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      INTRODUCTION

      
        In the midst of that darkness Federico Commandino shone like the snn, for by his learning he not only restored the lost heritage of mathematics but actually increased and enhanced it… In him seem to have lived again Archytas, Eudoxus, Hero, Euclid, Theon, Aristarchus, Diophantus, Theodosius, Ptolemy, Apollonius, Serenus, Pappus and even Archimedes himself.

        Guidobaldo, Liber Mechanicorum
, Pesaro, 1577, Preface.

      

      The history of Renaissance mathematics presents a strange scene—a large featureless plain broken up by such occasional peaks as Cardano, Copernicus and Galileo.1
 The present study began as an attempt to perceive some pattern, however loose, in this amorphous landscape. As the study developed it became apparent that a central theme dominated the minds of virtually all the leading Italian mathematicians of the fifteenth and sixteenth centuries no matter how much they differed from one another in their mathematical concepts and techniques. These mathematicians were obsessed with the need for a renovation of the mathematical sciences—a restoration, repair, restitution, revival, instauration, a renaissance of mathematics as they variously called it.2


      One key to understanding this mentality lies in the biographical study of individual restauratores
 of mathematics, but there are difficulties here. For one thing the extant sources are scarcely enough to establish the biographical facts of many of the restorers of mathematics, let alone reveal their deeper feelings about their work. The present book does try, however, to draw on new manuscript evidence to provide more detailed and accurate biographies than have previously been available. What of the mathematicians’ own published writings? At first sight these may appear to give away very little about their authors’ feelings, concentrating instead on matters of a purely technical nature. But a closer look will show that these published books say a great deal more than one might suspect, and they say it emphatically and repeatedly as will be shown by the quotations and paraphrases given below in the biographical chapters.

      Another key to the mathematical renaissance is the history of the various traditions of Greek mathematics in the fifteenth and sixteenth centuries. 
Particularly important were the traditions of the Aristotelian Mechanica
, Archimedes, Hero and Pappus in mechanics; Euclid, Archimedes, Apollonius, Pappus and Proclus in geometry; and Ptolemy and Theodosius in astronomy.3
 These texts put the mathematicians of the Renaissance in possession of techniques far in advance of most of those available in the middle ages. Without the Archimedean revival, in fact, it is difficult to imagine the renaissance of mathematics.4
 This is not to say the mathematical renaissance was merely a classicist movement. Some mathematicians such as Tartaglia welcomed medieval traditions like the statics of Jordanus or the algebra of Fibonacci. Nevertheless, in general the renaissance of mathematics rested on a foundation of classical learning.

      It is impossible to separate the classical basis of the mathematical renaissance from the general classical revival undertaken by the Italian humanists. Not only did the humanists collaborate with the mathematicians in the retrieval of Greek mathematical manuscripts; they also took an active role in the translation of the texts into Latin, especially the works of Archimedes.5
 Moreover, humanists and mathematicians were connected through personal friendships and patronage to a surprising degree. Commandino, for example, was a protege of the Farnese at Rome in the 1550’s. Through them he met some of the most prominent humanists of the sixteenth century including Fulvio Orsini and cardinal Marcello Cervini (later pope Marcellus II). These humanists in tum were attracted to the study of mathematics. Orsini collected fragments of Archimedean texts, while Cervini himself translated Hero’s Pneumatica
 and commissioned Commandino to prepare an edition of a Latin manuscript of Archimedes belonging to the cardinal. It seems impossible, therefore, to contemplate writing on the renaissance of mathematics without taking account of the contributions of Renaissance humanists.

      Animated by the common desire of mathematicians for a restoration of mathematics and encouraged by the sympathy of the humanists, the mathematical movement of the fifteenth and sixteenth centuries begins to take on a distinct shape and character of its own. But the question remains, what was the significance of the mathematical renaissance for the progress of science in the long run? Seeing the scholastic natural philosophy of the middle ages as the mainstream of scientific development Duhem and many of his successors have regarded Renaissance mathematics as a largely marginal if interesting phenomenon. This book takes the view that in the renaissance of mathematics is to be found the indispensable prelude to the scientific revolution.6


      The book, however, is not so much a history of mathematics as an investigation of the mentality and general spirit of Renaissance mathematicians.7
 Its approach is based on the history of mathematics seen in the context of humanist culture. The customary distinction of the history of science into ’internal’ and ’external’ seems to me a most unsatisfactory and crude practice which does violence to historical reality. One is likely to approach nearer a true appreciation of the nature of sixteenth century mathematics through a less rigid methodology. For instance, one must consider first the history of internal mathematical ideas in the fields of algebra, geometry, mechanics and astron
omy. But there is a need to study too the philosophical and psychological views and beliefs which stimulated mathematicians; the related ideas of mathematical certainty, rigorous proof and universal peace and harmony supplied the basic intellectual and psychological drive for the mathematicians treated in this book. The same can be said of the notion of the rebirth and reawakening of mathematics, a notion which has its roots both in the internal history of mathematical development and in the external cultural history of the Renaissance. How, therefore, can one possibly fit these complex ideas into the strait and simple compartments of internal and external? Would one call the quest for mathematical certainty “external” or “internal”? It is certainly a psychological phenomenon, expressing an almost unreasonable insistence on absolute and exact truth; it is at the same time a purely mathematical principle. One needs some way of representing both these aspects at the same time. This is not just a matter of combining bits of internal and external history; it is rather that fresh categories are required to cope with the complex reality of thought and culture. The present book is no more than an attempt to analyse the mathematical sciences of the fifteenth and sixteenth centuries in more fluid terms, treating the subject from three main aspects: internal developments, the renaissance sensibility of mathematicians, and the contacts existing between humanists and mathematicians in the period. For this reason it should be judged as an illustration of a mentality rather than a straight forward history of mathematics.

      A final word must be said about the meaning of two basic terms. By “humanist” is usually meant a teacher, scholar or patron of the Renaissance humanities of grammar, rhetoric, poetry, history and moral philosophy. “Mathematician” also has a somewhat wider sense in the Renaissance. It signifies primarily a scholar pursuing the arts of the quadrivium
—arithmetic, geometry, astronomy and music—as well as such subalternate branches as optics and mechanics. But “mathematician” might also connote a number of professions which drew heavily on mathematical knowledge. For instance Platonist philosophers held that number and proportion played a fundamental role in the structure of the universe; artists and architects too were mathematicians inasmuch as they depended on principles of perspective, harmony and proportion. Furthermore astronomy and astrology had a strong influence on such studies as medicine and poetry, helping the physician to ascertain the “critical days” for the progress of a disease, or enabling the poet to arrive at an understanding of nature, myth and allegory. The opening chapter sketches some of these cultural perceptions of mathematics without pretending to offer a systematic description of the place of mathematics in Renaissance culture.
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 2nd. ed., Paris, 1966, pp. 11-79. Stillman Drake and I. E. Drabkin, Mechanics in Sixteenth Century Italy
, Madison, Wisconsin, 1969.
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           For favourable assessments of the humanist contribution to Renaissance science see P. O. Kristeller, Studies in Renaissance Thought and Letters,
 Rome, 1956, pp. 11-15. Idem, Renaissance Concepts of Man,
 New York, 1972, pp. 135-143. Eugenio Garin, Scienza e Vita Civile net Rinascimento Italiano,
 Bari, 1965. Idem, “Gli Umanisti e la Scienza”, Rivista di Filosofia,
 52, 1961, pp. 259-278. An important essay by the same author is contained in the valuable collection edited by Carlo Maccagni, Atti del Primo Convegno Internazionale di Ricognizione delle Fonti per la Storia della Scienza Italiana: I Secoli XIV-XVI,
 Florence, 1967. For the interaction of humanists and mathematicians in the tradition of the Aristotelian Mechanica
 see Rose and Drake, “Questions of Mechanics”, loc. cit.
 Several humanist contributions are cited in George Sarton, Appreciation of Ancient and Medieval Science during the Renaissance (1450-1600),
 2nd. ed., New York, 1961. Cf. Neal W. Gilbert, Renaissance Concepts of Method,
 New York, 1960, pp. 81-86. P. Zambelli, ’ ’ Rinnovamento Umanistico, Progresso Tecnologico e Teorie Filosofiche alle Origini della Rivoluzione Scientifica”, Studi Storici, 6,
 1965, pp. 507-548. R. Klein, “Les Humanistes et la Science”, Bibliothèque d’Humanisme et Renaissance, 23,
 1961, pp. 7-16. Alexandre Koyré, “L’Apport Scientifique de la Renaissance”, in his Etudes d’Histoire de la Pensée Scientifiquer

 Paris, 1966, pp. 38-47, underrates the contribution of les érudits
 though he accepts the critical importance of Greek mathematical traditions. A. Buck, “La Polémique humaniste contre les sciences. La Contribution humaniste à
 la formation de l’esprit scientifique”, in Sciences de la Renaissance,
 ed. J. Roger, Paris, 1973, pp. 33-48, depicts correctly the humanist opposition to scholastic natural philosophy, though he seems (p. 38) to confuse natural philosophy with mathematics. For the attitudes of Renaissance Platonists to mathematics v.
 P. Galluzzi, “II ʽPlatonismo’ del tardo cinquecento e la filosofia di Galileo”, in Ricerche sulla Cultura dell’Italia Moderna.,
 ed. P. Zambelli, Bari, 1973, pp. 39-79.

          P. Duhem is notorious for his violent antipathy to the Italian humanists whom he regarded as obstructing the progress of medieval scholastic philosophy into modern science. See his Etudes sur Leonard de Vinci,
 Paris, 1906-13, III, v-vi, 123f, 180f. Idem, Le système du Monde,
 Paris, 1913-60, X, 45. A.C. Crombie, however, has softened some of these strictures by admitting the humanist contribution to the recovery of Greek mathematical texts. See his Augustine to Galileo,
 2nd. ed., repr., London, 1964, II, 103ff. But he seems to think that only humanists and not mathematicians participated in this revival. Cf. his “Historians and the Scientific Revolution”, Physis, 11,
 1969, 167-180, at p. 172. While he is right to say that the humanists were mainly motivated by a “backwards-looking admiration for antiquity”, the restauratores mathematicarum 
had other motives besides.

        

      

    

    
      6

      
           See the criticisms of Duhem by Koyré, Etudes Galiléennes.
 Edward Rosen, “Renaissance Science as seen by Burckhardt and his Successors”, in The Renaissance: A Reconsideration of the Theories and Interpretations of the Age,
 ed. T. Helton, Madison, Wise., 1961, pp. 77-103. Drake and Drabkin, Mechanics in Sixteenth Century Italy,
 introduction. (Cf. the review article by Charles B. Schmitt, “A Fresh Look at Mechanics in the Sixteenth Century”, Studies in History and Philosophy of Science, 1,
 1970, pp. 161-175.) Stillman Drake, Galileo Studies. Personality, Tradition and Revolution,
 Ann Arbor, Michigan, 1970.
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           Some readers will be disconcerted (along with the author) to find an exaggerated and arbitrary emphasis placed on second-rate mathematicians while such minds as Cardano and Galileo are disposed of rather peremptorily. In mitigation one can only say that the spirit of an intellectual movement may sometimes be grasped more readily through its commonplace representatives than its luminaries.

        

      

    

  


		

    
		

  
    
      CHAPTER ONE


PICTURA, PLANETARIA AND PAIDEIA:
RENAISSANCE PERCEPTIONS OF MATHEMATICS

      Raphael’s School of Athens,
 painted in 1509-10, depicts the realm of secular philosophy presided over by Plato and Aristotle.1
 Two groups of figures dominate the foreground of the fresco. On the left sits Pythagoras surrounded by his disciples, one of them holding a tablet inscribed with the theory of harmony which embodies the mathematical harmony of the universe. Pythagoras here represents the metaphysical and philosophical aspects of mathematics. The right side of the picture converges on a group of mathematicians (one of them in Raphael’s own likeness) clustered around the figure of Euclid who studies a tablet bearing a geometrical diagram. Whereas the Pythagoreans fall within the section of the composition dominated by Plato, the practising mathematicians are based firmly in Aristotle’s territory.

      The mathematical and the metamathematical reappear in the anonymous portrait of the mathematician Luca Pacioli painted in 1495 and now in the Naples gallery. Pacioli is shown instructing the young duke Guidobaldo of Urbino, a noted patron of mathematics.2
 On a table are the symbols of mathematics—compasses, a geometrical diagram, an open copy of Euclid’s Elementa
, Pacioli’s own mathematical encyclopaedia entitled Summa.
 But resting on the books is one of the five perfect mathematical solids of Plato and in the upper left portion of the painting is a resplendent crystal polyhedron symbolic of the eternal truth and clarity of mathematics.

      Pacioli’s teacher had been Piero della Francesca, a painter whose obsession with the mystique of number urged him to produce three major mathematical treatises.3
 The last of these was De Quinque Corporibus,
 written circa
 1485-90 and dedicated to the young duke Guidobaldo. In this theoretical work Piero had tried to reduce all visual appearances to the five regular geometrical solids of Plato which symbolised divine perfection and order. This mathematical vision of the world permeated Piero’s painting as may be seen in the intricate mathematical construction and symbolism of The Flagellation
 (painted in the 1460’s). Looked at formally the perspective of The Flagellation
 incorporates a reference to the quadrature of the circle, a topic of intense interest to Cusanus, Toscanelli, and Regiomontanus in the mid-fifteenth century.4
 Quadrature here is expressed in the relation of the polygonal pavement to the circle which surrounds the figure of Christ.5
 On a symbolic level too the perspective has an important meaning for it encloses the sorrow of the two groups of figures in a mathematical order reflecting the divine harmony of the universe. The subject of the painting is indeed the inevitable place of consolation within the scheme of God’s order. The figure of an astrologer-mathematician in the left foreground acts as an interpreter of this universal order.6



      The theme of mathematics as the key to the universe is extended in Giorgione’s Three Philosophers
, painted circa
 1508 and now at Vienna. Three figures are depicted in front of a looming cave.7
 Furthest from the cave is a venerable hooded figure holding a scroll inscribed with astronomical diagrams. Nearest the cave sits a young man holding a set square and compasses with which he draws in an open book. Between these two mathematicians stands an enigmatic figure in oriental dress, his thumb placed firmly in the knot in his belt. The most reasonable explanation of this mysterious scene is that it symbolises the relationship between man and the cosmos. The knot recalls Pico della Mirandola’s phrase that man is the knot of the universe, binding together the terrestrial and the celestial. The young mathematician holds instruments for measuring the earth, the old man is preoccupied with the heavens. Seeking to represent an image of man’s unique nature, Giorgione has constructed a parable of mathematicians.

      This richly ambivalent nature of mathematics perhaps explains why the mathematical sciences attracted the interest of a wide and impressive audience of humanists and philosophers in the Renaissance. Even on the simplest technical level of geometry and arithmetic, mathematics was remarkable for its certainty and the immutable truth of its propositions. But on the philosophical level of metamathematics, it gave intimations of the eternal truths of God, man and the universe, and it could suggest new pathways for the contemplation of reality.

      Apart from Piero della Francesca, no artist viewed life more exhaustively in mathematical terms than Leon Battista Alberti for whom mathematics supplied a certainty and contentment lacking in the arbitrary vexatiousness of human affairs. Two mathematical principles dominated Alberti’s architecture and writings. The first was perspective which through geometry imposed a systematic order on all visual reality. The second was proportion, through which human knowledge may be linked to the harmony of the universe and God. Painting, architecture, mechanics, cartography—all these arts modulated Alberti’s mathematical perception.8



      Alberti’s ideal library symbolises this mathesis universalis.
 The library’s patron is to be continually reminded of this by the display of mathematical instruments, notably an astronomical clock or planetarium of the kind which, according to Cicero, Posidonius had built in the ancient world.9
 This astronomical clock acted indeed as an archetypal symbol of mathematics not only for Alberti but for leading humanists and philosophers from Petrarch to Ficino and Poliziano. A glance at its fortuna
 may reveal a great deal of intellectual attitudes to mathematics during the Renaissance.

      One of the most noticeable ways in which mathematics penetrated Renaissance culture was in the spread of the composite clock which both divided up the day mathematically and depicted some of the motions of the heavens. From the fourteenth century onwards public clocks were erected in the main towns of Italy—at Milan, Modena, Padua, Bologna, Ferrara, Parma, Pavia, Mantua, Venice and Florence.10
 At Milan in 1353 Petrarch was rescued from an embarrassing interview by the sounding of the “public clock”.11
 In 1449 the humanist Giovanni Tortelli was inspired by the phenomenon of the clock to write a eulogy of the inventions of the moderns.12
 Clocks soon became fixtures of the homes of wealthy individuals; in a notebook kept at Rome between 1475-85 a visiting German friar described in detail the vast range of sophisticated clocks to be found in the possession of various cardinals and worthies.13
 By the sixteenth century the construction of clocks—whether for the telling of time or for the depicting of the heavenly motions (the mechanism was similar)—had become a major activity shared in by mathematicians, craftsmen, artists and patrons. The most splendid clock of the Renaissance, however, had been constructed long before. This was the planetarium built by Giovanni de’ Dondi at Padua in the 1360’s and later installed as a showpiece in the Gastello Sforzesco at Pavia. Although the clock disintegrated in the sixteenth century Dondi’s detailed drawings and description have survived in several manuscripts which show it to have been a device of consummate mechanical genius.14
...
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