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Greek Catapults and Catapult Technology 
SCIENCE, TECHNOLOGY, AND WAR 
IN THE ANCIENT WORLD 

BARTON C. HACKER 

Scholars and laymen alike have long displayed a lively interest in 
ancient catapults.1 Research has focused on the most obvious problem: 
How did catapults work? Beyond its inherent interest, an answer to 
this question could perhaps contribute to a fuller understanding of 
the mechanical technology of antiquity in general. The question itself 
has largely been answered. Reliable information on the mechanical 
characteristics of catapults comes primarily from three sources: the 
Belopoiika of Philon of Byzantium,2 the tenth book of Vitruvius' De 
architectura,3 and the Belopoiika of Heron of Alexandria.4 Philon and 
Heron belonged to the school of mechanicians centered at Alexandria 
in Hellenistic times; the two treatises spring from a single tradition, 
though Philon flourished about 250 B.C., Heron A.D. 62.5 Vitruvius, a 
Roman engineer, composed his treatise toward the end of the first cen- 

MR. HACKER, formerly a lecturer in the history of science at the University of 

Chicago, is now a research associate at the University of Houston and with the His- 
torical Office of the Manned Spacecraft Center, where he is engaged in writing 
a history of Project Gemini. 

1 I use "catapult" as a generic term for missile-throwing engines of war. Problems 
of nomenclature, endemic to any discussion of these machines, I shall consider in 

greater detail further on. 
2 Philons Belopoiika (viertes Buch der Mechanik), trans. H. Diels and E. Schramm 

(Abhandlungen der preussischen Akademie der Wissenschaften, Philosophisch- 
historische Klasse, No. 16 [1918] [Berlin, 1919]). 

3 Vitruvius De architectura libri decem, ed. F. Krohn (Leipzig, 1912). 
4 Herons Belopoiika (Schrift vom Geschiitzbau), trans. H. Diels and E. Schramm 

(Abhandlungen der kdniglichen preussischen Akademie der Wissenschaften, 
Philosophisch-historische Klasse, No. 2 [1918] [Berlin, 1918]). 

5 When Heron lived was long a subject of controversy. Heron presents data on 
an eclipse of the moon in one of his works, however, that will only fit an eclipse 
that took place in A.D. 62. See A. G. Drachmann, Ktesibios, Philon and Heron: A 
Study in Ancient Pneumatics (Acta historica scientiarum naturalium et medicina- 
lium, Vol. IV [Copenhagen, 1948]), pp. 74-77. 
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tury B.C. Two other extant treatises on catapult construction, by Biton6 
and Athenaios,7 are too obscure to be technically useful; their dates are 
as obscure as their data.8 

Scholarly efforts to re-establish the principles of ancient catapult 
construction date from the mid-nineteenth century and culminated 
in the definitive investigation of Colonel Erwin Schramm in Germany, 
1903-4.9 Quite apart from such scholarly investigations, the literature 
on catapults has been swelled by the contributions of enthusiasts dating 
back at least to the eighteenth century.10 Such minor obscurities as 

persist reflect shortcomings in the surviving texts rather than failures 
of scholarship. We may safely assume that no further research will 

6Bitons Bau von Belagerungsmaschinen und Geschiitzen, trans. A. Rehm and 
E. Schramm (Abhandlungen der bayerischen Akademie der Wissenschaften, 
Philosophisch-historische Abteilung, N.S., No. 2 [Munich, 1929]). 

7 Athenaios iiber Maschinen. Griechische Poliorketiker, mit den handschriftlichen 
Bildern, III, trans. Rudolf Schneider (Abhandlungen der kiniglichen Gesellschaft der 
Wissenschaften zu Gdttingen, Philologisch-historische Klasse, N.S., Vol. XII, No. 5 
[Berlin, 1912]). 

8 Athenaios addressed his treatise to one Marcellus, who has usually been identified 
with the Roman conqueror of Syracuse (212 B.c.). But in The Mechanical Tech- 
nology of Greek and Roman Antiquity: A Study of the Literary Sources (Copen- 
hagen, 1963), p. 11, A. G. Drachmann says that the proper Marcellus was the son-in- 
law of Augustus, which means that Athenaios flourished at the beginning of the first 
century A.D. Dating Biton involves a similar problem. He addressed his treatise to 
King Attalos of Pergamum, who may have been any of the three bearing that name; 
accordingly, Biton flourished sometime between 241 and 133 B.C., the inclusive dates 
of their reigns. 

9 The best short account, which includes a complete bibliography, is E. Schramm, 
"Poliorketik," in Johannes Kromayer and Georg Veith (eds.), Heerwesen und 
Kriegfiihrung der Griechen und Romer (Handbuch der Altertumswissenschaft, 
Sec. 4, Part III, Vol. II [Munich, 1928]), pp. 209-45. Schramm, Die antiken Geschiitze 
der Saalburg (Berlin, 1919), is definitive. For a recent brief and authoritative survey, 
see Drachmann, Mechanical Technology of Greek and Roman Antiquity (n. 8 
above), pp. 186-90. Other useful accounts include: Hermann Diels, Antike Technik: 
Sieben Vortrdge (2d ed.; Leipzig and Berlin, 1920), pp. 91-120; W. W. Tarn, Hel- 
lenistic Military and Naval Developments (Cambridge, 1930), pp. 101-18; and 
A. R. Hall, "Military Technology," in Charles Singer, E. J. Holmyard, A. R. Hall, 
and Trevor I. Williams (eds.), A History of Technology, II (Oxford, 1956), 695- 
730. 

10 See, e.g., Francis Grose, Military Antiquities respecting a History of the English 
Army from the Conquest to the Present Time (London, 1786), II, 286-302; Ralph 
Payne-Gallwey, The Crossbow, ... with a Treatise on the Ballista and Catapult of 
the Ancients (London, 1903); and Payne-Gallwey's A Summary of the History, 
Construction, and Effects in Warfare of the Projectile-throwing Engines of the 
Ancients (London, 1907). 
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substantially alter our present knowledge of the mechanical charac- 
teristics of catapults. In his recent study of the literary sources for the 
mechanical technology of ancient Greece and Rome, Aage G. Drach- 
mann justifiably confined himself to a short survey of engines of war, 
noting, "Of all the technical writings of Antiquity those on engines 
of war have received by far the best treatment. The texts have been 
edited and translated; the figures have been reproduced and inter- 
preted; the catapults have been reconstructed and tried."" 

I shall briefly review the current state of knowledge concerning the 
mechanical characteristics of catapults. Were this my sole purpose, 
however, I could scarcely excuse adding to an already voluminous 
literature. But need the study of so successful an innovation as the 
catapult rest complete when its mechanical characteristics have been 
established? I think not. By looking at the catapult as a technological 
innovation, we are led to some thought-provoking questions that have 
scarcely been raised in the existing literature. Why, for example, were 

catapults so successful, so widely adopted? What role, if any, did 
Greek science play in the development of catapults? What were the 
consequences of a highly developed catapult technology? 

Questions like these may be asked about any technological innova- 
tion. Because of the catapult's military significance, however, asking 
such questions about catapults may be more fruitful than asking them 
about other ancient inventions. We are not restricted to information 
drawn from surviving technical treatises and archeological findings;12 
we have, in addition, evidence on the development, spread, and use of 
catapults from military and political history and from military treatises. 
In this, as in all fields of ancient history, the historian must rely on 
scattered, fragmentary, and heterogeneous sources. Nevertheless, we 
may follow the introduction and diffusion of new weapons far more 
readily than of any other kind of technical advance. My main purpose, 
then, is to suggest some of these larger implications of the advanced 
catapult technology of antiquity. 

* * * 

First, however, I want to describe briefly the mechanical charac- 
teristics of the machines I shall be talking about and to indicate some 

11Drachmann, Mechanical Technology of Greek and Roman Antiquity (n. 8 
above), p. 186. 

12 The most important archeological contribution to our knowledge of catapults 
was the discovery, in 1912 at Ampurias in Spain, of a catapult dating from 150 B.C. 
See ibid., p. 189. 
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of the major problems of nomenclature.13 The earliest catapults were 
the product of relatively straightforward attempts to increase the 
range and penetrating power of missiles by strengthening the bow 
which propelled them. Since such a reinforced bow could not be 
spanned in the ordinary way, mechanical ingenuity supplemented hu- 
man muscle. In the gastraphetes (Fig. 1), a hand weapon Heron at- 
tributed to Zopyros of Tarentum (fl. ca. 350 B.C.), the bow was 
mounted on a stock grooved on its upper surface. A slider, with a 

13 The basis for these remarks are the works by Schramm, Diels, Tarn, and Hall 
cited in n. 9 above and Drachmann's Mechanical Technology of Greek and Roman 
Antiquity (n. 8 above). 
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hook at its back end to catch the bowstring, rested in the groove, its 
front projecting beyond the front of the stock. To span the weapon, 
the archer braced the curved back of the stock against his belly (hence 
the name) and forced the slider toward him by pressing it against 
the ground. Thus the archer could use not only his arm muscles but 
his more powerful back muscles as well. Once spanned, a rack-and-pawl 
device held the slider in position while the archer inserted an arrow 
before the bowstring, aimed, and fired. He could then move the 
slider forward and repeat the process. Larger and more powerful bow- 
catapults were standmounted and spanned by winch but otherwise 
were similar in design to the gastraphetes. 

Dependence on the elasticity of the bow was a basic limitation of 
bow-catapults; the elastic strength of materials available to the Greeks 
was simply not great enough to permit much elaboration along these 
lines. Bow-catapults were supplanted during the course of the fourth 
century by torsion catapults. This new kind of catapult used the tor- 
sional force of thick, tightly twisted skeins of hair or sinew, a force 
considerably greater than the elastic force of strained horn or wood. 
Two forms of torsion catapult evolved; the euthytonon (Fig. 2), an 
arrow-shooting machine, and the palintonon (Fig. 3), a stone-thrower. 
Both types were standmounted and spanned by winch, supplemented 
in larger machines by pulleys; like earlier machines, they used a slider 
in a grooved stock. A frame at the front end, however, replaced the 
bow of earlier machines. It held two skeins, one on either side of 
the stock, into each of which a wooden arm was inserted. The string 
was attached to these arms. In the euthytonon, a single frame housed 
both skeins. But the palintonon, constructed for heavier missiles, had 
two separate cable frames. 

The arms of both euthytonon and palintonon operated horizontally. 
Another machine, the monankon, used the torsion principle some- 
what differently. It had but a single, massive arm, tipped by a sling, 
which moved in a vertical plane. The arm was winched down and a 
missile placed in the sling; when released, it flung a fairly heavy mis- 
sile in a high trajectory. The monankon is described in none of the 
treatises from which we learn of other catapults. In particular, the 
failure of Vitruvius, who had been an official in charge of construction 
and repair of engines of war for his government,14 to mention this 
machine strongly suggests that it was a later invention. Reliable evi- 
dence for its existence is no earlier than the late fourth century A.D.15 

14 Vitruvius De architectura i. 1. 2. 
15 Ammianus Marcellinus xxiii. 4. 4-7. 
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Euthytonon was the Greek name for the ordinary single-curved 
bow, palintonon for the double-curved (compound) bow. Why cata- 
pults received these names has been much debated. The most likely 
explanation is that the machines looked like the kind of bow they 
were named after. As I noted earlier, problems of nomenclature per- 
vade any study of missile-throwing engines. Ancient writers sometimes 
seem to have used the same name for different machines, sometimes to 
have called similar machines by different names. The euthytonon was 
the catapult proper-the Greek katapeltes meant something that would 
pierce a shield, pelte-but it was also called oxybolos because it shot 
arrows. The palintonon was termed ballista (or lithobolos or petro- 
bolos) because it threw stones. Catapulta and ballista eventually re- 
placed euthytonon and palintonon as the standard names. This is 
Vitruvius' usage. Because they used twisted skeins, torsion machines 
were referred to by the Romans as tormenta. Still later, ballista came 
to be used generically for all torsion engines except the monankon. 
Vegetius (fl. ca. A.D. 384-95), in his Epitoma rei militaris, used cata- 
pulta not at all. The Romans termed the monankon "onager" or 
"scorpion" on the basis of fancied resemblances to those animals. But 
"scorpion" was also applied to what was apparently a kind of hand 
weapon, as, for example, those Archimedes was alleged to have built 
for the defense of Syracuse (212 B.c.).16 A distinction based on whether 
the machine threw darts or stones has little meaning; with suitable, 
and relatively slight, modifications, a machine could do either. All this 
is from men who knew what they were writing about, for the most 
part engineers or soldiers. Later, during the Middle Ages, when we 
must rely on the chronicles of churchmen not particularly familiar with 
the subject, obscurities of terminology become all but impenetrable.17 

* * * 

This proliferation of names suggests that catapults were widely used. 
Such was indeed the case. Toward the end of the fourth century B.C., 
Greek siege techniques reached a previously unparalleled level of effi- 
ciency. Alexander of Macedon was able to take walled towns with a 
regularity and rapidity unknown in the Greek world before his time. 

16 Plutarch Vita Marcelli xv. 5. 
17 See Charles Oman, A History of the Art of War in the Middle Ages (2d ed.; 

London, 1924), I, 140; II, 45-46. Grose (n. 10 above), II, 302, catalogues engines 
of war current in the eleventh and twelfth centuries: "Exclusive of the ballista, cata- 
pulta, onager, and scorpion, were the mangonel, the trebuchet, the petrary, the 
robinet, the mategriffon, the bricolle, the bugle or bible, the espringal, the mata- 
funda, the rebaudequin, engine a verge, and the war wolf," 
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Alexander's success was no simple outgrowth of an improved military 
technology: the unsurpassed quality of his troops and the vigor and 
resource with which he pressed home his attacks were doubtless as 
important as newfangled catapults.18 Yet brave soldiers and resourceful 
commanders before Alexander had seldom been able to take Greek 
cities by storm. Fortifications were far more effective than devices 
for breaching them; if a city fell, the reason was usually starvation or 
betrayal. Lacking effective means for neutralizing defenders or pene- 
trating walls, attackers could expect heavy losses. Greek cities were 
rarely willing to risk such losses among the citizens who composed 
their armies.19 Even an attacker's willingness to risk assault, however, 
guaranteed no success. In the Peloponnesian War, elaborate Spartan 
attempts to storm the town of Plataea were frustrated by a handful 
of defenders, who surrendered only after a two-year siege had reduced 
the town to starvation.20 

Plataea was by no means unique. In fact, the secondary role of force 
in Greek siege craft persisted until well into the fourth century. Ae- 
neas Tacticus (fl. ca. 350 B.c.) devoted only nine short chapters at the 
end of his Poliorketika to assault techniques.21 The bulk of his work, a 
manual for the commanders of besieged cities, dealt with methods to 
prevent a city's betrayal. His assault techniques differed scarcely at all 
from those of the Peloponnesian War. Missile engines he mentioned 
only once,22 and then so cursorily as to suggest that he had had no 
personal experience with them, though he was an experienced profes- 
sional soldier.23 

Aeneas apparently knew little of Sicily.24 There siege craft had pro- 
gressed rapidly, and catapults had been introduced by the beginning of 
the fourth century. Dionysios of Syracuse, according to the testimony 
of Diodorus Siculus,25 gathered artisans from many lands to fabricate 

18 For an excellent brief analysis, see J. F. C. Fuller, The Generalship of Alexander 
the Great (New Brunswick, N.J., 1960), chap. vii ("Alexander's Sieges"), pp. 200- 
218. 

19 F. E. Adcock, The Greek and Macedonian Art of War (Berkeley, Calif., 1957), 
pp. 58-59. 

20 Thucydides ii. 76-79, iii. 52. 
21 Aeneas Tacticus Poliorketika xxxii-xl. 
22 Ibid. xxxii. 8. 
23 Aeneas on Siegecraft, ed. and trans. L. W. Hunter, rev. S. A. Handford (Oxford, 

1927), pp. ix-x, xvii-xxxiv, 222. 
24 Ibid., p. xxxvii. 
25 Diodorus Siculus Bibliotheke historike xiv. 47-53. 
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the siege engines he deployed against his Carthaginian foes, most nota- 
bly at the siege of Motye in 398. Among these engines were catapults. 

What line of development led from the bow-catapults Dionysios used 
to the torsion catapults used by Alexander remains unknown.26 In any 
case, Alexander clearly thought a great deal of his new machines; his 
army carried the basic components of catapults with it on its most far- 
flung campaigns.27 Catapults subsequently became a normal feature of 
Hellenistic armies and regularly accompanied Roman armies in the 
field, each legion having an integral complement of artillery.28 Nor did 
the use of catapults end with Rome. The catapults described by Proco- 
pius,29 which Belisarius employed against the Goths in the first half of 
the sixth century, were substantially the same as those described by 
Ammianus Marcellinus30 and Vegetius31 in the last half of the fourth 
century. None differed in any important way from the catapults that 
had been perfected by the Hellenistic mechanicians in the third century 
B.C. (with the possible exception of the monankon)-a perfection at- 
tested by the decision of Frontinus (ca. 40 to ca. 104), in the section of 
his Stratagems dealing with the siege and defense of towns, to lay aside 
"all considerations of works and engines of war, the invention of which 
has long since reached its limit, and for the improvement of which I see 
no further hope in the applied arts."32 

The art of building catapults survived with most of its ancient per- 
fection throughout the Middle Ages at Constantinople.33 In the West, 
however, the art languished; techniques persisted but were applied in 

26 Where or when torsion was first applied to catapults is impossible to say, 
though Pliny the Elder claims it was a Phoenician invention (Naturalis historia 
viii. 201). The first certain appearance of torsion catapults was in Alexander's siege 
of Tyre (333-32). See Tarn (n. 9 above), pp. 105-6, and L. Sprague de Camp, 
"Master Gunner Apollonios," Technology and Culture, II (1961), 240-44. 

27See, e.g., the account of Alexander's Indian campaign (particularly the siege 
of Aornos where Alexander went to a good deal of trouble to get his catapults 
into action) in Marc Aurel Stein, On Alexander's Track to the Indus (London, 
1929), pp. 135-42, 146-47. See also Fuller (n. 18 above), pp. 248-54. 

28 Schramm, "Poliorketik" (n. 9 above), pp. 244-45; Kromayer and Veith (eds.) 
(n. 9 above), pp. 373-75, 442-45. 

29 Procopius History of the Wars V. xxi. 14-18. 
30 Ammianus Marcellinus xxiii. 4. 
31 Vegetius Epitoma rei militaris iv. 
32 Frontinus The Stratagems iii. Preface, trans. Charles E. Bennett, ed. Mary B. 

McElwain (Loeb Classical Library [New York, 1925]), p. 205. 

33 Oman (n. 17 above), I, 136, 139; Ferdinand Lot, L'Art militaire et les armees 
au Moyen Age en Europe et dans le Proche Orient (Paris, 1946), I, 49. 

43 



44 Barton C. Hacker 

ever cruder form. Nonetheless, they did persist. The Viking siege of 
Paris in 885-86 saw the employment by both sides of virtually every in- 
strument of siege craft known to the classical world, including a variety 
of catapults. By then, however, defensive techniques had long since 
caught up with assault methods; that protracted siege failed.34 

Torsion catapults had important shortcomings. They were slow and 
cumbersome-disadvantages that increased as the catapult became more 
powerful. This mattered little in the leisurely pace of siege operations.35 
Problems inherent in the use of twisted skeins were more serious: the 
tension of skeins varied with changes in atmospheric humidity; the 
skeins deteriorated from repeated twisting and untwisting, since they 
had to be loosened after use, then tightened before being used again. 
Philon proposed several remedies for these problems, none of which 
was adopted, if we may accept as evidence the failure of later writers 
to mention them.36 

Despite their shortcomings, however, catapults worked well enough 
to remain in continuous use until they were largely supplanted by the 
trebuchet, which first appeared around the beginning of the twelfth 
century. Although the basic design was variously modified, in its sim- 
plest form the trebuchet had a single arm, pivoted near one end and 
moving in a vertical plane. From the shorter end were suspended heavy 
counterweights, to the longer end was attached a sling to hold the mis- 
sile. When the longer end was pulled down, either by muscle or me- 
chanically, then suddenly released, the heavy counterpoise swung it 
through a rapid arc, hurling the missile with considerable force in a 
high trajectory. The trebuchet was, in fact, a much more powerful 
machine than any earlier missile-thrower, and far simpler in design.37 
Torsion catapults had nevertheless persisted in effective use for a mil- 
lennium and a half. 

* * * 

What did catapults contribute to the highly efficient siege craft of 
Alexander and his successors? Clearly catapults were not powerful 

34 Oman (n. 17 above), I, 140-48. 
35 Because catapults were heavy, bulky, and slow, they were seldom used in the 

field. But, as a regular part of Hellenistic and Roman armies, they were sometimes 
so employed. See Schramm, "Poliorketik" (n. 9 above), pp. 238, 242-43, and Tarn 
(n. 9 above), pp. 119-20. 

36 See Drachmann, Mechanical Technology of Greek and Roman Antiquity (n. 8 
above), pp. 189-90. 

37 See Lynn White, jr., Medieval Technology and Social Change (New York, 
1962), pp. 102-3, 165. 
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enough to batter down the walls of a well-fortified town. But they 
could, and did, provide the covering fire that enabled attackers to ap- 
proach the walls, where other techniques could be brought into play 
in order to breach or surmount them.38 Vivid testimony to the effec- 
tiveness of catapults is the account of the Roman siege of Jotapata (A.D. 
67) given by Josephus, who commanded the Jewish forces defending 
the city. So overwhelming was the bombardment of the walls by lances 
and stones that no defender dared mount the ramparts; the force of the 
engines 

was such that a single projectile ran through a row of men, and the 
momentum of the stones hurled by the engine carried away battle- 
ments and knocked off corners of towers. There is in fact no body 
of men so strong that it cannot be laid low to the last rank by the 
impact of these huge stones.... Getting in the line of fire, one of 
the men standing near Josephus on the rampart had his head 
knocked off by a stone, his skull being flung like a pebble from a 
sling more than 600 yards; and when a pregnant woman on leaving 
her house at daybreak was struck in the belly, the unborn child 
was carried away 100 yards .... Even more terrifying than the 
siege-guns and their missiles was the rushing sound and the final 
crash.39 

The performance claimed for catapults by the ancient authors has 
been substantiated, for the most part, by modern reconstructions. 
Among the results Schramm obtained in his definitive investigations: 
the onager threw a 4-pound stone 300 meters, the same distance reached 
by a 1-pound stone from the palintonon; the euthytonon shot an 88- 
centimeter arrow 370 meters, the arrow penetrating an iron-sheathed 
shield 3 centimeters thick for half its length.40 This last result suggests 
the incident related by Procopius in his account of the Gothic siege of 
Rome (537-38): 

And at the Salarian Gate a Goth of goodly stature and a capable 
warrior, wearing a corselet and having a helmet on his head, a man 
who was of no mean station in the Gothic nation, refused to remain 
in the ranks of his comrades, but stood by a tree and kept shooting 
many missiles at the parapet. But this man by some chance was hit 
by a missile from an engine which was on a tower at his left. And 

38 For a brief description of some of these other techniques, see Hall (n. 9 above), 
702-3, 715-17. 

39Josephus The Jewish War iii. 240-48, trans. G. A. Williamson (Baltimore, 
1959), pp. 189-91. 

40 Schramm, "Poliorketik" (n. 9 above), p. 239. 
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passing through the corselet and the body of the man, the missile 
sank more than half its length into the tree, and pinning him to the 
spot where it entered the tree, it suspended him there a corpse.41 

The success and persistence of catapults suggest that they filled an 
important need. Defensive techniques, particularly those based on elab- 
orate permanent fortifications, have, in most eras, been significantly 
more effective than the methods available to attackers. This usual supe- 
riority of defender over attacker has repeatedly provided the basis for 
political fragmentation. The ability of the Greek city-states to main- 
tain their independence depended in part on the imperviousness of their 
walls to assault, just as the inadequacy of medieval siege craft contrib- 
uted to the diffusion of political power which characterized medieval 
Europe. Conversely, improvements in siege craft that promoted the 
equality or ascendancy of the besieger played a part in the establishment 
of larger political units. Some weight must be given to the development 
of torsion catapults in accounting for the augmented regularity with 
which Alexander and his successors, both Hellenistic and Roman, were 
able to take walled cities. This new ability, in turn, was a factor in the 
establishment of kingdom and empire. The subsequent reassertion of 
defensive supremacy that followed on the decline of the legions played 
its part in invalidating the imperial claims of the German successor 
states. In much the same way, the rise of nation-states in early modern 
times owed something to new techniques and tools of siege craft, like 
gunpowder, which compromised first the security of fortress walls, then 
the independence those walls protected. 

We have seen that catapults were a successful, long-lived, and signif- 
icant innovation. I should now like to turn to the developmental work 
on which the subsequent career of catapults depended. This work, lead- 
ing to the perfection of catapult technology, was carried out by the 
so-called mechanicians who flourished at Alexandria and elsewhere in 
the Hellenistic world. The science of mechanics was traditionally sup- 
posed to have been founded by Archytas of Tarentum (fl. ca. 400 B.c.) 
and Eudoxos of Knidos (ca. 408 to ca. 355), who used mechanical dem- 
onstrations for geometrical problems they could not prove rigorously.42 
This approach was rejected by later geometers, although Archimedes 
(287-212) used a mechanical method to arrive at geometrical conclu- 

41Procopius History of the Wars V. xxiii. 9-11, trans. H. B. Dewing (Loeb 
Classical Library [New York, 1919]), III, 221. 

42 Plutarch Vita Marcelli xiv. 5. 
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sions preliminary to rigorous mathematical demonstration.43 Mechanics 
parted ways with geometry and, in fact, came to be regarded as one of 
the military arts.44 The Hellenistic mechanicians earned their livelihood 
as military engineers.45 War industry was lavishly supported by the 
Hellenistic kings, most notably the Ptolemies of Egypt. Kingdoms and 
cities competed keenly for the services of the most able engineers, 
whose rewards, in terms of both money and prestige, were great.46 

Such support was indispensable for the experimental work which led 
to the perfection of torsion catapults. Philon asserted that the Alexan- 
drian engineers "were heavily subsidized by kings eager for fame and 
interested in the arts."47 Heron suggested another motive in the Intro- 
duction to his Belopoiika: a highly developed art of catapult construc- 
tion promoted peace, since the state thus endowed would discourage the 
designs of potential aggressors. Biton made much the same remark in 
his Introduction. The incessant warfare of Hellenistic times-Hellenis- 
tic kings were "always either preparing for war or actually engaged in 
it"48-suggests no dearth of potential aggressors, whatever implication 
that may have for the efficacy of discouraging attack by strong arma- 
ment. 

The mechanicians displayed an interest in practical applications of 
their work that contrasts sharply with the usual attitude of Greek sci- 
entists. Although Greek science had significant quantitative and experi- 
mental aspects, Greek scientists did not universally accept the impor- 
tance of observation and experiment in linking theory to experience; 
nor did they all recognize the value of mathematical analysis in more 
than a few fields of natural inquiry. Furthermore, Greek scientists were 
primarily interested in knowledge for its own sake. Even in areas where 
their discoveries might have been turned to practical account, they 
seldom troubled to do so.49 Plutarch's allegation that Archimedes repu- 

43 E. J. Dijksterhuis, Archimedes, trans. D. Dikshoor (Acta historica scientiarum 
naturalium et medicinalium, Vol. XII [Copenhagen, 1956]), pp. 321-22. 

44 Plutarch Vita Marcelli xiv. 6. 
45 M. Rostovtzeff, The Social and Economic History of the Hellenistic World 

(Oxford, 1941), II, 1234-35. 

46Ibid., pp. 1232-33, 1236. See also L. Sprague de Camp, The Ancient Engineers 
(Garden City, N.Y., 1963), and Oliver Lyman Spaulding, Pen and Sword in Greece 
and Rome (Princeton, N.J., 1937). 

47 Philon Belopoiika 3; quoted from Morris R. Cohen and I. E. Drabkin, A Source 
Book in Greek Science (Cambridge, Mass., 1958), p. 318. 

48 Rostovtzeff (n. 45 above), I, 152. 
49 Marshall Clagett, Greek Science in Antiquity (New York, 1955), pp. 22-25, 

28-31; Ludwig Edelstein, "Recent Trends in the Interpretation of Ancient Science," 
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diated "as sordid and ignoble the whole trade of engineering, and every 
sort of art that lends itself to mere use and profit,"50 is often cited as the 
epitome of this attitude. 

Yet Archimedes was famous for his inventions, especially for the vari- 
ety of engines of war he contrived to protract the Roman siege of Syra- 
cuse.51 Archimedes, however, stood squarely in the strictly logical, geo- 
metrical tradition of Greek science and mathematics. His inventions, 
numerous though they may have been, were diversions. Archimedean 
science, like Euclidean geometry, demanded a strict axiomatic method. 
The limitation of available scientific knowledge did not permit the es- 
tablishment of a science of mechanics comparable in rigor to, say, 
Archimedes' achievement of a science of hydrostatics. 

The mechanicians worked in a quite different tradition. Underlying 
the strictly logical, axiomatic mathematics and science created by Eu- 
doxos and his contemporaries in the fourth century and exemplified in 
the work of Euclid, Archimedes, and Ptolemy was another, more ele- 

mentary tradition rooted in Babylonian algebraic and numerical proce- 
dures. This persistent oriental tradition was little influenced by the 

development of axiomatic geometry, which it both antedated and sur- 
vived. The writings of Heron of Alexandria form part of this tradition; 
his geometry reflects the algebraic or arithmetic approach of Babylo- 
nian mathematics, with its emphasis on the application of numerical 
methods to the solution of practical problems.52 What distinguished the 
Hellenistic mechanicians from most other Greek scientists was their ef- 
fort to combine theory with practical utility. According to Pappus of 
Alexandria (fl. ca. 285 to ca. 305), "the mechanicians of Hero's school 
tell us that the science of mechanics consists of a theoretical and a prac- 
tical part."53 This approach enabled the mechanicians to make catapult 
technology something very like an applied science. 

What exactly did the mechanicians contribute to catapult develop- 
ment? They made catapult construction systematic. The key element 

in Philip P. Weiner and Aaron Noland (eds.), Roots of Scientific Thought: A 
Cultural Perspective (New York, 1957), pp. 91-101. 

50 Plutarch Vita Marcelli xvii. 4. Quoted from Plutarch The Lives of the Noble 
Grecians and Romans, trans. John Dryden, rev. Authur Hugh Clough (New York, 
n.d.), p. 378. 

51 On Archimedes as an inventor, see Dijksterhuis (n. 43 above), pp. 21-29. 

52 0. Neugebauer, The Exact Sciences in Antiquity (2d ed.; New York, 1962), 
pp. 79-80, 146-47. 

53Pappus of Alexandria Collectiones mathematicae viii. 1; quoted from Cohen 
and Drabkin (n. 47 above), p. 183. 
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in catapult performance was the size of the twisted skeins, which, of 
course, determined the diameter of the hole that received the skeins. All 
other components of the catapult are proportional to this diameter. 
The proper proportions between the parts were established experimen- 
tally, by systematically altering the sizes of the various parts of the 
catapult and testing the results. "For it is not possible to arrive at a 
complete solution of the problems involved merely by reason and by 
the methods of mechanics; many discoveries can, in fact, be made only 
as a result of trial."54 

The proportions of the parts of the catapult were expressed in terms 
of the diameter of the hole which received the skeins, which was in 
turn related to the size of the missile the catapult was designed to shoot. 
For arrow-shooting machines, the diameter was taken as one-ninth the 
length of the arrow.55 For stone-throwing machines, the diameter was 
computed from the weight of the stone: the diameter in digits was 
equal to the cube root of the weight in drachmas plus one-tenth of this 
root.56 The results of these computations are presented in the form of 
tables.57 Such tables allowed the technical staffs of Hellenistic armies to 
construct catapults incorporating desired characteristics.58 

This procedure parallels the method used by Hellenistic astrologers 
to compute the positions of celestial bodies for horoscopic purposes. 
Based on empirical material and proceeding on exclusively numerical 
grounds, Hellenistic astrology completely lacked any geometrical 
model.59 Preserved horoscopes contain no doctrinal elaboration or the- 
oretical speculation but simply the bare results of computation.60 Hel- 
lenistic astronomy, like Hellenistic mathematics, followed two distinc- 
tive traditions, one of them an axiomatic, geometrically structured 
science purely Greek in origin and development, the other drawing on 
Babylonian practical numerical procedures uninfluenced by the axio- 
matic method. 

54 Philon Belopoiika 3; quoted from Cohen and Drabkin (n. 47 above), p. 319. 
55 Heron Belopoiika 32. 
56 This formula is given in substantially the same form in Philon Belopoiika 6 and 

Heron Belopoiika 32. 
57 Certain discrepancies in the computations of Philon and Vitruvius are discussed 

in A. G. Drachmann, "Remarks on the Ancient Catapults," Actes du Vlle Congres 
International d'Histoire des Sciences (4-12 Aozt 1953) ("Collection des travaux de 
l'Academie Internationale d'Histoire des Sciences," No. 8 [Paris, 1953]), pp. 279-82. 

58 Rostovtzeff (n. 45 above), II, 1082-84. 
59 Neugebauer (n. 52 above), pp. 157-58. 
6o Ibid., p. 170. 

49 



50 Barton C. Hacker 

That mechanician and horoscopic astrologer worked in the same tra- 
dition seems clear enough. For both, observational data furnished the 
basis for computing, on the one hand, the size of catapult components 
and, on the other, the positions of celestial bodies. The aim of both was 
strictly practical-building catapults or casting horoscopes-and theory 
played no part in determining the procedures used. Should such activ- 
ity be termed science? That depends on what we choose to call science, 
a problem beyond the scope of this paper. Whatever status it is ac- 
corded, however, catapult technology was clearly based on experimen- 
tal investigation, its results systematized mathematically in the form of 
computed tables which allowed machines of specified characteristics to 
be constructed. At the same time, the mechanicians were unable to ac- 
count for their findings or to provide them with a theoretical frame- 
work. Nonetheless, the result of this activity, whether we choose to 
call it scientific or not, was a catapult technology solidly based and 
well developed. 

A. R. Hall has observed "that the purposeful application of science 
to the art of war (and, it may be, to any technique or useful art) at any 
period before the nineteenth century is much less than at first appears 
from non-professional accounts; the conservative traditions of practi- 
cal men yielded very slowly to the enthusiasms of inventive amateurs, 
whether scientists or not."61 To this generalization the work of the 
Hellenistic mechanicians on catapults may well stand as an exception. 
Mathematics and experiment, systematically applied to the improve- 
ment of catapult technology, produced machines that were subsequent- 
ly used widely and effectively. Even more striking than any success the 
mechanicians achieved were the conditions and attitudes that guided 
their investigations. Many aspects of Hellenistic civilization seem curi- 
ously modern; not the least of these were the state support and utilitarian 
orientation of much of Hellenistic science. When further development 
lay within the technical possibilities of the time, as the development of 
catapults obviously did, the fruitful conjunction of favorable conditions 
and attitudes with adequate technique produced a highly developed 
technology. 

61 A. R. Hall, Ballistics in the Seventeenth Century: A Study in the Relations of 
Science and War with Reference Principally to England (Cambridge, 1952), p. vii. 
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