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Contingent Mathematics of Nature in the Renaissance: 
Cusanus’s Perspective

Nicholas Cusanus’s reflections on mathematics, on the nature of knowledge, and on the world offer a unique insight into fundamental philosophical problems faced by early-modern scholars in the cultural process leading to the raise of ‘modern science’. While in the past scholars à la Dijksterhuis described the modern scientific outlook as one based on a mechanical ontology,
 Cusanus’s connection of mathematical epistemology with a vision of nature as the realm of contingency appears to be paradigmatic of an age – that of Nicholas Copernicus and Galileo Galilei – in which the mathematical explanation of nature received growing recognition. At the same time, quantification and geometrical methods did not presuppose any accomplished perfection in the natural phenomena nor their determinism. Quite on the contrary, mathematization and contingency went hand in hand for a long time.
 The speculative work of Cusanus demonstrates the philosophical tenability of such a combination of mathematics and contingency. 

During the Renaissance, Cusanus’s mathematical philosophy was given opposite judgments, which ranged from scorn to profound admiration. Johannes Regiomontanus mocked his speculative squaring of the circle based on the coincidentia oppositorim, but his disapproval did not prevent later generations of mathematicians from praising Cusanus’s theoretical vistas.
 The Renaissance polymath Giorolamo Cardano, a reputed mathematician, physician, and natural philosopher, praised Cusanus’s theologizing mathematics while downplaying the ingenuity of his main critic, Regiomontanus. In the Encomium geometriae (“Eulogy of Geometry”), delivered at the Milanese Academia Platina in 1535, Cardano argued that Regiomontanus was not particularly original: He should be seen as a restorer rather than an innovator in mathematics, who excelled only in mathematical astronomy. In this field, he could be said “almost divine.” By contrast, Cardano celebrated Cusanus’s mathematics owing to the subtlety and sublimity of his speculative premises, in spite of the many mistakes in drawing conclusions:

Fuit et nostra aetate Ioannes Monte regius, qui et ipse quaedam de trigonis reliquit: sed ita, ut potius furtum quam ingenium suum ostenderet: quippe quod in astronomicis praeclarus admodum, ac pene divinus fuerit. At Nicolaus Cusa tam subtiliter disputavit, ut nihil acutius excogitari possit: veruntamen adeo processit, ut non quod nitebatur, sed ingenii tantum acumen ostenderet: in concludendo plerumque falsus.

This quotation stems from the same text in which Cardano asserted that he could unveil the archetypes underlying the divine Creation by interposing Platonic solids and celestial spheres in order to determine planetary order and distances.
 The young Kepler might have derived from here both the archetypal idea, which he transformed into an argument in favor of the Copernican system, as well as his most enthusiastic appreciation of Cusanus’s mathematico-theological views. The geometrical cosmogony of the Mysterium cosmographicum (1596) was inspired by Cusanus’s De theologicis complementis (1453). This teological-mathematical treatise originally accompanied De mathematicis complementis, a treatise trying to reconstruct Archimedes’s method for the squaring of the circle. Kepler acknowledged Cusanus for recognizing that the infinitesimal gap between a curve and a straight line of a polygon inscribed within a circle is a divine symbol of the mind’s approximation of truth.
 Moreover, he credited the philosopher for discerning the divine Trinity adumbrated in the worldly sphere: Its center corresponds to the Father, the circumference to the Son and the radius to the Holy Spirit. According to both Cusanus and Kepler, the shape of the cosmos, a finite-infinite figure, bears witness to God’s wisdom:
Quantitatem autem Deus ideo ante omnia existere voluit, ut esset curvi ad rectum comparatio. Hac enim una re divinus mihi Cusanus, aliique videntur, quod recti, curvique ad invicem habitudinem tanti fecerunt, et curvum Deo, rectum creaturis ausi sint comparare; ut haud multo utiliorem operam praestiterint, qui Creatorem creaturis, Deum homini, iudicia divina humanis, quam qui curvum recto, circulum quadrato aequiparare conati sunt.

Cumque vel in hoc solo satis constitisset penes Deum quantitatum aptitudo, et curvi nobilitas; accessit tamen et alterum longe maius: Dei triuni imago in sphaerica superficie, Patris scilicet in centro, filii in superficie, spiritus in aequalitate σχέσεως inter punctum et ambitum. Nam quae Cusanus circulo, alii forte globo tribuerent. Ea ego soli sphaericae superficiei arrogo. Nec persuaderi possum, curvorum quicquam nobilius esse, aut perfectius ipsa sphaerica superficie.

The admiration for Cusanus’s theologizing attitude echoes its celebration by the French mathematician Jacques Lefèvre d’Étaples in the dedicatory letter of the 1514 Paris edition of Cusanus’ Opera. “Mathematicas disciplinas nemo eo profundius penetravit”
 – whereby the depth of the insight has to be seen in the understanding of mathematics as divina paradigmata lifting the inquiring soul from the sensible and imaginable to the rational, intellectual and eventually the ineffable. 

In hindsight, Kepler distanced himself from Cusanus’s worldview, most likely because his frequentation of Giordano Bruno’s followers in Prague persuaded him that Cusanus supported an infinite cosmology, which he judged irreconcilable with an harmonic vision of the cosmos.
 On his part, Bruno had based his post-Copernican cosmology on an eclectic mixture of Lucretian atomism and Platonizing metaphysics, in which Cusanus’s philosophy figures prominently as the point of departure for the doctrines of boundless space and the countless plurality of living and inhabited solar systems in the universe.

These references bear enough evidence to the centrality of Cusanus’s ideas on cosmology, the foundations of nature and speculative mathematics for Renaissance developments in physics – by which we refer to that broad field of natural inquiry and mathematical science that paved the way to early-modern mathematical physics. It was precisely the merging of mathematical and natural speculation that proved fruitful for pre-mechanistic physical-mathematics, that is, for a mathematical approach to nature without determinism as was differently the case with Cardano, Kepler and Bruno.

In the following essay, we deal with the testi and contesti of Cusanus’s contingent mathematics. First the historical-theoretical context: an overview of contingency-centered conceptions of nature from the Middle Ages to the Early-Modern Period. And second, some considerations on Cusanus’ specific views on contingency, mathematics and nature.

The Problem of Natural Contingency in the Middle Ages

Contrasting the contingency of the terrestrial world with the harmonic necessity of mathematics was an essential trait of the Aristotelian-Scholastic philosophy. At large, such idea dominated the ancient Platonic and Aristotelian philosophies, and also informed the Scholastic views on the sublunary world. In order to appreciate the originality of Cusano’s understanding of contingency, one can compare and contrast it with the dominant conceptualization of the issue at the time: that deriving from Aristotle and then codified by Aquinas.  Indeed, the Scholastic characterization of contingency of natural sublunary world derives from the Aristotelian definition of possibility provided in the Prior Analytics. Here, Aristotle claims that possibility can be predicated of things happening “for the most part,” as well as of things happening by chance. As he wrote,

Having made these distinctions we next point out that ‘to be possible’ is used in two ways. In one it means to happen for the most part and fall short of necessity, e.g. a man’s turning grey or growing or decaying, or generally what naturally belongs to a thing (for this has not its necessity unbroken, since a man does not exist forever, although if a man does exist, it comes about either necessarily or for the most part). In another way it means the indefinite, which can be both thus and not thus, e.g. an animal’s walking or an earthquake’s taking place while it is walking, or generally what happens by chance; for none of these inclines by nature in the one way more than in the opposite. (I, 32b4-32b13).

This distinction is crucial in order to understand Aristotle’s concept of science. Differently from mathematics and celestial physics, sublunary physics is characterized by regularity, rather than by necessity. In fact, sublunary phenomena are subject to certain degree of unpredictability and uncertainty. This degree of unpredictability is precisely due to the contingency characterizing sublunary physics. Aristotle maintained that scientific knowledge can be given only of things happening necessarily or for the most part, therefore excluding phenomena happening by chance. In fact, the regularity of sublunary phenomena allows generalization and inference. To use Aristotle’s words,

Science and demonstrative deductions are not concerned with things which are indefinite, because the middle term is uncertain; but they are concerned with things that are natural, and as a rule arguments and inquiries are made about things which are possible in this sense. Deductions indeed can be made about the former, but it is unusual at any rate to inquire about them (Ibid., 32b14-32b22).

Also motivated by the necessity of harmonizing natural causality and free agency, Scholastic natural philosophers paid great attention to the problem of contingency. As nicely summarized by Anneliese Maier in her Die Vorläufer Galileis im 14. Jahrhundert (1949), they generally maintained that natural agents were “causae determinatae”, that is, determined to act necessarily by their forms towards a certain end. On the contrary, free agents or “agentes ob intellectu” were seen as undetermined in their causes, and therefore their actions were appointed as intrinsically contingent.
 According to their formal determination, all natural phenomena were therefore seen as necessitated. However, at the same time natural agents could be seen as contingent in an other way, that is, according to the effective actualization of their formal determination. To follow the example of gravitation, a stone is necessarily determined by its form to fall towards the center of the earth. This determination cannot be seen as contingent to any extent. However, accidental circumstances can well impede this action to take place. A stone may be impeded in its fall by external circumstances. Therefore, even if its formal determination is necessary, the actualization of this determination is contingent.
 

In Scholasticism (and in general, pre-modern natural philosophy), this latter form of contingency was commonly defined as “contingentia ut plurimum”. According to this conceptualization, contingentia ut plurimum (that is, contingency for what concerns things happening the most part) characterized phenomena of the sublunary world in that they can be impeded by external constraints. One can find an influential example of the conception of contingency in Scholasticism in Thomas Aquinas’s commentary to Aristotle’s Physics. Here, Aquinas characterizes contingent phenomena as those that can be impeded, in contrast with necessary ones, which cannot impeded at all. He says,

[…] someone defines to be necessary what does not have any obstruction; and also contingent for what concerns things that happen for most part as what can be impeded in few occasions. But this is not correct. Indeed, they say necessary is defined as what by nature cannot not be; contingent or for the most part, what can not be. Rather, what can have or not have impediment is contingent. Nature indeed does not dispose an impediment for what cannot not be, for this would be superfluous.
 

This definition of contingentia ut plurimum is a common place in Scholastic natural philosophy. To give an other example, Nicolas Oresme, in the Questiones super Physicam, claims that phenomena of the sublunary world are intrinsically contingent as they can be impeded from taking place by external constraints. According to Oresme, three kind of contingency characterizes sublunary world:

In a first way, there are phenomena that can be impeded because of their own nature, even if no man can impede them, as in a possible world a stone falls in a contingent way even if no man can impede it, because it can be impeded by its own nature, even if no man is there [to impede the fall]. In a second way, [we say to be contingent] what in fact is and can be impeded, as for instance the fall of a stone towards the earth and the course of water, etc. Third, what is in fact impeded through free will, and thus is said to be by chance.  

This leads Oresme to sharply separate the sublunary realm from celestial spheres. The latter, as he writes, “are not contingent in any of these ways, because cannot be impeded.” On the contrary, the former “are all characterized by the first way of being contingent, as can by their own nature being impeded. Others are contingent in the second way, and others even in the third.” 

This description of the contingency of the physical, sublunary world is still widely diffuse in the sixteenth century, as it is testified in the long-lived Aristotelian tradition, for instance by the late-Scholastic Encyclopedist Micraelius
 as well as by philosophical conceptions departing from strict adherence to Aristotelianism, for instance by the Lexicon Philosophicum of Goclenius.
 Cusanus’s position on the issue of contingency was likely reactive to shared views but, due to his commitment to a line of thought departing from Scholasticism, it introduced important innovations and distinctions. The most significant ones, as we argue, concern the mathematical dimension of his speculation and the generalization of the extension of contingency from the sublunary sphere to nature in general. Moreover, his gnosiological reflection centered on the issue of the certainty of mathematics and the limits of mathematical cognoscibility paved the way to modern epistemologies. 

Cusanus’s Mathematical Path to Natural and Epistemological Contingency

Cusanus’s thought is relevant to a discussion of contingency and mathematics in early-modern philosophy and science at an ontological and epistemological level, since both were key elements of his philosophy. Although his most celebrated work, De docta ignorantia gravitates around a cognitive issue, namely the ‘learned ignorance’, nevertheless, it is one of Cusanus’s writings in which the natural and cosmological dimension of contingency was most prominently discussed, especially in book two.

Cusanus opens the Docta ignorantia with epistemological remarks about our intrinsic cognitive limits. Knowledge, as he writes, advances by means of comparison between that which is known and that which is not yet. All comparison is made through numbers and proportion; hence, mathematics is fundamental to philosophy. In De mente III 10, Cusanus explicitly states that the quadrivium is fundamental to all philosophy. He asserts that even logic rests on mathematical reasoning; and proportion is the key element of all knowledge. At the same time rational proportional thinking sets the boundaries of what is rationally comprehensible:

Omnis igitur inquisitio in comparativa proportione facili vel difficili existit; propter quod infinitum ut infinitum, cum omnem proportionem aufugiat, ignotum est. Proportio vero cum convenientiam in aliquo uno simul et alteritatem dicat, absque numero intelligi nequit. Numerus ergo omnia proportionabilia includit.

Any positive knowledge of the maximum absolutum, of the infinity that is at the source of reality, is excluded in principle. The human desire to know the ultimate infinite truth underlying all being cannot be fulfilled. Thus, the philosopher’s desire is condemned not to attain its goal and the wise person (Cusanus mentions here Socrates and Salomon as eminent instances) is aware that even the peak of human knowledge is irremediably distant from the uppermost fulfillment. 

But this is not all. Human knowledge is not only inadequate to infinity, and thus to comprehend the most fundamental theological and metaphysical truths. Even in the realm of the finite no perfectly adequate knowledge is possible, according to what we could call a “principle of inequality’:

Praecisio vero combinationum in rebus corporalibus ac adaptatio congrua noti ad ignotum humanam rationem supergreditur, adeo ut Socrati visum sit se nihil scire.

No precise equality is given in nature. “Praecisa aequalitate solum Deo convenit.” This is the key rule (regula nostra) presented at the beginning of the second book of Docta ignorantia, devoted to the finite infinity of the universe. The principle thus expressed has consequences on the level of the natural phenomena, as it explains the imprecise combination in material bodies (combinationes in rebus corporalibus). Here the idea of natural contingency in Cusanus first emerges. Moreover, the principle of inequality has consequences on the level of epistemology. One can recount the twofold bearing, ontological and epistemological, of the figura paradigmatica in De conjecturis I 9, showing two intersecting triangles as a metaphor of the degrees of perfection in nature and knowledge (see figure 1). Nature is the intermediate realm between necessity and the absence of any determination just like episteme is intermediate between truth and ignorance. None of the opposites can subsist independently of the other, therefore neither pure light nor absolute darkness are ever given. Gradualism, limitation and partial realization of natural tendencies – in one word, ‘contingency’ – characterize all that is not God in itself: the universum. 

‘Universe’ for Cusanus has a meaning that goes beyond the material extended world. The terminus refers rather to the all-encompassing unity unfolding in the plurality of all finite beings, as one can read in Docta ignorantia II 6 entitled “De complicatione et gradibus contractionis universi.” Cusanus conceives of the universe as a ‘contingent God’ (Deus occasionatus), because everything is the image of a unique infinite form in a finite and imperfect manner. The universe is said to be contracted necessity as it unfolds formal necessity up to a certain degree and elevates material chance by superimposing upon it certain formal determination. According to Cusanus, the divine Trinity is contracted into a trinitarian universe.

Est igitur unitas universi trina, quoniam ex possibilitate, necessitate complexionis et nexu, quae potentia, actus et nexus dici possunt. Et ex hoc quattuor modos universales essendi collige. Nam est modus essendi, qui absoluta necessitas dicitur, ut scilicet Deus est forma formarum, ens entium, rerum ratio sive quidditas; et in hoc essendi modo omnia in Deo sunt ipsa necessitas absoluta. Alius modus est, ut res sunt in necessitate complexionis, in qua sunt rerum formae in se verae cum distinctione et ordine naturae, sicut in mente; an autem hoc ita sit, videbimus infra. Alius modus essendi est, ut res sunt in possibilitate determinata actu hoc vel illud. Et infimus modus essendi est, ut res possunt esse, et est possibilitas absoluta.

Unlike the absolute, the universe shows three imperfectly merged dimensions, three intertwined modi that constitute in fact an ontologization of the logical categories of necessity, possibility and contingency. The coming together of form and matter, of necessity and chance, is nature itself. Cusanus sees it as the mobile connection of the two ontological poles. This connection is dynamic or, better, spiritual. It is the realm of contingency.

This vision of nature as the realm of contingency is the ultimate reason for which no discipline, in Cusanus’s view, deals with necessity, that is with perfect formal regularity and inescapable causation. The natural-epistemological limitation according to which “the measure and the measured thing are necessarily different” (mensura a mensurato necessario differire) affects all arts and sciences, even astronomy:

Hinc in prioribus ostendimus praecisam aequalitatem solum Deo convenire. Ex quo sequitur omnia dabilia praeter ipsum differre. Non potest igitur unus motus cum alio aequalis esse nec unus alterius mensura, cum mensura a mensurato necessario differat. Haec quidem, etsi ad infinita tibi deserviant, tamen si ad astronomiam transfers, apprehendis calculatoriam artem praecisione carere, quoniam per solis motum omnium aliorum planetarum motum mensurari posse praesupponit. Caeli etiam dispositio, quoad qualem cumque locum sive quoad ortus et occasus signorum sive poli elevationem ac quae circa hoc sunt, praecise scibilis non est. Et cum nulla duo loca in tempore et situ praecise concordent, manifestum est iudicia astrorum longe in sua particularitate a praecisione esse.

There is a gap, a necessary inequality between reality and its ‘living mirror’, the mind (mens). As one can read in De mente I, the mens derives its name from the verb mensuro (to measure). Hence, the mind is essentially mathematical. In De conjecturis I 1, “Unde conjectura origo,” Cusanus explains that the conjectures are the unfolding of the human mind by analogy to the unfolding of the world from God’s infinite reason. Both forms of explicatio, human and divine, are intrinsically mathematical since, according to Cusanus, every unfolding is a numerical succession. But the type of numbers the mind produces, either rational or intellectual, are structurally inadequate to reflect the real numbers. In De conjecturis, Cusanus expands on the surmising character of human knowledge due to the intrinsic limitations of the cognitive faculties. Thus, a fundamental distinction exists between the rational numbers and the real numbers generated by the divine mind and imperfectly mirrored by the finite minds. Such an imperfection is structural and Cusanus evidences it by pointing out mathematical problems that challenge reason by exceeding its possibilities. This is where the squaring of the circle gets a theoretical meaning that goes far beyond the solution of a geometrical problem. 

The ratio between the diameter of a circle and the circumference is the case in point. The minimum arc and the minimum chord coincide but the coincidence of opposites eludes reason, because this faculty based on the principle of non contradiction advances by means of proportional comparison. Although the coincidence of the opposites can be intuitively grasped by another faculty, the intellect, it cannot be ‘rationalized’.
 The problem of the proportion between the diameter and the circumference keeps reason in check since no proportion, or fraction, exists between the two. Their proportion cannot be expressed by a rational number:

Negat igitur ratio complicationem oppositorum et eorum inattingibilitatem affirmat, sicut sensus negat genericam multorum sensibilium unitatem rationalem. Visus enim nequit affirmare de natura sensibilium fore sonum aut dulce. Quapropter haec est radix omnium rationabilium assertionum, scilicet non esse oppositorum coincidentiam attingibilem. Hinc omnis numerus aut par aut impar, hinc ordo numeri, hinc progressio, hinc proportio. Hinc irrationalis est proportio diametri ad costam, quia paris et imparis coincidentiam esse oporteret. Hinc polygonia rectilinealis ad circulum improportionalis, quia curvi et recti coincidentiam ratio non attingit.

Nonetheless, the intuitive faculty of the intellect suggests that, in the divine mind, there is one number, a real number, expressing the irrational ratio of the radius to the circumference. Actually, God creates such ratio since his real mathematics is productive of existing beings.

Some examples persuade Cusanus of the reality of such ratio, although it cannot be grasped rationally. In De theologicis complementis, Cusanus remarks that the comparability of the curve and the straight can be evinced from the fact that any straight line can be transformed into a circumference. However, the opposite procedure does not work in our mathematics: given a circumference to determine the rational number expressing its proportion to the diameter.
 Furthermore, Cusanus constructs an experiment indicating the reality of the irrational relationship between diameter and circumference in a sensible manner. He presents it in De staticis experimentis, in which balance experiments are justified through the saying of the Liber sapientiae that God made everything according to number, weight and measure. Among many others, Cusanus proposes the following geometrical experiments for the squaring of the circle:

Orator. Quid censes de geometria? 

Idiota. Arbitror proportiones propinquas circuli et quadrati et alia omnia, quae ad differentiam capacitatis figurarum spectant, aptius per pondera quam aliter experiri posse. Nam si feceris vas columnare notae diametri et altitudinis et aliud cubicum eiusdem diametri et altitudinis et utrumque aqua impleveris et ponderaveris, nota tibi erit ex diversitate ponderum inscripti quadrati ad circulum, cui in scribitur proportio, et per hoc propinqua coniectura circuli quadra tura, et quidquid circa hoc scire cupis. Sic si duas receperis laminas penitus aequales, et unam in orbem flexeris vas columnare efficiendo, et aliam in quadratum vas cubicum constituendo, et aqua vasa ipsa impleveris: scies ex differentia ponderum differentiam capacitatis circuli et quadrati aequalis peripheriae. Ita si plures tales laminas habueris, poteris in trigono, pentagono, hexagono et ita deinceps capacitatis differentias investigare. Similiter pondere pervenire poteris ad artem capacitatum vasorum qualiumcumque figurarum ac ad instrumenta mensurandi et ponderandi: quomodo staterae fiant, quomodo una libra elevet mille per distantiam a centro et varium descensum rectiorem et curviorem, ac quomodo omnia subtilia navium ingenia ac machinarum fieri debeant. Unde arbitror hanc staticam experientiam ad omnia geometrica perutilem esse.

Given the gap between God and reality and between reality and mental representation, what does justify the approximate correctness of our knowledge? Just like Descartes later in the Meditationes, the solution provided by Cusanus in De conjecturis depends on God. Our knowledge emanates from him just like reality. The divine filiation of our faculties is the guarantee of their adequacy, albeit limited. To sum up, we can see in Cusanus a twofold reflection on contingency. First, that of nature, based on the principle of inequality; and second, that of knowledge, corresponding to the conjectural character of the living mirror of nature. The two levels of contingency are interrelated. They are expression of the distance separating God from the world and the world from its mental mirror. All relations (beginning with the ineffable relation between the finite and the infinite) presuppose a fundamental inequality. The particular twist Cusanus gives to the reflection on contingency is due to the centrality played by mathematics, also at an epistemological level, and the instrumental use of mathematical liminal problems to concretely show the onto-epistemlogical degrees of reality and knowledge: divine, intellectual, rational and sensible. Equality, or better the lack of perfect equality in the world, is the principle accounting for universal contingency despite the mathematical structure of the nature and the mind.

Concluding Remarks

Cusanus’s vision of nature and epistemology famously departed from the Scholastic tradition that still dominated the university teaching of his time and the centuries to come. Unlike later mechanistic developments in natural philosophy and scientific thought, he stressed the centrality of mathematics while maintaining a conception of nature and reality informed by contingency. On this, he sided with his Aristotelian counterpart. However, the universality of his idea of natural contingency is distant from that of Scholastic thinkers such as Thomas and Oresme which limited it to the sublunary world. Cusanus rather introduced a principle of cosmological homogeneity that would prove crucial in the post-Copernican debates of the Renaissance. His mathematical philosophy was fundamental, too, in an age in which the discussions of the boundaries of application of the mathematical method of inquiry would become heated. What is more, the reflection on the strength and limits of mathematics coincided for Cusanus with the inquiry on the strength and limits of knowledge in general and a means to distinguish between sensible, rational and intellectual levels of knowledge.

While Cusanus kept epistemological and ontological contingency united as the two sides of the same coin, in later developments, especially during the seventeenth century and with the establishment of early modern mechanism, contingency lost its ontological dimension to gain an epistemological one. As one reads in Ethica ordine geometrico demonstrata, I 29: “In rerum natura nullum datur contingens, sed omnia ex necessitate divinae naturae determinata sunt ad certo modo existendum et operandum.”
 In paragraph I 33 he defined contingency as a determined possibility which is only undetermined for us. In the Principes de la nature et de la grace and the Monadologie (87-88) Leibniz’s reconciliation of Dieu comme architecte and Dieu comme legislateur wiped out ontological contingency from intra-mundane relations limiting it to the act of creation of the best of the possible worlds, the real existing one. Intriguingly enough, Cusanus already formulated in a clear and distinct manner the principle of sufficient reason. However, this did not mean for him that the sufficient reason has to be a necessary reason. Quite on the contrary, as we argued at length, he assumed that there is a metaphysical necessity of physical contingency. And such an approach would meet with immense success in the natural discourse of the Renaissance before the age of Leibniz and Spinoza.
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� The importance of Cusanus for modern cosmological infinitism has been stressed in classics on the history of ideas such as Cassirer: Individuum und Kosmos and Koyré: From the closed World to the Infinite Universe. For an accurate reconstruction of the Brunian reception of Cusanus, see Secchi: Del mar più che del ciel amante and Meier-Oeser: Die Präsenz des Vergessenen. On the relation of Brunian atomism to Cusanus’ philosophy, cf. Omodeo: Minimum und Atom: eine Begriffserweiterung in Brunos Rezeption des Cusanus.
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