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			Preface

			This volume, like Waiting (MUP, 2009) which preceded it, is more than just a collection of pieces put together around a specific theme. In writing, editing and putting it together, the contributors managed to carve out for themselves a unique and rewarding space of collective intellectual inquiry. It was very clear, well before the Waiting volume was even finished, that the experience of having colleagues with very different research interests, disciplines and perspectives, thinking around a single theme, hearing each other’s ideas and reading each other’s writings was such a satisfying experience that it needed to be repeated. No one waited for Waiting to finish to start discussing the theme of the ‘next book’. Thinking around Newton emerged particularly in discussion with our colleagues from the department of History and Philosophy of Science. They played an important role in making us all engage a little more seriously with Newton’s actual writings than we probably would have otherwise.

			After calling for contributions, the diverse and enthusiastic group that responded began meeting periodically to discuss writing ideas. While we have discussed and read each other’s early drafts throughout the year, the final ‘intensive’ was particularly intensive indeed. For three days, we formed groups of three and four, who read and commented on each other’s work, took time to revise our pieces, then formed new groups of three and four who went through the process again and again. By the end of the three days everyone had read and commented on everybody else’s paper, sometimes several times over. So the ‘intensive’ was not only intensive in terms of hard labour, it was also intellectually intensive and everyone experienced it as a very special moment. And it was. It was a moment of conspiracy against the neo-liberal university, and it is very clear that everyone needs such spaces of conspiracy and such special moments of pure intellectual intensity in today’s university. 

			Nonetheless, it should be clear that this project would not have been possible without the time and money made available to me as one of the University of Melbourne’s Future Generation Professors. And I am once again very thankful that this University is still capable of financing such spaces of conspiracy against the neo-liberal mode of conceiving of knowledge production!

			Pierre Bourdieu once argued that is the mark of the neo-liberal democratic state that it is still capable of financing the wages of the intellectuals who criticise it. Once it stops doing so, one knows that the neo-liberal part of it has eaten whatever democracy was left within such a state. Perhaps one can say the same thing about the neo-liberal university today. Having to be neo-liberal by necessity, the only way it can mark its continued existence as an institution of democracy and free thinking is by continually aiming to carve out spaces that protect it, as it were, against itself.

			Ghassan Hage

			May 2011
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			The Newtonian fantasy and its ‘social’ other

			Ghassan Hage and Emma Kowal

			Ideas about what makes the natural sciences ‘scientific’ have had an important normative influence on the social sciences since their inception. These ideas played a key role in shaping the latter’s aspirations and desires to live up to the ‘sciences’ part of their label. Indeed it is probably these very desires and aspirations that historically made those interested in the rigorous study of the social world appropriate the science label. To see a dimension of desire in the pursuit of ‘the scientific’ is also to acknowledge that there is something about the ‘social sciences’ that makes them a fantasy space in the Lacanian sense of the term. In this space, the object of desire, science, becomes highly idealised: it is implicitly or explicitly conceived as ‘proper’ science, or ‘real’ science. And such a conception of ‘real’ science as it comes to circulate in society, because of its very nature as fantasy, is always more logically and empirically rigorous, more empirically grounded, more universal and more in control of its variables and so on than natural science actually is or can ever be.

			As the structure of the Lacanian fantasy would have it, there is always a perturbing otherness that stops you from achieving your ultimate aim of fully living the fantasy. If, for the social sciences, the ‘sciences’ part of the equation embodies the fantasy of becoming a proper science, the ‘social’ part embodies the other of the fantasy. It is the social that simply ruins everything by not lending itself to being scientifically captured in a proper way, standing between the social scientist and his or her aim of being truly scientific. Consequently, and as in the ever-paradoxical Lacanian formulation, the social is what makes social science possible while by the same token making it impossible.

			Of all the scientific works that have emerged in the early history of the Enlightenment, none have lent themselves to this fantasised imagining like the work of Isaac Newton. This is particularly true of his Principia Mathematica (1687), which laid the foundation of classical mechanics. Besides its undoubtedly powerful scientific achievement there was something psychologically comforting about the Principia that facilitated its transformation into a fantasy. Its discovery of the Laws of Motion and the Law of Universal Gravitation made the world feel less anarchic and more predictable. Despite the common opposition between science and religion, by describing and making sense both of the lawful movement of the planets and that of objects on earth, Newton strengthened the commonsense belief in a world designed by a higher intelligence and a superior force. At the same time, he boosted the confidence of human beings in their capacity to access certain elements of what they saw as the divine logic behind the order of things and to have a sense of control over it. As a key historian of Newton puts it: ‘Newton himself was apparently motivated to study “the frame of nature” in order to learn of God’s activity.’1 And as the oft-cited words of Alexander Pope proclaimed, ‘Nature and Nature’s Laws lay hid in Night/God said, Let Newton be! and all was Light.’ This, and its mathematical elegance and succinctness, undoubtedly facilitated the vulgarisation and popularity of Newtonian science such that it became the scientific ideal-type par excellence. This constituted one of the key social conditions of its emergence within the nascent ‘social sciences’ as a fantasy.

			Auguste Comte’s (1798–1857) bold vision of a scientific sociology took Newton’s science as paradigmatic of the sciences that defined what he called the positivist stage of civilisation. Comte outlined five sciences that he positioned hierarchically in terms of ‘decreasing positivity’. These were ‘astronomy, physics, chemistry, biology and sociology’.2 However, as the early American sociologist Lester Ward explained, the degree of positivity of each of these sciences was for Comte ‘a measure of their relative complexity, since the exactness of a science is in inverse proportion to its complexity’. This allowed for the construction of the kind of ‘social otherness’ that stops sociology from being as scientific as astronomy or physics can be, while affirming at the same time the very viability of the social science enterprise.

			The Belgian astronomer and mathematician Adolphe Quetelet (1796–1874) was party to a similar fantasy with his Treatise on Man (1842; originally published 1835). Rather than separating the social and physical sciences, Quetelet saw the possibility of fusing them. He was attentive to what was physical in the social, as it were. Hence he attempted to calculate the ‘average man’ based on the mean of calculations of weight, height, age, sex, occupation and geographical location. The data was then used to calculate the variation in marriage, suicide and crime rates within given populations.3

			While there were many other, less systematic, attempts at formulating a science of society in Quetelet’s time and after, all shared a sense of the social sciences as an aspiration that was unable to reach the perfection of the physical sciences that remained an aspiration nonetheless. It is in that sense that they all partook in the scientific fantasy described above.

			There is no doubt that since its emergence in the eighteenth century and its spread throughout the nineteenth and twentieth centuries the ‘science’ fantasy has lost some of its power in shaping the aspiration for social knowledge in the humanities and the social sciences. What differentiates the humanities and the social sciences today compared to that early period is precisely the weakening of the hold that the fantasy of a ‘real science’ has on the whole enterprise.4 There is a greater awareness that ‘real’ science is less totalising than the fantasy would have it: there is always something that escapes it, and it is never totally free from the irrational, the mystical, the religious, chance and all those other spheres of human experience that are formally excluded from the scientific enterprise. In much the same way, there is also an equal awareness that scientists themselves are not as entirely ‘scientific’, rational and rigorous as they are fantasised to be. Just as importantly, there is a realisation that science and society are deeply interrelated. The ideas, metaphors and laws borrowed from the natural sciences are often themselves produced outside the scientific field. But to say that science and scientists are not free from the effects of the social or the mystical is not to say that science does not maintain its specificity as ‘science’ providing us with a relatively more rigorous and consistent knowledge of the world. Certainly, the achievements attributed to science, from information technology to biomedicine, are far more impressive to the average person than the greatest triumphs of the social sciences. Consequently, and despite all of the above, the fantasy of ‘real science’ remains, and it is important to acknowledge the way it still leaves its traces, both positive and negative, in social scientific works as well as in the humanities.

			The chapters of this book engage the Newtonian imaginary in all its multiplicity. The collection is animated by a recognition of the specificity of the scientific while also recognising the way it comes to exist in interaction with the social world, and alongside other modes of experience. Newton’s own religiosity and his flirting with alchemy are made clear right from the start. Whether reflecting on the Newtonian project itself, its social conditions of possibility and the way it has been articulated to such disciplines as psychoanalysis or sociology, or whether deploying certain Newtonian categories to make sense of particular social phenomena, all the chapters show an awareness of the enlightening scientific power of the paradigm. Yet they also show a critical sense of its limitations, whether these limitations are inherent in the Newtonian project, such as the tension between conceptions of absolute and relative space and time, or the limitations that arise from the limited transposability of certain analytical concepts from the natural to the social sciences.

			Part 1, ‘Newtonian science and its shadows’, offers the reader important perspectives on Newtonian science while also stressing the imperfections that haunt it, the social conditions of its emergence as a particular mode of thinking the universe and, finally, the other modes of experiencing the world that continue to shadow it. In chapter 1, Gerhard Wiesenfeldt begins with a useful and nuanced introduction to how and why Newtonian natural philosophy became the hallmark of modern scientific achievement from the publication of Principia Mathematica in 1687 to the early nineteenth century. He shows that while Newton’s laws of motion provided the humanities and social sciences with metaphors aimed at depicting the possibility of elegant, mathematical, all-encompassing, universal laws, it is important to note that the metaphors were often more all-encompassing than Newton’s laws themselves. He illustrates this with the study of friction, which undermined the Newtonian project to extend this rational order to all facets of nature and society. In so doing, he also shows how the Newtonian project did not extricate science entirely from the socio-theological.

			In chapter 2, Peter Otto explores Blake’s response to Newton, focusing in particular on two of his paintings: ‘Newton’ (1795) and ‘Albion rose’ (c. 1780). By troping space as an open-ended field composed of multiple interacting forces, treating forms as made rather than discovered by human cognitive activity, and rejecting ‘the convergence of thought and reality’, Blake provides an influential rereading of Newtonian ideas of space, movement and force, in ways that anticipate postmodern accounts of these terms. Blake’s reading delineates the Newtonian way of conceiving space as a particular posture towards the world: one among many, as it were.

			Tamara Kohn’s chapter 3 is a reflection on the bodily practices and the pedagogic discourses that are part of training in the martial art of aikido. It explores how attentiveness to physical properties of gravity, force and rotation, for example, are understood in relation to mystical properties of breath power (ki) and grace. She argues that such a combined understanding or ‘bodily faith’ emanates from repetitive practice that is often supported by a keen observance of movement in ‘nature’. Despite its apparent distance from Newton’s concerns, the chapter shows that creative mastery in both the sciences and the arts often combines a keen observation of the measurable physical world with reflections on the immeasurable spirit world. This combination is important to an understanding of Newton’s work itself.

			Part 2, ‘Social theory with and against Newton’, examines the way Newtonian science and its logic has left its trace on various social science traditions. It begins with Peter Beilharz’s chapter 4 in which Marx and Newton are connected by the idea of laws of motion. Beilharz’s essay uses the motifs of motion and locomotion to discuss the ideas of revolution, and particularly ‘revolution in permanence’, as hallmarks of modernity. It connects to some more recent ideas concerning mobility and the restlessness of the age. It also shows how certain ideas that emerge in both natural and physical science have a cultural presence in the very dynamic of society. Chapter 5 offers John Cash’s intriguing analysis of Freud’s crucial yet under-developed psychoanalytic concept of sublimation. Freud’s model of the mind, first outlined in his ‘Project for a Scientific Psychology’, drew heavily on a physicalist paradigm concerned with the circulation of energy that can be traced back to Newton’s profound influence. However, Freud’s ‘talking cure’ was concerned with meaning and significance, whether spoken or embodied as symptom. The essay argues that the tension within psychoanalysis between the physicalist or energetic model and the interpretative method is most marked with regard to processes of sublimation. This is because sublimation is understood to involve, uniquely, a process that is more of the realm of Newton’s alchemy than science, whereby there is no appreciable diminution in the force of desexualised psychic energy as it achieves expression in culturally valued forms and activities.

			In chapter 6, Ghassan Hage examines the influence of the Newtonian imaginary in the work of Pierre Bourdieu. Pierre Bourdieu’s sociology, like most good sociologies, aims to combine insights from both the positivist and anti-positivist traditions in the social sciences rather than create rigid polarities between them. For Bourdieu this is achieved through his conceptualisation of the notion of ‘practice’. This notion offers a creative and unique way of bringing together an interpretive phenomenological approach where the emphasis is on ‘lived experiences’ and a more ‘physicalist’ approach, which conceives of the social and of social agents in terms of motion and fields of forces. One of the categories through which Bourdieu achieves this fusion is that of ‘social gravity’. Hage’s chapter explains how Bourdieu conceives and deploys this Newton-inspired notion, and explores some of its analytical ramifications.

			Chapter 7 looks at the way the notion of space has evolved in social spatial theory in contradistinction to the Newtonian opposition between absolute and relative space. Building on insights from Doreen Massey, Nancy Fraser and Judith Butler, Ramaswami Harindranath examines how considering space as socially constituted, and as configured through intricate relations between individuals situated differentially in the geometry of power, enables a distinct multicultural politics of justice. The essay uses the opening sequence from the film Code Unknown (2000) to exemplify the relations of power that constitute the sociality of space which are manifest in everyday encounters between ‘bodies’ in social space, and are reproduced through institutional and individual reiteration.

			Finally, in chapter 8, Ian McDonald examines the usage of mathematics in behavioural economics. Does a mathematical description of human behaviour reduce humans to mechanical robots? Although such a conception of humans is often attributed to the neoclassical theorising of Paul Samuelson, McDonald’s chapter aims to show that this should not lead us to disqualify any attempt at using mathematics to account for subjectivity. The chapter discusses the concept of present bias, recently developed in behavioural economics, which describes how events planned for the future are ‘discounted’ in relation to events in the present. Present bias offers a mathematical model that explains behaviour that seems all too human, like reversing a previous decision to undertake an unpleasant task. McDonald shows how human subjectivity is not beyond mathematics, at least not entirely.

			Part 3, ‘Metaphoric deployments’, is mainly concerned with the analytical usage of Newtonian scientific metaphors and concepts to make sense of particular social phenomena. The first two chapters, however, are more focused on the very nature of scientific metaphors and are more directly reflexive about the social and political processes that are associated with their emergence and their usage.

			For those of us working in the social sciences the idea that Newton’s physics ‘provides us’ with metaphors fits with a widespread belief that such metaphors are always unidirectional. As already pointed out, Newtonian metaphors are generally considered to originate in the domain of physics and migrate to the social sciences. According to this logic, when the authentic scientific ‘thing’ enters the social science sphere, mathematical laws are transformed into metaphors with a quasi-poetic function. In chapter 9, Kristian Camilleri provides us with a valuable corrective to this uncritical belief. His chapter traces the evolution of a metaphor, which has its origins in the political thought of the seventeenth century: the individual-as-atom. Camilleri shows us how the meaning and function of the metaphor was transformed and adapted during the course of the twentieth century in relation to developments in atomic physics, the rise of Marxism and socialism, and shifting political and economic conditions. In so doing, he brings to light the way such a scientific metaphor, rather than having a unidirectional movement, actually served as a ‘space of reciprocity’ in a two-way exchange between political and scientific thought.

			In chapter 10, Warwick Anderson further complicates the relationship between science metaphors and the social by introducing a political dimension that was already implicit in Camilleri’s essay. The orientation of Anderson’s questioning is particularly pertinent in light of the controversy generated by the Sokal affair.5 Critically examining the use of metaphors, models and analogies from Newtonian mechanics in some of the contemporary theories of globalisation, he asks why such references appear unexceptionable, whereas invoking more recent scientific ideas in social theory elicits fear and loathing. In so doing he points to the fact that, far from being mere mental operations, scientific metaphors in the social sciences are the product of a long history and a politics that can naturalise and popularise the usage of some while problematising others.

			The chapters that follow Anderson show how enriching the deployment of scientific metaphors can be if one is careful not to use them as a straitjacketing analytical apparatus, remaining aware of their limitations and resisting the transformation of analogies into homologies.

			In chapter 11, Emma Kowal shows how thinking of the multi-billion dollar effort of the Australian Government to improve the health and social status of Indigenous people as a machine raises a number of ‘machinic’ questions that allow a number of analytical gains: what does the machine do, what does it run on, and who is driving it? The essay draws on a notion of postcolonial friction to explore ‘passive resistance’ and ‘burnout’, and argues that friction may be relieved only by reimagining the machine and the metaphor.

			In chapter 12 Christine Deftereos explores what she calls the gravitational force of the ideology of secularism in Indian political culture. She shows how the ideology of secularism functions as a force of attraction that organises and defines Indian political culture, political identities and ‘Indianness’ in specific ways. It is a force of attraction with complex historical, political, cultural and psychological dimensions that enters into the gravitational field of culture and reorganises cultural, psychic and social priorities. The chapter explores some of the complexities that the gravitational force of the ideology of secularism produces, at times resulting in an uneasy equilibrium.

			In chapter 13 Gillian G. Tan examines how the ongoing contestations to establish the hegemonic narrative of Tibet’s history rest on the shared assumption that a true narrative, or history’s motion, exists. She suggests that history’s motion is a continuing legacy of Newton’s concepts of absolute time and space, even while the current disputes over Tibet’s history point to the limitations of these concepts in practice.

			Finally, in chapter 14, Violeta Schubert examines how what she calls the ‘everyday’ Newtonian imaginary in the case of Macedonians works differently from classical Newtonian physics. Engagement with more powerful societies of Europe and the Balkans and the ongoing denial of legitimacy to assertions of a ‘Macedonian’ identity has provided the impetus for cementing a ‘distinct’ identity. In a determination to prove the integrity of their beliefs or attachments, and to refute denials by others, fixity or locking in of the self as inherently Macedonian is solidified.

			We hope that readers will find the experience of reading these works as enriching as the experience of writing them. If nothing else the chapters, in their variety, show the continued productive importance of the Newtonian legacy in the humanities and social sciences today.

			Note

			1 Dobbs, The Janus Faces of Genius, p. 254.

			2 Comte, Outlines of Sociology, p. 7.

			3 Quetelet’s method for measuring body mass devised in 1832, originally called the Quetelet Index and later changed to the Body Mass Index (BMI), is still the dominant method of measuring ideal weight and obesity among the population.

			4 The social science discipline of science studies has been central to this general reappraisal of science in society. For example, Kuhn, The Structure of Scientific Revolutions; Latour, Science in Action.

			5 Alan Sokal was a physicist at New York University who submitted an article to the cultural studies journal Social Text in 1996 in which he argued that quantum gravity is a social construction. After the article was published Sokal revealed it was a hoax he perpetrated to illustrate the lack of rigour and ideological bias of the social sciences.
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			Newton’s laws, Laplace’s dream and Clausewitz’ nightmare

			On friction

			Gerhard Wiesenfeldt

			For many Enlightenment philosophers Newton’s laws of motion represented more than an accurate description of mechanical movements or even a paradigm for other physical sciences. For the Comte de Buffon it was ‘the most beautiful and most happy application [of mathematics to physics] ever made’,1 while Jean d’Alembert saw it as the outcome of ‘invention and use of a new method of philosophising’, which had brought forward a ‘vibrant fermentation within the minds. Acting through its nature in every direction, this fermentation directs itself against everything in its way with the force of a river that burst its dams.’2 Isaac Newton had become the man who ‘gave philosophy a form which it apparently is to keep’.3 Epitomised as the solution to the millennium-old problem of explaining the erratic motion of planets, this new form of philosophising could prove the rational order of the world. For the Marquis de Condorcet, mechanics was ‘formed as the result of two necessary [kinds of] laws’—one kind being the ‘necessary consequences of our idea of matter’, the other the ‘effect of the free will of an intelligent Being that had willed the world to be as it is rather than in any other ways’.4 Studying the world had become identical to understanding rational order as a precondition to the perfectibility of man.5

			This chapter traces the path by which Newtonian natural philosophy had become the hallmark of modern scientific achievement. Newton’s laws were not only an epistemological success, they also pleased the aesthetic mind of eighteenth-century philosophers. The elegance with which the three laws of motion and the law of universal gravitation expressed the true structure of the universe seemed unsurpassable. Newtonian science therefore united the quest for the knowledge of nature, the rational belief in a perfect God and the moral imperative for self-education. The subsequent task of science was to extend that model to analyse other realms of nature and society, overcoming prejudices, superstition as well as technical and conceptual obstacles. This would enable the creation of a rational society, in which human suffering and immorality would be brought to a minimum in the same way as the economic system would be rationalised, thus maximising efficiency and diminishing wastage.

			The physical equivalent of wastage was friction—the forces of surrounding media and contiguous objects on bodies counteracting their movement. Friction resisted the attempts to classify it as a pseudo-force that could be explained as an appearance of Newtonian forces acting on a microscopic level. It turned out to be an agent that produced its own manifest effects, but it also remained essentially incalculable beyond certain limits. In the interpretation of the French physicist Pierre-Simon de Laplace, Newton’s laws provided the model to understand the world—in nature and in society—by means of quantitative data, brought into order through a series of mathe- matical regularities. If no exact regularities could be provided, probability theory would at least enable us to calculate the measure of our ignorance; even imperfectly understood events were subject to computability. However, friction subverted that dream of a well-ordered universe. Science could not provide a view of the world that would offer predictability and certainty in light of the apparent chaos.

			Newton’s laws and the perception of order

			This image of Newton and his laws as hallmarks of rationalism was quite different from Newton’s own interpretation of his natural philosophy, in particular his understanding of laws of nature. When he wrote Principia Mathematica the concept of ‘laws of nature’ was commonly used, yet hardly well defined.6 Much of Newton’s conceptual work in the Principia consisted in refining different forms of regularities in the study of natural phenomena. He was conscious of the epistemological problems of any inductive process that attempted to infer general propositions from empirical findings, since there was no principal reason why any future observations should follow the induced propositions. No matter how often an observation was made (such as the morning sunrise) and how certain we were that we would be able to repeat that observation in the future, propositions derived in that way were not necessarily true. According to Newton, such a proposition could thus only have preliminary validity. It was part of probabilistic reasoning—to ‘be considered either exactly or very nearly true notwithstanding any contrary hypotheses, until yet other phenomena make such propositions either more exact or liable to exceptions’.7

			While Newton frequently referred to such propositions as ‘laws’ or even ‘laws of nature’, he distinguished between different concepts of laws in the analytic process, in which one was to proceed ‘from Effects to their Causes, and from particular Causes to more general ones, till the Argument end in the most general’.8 The development of general propositions—or laws as mathematically formulated relations discovered in experiments and observations—thus would be only one step in the process of physical reasoning. Only if one was able to produce ‘the most general’ inferences—such as in the law of universal gravitation or in the law of refraction—one would establish laws of nature that could be considered true. Newton was thus able to interpret general propositions derived from phenomena without committing himself to a realist epistemology. Instead many of the observed forces could only be the result of a particular observational frame of reference.

			It was in this context that Newton discussed phenomena relating to friction, which he termed ‘resistance’, the deceleration of moving bodies due to contact with objects surrounding them.9 While he devoted Book 2 of the Principia entirely to the discussion of these forces and produced a number of general propositions, Newton’s aim was to calculate friction and other resisting forces, in order to be able to abstract to general laws of motion that would occur in the absence of resistance.10 Friction thus became something that needed to be calculated and minimised in any experimental demonstration of Newtonian natural philosophy,11 but could otherwise be ignored. While such forces would ultimately need a causal explanation, such an endeavour would be a minor part of the Newtonian research program. This program was principally concerned with finding the most general principles in nature—such as his three ‘Axioms, or Laws of Motion’ (which he consistently capitalised to distinguish them from the less general laws). Any explanation of friction would then be subordinate to these principles.

			Ultimately, Newton’s concept of laws of nature reflected his voluntarist theology, according to which God could always intervene whenever He wanted. Newton’s God—the ‘Pantocrator’—could not only design laws at will but also ‘vary the Laws of Nature, and make Worlds of several Parts of the Universe’.12 Sometimes this was even necessary, as from time to time ‘the [planetary] System wants a Reformation’.13 The regularity that is found in nature was a direct reflection of God’s omnipresence, which—as Newton points out—produces no friction,14 but provides ‘the creating, preserving, and governing of all things according to his good will and pleasure’.15 Yet this regularity is not absolute. Instead, Laws of Nature are ‘the foundation and cause of the whole of nature, except where it is good to act otherwise’.16 God could always override His Laws.

			Newton rationalised

			The way Newton had conceptualised laws of nature as subject to an omnipresent and interventionist God met with substantial criticism from other eighteenth-century natural philosophers, not the least because of its theological implications. Those who did not share Newton’s voluntarist belief—the majority of natural philosophers outside England—tended to demand stronger criteria for universal laws of nature than accordance with the observed phenomena. Gottfried Wilhelm Leibniz stated: ‘It is not sufficient to say: God has made such a law of Nature, therefore the thing is natural. It is necessary that the law should be capable of being fulfilled by the nature of created things. The laws of nature are not so arbitrary and so indifferent as many people imagine.’17 For Leibniz it was not permissible to induce laws from phenomena without a proper understanding of the causes behind the appearances; natural laws had to reflect the nature of the things they regulated. Nature was an inherently rational Creation. Therefore, it was not sufficient to show the existence of simple, general laws of nature and ‘simply to refer this back to a command of God’. It was also necessary to show their purpose in a rational world, ‘an appraisal of the laws of nature and of motion that is true and in harmony with things’.18 The nature of a perfect God demanded a perfect nature that did not require divine intervention or a variation in its laws.19

			In consequence, Leibniz rejected Newton’s approach to natural philosophy. While many subsequent natural philosophers shared Leibniz’ methodology, they did not agree that Newton’s laws needed to be rejected. Buffon’s assessment of Newtonian mechanics as ‘the most beautiful […] application of mathematics to physics’ reversed Leibniz’ aesthetic judgement that Newton’s application was not ‘in harmony with things’.20 This reversal was not so much the consequence of a change in philosophers’ tastes, but rather the result of a fundamental reinterpretation of Newtonian physics. In particular, natural philosophers had striven to find ways to prove that the Laws of Motion and the law of universal gravitation were by no means arbitrary, but reflected a rational order to be found in nature.21 They had their foundation in the principle of perfection and order; they are ‘an effect of the choice and the wisdom of God’.22 The choice of Leibniz’ God was a far cry from the free will of Newton’s God. Leibniz’ God could do no other than create a world of perfection and order.

			Newton’s Laws of Motion were unacceptable to many natural philosophers in the early eighteenth century—or, at least, Newton’s interpretation of his Laws was unacceptable. That was the approach taken by Pierre de Maupertuis and Leonhard Euler in an attempt to develop rational principles of Newtonian mechanics during the 1740s. Maupertuis argued that the fundamental laws of mechanics were in fact the ‘principle of rest’ and the ‘principle of least action’.23 While the former was concerned with the stability of static arrangements, the latter stated that ‘in any change in nature, the quantity of action [i.e. the product of mass of the bodies involved, their velocity and the space they traversed] necessary for these changes was the least possible’.24 In Maupertuis’ interpretation mechanics had turned into the proof that the motion would happen in the most economic and therefore rational order of nature possible.25 Leonhard Euler reworked both principles to show that they were in ‘harmony’ with each other and could be used as an alternative foundation of mechanics, while being mathematically equivalent with Newton’s Laws of Motion.26 Friction was still part of this world, but regarded as a phenomenon that would soon be brought in line as a microscopic force that for the time being only needed to be calculated. Nonetheless, the world could finally become a Newtonian place. His Laws were now established to be simple, rational, true and beautiful.

			Laplace’s dream: Deterministic laws and the imperfect human mind

			Not all eighteenth-century natural philosophers accepted the principles of simplicity and rationality in laws of nature. The French astronomer Alexis Clairaut argued that there was a distinction between nature as reality and laws of nature as its representation through human understanding. As representation of reality, laws of nature only needed to be supported by the observed facts, even if the laws derived this way would have a very complex form.27 While this was taking Newton’s line of moving from, possibly complex, general propositions to simple fundamental principles, Clairaut effectively moved Newton’s fundamental Laws of Nature outside the realm of scientific practice. ‘Nature is doubtless simple for someone who views her through one look of the eye and through the true relations of things, but to us it can appear composite as we know her only through isolated facts.’28 Newton’s—God-made—Laws had turned into a utopian ideal, unattainable to human understanding. Human made laws of nature were imperfect and always based on probabilistic reasoning.

			However, probabilistic reasoning in itself came under scrutiny as the mathematical theory of probabilities had produced perplexing problems. The theory aimed at providing an account of a ‘reasonable bet’; that is, a wager that would provide an even balance between the probability of an event and possible win (or loss) in the case that the event happens. Here, the St Petersburg game, proposed as a mathematical problem by Nicholas Bernoulli in 1713, produced results that seemed to contradict common sense in the most blatant manner.29 The game itself is simple: a gambling house offers a player a coin-toss game. If heads come up, the player receives one ducat and the game is over; if tails come up the game continues to a second round, in which the player would receive two ducats for heads. Another event of tails would produce a third round, in which the player would receive four ducats for heads, while tails give another round, and so on. So, the more often the event ‘tail’ happens in a row, the higher the win will be for the player. The problem with this game is that the win expectation for the player according to the probability theory is infinite, as it is not impossible to have an arbitrarily high number of coin tosses all ending with tails up. Accordingly a ‘reasonable bet’ for such a game would be an infinite amount of money. However, Bernoulli had pointed out, no reasonable man would wager more than a limited amount of money for such a game.

			It seemed that probability theory was either wrong—although nobody was able to find an error in the theory, or mathematics could produce deeply irrational results. The latter possibility deeply troubled mathematicians and philosophers alike, because it cast doubt on the ability of any mathematical theory to describe a rational order in the world. The Newtonian methodology fundamentally relied on this to be the case. If mathematics in itself might contain irrational elements, any application of mathematics to physics needed to be questioned. Furthermore, if probability turned out to be a subject that could not be mastered by mathematics, it seemed difficult to justify probabilistic epistemologies.

			Pierre-Simon de Laplace resolved the problem by extending Clairaut’s argument to probability theory itself. Probability was not about mathematics but about human knowledge. In reality a coin toss is following deterministic laws. The fact that we interpret the event as a game of chance is merely a consequence of our limited perception:

			First of all, it is important to determine the meaning of the words chance and probability. We regard something as an effect of chance, if there is nothing in our eyes that is regular or points to a purpose, and in which we otherwise ignore the causes that produce it. Chance has nothing to do with reality itself; it is nothing but a concept to denote our ignorance of the manner in which the different parts of a phenomenon relate to each other and to the rest of nature. The concept of probability expresses that ignorance.30

			This interpretation of probability seemed to solve all problems. The St Petersburg game was not a real problem because any game of chance depended merely on our limited perception of the deterministic reality. Laplace could maintain that all laws of nature would follow from Leibniz’ ‘principle of perfection and order’, while any human understanding of these laws had to be probabilistic. The world was deterministic to ‘an intelligence that, at a given instant, could comprehend all the forces by which nature is animated’.31 Unfortunately, the human mind had only a ‘feeble likeness to this intelligence’, although Laplace pointed out that it had been able to comprehend at least the planetary system accordingly. The model science he referred to here was his exhaustive Méchanique céleste (1799–1825), in which he was able to calculate the motion within the planetary system and its stability according to Newton’s laws of motion, but without recourse to divine intervention. By applying the same methods—mathematical reasoning based on the theory of probabilities—to other fields of knowledge, one could ‘lead the [human] mind towards the [omniscient] intelligence’, an enterprise that ‘constitutes the real glory [of the human race]’.32

			Nature sometimes appeared to us at random (such as in the St Petersburg game), but mathematical reasoning could establish the ultimate truth of constant regular causes. While the application of this reasoning was central to the study of nature, Laplace regarded its central role in the field of moral sciences, from political decision making to the determination of truth in the judicial system and the calculation of causes for crimes in past, present and future.33 The new mathematical discipline of statistics would provide hitherto unthinkable knowledge of human behaviour. Laplace’s deterministic worldview—embedded between the social mathematics of Condorcet and the social physics of Quetelet at the onset of modern social sciences—was not so much a fatalistic description of a world devoid of human agency as a utopian vision of a stable, perfect society, achieved through the use of statistical methods in the social sciences.

			With the Laplacian epistemology the study of friction gained a new significance. One of Laplace’s closest collaborators, the physicist and military engineer Charles-Augustin de Coulomb, argued that many ‘isolated facts’ needed to be considered and analysed mathematically—from the use of lubricants to different kinds of motion and circumstances like temperature and humidity—in order to understand frictional processes, which were interpreted as the result of molecular forces at the surfaces of the contacting substances.34 Ultimately, the Laplacian research program would develop an understanding of friction as a product of simple forces, just as it had understood planetary motion in terms of Newton’s inverse square law of universal gravitation and electrical phenomena in terms of the analogous inverse square law of electrostatics that Coulomb had found in 1785.35

			Clausewitz’ nightmare: Rumford’s heat and the reality of friction

			Yet, even before Laplace had formulated his vision, a new physical theory began to cast doubt on the extent to which physical processes could be understood in entirely deterministic terms. Ironically, this new theory arose in the area that Laplace had chosen as the field in which he would develop a new model theory that would show the benefits of precise measurement and rigorous mathematical treatment: the study of heat. Most eighteenth-century natural philosophers had discussed heat as a phenomenon that involved a subtle material substance, although the precise nature and function of this substance remained contested, particularly in its relation to and possible identification with other forms of subtle matter such as light or phlogiston.36 In this context, Laplace and the chemist Antoine de Lavoisier had developed the theory of the caloric.37 Guided by minute temperature measurements, they wanted to show that heat was produced by a material substance: ‘the caloric’. An exchange of heat was not a combustion process (although it often coincided with one) but a flow of caloric from a warmer to a cooler body.

			Against such a material interpretation of heat, the British American physicist Count Rumford argued that heat instead was chaotic motion of normal particles produced by friction.38 While supervising the manufacture of cannons in the Bavarian arsenal, Rumford had observed that the amount of heat produced in these processes surpassed the amount that could be attributed to an exchange of material substances. Moreover, ‘the source of the Heat generated by friction, in these experiments, appeared evidently to be inexhaustible’.39 Hence, heat was not a substance, but had to be a form of motion.

			While this result in itself could be reconciled with the Laplacian worldview, it nonetheless produced serious challenges to a deterministic epistemology, as it implied a principal difficulty in understanding the relation between the unknown microstructure of matter and manifest macro-phenomena. In Laplacian terms, heat appeared to be something that did not exist as a ‘real’ entity but as the result of our lack of perception of the motion of small particles. It was one thing to declare that the phenomenon of chance perceived in a coin toss was the result of our lack of understanding; to do the same for the phenomena of heat would be preposterous for a science based on sensory experience. After all, heat was one of the immediate experiences and had always been considered to be one of the basic qualities in physical nature. Once more, chaotic Nature had slipped from the control of the rational theory of probabilities. Friction had turned from a mathematical description of processes too complex for our understanding to an essential quality of nature, vital for many processes to exist. While Coulomb’s study of friction still had been related to problems of minimising friction in naval architecture,40 engineers now realised that friction would be a necessary element of any machine, as both a surplus and a lack of friction would prevent the correct working of machines. Their task changed from reducing friction to balancing friction in a dynamic world in order to optimise the efficiency of their machines. Nature remained a machine, yet it had turned from a giant, smoothly running clockwork mechanism into a powerful and perennially imperfect steam engine.41 Laplace’s vision of a stable order faded alongside the imponderable nature of chaotic motion.

			Laplace’s dream of a probabilistic theory that would approach human understanding of the deterministic reality of the Newtonian world was no longer a utopian vision associated with a well-formulated research program. Rather, it had become a mere theoretical fantasy, irreconcilable with the real world. Whereas the ideal world may be Newtonian and deterministic, any phenomenon engineers would encounter in practice needed to be understood in terms of friction. This distinction found a particularly clear expression in the work of the Prussian general Carl von Clausewitz. Famous as the chief theoretician of warfare, Clausewitz used the principle of friction to distinguish real war from the mechanical, Newtonian world in his treatise Vom Kriege [On War]:

			Everything is very simple in war, but the simplest thing is difficult. These difficulties accumulate and produce a friction, which nobody can properly imagine that has not seen the war. […] Friction is the only concept, which generally corresponds to that thing that distinguishes real war from war on paper. The military machine, the army and everything belonging to it, is in principle very simple and thus appears easy to manage. But we have to keep in mind that none of its parts is made out of one piece, that everything is composed of individuals, each of which maintains its own friction in all directions. […] This horrible friction, which cannot be concentrated in a few points as it is done in mechanics, is therefore everywhere in contact with chance, and then produces phenomena which cannot be calculated, precisely because they to a large extent belong to chance. […] Knowledge of this friction is a large part of the famous proficiency of warfare, which is required of a good general.42

			The mechanistic image of Newton and the persistence of friction

			Clausewitz’ treatise seems to be dealing with matters that we consider remote from science. Yet, in the context of the early nineteenth century, his work is at the heart of physical science.43 Rumford and Coulomb were military engineers, and Laplace had educated army officers before taking over various political and administrative offices in the Napoleonic Empire. They were part of a group that may well be called the first modern physicists and which replaced the natural philosopher of the eighteenth century. As such they combined mathematical skills, philosophical understanding and a knowledge of practical affairs in the world.44 The boundary that Clausewitz draws is thus not one between science and the military, but one between philosophical (or scientific) theory and practical engineering. Natural philosophers might talk about rational order, but engineering the world needed a different approach, that involved accepting the irrational as real.

			Friction did not end Laplace’s determinism. Determinism lived on quite happily throughout the nineteenth century and possibly until today. Yet its character had changed. It was no longer a specific utopian vision of how science could approach an objective existence that could improve society. It had turned to a metaphysical idea about reality, unrelated to the daily activity of scientists—natural and social. Their work turned out to be about entities that could not be captured in terms of perfection, order and determinism. The theory of heat was taken over by thermodynamics, expounded by another military engineer—Sadi Carnot—as a mathematical analysis of steam engines that proved the necessary imperfection of any machine. Clausewitz may have been one of the earliest thinkers to perceive the insurmountable gulf between rational order and the real world in clear and distinct terms. His horror turned out to be one of the many rêveries allemandes that came to haunt Laplacian physicists in the first quarter of the nineteenth century. While Laplace had every reason to believe that his idea of physics was a well-grounded, secular version of the Newtonian world view, his utopian vision dwindled away in warfare, engineering, physics and ultimately in philosophy.
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