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Presentation 
 

 

Against the resurgent temptation of simplification, historians of science keep reminding us how 

long, tortuous, or even capricious, were the paths between the first exposition of heliocentrism in 

the De revolutionibus orbium coelestium of Copernicus (1543) and the detailed presentation of a 

celestial mechanics in the Principia mathematica of Isaac Newton (1687). Whereas the division 

between the sublunary sphere and the superlunary sphere structured the Aristotelian cosmos, the 

heliocentric cosmology professed in the De Revolutionibus orbium coelestium, insofar as it was 

taken for more than a mathematical hypothesis, and then the Tychonian destruction of solid orbs 

made public in the De Mundi aetherei recentioribus phaenomis (1588), required the supporters of 

heliocentrism to construct a new celestial mechanics, able to answer the question “A quo moventur 

planetae?”. The answer to this question amounts to the construction of a new mechanics in general, 

if it is supposed that celestial and terrestrial phenomena are submitted to the same laws of nature. 

This is not to say that there was one single answer to this question; on the contrary, the group of 

moderns who defended heliocentrism produced a rich variety of often contrasting (and sometimes 

incompatible) proposals about the foundations of a new mechanics. 

The purpose of this book is to describe these different proposals, to relate them to other kinds of 

preoccupations — be they practical or technical, philosophical or theological —, to compare them 

to medieval views on the same subjects, and to understand how they finally led to the Newtonian 

synthesis. To achieve all this, a specific attention must be paid to the semantic extensions of the 

terms “mechanics” and “cosmology”. In the early modern period, the term “mechanics” does not 

refer anymore only to technical artifices made by hands (and therefore vile or mean) or to the 

science of simple machines; its usage extends to the comparison between natural phenomena and 

existing or imaginary machines, to the use in natural philosophy of analogies conceived in terms of 

matter and motion alone, to visible representations of the alleged microscopic causes of phenomena, 

last but not least, to the new science of motion and more generally to a description of nature in 

mathematical terms. As far as ambiguity goes, the term “cosmology” is simpler: it refers to the 

system of the world and, in the period here considered, to the confrontation between Copernican 

heliocentrism and Ptolemaic geocentrism. A cosmology might however imply different levels of 

conceptualization, from metaphors (e.g. “machina mundi”), to the construction of models (e.g. an 

astrarium), astronomical observations or metaphysical principles like the principle of simplicity or 

the principle of plenitude. 

The book could have been organized according to the various relationships that existed at the time 

between the terms “mechanics” and “cosmology”. Instead it is more classically composed of three 
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parts, corresponding roughly to three historical and conceptual periods. The first part aims at 

disentangling factors of permanence and factors of transformation from the Middle Ages onwards; 

the second part focuses on the early reception of Copernicus in different intellectual contexts; the 

essays in the third and last part are devoted to different interactions between cosmology and the 

new science of motion that was from this time on called “mechanics”. 

 

More than one schoolbook makes as if nothing happened between the time of Aristotle (third 

century BC) or Ptolemy (second century AD) and the time of Copernicus’ De revolutionibus. 

Historians of astronomy, however, pointed out long ago that important parts of Copernicus’ new 

astronomy would not be explained if scholars in Islamic societies had not debated, criticized and 

strongly modified Ptolemy’s planetary theory. Another important factor in the emergence of the 

new astronomy, not exclusive but rather complementary to the first, is pointed out in Shank’s 

contribution to this volume. Against the historiographical topos according to which, in the Middle 

Ages, the intellectual division of labour between mathematical astronomy and causal physics 

implied that there was no overlap between the two disciplines, Shank argues that the possibility of 

constructing instruments and mechanical devices became a recurrent concern in late Medieval 

astronomy, once al-Bitruji’s Principles of astronomy, an Arabic work from 12th-century Spain, had 

been translated into Latin (1217). Robertus Anglicus report of the clockmakers search for an 

escapement in the late 13th century, Guido de Marchia’s cosmological speculations in his Tractatus 

super planitorbium (1310), Giovanni de Dondi’s Astrarium (1364), and lastly Johannes 

Regiomontanus’ homocentric models for the Sun and the Moon (1460) all testify to the existence of 

an underground tradition of mathematical astronomers, ready to test the physical consequences of 

their mathematical speculations by constructing instruments and mechanical devices. Finding in 

running mechanisms criteria of what may be accepted in physics, is aptly called by Shank 

“mechanical thinking”. The study of the development of such mechanical thinking in the late 

Middle Ages leads Shank to the somewhat unusual conclusion that Copernicus, Kepler or Galileo 

might not have been the first ones to try to bridge the gap between mathematical astronomy and 

causal physics. 

The contribution of Sarnowsky, devoted to the study of late medieval commentaries on Johannes de 

Sacrobosco’s De Sphaera, reminds us however that there are still good reasons to believe that the 

Middle Ages were not a revolutionary period. De Sphaera is a small handbook, which presents a 

simplified version of the geocentric system and was written about 1220-1230; since his reading was 

obligatory in many universities, it became the basic text in astronomy until the 15th century. Not 

surprisingly, Sarnowsky underlines the stability of the teaching tradition: no decisive argument 

against geocentrism was found, or even looked for, in these commentaries. It is interesting to note 
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however that the commentators of De Sphaera did not consider that saving astronomical 

appearances was the only criterium to establish the position of the Earth. Instead, Robertus 

Anglicus (late 13th century) and Cecco d’Ascoli (early 14th century) introduced theological 

considerations; in the second half of the 14th century, Albert of Saxony and, more radically, 

Nicolas Oresme discussed some new arguments, inspired by the experience of terrestrial motions. 

Oresme was no precursor of Copernicus, Sarnowsky concludes, but he may nevertheless have 

promoted a more physical way of dealing with cosmological questions. 

Contrary to Shank’s and Sarnowsky’s ones, Popplow’s contribution may lead to strengthen the 

classical periodization, according to which a break divides the Middle Ages and the Renaissance. 

Popplow grapples with an historiographical topos: the metaphor of “machina mundi”. Although this 

metaphor is sometimes taken as the epitome of the Scientific Revolution, its first usages reach back 

to the Roman Antiquity. Consequently, the interesting question is not so much to know when the 

expression “machina mundi” was first used, but whether or not it was associated to a new meaning 

during the early modern period. In order to answer this question, Popplow first inquires about the 

concrete reference of the term “machina”. His main conclusion is that, during the Antiquity (most 

notably in Vitruvius), this term refers to stable structures like hoisting devices, siege engines or 

scaffoldings; it is only in machines books published by Renaissance engineers like Georgius 

Agricola, Daniele Barbaro, or Alessandro Giorgi, that it began to be a generic term for working 

mechanisms and autonomously running devices. According to Popplow, the meaning of “machina 

mundi” shifted accordingly: in the Antiquity and the Middle Ages, it was used to present the world 

as a stable structure established by a deus artifex; in the early modern period, it refers to a 

transmission machinery, the hidden principles of which the new science of mechanics is supposed 

to discover. 

Whether one should enhance continuity or discontinuity when confronting the Middle Ages and the 

early modern period has been the subject of endless debates. The three papers above, taken as a 

whole, show that the answer to this question might be diverse, according to the communities of 

knowledge at stake. Shank marks out an underground tradition of mathematical astronomers, who 

were skilled practitioners as well; if the meaning of the expressions “machina” and “machina 

mundi” shifted, it is because, Popplow says, the community of Renaissance engineers was 

integrating new technological devices into a vocabulary inherited from the Antiquity; finally, 

Sarnowsky shows that innovation was weak in a community of teachers who mainly practiced the 

art of commentary. 

 

The second part of this volume illustrates a well-established historiographical trend, namely the 

study, not only of new arguments or new experiments, but also of their reception in different 
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intellectual contexts. Copernicus had promoted a new system of the world, but he had been rather 

discreet about its metaphysical foundations, and almost silent about its physical implications. His 

European followers tried to adjust their heliocentric convictions to their other beliefs, be they 

inspired by metaphysical and theological considerations, or founded on new physical and 

astronomical evidences. As hinted at the beginning of this presentation, they made various 

propositions, and even sometimes opposed each other. 

Against the ready-made picture of Tycho Brahe (1546-1601) as a practical astronomer devoted to 

collecting precise positional data thanks to sophisticated instruments, Strano and Truffa argue that 

Brahe had in view a full presentation of his new geo-heliocentric world system. They point out the 

cosmological implications of his parallax measurements of the 1572 new star, of the 1577 comet 

and of the 1582 perigee transit of Mars, and they reconstruct the content of a eight volumes Opus 

astronomicum that he projected in 1578 but never wrote. Finally, Strano and Truffa carefully 

examine how, in the early 17th century, his world system was defended and circulated, notably by 

the Jesuits Cristoforo Borri, Giuseppe Biancani and Christoph Grienberger. 

Granada’s contribution completes this overview of Brahe’s reception, reporting the reasons why his 

geo-heliocentrism was not accepted by the leading German astronomers of the time, Christoph 

Rothmann, Michael Maestlin and Johannes Kepler. In his 1588-1590 correspondence with Brahe, 

his contemporary Rothmann defended the Copernican system as the most satisfying one with 

respect to geometrical principles (such as the respect or harmony, symmetry and proportion, or the 

economy of means); to explain the enormous distance between Saturn and the fixed stars, he 

appealed to God’s omnipotence. In his additions to Kepler’s Mysterium cosmographicum (1596), 

Maestlin opposes the Tychonic system for similar reasons, and neglects the few physical 

considerations that Rothmann introduced about the behaviour of heavy bodies. It is well known that 

it was thus reserved to Kepler to draw the project of a celestial dynamics explaining the motions of 

the planets with physical principles, and to bridge the gap between cosmology and physics. The 

Mysterium cosmographicum expanded upon geometrical principles already present in Rothmann, 

Maestlin and Copernicus himself, but the Astronomia nova (1609) tried to establish a physical 

explanation of the motions of the planets. This explanation ultimately relied on three elements: the 

idea that the centre of their motions is the real Sun, from which a motive force comes; the 

Aristotelian opposition of motion and rest; a relative conception of gravity. In conclusion, Granada 

points out that Kepler’s move is ultimately founded on his metaphysics, according to which 

geometrical archetypes belong to God’s essence and can be understood by human understandings. 

The contribution of Vermij is devoted to the less studied early Dutch Copernicans. As is clear in the 

case of the influential Philips Lansbergen (1561-1632), their adhesion to heliocentrism did not 

mean that they longed to establish a new physics: they considered heavenly order as a domain, that 
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does not proceed from physical principles, but rather reflects divine harmony. This is why they 

often appealed to final causes and symbolic analogies inspired by pious considerations. For Simon 

Stevin, Albert Girard, Balthasar van der Veen and Isaac Beeckman, placing the Earth among the 

planets amounts to attribute celestial qualities to it; in that sense, heliocentrism might have affected, 

not so much the view of the heavens as the ideas about the Earth. Mechanical philosophy, 

concludes Vermij, should perhaps be seen as a reaction against certain ideas fostered by 

heliocentrism rather than as its direct natural development. 

 

The third and last part of this volume is composed of essays that investigate how celestial 

phenomena were explained in the context of the new science of motion. These essays deal with two 

core issues about the relationship of mechanics and cosmology: Can the new mechanics be 

understood as a historical consequence of the new cosmology? What were the analogies, conceptual 

foundations and mathematical tools which were invented or used in post-Galilean mechanics and 

cosmologies? 

In her contribution, Palmerino shows that the analogy between celestial bodies and bodies floating 

in water has different epistemological functions in different physical theories. Early 16th-century 

geocentric animists like Giovanni Pontano or Francesco Patrizi assimilated celestial bodies with 

animals; comparing planets to fishes or birds amounts to assert their automotion. Kepler is no 

animist in this sense, and he explains the fact that the motion of planets is neither quite circular nor 

uniform by a combination of immaterial forces; the comparison that he makes between boats and 

planets has only a pedagogical function, namely, it takes us from the known to the unknown. The 

Cartesian situation is quite different: the whole burden of Descartes’ explanation of planetary 

motion rests with the analogy between planets and objects caught in a vortex. Galileo too, describes 

planets as spheres immersed in a fluid medium, and he even conceived a device to get rid of the 

third Copernican motion. The striking point in all this, concludes Palmerino, is that the assimilation 

of heavens to a fluid was used in different contexts and for different purposes. 

The last contributions bear on the two pillars of the Newtonian Principia mathematica philosophiae 

naturalis (1687), namely mathematics and experience; both of these pillars have been erected on 

determinedly anti-Cartesian grounds. Guicciardini’s contribution begins with the remark that, in the 

Preface of the Principia mathematica, the classical subalternatio between geometry and mechanics 

is turned upside down: in so far as mechanics is exact and generates geometrical objects, it should, 

according to Newton, serve as a foundation of geometry. The promotion of an exact mechanics 

being definitively non-Cartesian, Guicciardini then analyses Newton’s mathematical anti-

Cartesianism. On the one hand, Newton constantly favoured geometry over symbolism, be it 

Cartesian algebra or Leibnizian calculus, that he considered as mere heuristic tools; on the other 
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hand, the Cartesian exclusion of mechanical curves from the geometry would have been fatal to 

Newton’s programme of mathematization of the Keplerian planetary cosmology. 

The kernel of Newton’s Principia mathematica is traditionally located in its mathematical proofs, 

and in their applications to the system of the world in Book III. In his contribution, Bertoloni Meli 

studies, rather unusually, the role of the experiments in the first edition of the Principia. From a 

genetic point of view, he shows that Newton did not rely on experiments at the beginning of his 

investigations, but rather, that he became more engaged in them while working on the Principia 

mathematica, especially from 1685 on. From a structural point of view, the systematic and detailed 

study of these experiences demonstrates that Newton’s book has a greater coherence than has been 

so far recognized. Conceptually, Newtonian experiments provide links which stretch from 

definitions opening Book I to propositions on motion in a resisting medium (Book II), or even to 

propositions in Book III. Materially, one finds that Newton relied extensively on a determined set of 

experimental apparatuses, most notably on pendulums. Polemically, he seems to have designed 

most of his experiences to refute Descartes’ Principia philosophiae: some of these experiences 

underpin anti-Cartesian definitions or laws, others show, either that subtle fluids did not exist, or at 

least that they had no measurable effect on motion. 

 

At the beginning of this presentation, we insisted on the view that historians of science usually keep 

resisting the temptation of simplifying the long, tortuous, or even capricious, paths used by figures 

of the past to whom they devote most of their time. Consequently, it would be ill-advised to pretend 

that the diverse contributions of this volume lead to a single unifying conclusion. On the contrary, 

most of them refute, or at least show the limits of, many historiographical clichés that are in fact as 

many ill-founded simplifications — the more important one being probably the idea that there 

exists a natural, even logical, avenue which goes from Copernicus to Newton through Galileo. In 

their very diversity, these contributions confirm the general view that the elaboration of science is 

not a dogmatic development, but a dialogic process, in which contradictory propositions happened 

to be confronted one to the other. 

 


