a torsion en-
gine: éviéviov “stretcher” (a machine to perform the initial siretching of the
springs), £dptnmg “stretching” (the initial stretching itself), aepiotopdg (“clip”
used in the stretching procedure), and émozpopr} (“exira twist” given to the
spring cords to retighten them after some use).

A, Non-torsion artillery:

YOG TPUPETIG belly-bow
alpryg case
Slwotpa slider
gmtoling groove
dyxdv arm
yeAdvioy block
yelp claw
Kowoygelg helder

§  Marsden (1971: 208-209) draws attention to the similarity between Heron’s cheiroballistra
and the artillery engines depicted on the Column of Trajan,
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axaormplo trigger
Keroyayig withdrawal-rest
Katoakiele clicker
B. Torsion artillery:
ei8drovov straight-spring engine (also called oxoprioc)
roviovoy V-spring engine (also called MB3foroc)
mhivdiov frame
thvog spring; also called &vdrovoe, firdvioy
yowikic washer
tmluylc tightening-bar
Bdatg base
Kapyiolov universal joint
dvonpeidov stay
dvarovomple rest
nepacTdng side-stanchion
dvnardng counter-stanchion; psoootdrng for euthytones
aepltprTov hole-carier
ImdBspun strengthening plate placed under washer
drontepvic heel-pad
TpiPetig flange
Tpdnsia table
KALpoKIc ladder
Evidviov stretcher (machine for stretching spring cords)
REPLOTOMIG clip (used in stretching spring cords)
EEdpmog initial stretching of spring cords
fmotpog] supplemental stretching by twisting

Table 1: Heron’s terminology.

Heron’s terminology includes a number of everyday words with a particular
specialized meaning, such as xelp “claw”, tpdreta “table”, and Khpaxic “lad-
der”. On the other hand, some terms are new coinages that have no relevance
outside the field of artillery construction. The term nepitpntov (“*hole-carrier”)
is a case in point. Again, this refers to the beams on the top and bottom of the
wooden frame that contained the holes through which the spring cords passed.
As Hermann Diels was the first to suggest, the term nepitprov is connected to
the shape of the part to which it refers: in the hole-carrier, the main hole or
Tpfie was surrounded by a ring of smaller holes into which the washer was
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fitted; hence the name nepitpntov, “holes around”.” Terms such as nepitpyrov
provide clear evidence of the importance of technological development in
stimulating the creation of technical terminology; the new objects created in a
téyvn called for new, specialized names.® Heron sometimes remarks on the
ways in which new terms were coined: euthytone engines, he says, are also
called scorpions (oxopriouc) “from the similarity of shape™ (Bel. 74.6: dnd Tiig
mepl to oxfipe dpotdtnrog), and the yaotpagétng or “belly-bow” got its name
from the method used to draw it back, by resting it against the belly (Bel. 81.1-
2: dnebinep St 1hg yoorpdg ) kuteyoyn tg to&inbog dylyvero).? Finally, we
may note that Heron draws attention to a certain amount of variation in the
usage of particular terms; thus he remarks that some people call the single
spring of a torsion engine tévog, while others refer to it as évdrovog or
fperdviov.!® But despite such variation, the overall picture conveyed by
Heron’s Belopoeica is of a stable terminology precisely matched to the fine
detail and complexity of its subject matter,

3. Philon of Byzantium

Philon of Byzantium’s Belopoeica, which probably dates from the late third
century B.C,, originally made up the fourth book of an eight-book compendium
of mechanical knowledge, the pnyovikt odvrakig.!! Like Heron, Philon takes
issue with previous writers on the subject at the opening of his work (Bel. 49.4-
i)

&t puiv odv ouvéBorvey dpoly neddBo keypficBar mdvrag Todg tpdtepov mempoy-
patespévoug xept 100 pépoug todton, tdya &v olbevdg E\hov tpooededyuehe
aMv 1ol Tag cuvtdEeig thv dpydvev dpoddyovg olicug Epugavilew. rel 82
Sievnveyuévoug dpdpev od pévov dv tolg mpdg EAnia tdv pepdv dvahoylog,
WA kel &v 16 npdity kol Ayovpdva otorksto, Adym 88 T tov tévov péhiovn
déyealat tprpuom, kuhdg Fxov dotl mepl pdv 1@v dpyalav napslvar, tig 8 tdv

T Marsden {1971: 52-53); Diels (1924: 101-£03), CF, Heron, Bel. 96.2-3: &1l odv 10 repltontov

aoBevég dndpyet ud 1o ndven éxterpficBa [...].

For a similar new coinage cf, drontepvic, which referred to a small pad placed under the

nrépva, the heel or butt-end of the arm (dywdv) of a torsion engine {Bel, 93.6-7),

?  CF Bel. 74.7-8: © 58 nodMvtova Evion xal M@oPdha xahobo 51t w ABoug EEamoctérhew. CF.

also Bel, 101.7, where Heron remarks that the name atépuE “wing” was given to a complete

torsion engine; Marsden (1971: 55) interprets this as a nickname, and translates “protector”

(ef. LS, a.v. “nrépud” HI).

Bel. 83.3-4: Exdhovy 58 10 pév covéyovia wodg dyxdvag vedpa tdvov: Evio 38 dvdrovov: Bviol

82 fierdviov, CF. Bel, 74.7-8 (quoted in the previous note),

1 On Philon’s dates see Marsden (1971; 6-8); on the contents of the pnxovid] coviabeg see
Marsden (1971: 156 n. 2). The Belopoeica is addressed to one Ariston, about whom nothing
else is known (Bel. 49.1-4).
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Borepov mupadedopévag pedddovg uvopbvag énd 1dv Epyov Td Sdovia mow-
aetv tadtag Eppovitay.

Had it been the case that all who previously dealt with this section [sc. of me-
chanics] used the same method, we should have required nothing else, perhaps,
except a description of the artillery designs which were standard. Bu, since we
see that they [sc. previous writers] differ not orly in the proportions of interre-
lated parts, but also in the prime, guiding factor, I mean the hole that is to re-
ceive the spring, it is only right to ignore old awthors and to explain those
methods of later exponents that can achieve the requisite effect in practice,
(Transtation: Marsden 1971)

Whereas Heron’s stated purpose in the Belopoeica is to explain the procedures
and terminology involved in the discipline of artillery construction to a reader
not yet familiar with them, Philon is motivated by the need to resolve the dis-
agreement among his predecessors and to present a method that will enable a
practitioner to attain a successful result.'? After some remarks on the discovery
of the fact that the diameter of the spring hole is the “prime, guiding factor”
(Bel. 49.8: 10 mpdrov kol fiyodpevoy ototrelov) in artillery construction, Philon
goes on to give an account of the construction of standard-design torsion artii-
lery of the sort that Heron describes; as noted above (n. 2), this account is ex-
plicitly based on personal association with engineers in both Alexandria and
Rhodes. Philon begins with the methed of calculating the size of the spring hole
using the calibration formulae, then goes on to explain in detail the construction
of the vartous parts of a torsion engine; he includes a complete dimensional list
specifying the size of each part in units of the diameter of the spring hole (Be!.
53.8-55.11). In the rest of the treatise (from Bel. 56.8 on) Philon makes a num-
ber of criticisms of standard torsion artiflery and discusses several alternative
designs, some of which he claims to have developed himself. Unlike Heron,
Philon shows little concern to explain the terminology of artillery construction;
rather, he seems to presuppose that his readers are already familiar with it. This
suggests that his Belopoeica is intended for a somewhat more specialized audi-
ence that Heron’s — an impression confirmed by the presence of a table corre-
lating the weight of shot of a stone-throwing engine with the diameter of the
spring hole for a number of commonly used weights (Bel. 51.15-27). Such a

22 The term uéBodog occurs some 16 times in the Belopoeica, and Phiton repeatedly insists on

the need for a method; see 50,15-17 (tatmy § &8st pf) dwd Thyng pndd slkf AapPdveobo,
neBdse 86 vt fomruly), 52.21-2 (obx eixfj koraypantéoy, dhht: kel Tofte peBtdy Twvi),
55.12 (Bet 82 xol péboddv vver bmdpyew), 69.26 (rpooedeito 52 dAAyg pebdson). “Method”
does not mean “theory™; at 50.26-9 Philon insists that not everything in artillery construction
can be discovered “by reason and the methods of mechanics” (v@ AMyy kol tais &k Qv
papavicdy pedddoig); some things are also discovered by testing (nefpo).
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table would enable a practitioner to avoid the exiraction of a cube root, 2 neces-
sary step if the calibration formula for stone throwers is applied directly.!?

In general Philon’s terminology is quite similar to Heron’s.'® There are a
number of minor differences (see table 2): cases in which Philon uses the same
term as Heron in a slightly different sense (as with yghdviov and dmdfepo) or
uses a different term to refer to the same thing (thus Philon’s dndlnyig corre-
sponds to Heron’s repiotople, both of which mean “clip”).!® With these differ-
ences in terminology go minor differences in technique on such matters as the
construction of the wepltprrov or hole-carrier (Bel. 52.20-53.7; cf. Heron, Hel.
94,1-96.5). As Marsden has suggested (1971: 9), these differences can plausi-
bly be ascribed to Philon’s association with Rhodian engineers, in contrast to
Heron’s presumably Alexandrian connections. But despite these differences,
the overall impression conveyed by a comparison of Heron’s and Philon’s
terminology is nonetheless one of consistency and agreement.

yeAGVIOY slider (= Heron’s Sinotpa)

brdbene sirengthening plate fitting under hole-carrier
adinyng clip (= Heron’s ngprotopic)

Kotauyig under-lever {cf. Heron's dmiuyic)
EmioTpoen supplemental stretching by twisting
Tprévioy half of a torsion spring

Table 2: Philon’s divergences from Heron,

The view must be qualified, however, when we come to Philon’s criticisms and
modifications of standard-design torsion artillery (Bel. 56.8-78). Here he pro-
poses a number of significant terminological innovations in the course of an
attempt to overcome certain perceived defects in the standard design. 1 shall
consider three examples.

(1) A recurrent problem with torsion artillery was the tendency for the spring
cords to slacken after continued use. This required re-tightening them, a process
that was difficult to accomplish in the heat of battle. The so-called “tightening

13 philon does, however, set out a method for what is in effect the extraction of a cube root, by
solving the traditicnal problem of doubling the cube (Bel 51.28-52.19). Heron gives a very
W similar method at the end of his Belopocica (114.8-119.2).

Among the technical terms used in the same sense by Philon and Heron are: dywxdv “arm™,
dvtdviov “stretcher”, Emluyl “tightening-bar”®, dmuofing “groove”, kapyfsiov “universal
joint”, xhpaxis “ladder”, napactdmg “side-stanchion”, neplzpnrov “hole-carrier”, miwvé{ov
“frame”, nrépva “heel”, oBpyE “case”, oyaampla “trigger”, tbvog “spring”, 1piPets “flange”,
tplinela “table”, tpfipe “hole®, dnontepvis “heel-pad”, yelp “claw™, and yowixl “washer™.

15 On these differences see Marsden (1971: 161 n. 28 on yehaviov; 160 n, 20 and 164 n. 47 on
dméBepe; 164 n. 48 on drdinyic).
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bars” or émluyideg, which rested on washers on top of the hole-carrier or
nepitprrov, would be used to impart a twist to the spring cord and increase its
tension, Philon criticizes this procedure strongly, claiming that such a twist is
contrary to the nature of animal sinew and weakens it (Bel. 58.7-16):

In the heat of shooting and pulling-back, the spring experiences a slackening
and needs tightening again. The range of the shooting deteriorates because of
the relaxation, But those who wish to tighten it cannot apply the re-stretching
vertically and in a straight line, but do it by extra-twisting (dmazpépovrag),
imparting an extra-twist {motpog]) unnaturally greater than is suitable [...].
The engine loses its springiness because the strands are huddled up into a thick
spiral and the spring, becoming askew, is robbed of its natural force and liveli-
ness through the excessive extra-twisting (émotpogd)). (Translation: Marsden
1971}

Philon therefore proposes a new kind of engine in which the tightening can be
accomplished by means of wedges (figure 3). In this design, the spring cord is
wrapped around an “upper-lever” or émiuylc and an “under-lever” or xuto-
foyle. When it becomes slack, a wedge lying between the two levers is driven
in, thus pushing them apart and increasing the tension in the springs, The term
koratpylc is new coinage, corresponding to this technological innovation; at the
same time, the term #mfuylg is redefined to mean a bar sitting on top of the
wedge rather than the washer, '6

Spring Spring
f“’"h Cut here hﬂ’"‘
[ Upper-lever
0 R—— et 3 Wedge
{nder-tever
Centre-
stanchion
bdadai A LA LALLA_LL e

Figure 3: Detail of Philon’s wedge engine (Marsden 1971: 174),

16 For the normal meaning of &mifuylg and its placement on top of the washer, see Heron, Bel.

83.4-11; Philon himself uses the term in this sense in discussing standard-design artillery (Bel.
53.23), The terminological innovation is signaled at Bel, 65.17. Having just explained the con-
struction and placement of the xevalyyiBeg, Philon stipulates that the bars resting on top of
them are to be called Smlwyideg: kulelobooay 8 ftv ol mpoeipnpévor kevéveg dmluyldec.
Somewhat eardier, at Bel, 60.3-4, xodeioBai is again used to mark a terminological innovation:
Philon remarks that “the so-called under-levers” (ui kokodpevon [...J kovelvytded) are placed
over the waskters, i.e. in the place where the mi{uyiSec would normally be placed. The point is
clearer if we adopt Schone's plausible emendation: uéowt 8 &n' abreis [se. yowix(Sug] of
kehotpevar tievia <émioyiBes, fuiv 58 Khinbnodpevar> kataloyideg cibnpal,
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{2) In arguing for the superiority of his wedge engine, Philon also uses the term
émotpo@r] in a polemical manner. This is a technical term used by Heron for
the “exira twist” imparted to the spring cords by turning the émtuytdeg (e.g.
Bel. 83.5-6). Philon’s claim, again, is that such a twist is unnatural, and that his
own design makes it unnecessary. But at one point he claims that in his wedge
engine the spring cords will receive a natural “extra-twist” (&ntozpogr]) by
means of the wedges, evern though no iwisting is involved (Bel. 61.6-23):

I maintain that {...] I shall impart a very strong, natural extra-tension (Emi-
otpopy)), which will be enduring throughout and can in no way fail. I maintain
that, while there is a tendency in continuous shooting, as we have shown, for
relaxation of the spring to occur on account of frequent pullings-back, 1 can
produce additional stretch immediately, not by extra-twisting {motpogn) (for
we have shown this to be injurious), but by siretching naturally and vertically
all the strands at once, just as they were originally stretched when the machine
was being strung. That a more than suitable extra-twist (fmotpogi}} produces
great trouble, all others agree and we have clearly proved above, (Translation;
Marsden 1971)

In the first sentence of this passage, Philon extends the range of the term
¢miotpogt to include all siretching of the spring cords; he then goes on to use
the term in its more usual sense of “extra-twist”, where this is understood as
harmful and contrary to the nature of the spring cords. The effect of extending
the meaning of émiotpogr] in this way is to forestall a possible objection, viz.
that the wedge engine provides nothing like the “exfra-twist” of the standard
design {Marsden 1971: 169 n. 69),

(3) Finally, in discussing the so-called bronze-spring engine (yaAxdtovoeg) of
Ctesibius of Alexandria (early third century B.C.), Philon uses the term #Huté-
viov to refer to one half of a spring cord, rather than a single spring cord as a
whole (as Heron suggests was the standard usage, Bel. 83.3-4).!7 Philon argues
that for each arm of a torsion engine, only one of the fiutévia, contributes to its
movement, and that it would therefore be better if one fpitéviov could be re-
moved. But this is impossible, since then there would be nothing to hold the
arm in place (Bel. 69.20-30). From such considerations, Philon suggests, Ctesi-
bius was led to the notion of employing springs constructed from bronze plates
to provide the motive power to the arms. As well as being a remarkable asser-
tion of the dependence of a technological development on theoretical consid-

7 Onee again Philen also adopts the standard usage when he is not discussing a technological

innovation (Bel. 53.17).
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erations, this provides yet another example of the connection between techno-
logical development and shifls in terminalogy, 8

4, Vitruvius

In chapters 10-12 of book 10 of the De architectura, Vitruvius discusses the
construction of two types of torsion artillery: arrow-shooting engines or scor-
piones and stone-throwers or ballistae. For the former he gives the standard
calibration formula: the diameter of the hole is one-ninth the length of the ar-
row (De arech. 10.10.1). In the latter case he refrains from giving the exact cube
root relation, but instead provides a list correlating sizes of shot with the corre-
sponding spring hole diameters translated into Roman units of measure (De
arch. 10.11.3); this, he says, is to make it possible for practitioners without
knowledge of geometry to construct artillery engines even in the desperate
circumstances of war.!? Vitruvius gives detailed lists of dimensions for both
scorpions and ballistae; these are similar to Philon’s, though they also reflect a
number of technical improvements made in the intervening cenmries {Marsden
1969: 41-47). Vitruvius claims to have knowledge of artillery both from teach-
ers (praeceptores) and his own experience (De arch. 10.11.2); according to his
own account in the preface of the De architectura, he served Octavian as a
military engineer concerned with the construction and repair of scorpions and
ballistae.”® The impression that on the subject of artillery Vitruvius is writing
as an expert and for experts is confirmed by the absence of any explanatory
remarks on technical terminology in these chapters; they are clearly intended

¥ For a further example of a technological modification based on theoretical considerations cf.
Bel. 59.30-31, where Philon explains that in his wedge engine the spring cords “do not con-
verge, but run paralle]” (todg tdvoug ud| karedAijhoug, dAkd nopaiihoue nlntew). The ra-
tionale for this modification depends on an elaborate analysis of the arms of the engine as le-
vers working at a mechanical disadvantage (Bel. 59.11-22). The appeal to a precise distinction
between kardAhihog and mapdiiniog reflects the kind of concemn with terminological preci-
sion that we have noted elsewhere in Philon’s text.

19 De arch. 10.11.2: ltague ut etiam qui geometricen nan noverunt habeant expeditum, ne in

periculo bellico cogitationibus detineantur, quae ipse faciundo certa cognovi quaeque ex
parte accepl a praeceptoribus finita exponam. Cf, De greh. 10.11.1: Igitr de ratione earum
(sc. ballistarum) non est omnibus expeditum, nisi qui geometricis rotionibus numeros et mul-
tiplicationes habent notas.,

2 pearch 10112 {quoted in the previous note) and 1 praef, 2: ltaque com M. Aurelio ot P.
Minidio et Gn. Cornelio ad apparationem ballistarum et scorpionum religuorumque tormen-
torum refectionem fui praesto ef cum els commoda accepi, guae, cum primo mihi tribuisti re-
cagnitionem, per sororis commendationem servasti. Though Marsden (1971; 3-53) is inclined
to doubt that Vitruvius’ chapters on artillery are based on his personal experience, he nonethe-
less concludes that “Vitruvius® designs for catapults and baflistae were right up to date, incor-
porating important modifications introduced between Philon’s time and his own™ (1971: 5).
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for a reader thoroughly familiar with the technical discourse of artillery con-
struction.

A striking feature of Vitruvins’ account of artillery is the extent to which
he makes use of Greek terms without providing any gloss on their meaning or
drawing attention to linguistic borrowing (table 3A). In the case of some of
these terms Vitruvius’ usage deviates from that of Heron and/or Philon, For
example, whereas both Heron and Philon use #mitofitig of the “groove” in
which the arrow is placed (Heron, Bel 77, 79; Philon, Bel. 73, 75), Vitruvins
uses eplioxis of the “claw” of a trigger-mechanism (yelp in the Greek sources:
Heron, Bel. 78, 100, 111; Philon, Bel. 68). For Vitruvius the term carchesium
means a drum, instead of “universal joint” (kapyficwv) as in Heron (Bel 88)
and Philon (Bel 74). In 10.10.5 Vitruvius refers to the posterior minor co-
lumna, quae graece dicitur éviifooig; in fact Heron had called this part
dvanavotnplo (Bel. 89).2" Like the discrepancies between Heron’s and Philon’s
terminology noted above, these differences probably reflect Vitruvius® associa-
tion with particular engineering traditions.2? While some of the Greck terms
used by Vitruvius display a certain amount of variation in usage, this variation
is not greater than that present in the Greek sources themselves, Thus Vitruvius
sometimes uses chelonium (yshdviov) for a small block on the trigger mecha-
nism (so Heron, Bel. 77), but sometimes for the slider itself (Philon, Bel. 54).23
In the case of some Greek terms Vitruvius supplies an explanatory paraphrase
or gloss (table 3B). Yet even here we have a Greek term (peritretos) whose
meaning is assumed to be familiar to the reader elsewhere in the text (De greh.
10.11.4), and a case in which one Greek term is used to specify the meaning of
another (De arch. 10.11.9: basis, quae appellatur doydpa). In the case of chele
and chelonium, Vitruvius gives a Latin gloss only for certain usages (“irigger”

21 The dvrpaoic or dvariuotple was a movable rod that served to regulate the inclination of
the scorpion, Cf. De arch. 10,11.9, where antibasis refers to the “counter-base”, or stationary
piece that is placed opposite the base in a ballista.

22 See Marsden (1971: 4-5} on the possibility that Vitruvius’ account is based on the writings of

2 a single Greek engineer, Agesistratus,

Cf. De areh. 10.10.5, where chelonitm refers to a small block that serves as a stop for the
posterior minor columna or dvtifacg of a scorpion. Vitruvius also uses chefonivm for similar
blocks in the crane; see De arch. 10.2.2, 10.2.5 and Callebat & Fleury (1995: 310). The wide
range of meanings is hardly surprising, since gghdviov could be applied to anything that re-
sembled a tortoise shell (the term's basic sense); cf. Heron, Bel. 93.7, where it refers to 2
“pad” meeting the heel of the arm, whose technical designation is Smomtepvig, Similarly, the
term chele (xnhi} has two distinct senses in Vitruvius: in the seorpion it refers to a trigger (De
arch. 10.10.4, corresponding to oyaomplo in the Greek sources) and in the ballista to the
slider (De arch. 10.11.7b, 10.11.8). Like yehdwiov, xrh could be used in a variety of ways,
all of them connected with the basic sense of an animal’s hoof or claw (Callebat & Fleury
2003: 233), For explicit indications of terminological variation in Vitruvius® account, see De
arch, 10.10.3; Regularum, quas nonnulli bucculas appellans [...], and 10.10.3: vocitair
scamillum, seu, quemadmodum nonnulli, loculamentum,

|-
|
o
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and “pillow” or “bolster”, respectively; cf. n. 23); the meaning “slider” for ynit
is assumed to be familiar to the reader at De arch. 10.11.7 (Ex his dentur duae
partes ei membro, quod Graeci ynMiv vocant).?* In light of this, the passages in
which Vitruvius expands on the meaning of a Latin term using a phrage of the
form “a, which in Greek is called B” (table 3C) are best interpreted not as at-
tempis to clarify the meaning of Greek terminology in Latin, but rather ag ef-
forts to make the reference of the Latin phrase in question clear and unambigu-
ous by giving the precise Greek equivalent. This is certainly the case with the
expression ei membro, guod Graeci yn\iv vocant (De arch. 10.11.7); similarly
in the case of cuneoli ferrei, quos Emluyidug Graeci vocant (De arch. 10.12.1),
we have a Greek term whose meaning is assumed to be familiar to the reader on
its first occurrence earlier in the text (De arch. 10.11.4: Foramen autem ob-
longius sit tanto quantam epizygis habet crassitudinem). The phrase posterior
minor columna hardly qualifies on its own as a technical term with an unambi-
guous reference; moreover both scutula and canaliculus are used by Vitruvius
in new senses, which are made clear by their Greek equivalents (nepizprrog
and oBpryE, respectively).?> Naturally Vitruvius does employ a number of Latin
terms without giving any Greek equivalents (table 31), But these tend to be
either straightforward translations of a corresponding Greek term (such as fo-
ramen for Greck tpfijne, mensa for Greek tpdnelo, and bracchium for Greek
dykdv), or terms whose meaning is reasonably seif-evident (such as antefixum,
subiectio, or canalis fundus). Thus, despite the fact that artillery had been intro-
duced into the Roman world several centuries before the time at which Vitru-
vius wrote, his account suggests that its terminology remained thoroughly
Greek.26 '

On the choice of reading here (yAiv rather than the yshdiviov preferred by some editors, for

24
the M85 chelon), see Callebat & Fleury (2003: 233).

25 Both scutwla and canaficulus are classified by Callebat & Fleury (1995: 329, 334) as “mois de
sens nouveau”, For further examples from other Latin authors of the expression “a, which the
Greeks call i, and a similar evaluation of their significance as reflecting a desire to achieve

2 precision and clarity, see Fogen (2002: 264-265, 271).

CE the introduction to the discussion of harmonic theory at De arch. 3.4.1: Harmonice autem
est musica litieralura obscyra et difficills, maxime quidem quibus Graecae litterae non sunt
notae. quam si volumus explicare, necesse est etiam graecis verbis uti, quod nonnutla eorum
Latinas non habent appellationes.
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A. Greek terms used without explanatory gloss:

[ epitoxis claw (10.10.4; Heron’s yeip)
parastala side-stanchion (10.11.5; cf. parastatica in 10.10.2, 10.11.6 and
parastas media in 10.10.2, 10.10.3)
carchesium drum (10.10.5; of. kapyfolov “vniversal joint”)
anteris stay (10.11.9)
climacis ladder (10.11.7-8)
plerygoma ridge (10.11.7; Philon’s nteplyiov, Bel 54.12)

B. Greek terms with explanation or gloss:

peritreti tabulae, quae suni in sumino el in imo capituli peritretique
vocantur (10.10.2; cf. 10.11.4)

chele cheles, sive manucla dicitur (10.10.4 “trigger”; but knowledge
of meaning “slider” assumed at 10.11.7: ei membro, guod
Graeci ynhiv vocani)

chelonium supra minorem columnam chelonium, sive pulvinus dicitur
(10.10,5 “pillow”, “bolster; but no gloss at 10.10.4 “block”, or
10.11.8 “shder™)

anatonus si capiinla altiora quam erit latitudo facta fuerint, quae ana-
tona dicuntur {10.10.6)

catatonus si minus altum capitulum fuerit, guod cataionum dicitur
(10.10.6)

basis quae appellatur oydpa (10.11.9; cf 10.10.4)

C. Latin terms with

Greek equivalent or gloss:

cuneoli ferrei

quos émuyldag Graeci vocant (10.12.1; cf. 10.11.4)

canaliculus

qui graece cpvyE dicitur (10.10.3)

posterior minor
columna

quae graece dicitur dvtiflace (10.10.5; ¢f 10.11.9 for the
sense “counter-base™)

scutula

guae graece weplrpyrog appellatur (10.11.4)

D. Latin terms without explanatory gloss:

capitulum frame

Joramen hole

antefixum cross-piece (10.10.4)

subiectio stay (10.10.5; Heron’s dvinpetiov)
bracchium arm

modiolus washer

canalis fundus slider (10.10.4)

mensa table

Table 3: Vitruvins® terminology (De arch. 10.10-12),
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5. Conclusion

Let me now attempt to sum up the results of this study and draw some general
conglusions. Firs, the sources we have considered provide ample evidence of
the role of technological development in stimulating the creation of technical
terminology. The invention of artillery, and of torsion artillery in particular,
prompted the creation of an extensive and detailed terminology that was trans-
mitted by practitioners over several centuries both orally and in written form.
Terminological developments — whether the coining of new terms such as
nepltpntov ot shifts in the meaning of existing terms (such as Philon’s use of
ématpoeti or Hiurdviov) — tend to be correlated with actual technological inno-
vations or attempts to introduce them. Second, it is remarkable that, despite a
certain amount of variation, the terminology of artillery construction remained
relatively stable and consistent from the third century B.C. through the time of
Vitruvins (cf. Marsden 1971: [57). Here there is a contrast with other fields
such as medicine, where the situation down to the first century A.I). has been
characterized as one “bordering on terminological anarchy”?7 The stability of
the terminology of artillery construction is in part a reflection of the lack of any
fundamental technological advances during the period we have considered:
there was certainly no new discovery comparable to that of torsion artiliery
between the third century B.C. and the first century A.D. But another factor
was also jmportant: a consistent, stable terminology facilitates communication
between practitioners and the transmission of knowledge, by making it possibie
to refer to the objects of a téyvn in a precise way with just a single word or
combination of words. Technical terminology is, above all, a means of commu-
nication, and the relative lack of varfation in the terminology of artillery con-
struction is an indication of just how useful such a means could be in the an-
cient world, Finally, while the sources we have considered provide ample evi-
dence of the freedom with which Greek engineers coined new terms and gave
new senses to old ones to refer to the objects and practices of their téxv, they
do not offer any examples of the creation of theoretical terms, i.e. terms refer-
ring to absiract concepts or entities whose scope of reférence is stipulated by

‘precise definitions or by their role in a system of explanations. The creation of

such terminology, though -sometimes inspired by technological developments,
was not a direct response to them; rather, it was a response to the need to cormn-
municate new concepts that had been created in a context of theoretical investi-

7 8o Lloyd (1983: 163) on the development of Greek anatomical terminology down to the
beginning of the second century A.D. In this case, of courss, there was controversy not only
about what names to give to certain structures, but also about what structures shoutd be given
names at all; see the next note,
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gation.?® For insight into the motives leading to the creation of this kind of
technical terminclogy and its modalities we must turn to sources other than
those considered in this study.??
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Das rémische Agrarhandbuch
als Medium der Selbstdarstellung

Silke Diederich

Ein Fachtext, seine Form und seine Sprache haben nach modernern Anspruch
objektiv und sachbezogen zu sein; die personliche Weltanschauung des Autors
hat darin nichts verloren. Doch die rémischen Agrarschriftsteller Cato, Varro,
Columella und Palladins waren offenbar ganz anderer Ansicht, Fiir sie war die
Landwirtschaft, die ja filr Senatoren die einzige offiziell erlaubte Einnahme-
quelie darstellte, ein wesentlicher Teil ihres Selbstverstindnisses und ein Poli-
tikum ersten Ranges. Diese gesellschaftlichen und persénlichen Implikationen
des Faches blieben nicht ohne Wirkung auf Sprache und Gestattung der rémi-
schen Agrarhandbiicher.

1. Cato

Dies liht sich bereits bei M. Porcius Cato feststellen: Durch die militirische
Expansion im 3. und 2. Jh. v. Chr. erlebte die romische Republik einen rasanten
Wandel. Dabei filhrie der Zustrom von Beutegut, Sklaven und griechischem
Fachwissen in der Landwirtschaft einen Umschwung herbei, der eine Landkon-
zentration in grofiere Hofe nach sich zog. Zugleich geraten die alten senatori-
schen Eliten in Legitimationsdruck: Neue Philosophien stellen die tradierten
gesellschaftlichen Muster in Frage (MeiBner 1999: 170); snobistische Abweich-
ler aus den eigenen Rethen entfernen sich unter griechisch-orientalischem Ein-
flul immer weiter vom traditionellen rémischen Lebensstil; dic Schicht der
Ritter, durch Krieg und Handel reich geworden, gewinnt stindig an Einfluf},
zumal die Lex Claudia von 218 v. Chr. den Senatoren Handelsgeschiifie verbot
(Kienast 1979: 27, 71-80),

Damit schlug dic Stunde des homo novus M. Porcius Cato. In einer Epo-
che, in der die Wertchaltung der konservativen Fithrungsschicht, zu denen er
gehdren wollte, in Gefahr geriet, trat er als deren Retter auf. Da die Senatoren-
schaft sich traditionell als ein Bauernkriegertum definierte, richtete auch Cato
sein Talent auf diese Gebiete, galten doch Fihigkeiten in der Gutsverwaltung
als Schliisselqualifikation fir die Verwaltung offentlicher Amter (Kienast 1979;



