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Abstract

Early Modern military engineers are obvious ‘shadow agents’ of war:
not necessarily present on the battlefield, their impact on the art of war
was nevertheless considerable. The complexity of the professional
profile of Renaissance military engineers during the ‘military
revolution’ still makes their identity a historical riddle. In this chapter,
I will try to address two issues concerning Renaissance military
engineers from the standpoint of the history of science and technology:
the cultural models behind their apparent polymathesis — here intended
as a wide-ranging learning freely pursued independently from cultural
models — and their agency in lesser-known military affairs such as
technological propaganda, intelligence and astrology.

Keywords: Military Astrology, Renaissance Polymath, Renaissance
Engineering, Superior Craftsman, Vitruvian Artisan

Ennoblement of the Military Engineer

According to Mario Biagioli, it was early modern warfare (ca. 1450—
ca. 1600) which gave Italian mathematicians, among them the
‘traditional empirical military engineer ..., the chance to ennoble
themselves and their discipline by partaking in the high social status of
the ‘milites’, a term referring to the traditional feudal warrior
aristocracy. Biagioli argued that ‘the cannon-syndrome and the
introduction of the bastion forced the milites ... to begin to rely less on
their horses and more on Euclid for their survival as a distinct social
group’.? Biagioli identified two ‘disciplinary and professional types of
mathematical practitioners’, who were ‘socially distinct’ and together
generated the early modern military engineer, whose profession become
so appealing for the noble. Not only were there ‘upper- class’

2 Biagioli, 44-45.
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astrologer-physicians,® but Biagioli also listed the socially inferior
groups of the bookkeepers, land surveyors, engineer-masons, and the
urban teachers of arithmetic and geometry in the abacus schools. These
mathematicians often interacted with the local authorities because of
their expertise as ‘empirical-engineers’.* Biagioli focused on the
cultural and social processes taking place especially between the time
of the math- ematician and engineer Niccolo Tartaglia (1499—1557) and
Galileo Galilei (1564-1642), but he did not deal with the earlier
interactions between these social classes of mathematicians. As Paolo
Galluzzi lamented, the collaboration between these socially distinct
groups, in the figures of the artists-engineers and the humanists, is a
crucial problem that has not sufficiently been emphasized.’

Following Galluzzi, I here attempt to demonstrate that the encounter
between these two groups on the topic of ancient engineering was
perhaps of even greater consequence for the rise of practical
mathematics and its practitioners than the aristocratic cultural
appropriation of the compe- tences of the empirical engineers, a process
that seems to have already started in earlier periods.® If increasing
numbers of the nobility, whose expected place in society was mainly at
war, found the role of military engineering attractive, then perhaps this
was because the discipline had become increasingly respectable
following the revival of interest in much- admired authors and engineers
such as Archimedes and Vitruvius, whose aura had already elevated the
reputation of practical mathematicians at war.

3 Strangely, Biagioli does not quote the most important work on medical astrologers and
practical mathematics: White, 295-308.

4 Biagioli, 44.

5 Galluzzi, 14-17. Galluzzi’s call has produced some new inquiries into the relation between
the Renaissance engineer and humanist: Long, Openness, chap. 4; Artisan/Practitioners;
Maffioli, 197-228; Valleriani; Zanetti, ‘Erudite’; Janello Torriani.

6 See, for instance, the twelfth-century Cremonese consul Tinctus Musa de Gata, son of a count
palatine, and the hidalgo Pedro Navarro (1460—1528): Caretta and Degani, 23; Sandoval,
253. However, it is still mistakenly believed that these two were ennobled engineers of lower
social roots: Purton.
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The Medieval Tradition

A first surprising thing to emerge at the time of the Italian Wars
(1494-1559) is that, although there were officials denominated
‘engineers’ in many Italian administrative structures, there was no such
thing as a ‘military engineer’. There were no semantic distinctions
between military and civil engineers and in practice they often moved
between military and civil projects. In order to avoid this disorientating
fact, scholarship tends to project the concept of the ‘polymath’ as if it
was the naturally determined effect of the Renaissance encyclopaedic
interest to explain — albeit, without explaining it — a very complex
historical problem.’

From the late eleventh century the term ingenierus, with very
inconsistent spelling, makes its appearance in contemporary
documents.® Even if there was no guild or school through which one
could become an engineer — the first guild appears in sixteenth-century
Milan — there was a tradition in medieval northern Italian urban
administrations to have a public office for such a function with that
specific name, although it remained interchange- able with other
designations — for instance, master or leveller of the waters, surveyor,
civic evaluator, and so on.’

Most of the time, engineers came from the guilds associated with the
arts of building (carpenters and masons) and metallurgy, as well as from
arsenals, mining sites, and sometimes monasteries and cathedral
schools. Engineers could be educated in drawing at scriptoria and
painters’ workshops. Geometry — one of the four branches of the
quadrivium (arithmetic, geometry, astrology and music) — was a
necessary mathematical skill for the design and development of
mechanical structures, as well as for representing nature: a vivid
example of this trend is represented by the famous thirteenth-century
illustrated notebook by the northern French expert of constructions,

7 For example, see Lenman.

8 Settia, De re militari, 18-19. For a thorough investigation of the history of the engineer see:
Vérin.

9 Settia, ‘L’ingegneria militare all’epoca di Federico I’, 69-85; L’ ingegneria militare, 272~
89; Zanetti, Janello Torriani, 331-32.
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Villard de Honnecourt.'? By the fourteenth century, with the expansion
of the Visconti lordship in northern Italy, we find the creation of the
office of ‘ingeniarii et architecti’ in every city subject to their rule. In
such cases, two public engineers were constantly employed with a
higher salary than that of masons or carpenters. '

Humanists at War

During the fourteenth century, humanism became a strong and
visible feature of Latin Christian cultural elites. By humanism, we mean
that non-institutionalized cultural movement that, starting from a
Christian perspective, devoted its study to the classical literary tradition
that came to be known under the Ciceronian term of studia humanitatis.
The literary, historical, philological and antiquarian interests of the
humanists brought to the systematic recollection and analysis of
classical culture — considered the highest of all models of learning —
political success and poetic elegance.'? In 1364, writing to the
condottiere Luchino dal Verme about a good education in the arts of
war, Petrarch (1304-74), the most influential humanist poet, explained
how the excellent warrior needed to exercise also in peacetime, taking
lessons from history and the experiences of veterans and from a more
elevated type of ‘militaris disciplina’. This he could find in ‘books on
strategy’ that the Greeks called ‘stratagematici’ and the Latins ‘rei
militaris’ — ‘of military matters’.!> Petrarch’s approach to education in
the art of war in the form of a chiasmus (practice-theory-theory-
practice) here reflected the classical literary commonplace of excellence
reached through a mixed education, a central element in the rise of the
Renaissance engineer.

19 Villard de Honnecourt.

11 Poli

12 On humanism, see the classic essay by Mommsen and the more recent synthesizing work by
Celenza.

13 Settia, De re militari, 24. On humanism and Renaissance Italian military culture, see also:
Verrier.
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It appears that physicians — many of them from the universities of
Padua or Bologna — employed in courtly settings formed the group of
humanist scholars most often responsible for the analysis of the ancient
texts devoted to natural philosophy, practical mathematics and ‘rei
militaris’, which provided the most important theoretical fields
underpinning the transformation of Renaissance engineering. It seems
that their employment at court brought them into privileged contact with
the warrior nobility, stimulating their interest in military engineering.'4
The progressive discovery of ancient Greek, Byzantine and Arabic
scientific texts and their translation into Latin turned the simple
traditional mathematical curriculum of the gquadrivium, into more
challenging fields of practical experimentation, such as mechanics,
optics, observational astronomy, cosmography and other fields of
applied mathematics that Aristotelians called ‘mixed sciences’,
positioned between theory and practice. !

The mixed science of mechanics embraced the art of designing and
constructing machines. This made it a particularly attractive branch of
knowledge for rulers and provided curious and ambitious physicians
with a means of gaining a better social position in their service.
Dominion over both nature and the enemy was the ultimate cause of the
princely patronage of mechanics. The classical tradition, both historical
and mythological, offfered several famous examples of ingenious
authors of military and civil engineering in the service of distinguished
political figures with whom the modern ruler liked to identify himself:
Pericles and Artemon, Attalus I and Biton, Hiero II and Archimedes,
Augustus and Vitruvius, Trajan and Apollodorus of Damascus, King
Minos and Daedalus, Alexander the Great and Dinocrates, not to
mention those technicians of medieval legend who enabled Alexander
to dive under the sea and fly into the skies.'®

One of the earliest known medieval Latin illustrated tracts on siege
warfare displaying military contrivances was written by a northern
Italian physician: Guido da Vigevano (ca. 1280—ca. 1349), the author of

14 White.
15 Helbing, 573-92; Heyrup, 459-77.
16 Hoyrup.
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the Modus acquisicionis Terre Sancte (The Means of Acquiring the Holy
Land). This was contained inside his Texaurus regis Francie, which
also dealt with medical issues and aimed at preserving the king’s health
during his attempt to militarily conquer the Holy Land. Most likely
educated at the University of Bologna, Guido worked at the courts of
the Holy Roman Emperor and the king of France. Several classical
works inspired Guido’s work: De re militari by Sextus Julius Frontinus
(ca. 40-104), the Epitoma rei militaris by Publius Vegetius Renatus (ca.
383-450), Byzantine tracts — such as the tenth-century Parangelmata
Poliorcetica by Hero of Byzantium, modelled on Apollodorus of
Damascus’s Iloiiopxnuixa (ca. 100) —, and the anonymous De rebus
bellicis."”

The German physician Konrad Kyeser (1366—post 1405), who had
studied at the University of Padua, wrote a popular illustrated book on
military machines: the Bellifortis (ca. 1405). This work was created for
a ruler: it was first dedicated to King Wenceslaus of Bohemia (1361—
1419) and then to Rupert of the Palatinate (1352-1410), the Rex
Romanorum. Kyeser also worked for Emperor Sigismund (1368—-1437)
and for Francesco of Carrara, Lord of Padua (1325-93).'8

The Venetian Giovanni Fontana (ca. 1390— post 1454), who had also
studied and taught at the University of Padua, wrote several illustrated
works on civil and military machines (e.g. Instrumentorum bellicorum
liber). Fontana seems to have been working far from courtly settings,
although he dedicated the latter book to an anonymous influential
character, perhaps a condottiere.'”” The German Konrad Gruter von
Werden (ca. 1370—post 1424) wrote another important illustrated book,
mainly focussing on hydraulic machines. Gruter studied at the
University of Cologne between 1391 and 1393, before moving to Italy,
where he worked at several courts including that of Pope Boniface IX
(1350-1404). Gruter, who may have had connections with the
University of Padua, wrote his tract in nearby Venice at the behest of

17 Apollodorus of Damascus; Allmand; Settia, L ’ingegneria militare all’epoca di Federico II,
84-85; ‘Guido da Vigevano’.

18 Allmand; Kyeser.

19 Battisti and Saccaro Del Bufffa.
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the Scandinavian monarch, Erik VII (1381-1459), who was, at that
time, resident in the city.?’

One of the most famous physicians of the University of Padua was
Giovanni de’ Dondi (ca. 1330-1388), a friend of Boccaccio and
Petrarch, from whose library he had copied Vitruvius’ De Architectura
and Pliny’s De Naturalis Historia.?' De’ Dondi was the first to build a
functioning planetary automaton, the most complex machine of the day:
the Astrarium.?? This machine was made for the Visconti lords of Milan.
He wrote an illustrated tract on the construction of this device, the
Tractatus Astrarii, several copies of which are preserved.?*> As we shall
see, this topic was also relevant for military problems.

Not all university-educated humanists interested in engineering were
linked to university medical faculties, but it seems that all of them were
connected to courts: the Sienese notary and sculptor Mariano di Jacopo,
nicknamed i/ Taccola (1381-1453) wrote two influential illustrated
treatises on civil and military machines, titled De Ingegneis and De
Machinis, and he was involved with the imperial and papal courts.
Roberto Valturio (1405-75), perhaps the most refined humanist
involved with military engineering, if we exclude Leon Battista
Alberti’s (1404-72) contributions to the art of fortification, wrote the
bestseller De re militari, which was the first printed book on machines
(published in 1472).24

Valturio taught rhetoric and poetry at the University of Bologna
before joining the courts of Sigismondo Pandolfo Malatesta (1417-68)
and his son Roberto (1441-82) at Rimini and Fano — the latter being the
only known place where Vitruvius had erected a building. Valturio
created this book as an illustrated manuscript in around the mid-
fifteenth century and several copies circulated among powerful rulers.?

20 Gruter et al.

21 petrarch; Pesenti.

22 In England, Abbot Richard of Wallingford (1292-1336) designed and partially built a
similarly complex machine, but without finishing it: North.

23 Dondi dell’Orologio.

24 Settia, De re militari, 47-48; Bevilacqua and Williams.

25 Settia, De re militari.
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Valturio’s sources were classical and they also included non- military
machines, such as the Vitruvian water clock.?®

The striking characteristic of these works is the large iconographical
apparatus that is sometimes the real core of the tracts. Art historian
Eugenio Battisti has noted how this tradition of technical illustration
seems to relate to the milieu of the University of Padua.’’” The
complexity of me- chanical contrivances could not be explained with a
purely verbal language, clearly decipherable only to a scholar
specialized in natural philosophy and mechanical problems. This was
probably the crucial moment at which the university-trained scholar met
the skilful and ambitious artisan. The craftsman could provide the
scholar with technical knowhow in construction and illustration.
Considering the astrological interests of the medieval and Renaissance
physician, the observational mixed science of astronomy had to be a
prominent ‘trading zone’ to attract the medical scholar and the
craftsman.?® The construction of mathematical astronomical
instruments was the cross discipline that required both scholarly and
practi- cal skills. Contrivances used in clocks, cranes and military
machines drew upon the same mathematical knowledge: as the
mathematician Luca Pacioli (1445—ca. 1517) noted, ‘all military
machines, artilleries and fortifications were made according to

mathematics’.?’

From the time of Campanus of Novara (ca. 1220-1295), some
physicians had learned to create mathematical instruments to find the
position of the celestial bodies in the zodiac: paper volvelles named
‘equatoria’ (i.e. plural for equatorium).>® During the fourteenth century,
certain medical scholars even acquired the technical skills to produce
them in metals, and even to have them geared to mechanical motors.>!

26 Zanetti, ‘Ctesibio’.

27 Battisti and Saccaro Del Bufffa, 40.

28 Long, Artisan/Practitioners, 94; Long, ‘Trading Zones’, 5-25.
29 Pacioli, 23.

30 Campano da Novara.

31 Zanetti, Janello Torriani, 87-100.
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Archimedes and Vitruvius

More often, the interaction between scholars and craftsmen caused a
transfer of knowledge in the other direction: talented and ambitious
craftsmen learned mathematical theoretical knowledge from humanists
(and some- times also from abacus teachers, such as Niccolo
Tartaglia)** who translated classical Latin and Greek scholarship into
the vernacular. The engineer’s ambition to gain a higher social status
through the acquisition of a superior knowledge was also supported by
classical moral philosophy (true nobility comes from virtue rather than
blood) and by Hellenistic models of mixed knowledge.** There were
many possible sites for interaction between the humanist and the
craftsman, including these places of discussion, and for the realization
of civil and military projects commissioned from talented artisans in
charge of mathematical public offices, such as the public clock- keeper
and the civic engineer.

This process of interaction is exemplified by the careers of two of the
most successful Renaissance engineers concerned with the invention
and construction of machines: Filippo Brunelleschi (1377-1446) and
Janello Torriani (ca. 1500—-1585). It appears that they had both been
tutored in mathematics by medical astrologers: Brunelleschi by his
younger friend Paolo dal Pozzo Toscanelli (1397-1482), who had
graduated from the University of Padua. Although the first document
about Torriani dates only to the year 1526 — when, following the
crushing siege of Cremona,** he was there employed for several years
to restore and maintain the public clock —, there is a later reliable
account stating that, when still a child, he had been educated in astrology
by Giorgio Fondulo (fl. 1470-1550), a physician graduated from the
University of Pavia.?> This humanist milieu pushed artisans not just to
imitate, but even to challenge ancient models: Brunelleschi’s dome of
Santa Maria del Fiore in Florence overcame in size the hitherto
unsurpassed models of the Pantheon in Rome and Hagia Sophia in

32 Sgarbi.

33 Skinner, 132-33.

34 Zanetti, Janello Torriani, 327.
35 Zanetti, ‘Erudite’.
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Constantinople. Works of this kind were broadly encouraged because
they brought honour and prestige to the entire civic community, and to
the prince and his court. Janello Torriani’s planetary automata made for
Emperor Charles V (1500-58) and the colossal hydraulic machine he
made for King Philip II of Spain (1527-98) reflected the magnificence
and power of the patrons. We should note that during the fifteenth
century, as a token of the fact that machines, as much as books, were
increasingly being recognized as intellectual products of individual
ingenuity, the practice of granting privileges for invention spread in
Europe.3®

Within this cultural turn, the term ‘engineer’, etymologically
connected to the concept of ingenuity to solve difficult practical
problems, was now considered a divine gift.>” Moreover, during the
fourteenth century, both in medieval Latin and vernacular Italian, the
semantic difference between the traditional medieval term of ‘engineer’
and the classical — therefore more prestigious — ones of ‘architect” and
‘mechanician’ disappears.®® For the learned scholar even the latter
ambiguous term, traditionally used to describe all manual professions,
becomes clearly connected with the mixed science of mechanics.
Ancient sources never addressed Archimedes, a renowned author, as
‘engineer’ — a medieval term — but as machinator and mechanicus and
‘inventor’.* For example, Tommaso Garzoni (1549-89), supported by
classical authorities, among them Plato and Plutarch, wrote that
‘mechanic is a most honourable word’, and he united the three terms
under the sign of intellectual ingenuity.

The term ‘architect’ was to enjoy an even greater fortune.** Among
Garzoni’s quotations we also find the Italian translation of a passage
from Alberti’s introduction to his De re aedifiicatoria, which reads ‘the

36 Mola; Zanetti, Janello Torriani, 238-51.

37 Zanetti, 334. On early modern concepts of ingenuity, see: Marr et al.

3 In Latin: ingeniarius, ingeniator, etc.; architectus, architector, etc.; and machinator,
mechanicus.

¥ Livy, 6:282 (24.34.3).

40 Long Artisan/Practitioners, 62-93. On the term ‘architect’ see: Merrill. On the complexity
of the institutional situation of architects-engineers in Renaissance Milan, see: Repishti;
Bossi, Langé and Repishti.
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architect should be the engineer able to discuss intellectually’.*! The
Latinized Greek term ‘architectus’ or ‘architector’ means ‘chief
constructor’. Vitruvius’ influential work titled De Architectura had
circulated in dozens of manu- scripts during the Middle Ages. However,
it was in the Renaissance that its vernacularization, illustration and
dissemination through numerous printed editions made it one of the
more influential technical treatises of the period. Vitruvius was
machinator (constructor of ballistic machines) to Emperor Augustus
and dedicated his book to him. De Architectura did not refer to the art
of the edification of buildings alone (aedificatio), but also to the
construction of sundials and clocks (gnomonice), and civil and military
machines (machinatio).*? In this work Vitruvius expressed the concept
that the true architect (understood as an inventor-constructor who
directed subaltern workers) ought to be well educated in both theory and
practice.

The man who only mastered practical knowledge would be a mere
executor of other people’s projects, while the man who relied solely on
theoretical knowledge would only be able to design a project and would
need somebody else to turn it into reality.* The marvellous stories about
Archimedes’ military machines and Vitruvius’ role as a constructor of
ballistae for the first Roman emperor provided powerful models for the
engineer involved with war, and were eagerly read by scholars and
rulers interested in classical culture.

This process of identification with classical technicians contributed
to the creation of the image of the Renaissance polymath. Writing about
mechanics, Pappus of Alexandria (f 1. 300-350), who was popular with
Renaissance humanists, stated that:

The science of mechanics ... is held by philosophers to be worthy
of the highest esteem .... The mechanicians of Heron’s school [Heron
of Alexandria (fl. first century AD) was the most famous Alexandrian
author on the topic of automata making] say that mechanics can be

41 Garzoni, 769-63.

4 Vitruvius Pollio, bk. 1, chap. 3: ‘Partes ipsius architecturae sunt tres: Aedificatio,
Gnomonce, Machinatio’.

43 Vitruvius Pollio, bk. 1.
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divided into a theoretical and a manual part; the theoretical part is
composed of geometry, arithmetic, astronomy and physics, the manual
of work in metals, architecture, carpentering and painting and anything
involving skill with the hands. The man who had been trained from his
youth in the aforesaid sciences as well as practised in the aforesaid arts,
and in addition has a versatile mind, would be, they say, the best
architect and inventor of mechanical devices.... Of all the [mechanical]
arts the most necessary for the purposes of practical life are: (1) that of
the makers of mechanical powers, they ... lift great weights; (2) that of
the makers of engines of war ...; (3) in addition, that of the men who
are properly called makers of engines—for by means of instruments
for drawing water which they construct, water is more easily raised
from a great depth; (4) the ancients also describe as mechanicians the
wonder-workers, of whom some work by means of pneumatics, as
Heron in his Pneumatica, some by using strings and ropes, thinking to
imitate the movements of living things, as Heron in his Automata and
Balancings, some by means of floating bodies, as Archimedes in his
book On Floating Bodies, or by using water to tell the time, as Heron
in his Hydria...; (5) they also describe as mechanicians the makers of
spheres, who know how to make models of the heavens, using the
uniform circular motion of water. Archimedes of Syracuse is
acknowledged by some to have understood the cause and reason of all
these arts; for he alone applied his versatile mind and inventive genius
to all the purposes of ordinary life.**

Because of this epistemological model, successful ‘superior
craftsmen’ (a phrase coined by the sociologist of science Edgar Zielsel
to describe these craftsmen with a double education, practical and
theoretical)®® willing to challenge all these fields of mechanics were
often hailed as the new Archimedes.*°

It is important to remember that the classical tradition, although espe-
cially strong in Latin Christendom, traversed the Mediterranean world,
as we can see when considering the mechanical interests of the
Byzantine scholar Bessarion (1403—-1472), later to become a Catholic
cardinal,*’ the professional trajectory of the most prolific early modern

4 Pappus of Alexandria, 615-18. Author’s emphases in italics (except for titles of works).
4 Long, Artisan/Practitioners, chap. 1; Zanetti, Janello Torriani, Introduction.

46 Zanetti, Janello Torriani, 190-92.

47 Keller; Ghisetti Giavarina.
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architect of the Ottoman Empire, the renegade Sinan (ca. 1490-1588),
or of the Mantuan Jew Abramo Colorni. Sinan, an Armenian Christian
who converted to Islam, started his career as a carpenter in the Sultan’s
army to become commander of the Janissary catapults, and therefore
imperial architect and author. He produced autobiographical books on
his constructions by dictating them to a friend. Abramo Colorni (ca.
1530-99), the famous escapologist, clockmaker and inventor of
mechanical objects, served many important rulers around Europe as
military engineer, inventor of new guns, alchemist, and author of
books.*

Leonardo da Vinci’s career is a paradigmatic example of the social
elevation of an artisan thanks to the humanist appreciation of painting
and classical mechanics. Leonardo (1452-1519) is said to have
demonstrated an early predisposition towards drawing. However, his
status as the il- legitimate son of a notary would have prevented him
from pursuing his father’s respectable career: the guild of notaries
‘excluded illegitimates from their ranks’.*’ The workshop of a painter
such as Andrea del Verrocchio (1435-88) was probably one of the
highest respectable solutions for an illegitimate son, as Leonardo was:
classical works such as Pliny the Elder’s Natural History and Diogenes
Laertius’ Lives of Eminent Philosophers, which had a great impact on
Renaissance Florence, gave painters and sculptors a high level of
dignity among craftsmen. >

However, Leonardo purs