
Chapter Two

The Foundations of Mathematical Physics
The development of intellectual disciplines is never independent of the social systems out of which they emerge, which nurture them, form them, and which fix the ends they serve. This does not mean that the arts, the sciences, and philosophy, are ever merely ideological in the sense of articulating and reinforcing particular social interests. On the contrary, in order to be credible in the first place they have to hold their own as forms of knowledge, and while a very powerful case can be made that some social locations provide a better vantage point for the intellect than others, no location is so deprived as to render those who occupy it wholly incapable of seeing as least a small part of the Truth. Still, if we are to evaluate the claims of an intellectual discipline accurately then we need to take into account its social context. In what ways do the structure of the society in which it emerges spontaneously shape the way people see the world? And what interests --conscious or unconscious-- might be at stake in the way questions are posed and the way in which they are answered? What are the real ends served by the discipline and how does this ordering affect its capacity for the Truth?

We have shown that Aristotelian physics, whatever else it may have been (and we have given a very favorable judgment on it as science) played an integral role in a fundamentally political project: the struggle against the progressive marketization of human society which began with the development of specialized agriculture on the Hellenic peninsula and which gradually spread throughout the entire Mediterranean basin until it came to dominate the whole organization of the Hellenistic and Roman social order. By showing that the universe is indeed ordered to a first principle infinite, necessary, and perfect, and thus divine, Aristotelian physics provided the necessary foundation for metaphysics which in turn regrounded ethics and provided criteria in the light of which the market order could be judged and found wanting. The resulting philosophical tradition, which we have called dialectical, then merged with the prophetic religions which had developed out of the struggle of the peasantry against the tributary order which had been dominant since at least the discovery of metal technology. The new order which emerged from this synthesis, while it fell far short of the aims of prophet and dialectician alike, represented a significant advance over both the slave-driven petty commodity order of the Greek and Roman metropoles and the older tributary states of the interior, both of which converted most the surplus extracted from the productive classes to warfare and luxury consumption. The Islamic empires and the feudal domains of Europe were, by comparison, characterized by lower rates of exploitation and a greater capacity to allocate resources to activities which promoted the development of human capacities. To the extent that Aristotelian physics failed as science --i.e. in its inability to develop a unified theory of motion which comprehended the teleological ordering of chaos, contradiction, and decay, as well as of growth and development, it also bore the marks of a specifically ideological deformation -–specifically the marks of a profound compromise with patriarchy and with the old warrior aristocracy with which it allied itself in the struggle against the market order. We have also shown more briefly that comparable dynamics characters the development of science in India and China.
The new physics which grew up over the course of the later Middle Ages, and which became dominant as a result of the “scientific revolution” of the seventeenth century is, similarly, a political movement as much as it is scientific. Specifically, we will argue that mathematical physics and the intellectual disciplines which grow out of it (including not only most chemistry, but also much of the biological and social sciences, especially classical political economy), are shaped by and/or contribute to capitalism and the market order in three distinct ways. First, mathematical physics, which is itself more properly understood as  rather than  i.e. as mathematical model making than as explanatory-deductive science-- is integral to the technologies on which capitalism is founded and develops along side them. It is, to this extent, the organic ideology of the master craftsman (Prigogine 1984) and later the engineer who claims to have unlocked the secrets of Nature (Eamon 1994) and put Her at the service of humanity. At the same time, mathematical physics represents an emancipation of  from the higher disciplines to which it had previously been ordered, something which, as we will see, leads to profound deformations. Second, however, mathematical physics is the spontaneous ideology of the market order itself, which appears to its participants as a system of quantities (prices) or of only externally related atoms (individuals, commodities) and who thus begin to think of the universe as a whole in much the same way, so that there appears to be no global purpose to which either cosmos or society are ordered. To this extent the unlocking of the secrets of nature also turns out to be a disenchantment of nature, so that having found his prize, the wizard’s charms are at long last spent and Nature, having been rendered compliant to our will all at once loses the charm which lured us to court Her in the first place. Third, precisely because it describes the universe without recourse to a  which it regards as unnecessary and uneconomical, mathematical physics becomes part of the bourgeoisie’s polemic against metaphysics and the via dialectica and its effort to ideologically disarm the working classes by undermining the foundations of moral discourse and leaving any possible critique of the market order radically ungrounded. These “ideological” dynamics, which govern the whole development of mathematical physics, do not mean that the discipline is incapable of truth. On the contrary, properly understood as rigorous descriptions of the local motion of physical systems the formalisms of mathematical physics can be quite useful. But recognition of the ideological function of mathematical physics allows us to dispel its charms and free us from its mystifications, so that we may once again engage the fundamental questions of meaning and value which it claimed to have settled once and for all. 

The Social Basis of Mathematical Physics
Our first step must be to specify precisely the nature of the social structure of which are claiming mathematical physics is at once a reflex and an ideological agent. It is important in this regard to distinguish clearly between capitalism and the “petty commodity” societies of the ancient Mediterranean or the Middle Ages.
 This distinction can be made either at the level of the productive forces (i.e. the level of technological development) or at the level of the relations of production (i.e. the structures which centralize and allocate resources for production). As we will see, change at these two levels, while it does not move in lockstep, is closely correlated. Petty commodity societies presuppose the development of specialized agriculture and/or a highly sophisticated handicrafts production. This is for the simple reason that if there is to be trade there must be something worth trading, and if trade is to be more than a side-line for subsistence producers (large or small), then production must have become sufficiently specialized that many producers produce only or at least primarily for the market. In this sense specialized agriculture and crafts production go hand in hand with the sort of advanced social division of labor which makes the market possible, and which, in the absence of some conscious intervention which organizes production differently, also makes it almost inevitable. Initially, however, the process of marketization itself is driven primarily by the presence within the economic system of large-scale, nonmarket surplus extraction, generally by tributary states, which generate a market for the agricultural or crafts specialties. The resulting specialization in turn creates a further impetus to marketization, as specialized producers must purchase on the market the subsistence goods which they are no longer producing for themselves.

The earliest stage of capitalist development –what is generally called mercantilism— differs from petty commodity production primarily in that the marketplace itself begins to take the place of demand on the part of nonmarket producers as the principle economic regulator. The underlying technology –specialized agriculture and advanced handicrafts—remains the same, though there may be some significant extension of this technology. Thus French wine technology in the eighteenth century of the common era was far superior to Greek wine technology in the fifth century before the common era, but both are properly classed as specialized agricultural technologies. The clock, which represents in many ways the supreme achievement of medieval urban craftsmanship, opened up powerful new possibilities both for science and for the organization of production and social life generally, but it is still a product of handicrafts and not a properly industrial technology. What differs in mercantilism is that specialization has reached a certain critical mass so that forces of supply and demand begin to operate and direct the allocation of resources in a way which may still be influenced by state policies -–taxation, public works, etc., but which is not wholly determined by it. Whether or not this stage was reached in the ancient world, for example at the economic height of the Roman Empire, remains an open question. It was the European conquest of Asia, Africa, and the Americas, with the resulting expansion of plantation agriculture, slavery, and trade which made mercantilism a reality in Europe by the seventeenth century at the latest.

In mercantilist, as in petty commodity societies, goods and services but not labor or capital have become commodities.

The further development of capitalism, however, depends on specifically industrial production processes. By industry we mean, on the one hand, the development of energy sources based on the decomposition of more complex forms of matter --combustion, fission, etc.—and, on the other hand a technical division of labor which subdivides the production process into minute tasks which can then be constantly organized and reorganized in order to increase efficiencies. This, in turn, involves the dispossession of producers who are increasingly separated from their skill and their tools, and who are forced to sell raw, unskilled labor power in order to survive. The result is the industrial capitalism analyzed so powerfully by Marx in which not only goods and services, but also labor-power itself has become a commodity subject to allocation by the forces of supply and demand. We should note that even very substantial progress in, for example, the nature of the underlying energy sources used by the system (from steam to electricity and internal combustion to nuclear power) does not fundamentally alter the overall economic structure. 

Industrial capitalism, however, is still not complete capitalism. For this it is necessary for capital itself to become a commodity. Partly this is the result of economic processes: the gradual concentration of capital and the formation of a new stratum of rentiers on whom industrial entrepreneurs and managers are effectively dependent. But it also depends in significant measure on the development of technologies which allow rapid reallocation of capital from one activity to the next. The vastly improved transportation and communication networks which began to develop in the nineteenth century with the growth or the railroads and the telegraph and which continued in the first half of the twentieth century with the automobile, the airplane, the telephone, and the radio made possible some tentative progress in this direction, and had Lenin convinced that the imperialism or “finance capitalism” of his period represented the highest stage of capitalism. In reality, however, this finance capitalism was still radically incomplete and had to await the development of new electronic information technologies in the wake of the Second World War. The result is a pull towards a system in which all shares of all enterprises are publicly traded in perfectly competitive capital markets in which each investment is constantly and instantaneously re-evaluated against all other possible options and capital is constantly and instantaneously re-allocated to those options which promise the highest rate of return. This stage we call infokatallaxis. There are fundamental physical barriers to its complete realization
 but it nonetheless represents the ideal of neoliberalism and the principal aim of most public policy at the end of the second millennium of the common era. 

While capitalism is first and foremost an economic system, it is nonetheless has very definite political and ideological requirements –requirements which, however, change over the course of its development. We have already noted that the commodification of labor presupposes the dispossession of the laborer and the entrepreneur. No one who can work for himself or herself will willingly labor for another. Historically this has meant first the enclosure of common lands and the eviction of peasant producers, then the ruination of small craftsmen and artisans by competition from large industrial establishments employing ex-peasant labor, and the gradual proletarianization of the intelligentsia, understood broadly to include all those who earn their living from skilled labor based on mastery of the liberal arts, sciences, philosophy, and/or theology. In some cases this stage of proletarianization takes the form of a transformation into wage laborers of what were formerly independent professionals with a small capital in their skills –e.g. physicians, attorneys, architects, etc. In other cases it takes the form of a progressive subordination to market norms of the incomes and conditions of labor of salaried teachers, researchers, and officials whose position had formerly been protected by guild regulations and a customary respect for their social functions. In the final years of the twentieth century, however, it has become clear that in fact proletarianization extends ultimately to the figure who was, at one time, regarded as the paragon of capitalism and still figures centrally in capitalist mythology: the entrepreneur. As production becomes ever more capital intensive, so that the start-up capital in technologically advanced sectors vastly exceeds the savings potential of a journeyman engineer or manager, and capital itself becomes a commodity, the entrepreneur is reduced to the status of an agent of his investors, who must be assured that they are getting the highest possible return on their investments. The development of capitalism also presupposes the construction of unified markets sufficiently large to support the development of industry, and thus the dispossession of all sorts of local authorities which had previously been involved in economic regulation: village communities, guilds, municipalities, feudal entities, and eventually the nation state itself. 

This dynamic of dispossession, economic and political, requires the development of a powerful and sophisticated repressive apparatus. So long as the principal target remains peasants, artisans, and the weaker strata of the intelligentsia, and so long as the development of industry requires markets unified only on a national scale, this repressive apparatus takes the form of the nation-state. During the stage of primitive accumulation in particular this state may retain significant pre-capitalist features, as in the case of the absolutist monarchies of the sixteenth through the eighteenth centuries (Anderson 1974b) or the military regimes which guaranteed primitive accumulation in Asia, Africa, and Latin America up through most of the twentieth century. 

Two factors, however, have historically tempered this trend towards absolutism. First, capitalism by its very nature creates plural centers of wealth and power, each of which has its own unique portfolio of interests which may differ very significantly from each other. Adjudication of these differences requires the development of some format of representation where the interests of the various sectors of capital can be thrashed out and compromises reached which are compatible both with the balance of power among the various interests and with the overall economic stability of the whole system. In the long run, therefore, capitalism is incompatible with any sort of political system which invests power in one single individual, family or organization (e.g. the military, a political party, etc.). Second, in its struggle against the tributary landed elites which it displaced, the rising bourgeoisie needed allies, which it could only find among the very peasantry, artisanate, and intelligentsia which it was in the process of dispossessing. And the negotiation of an alliance, even among unequal partners, requires the creation of institutional contexts in which the terms of the alliance can be negotiated. As a result of these two dynamics, the period of the development of capitalism, and especially of industrial capitalism, is also the period of the democratic revolutions
 Within each national process of capitalist development the specifically bourgeois form of democracy --essentially, as Marx put it, an executive committee representing various sectors of the ruling class--, has vied with the revolutionary and popular democratic forms of the peasant, the artisan, and the intellectual
 and in each case a different settlement has been reached, which can be understood only in the context of the specific national history in question. Generally speaking the North American and English model reflects the relatively greater weight of the bourgeoisie, which either (in the North American case) had no feudal landed elite to vanquish or (in the English case) was able to do so without much aid from the people, by actually transforming this elite into a fraction of the bourgeoisie, while the Latin model reflects the a much stronger popular-democratic tradition which at times has even vied for hegemony. 

The growing strength of the popular classes within even the highly imperfect democratic regimes of the advanced capitalist countries constitutes a constraint on the unrestricted operation of market forces, as does, ultimately, the nation-state itself. In its most advanced, infokatallactic stage, therefore, capital increasingly attempts to weaken state structures generally and democratic formats of representation in particular. Partly this happens spontaneously as a result of technological advances which permit the formation of an authentic global market, and thus the reallocation of resources in a way which evades democratically sanctioned restrictions on the operation of market forces. But this spontaneous process is supplemented by the creation of new international bodies such as the International Monetary Fund and the World Bank which apply pressure to vulnerable economic actors so that they act in accord with the interests of capital, and by the transformation of one state structure, that of the United States, into a global hegemon which provides political-military support for capital

At the ideological level, the most marked requirement of capitalism is, as we have already suggested, the emancipation of the market from all moral constraints which might interfere with the free operation of market forces and the allocation of resources to those activities which promise the highest rate of return. Capitalism, in other words, requires agnosticism regarding questions of ultimate meaning and value. Thus, as we showed in the last chapter, the emergence of petty commodity production in Ancient Greece was accompanied by the development of a variety of skeptical doctrines, rationalistic or atomistic in origin, which undermined traditional religious norms in terms of which the market allocation of resources might have been contested. And the resistance to petty commodity production was led first and foremost by a group of philosophers who focused their attention on the task of regrounding a substantive doctrine of the Good, and of a physics and a metaphysics which could sustain such a doctrine. That metaphysics, precisely because it was adapted to the task of answering both the spontaneous skepticism generated by the market order and the conscious polemics of its defenders became the principal obstacle to the ideological legitimation of capitalism, and the principal target of the ideological struggle of the bourgeoisies. 

It is necessary, however, to distinguish two distinct tactics within the larger ideological strategy of the bourgeoisie. Here Georg Lukacs’ The Destruction of Reason (Lukacs 1953/1980) is especially helpful. According the Lukacs the bourgeoisie, during the period of its rise, when it could still present itself as a force for progress vis-à-vis the old feudal classes, employed a direct apologetic, arguing that capitalism is, in fact, a force for the development of human capacities. After about 1848, however, the developing contradictions of capitalism and the emergence of the workers movement puts the bourgeoisie on the defensive. It became increasingly difficult to legitimate capitalism as a force for social progress, which was being constrained both by ever deeper economic crises and by bourgeois resistance to the economic and political demands of the working class. The result was the elaboration of an "indirect apologetic," which argued not so much that capitalism was just as that a just society is impossible --and that socialism was therefore an empty dream. By the end of the century, this indirect apologetic had taken on the additional task of legitimating imperialist war and expansion --something deeply in conflict with the ideals of the democratic revolutions, but also the only way a capitalist society could resolve its internal contradictions (Lukacs 1953/1980). The direct apologetic presented bourgeois skepticism and agnosticism as an emancipation from a metaphysics which ultimately legitimated the authority of a clerical hierarchy which was hostile to progress and innovation. The indirect polemic, on the other hand, mounted a rather more subtle attack, claiming sometimes that metaphysics is an obstacle to authentic spirituality (Kierkegaard 1840/1941) and sometimes that it is merely a cover for our underlying "will to power (Nietzsche 1889/1968)" --and sometimes both (Heidegger 1934/1989). 

Lukacs' theory has extraordinary explanatory power, but it also has some limitations from the standpoint of our task. Lukacs misses, first of all the fact that the “direct apologetic” remains the preferred tactics of the bourgeoisie in periods of economic stabilization and growth, which did not come to an end after 1848, and is alive and well in contemporary neoliberalism. He also remains unable to measure the extent to which Marxism itself is affected by both of the dynamics which he identifies --something which is reflected in its rejection of a transcendental first principle and its ambivalence on cosmic teleology even as it struggles to uphold a realist epistemology and the objectivity of value. This is a subject to which we will return later in this book when we examine the status of the Marxist dialectics of nature. These reservations notwithstanding we will see shortly how these two tactics were deployed beginning in the late middle ages to undermine the edifice of dialectical metaphysics by attacking its foundation in Aristotelian science. 

Ideology and Science in the Struggle for Mathematical Physics
We have already suggested that the mathematical physics is articulated with the marketplace in three distinct ways: as a  essential to capitalist processes of production, as a spontaneous reflex of the market order, and as an element in conscious ideological polemics. We need now to examine each of these levels of articulation in more detail.

As we noted in the last chapter after the Hellenistic period the dialectical tradition had incorporated into itself a body of knowledge associated with what were known as the “Hermetic disciplines”: astrology, alchemy the kaballah, and related arts, which claimed to possess the key to the “secrets of nature,” knowledge of which would confer on the possessor effective control over the material world. There developed a whole literature of “books of secrets” (Eamon 1994) which contained what purported to be occult or esoteric knowledge, whether revealed by the god Hermes or taught secretly by Aristotle. In reality, these books were mostly compendia of techniques –what came to be known as “natural magic,” and what we would call technology. They included recipes for medicines, paints, perfumes, and various metallic alloys which could be used for different purposes. Always, however, these texts stressed that before one could understand this esoterica one had to be trained in the ordinary, exoteric disciplines of the arts, sciences, and philosophy. In this way, the books of secrets and the empirical, technological knowledge they contained, served to legitimate, rather than to challenge the leading role of Aristotelian teleological physics and the metaphysics in which it terminated.
 

Gradually, however, beginning in the later middle ages, due in no small part to the efforts of Roger Bacon and other Franciscan experimentalists, the sort of experimental knowledge represented by the secreta began to emancipate itself from the hegemony of the schools and to establish itself as an independent discipline. Partly this process was aided by the fact that many of the phenomena investigated by the experimental or Baconian sciences –electromagnetism, chemistry, etc.—had never had much of a role in the university in the first place, but were the province of craftsmen and artisans searching for more effective techniques. But even older disciplines which enjoyed a place of prestige in the university, such as astronomy and the fundamental sciences of motion were given new impetus by the progress of handicrafts in the late middle ages –e.g. the development of the clock and of the telescope, without which modern mathematical physics and astronomy would be impossible (Eamon 1994: 13-90). 

The gradual transformation of the literature of the secreta from one of concealment to one of revelation is simply one aspect of a larger trend: the emancipation of technological knowledge from scientific and metaphysical direction and the gradual subordination of science to technology. There has, to be sure, long been a link between mathematical physics and technological development. The marking out of fields, the division of the harvest, the production and use of spears and hoes and plows and wagons and dwellings all posed a multitude of mathematical and mechanical questions. On the one hand, space and time had to be marked out and measured, and the underlying properties of their organization understood. On the other hand the local motion of objects, moved by human, animal, wind, or waterpower had to be analyzed in order to permit the production of more efficient tools and the more effective utilization of limited energy resources. Of all the technological processes bound up with the development of mathematical physics, however, none was more important than agriculture. We are not inclined, today, to think of agriculture as a force for innovation in mathematical physics, but it was the cultivation of plants which first posed for humanity the problem which has driven research in theoretical physics up through the present period: i.e. the measurement and prediction of the motions of the heavenly bodies and thus the construction of an accurate and reliable calendar on the basis of which correct decisions may be made regarding planting, harvesting, etc. 

Excellence in the measurement of local motion, be it terrestrial or celestial, has thus been valued in all human societies, as well it should be. Nearly all societies count among the objects of their worship or veneration "culture heroes" remembered for contributing various arts, many of which are distinctly mechanical in nature. Consider Prometheus or Vulcan, or the Hopi Katchinas. And astronomy was almost always treated as a sacred art, closely allied with the priesthood. The preparation of the calendar did not only determine the time of planting and harvesting but also the dates of the sacred festivals, which were an integral part of the agricultural cycle and necessary for agrarian fertility. The earliest observatories formed an integral part of temple complexes, and in communitarian societies sacred structures such as the Anasazi kivas often had specific astronomical functions. 

Even so, neither the toolmaker nor even the astronomer ever pretended to have understood the secrets of the universe. Theirs were strictly subaltern arts, ordered to the life-giving activities of peasant, the priest --and, in tributary societies, the warrior-- on whom the welfare of the society ultimately depended. The peasant, who cultivated the soil and thus shared in the creative activity of the gods who had brought forth humans from this same earth was, in a sense, nearer the gods and more priestly than the tool maker or astronomer who served him much as he served the priests. Even when the heavens came to be regarded as the abode of the gods, and when the gods themselves were called by astral names --Ishtar, Citalinincue-- their activities were represented in ways which marked the centrality of activities other than observation and measurement. Ishtar (the name means star) was a goddess of love and fertility, the Aztec Citalinincue, whose name means star-skirt, created humanity by sending the tecpatl, or sacrificial obsidian knife-blade to earth (Brundage 1985). 

The emancipation of the mathematical physicist from the (Aristotelian) scientist and the philosopher whom served was driven in part by the technological revolution of the middle ages. As William Eamon points out, there was a rather complex and ambiguous relationship between ars and scientia during the middle ages. On the one hand academics were avid collectors of secreta, many of which were the product of midwifery, village-based herbalism, empirical medicine, and crafts techniques of various sorts. On the other hand, their aim was always to explain why these techniques worked and to use the resulting explanations to legitimate their claims to superior authority and social status. The difficulty, of course, was that often this effort failed. Alchemy, for example, produced far more useful chemical techniques –techniques which found applications in fields as diverse as the distilling of alcoholic beverages, pharmacy, metalworking, painting, and jewelry production—than it did convincing chemical theories. In other fields, such as medicine, the divide was greater still. Academic theoretical medicine had little or nothing to do with the actual treatment of disease. The result was a shift in the relative social weight accorded theoretical and practical knowledge and a tendency to undermine the political position of medieval science, and thus the scientific foundations of metaphysics. This process was hurried along by the advent of printing, which created a mass market for “how-to manuals” which were often new editions of ancient and medieval secreta, but stripped of both their Aristotelian physical and metaphysical underpinnings and of their esoteric trappings (Eamon 1994: 38-133). 

The second factor in the crisis of metaphysics and its Aristotelian physical foundation was the spontaneous action of the marketplace on the ideological sphere. We have already seen that societies regulated by markets tend spontaneously to appear to their members as systems of quantities (prices), or else as systems of only externally related atoms (individuals), and that this soon becomes the model on which people think about the universe as a whole. This, in turn, changes the whole meaning attached to the measurement and formalization of local motion. In earlier social formations, communitarian, archaic, or tributary, measurement of local motion was always regarded as useful, but only as useful, i.e. as a means to some higher end. The calendar was important because it told the people when to plant and the priests when to hold their feasts. Planting and presiding at the feasts were, however, the really important activities to which the calendar was ordered. In an emerging petty commodity society, such as that of Ancient Greece, however, numbers increasingly seem to govern the organization of human society. So many bushels of wheat and so many yards of indigo wool are somehow equivalent, somehow the same, in the eyes of the marketplace. Higher prices command increased levels of activity in the way no priest or warlord ever could, and declining prices send previously eager producers into a state of apathetic lassitude from which public liturgies suddenly seem incapable of rousing them. It is little wonder that the Pythagoreans, who began to penetrate the mysteries of number and quantity soon constituted themselves on the model of a mystical sect and considered themselves the true priesthood of the new era. The cult of the number is the spontaneous ideology of the marketplace, the natural religion of the bourgeoisie, and the mathematical physicist is its philosopher of first resort. Other philosophers, we will see, are admitted only in times of crisis. The psychologist, who pretends to a doctrine of the soul on the "scientific" model of mathematical physics, becomes the priest of his private chapel. It is to mathematical physics that the bourgeoisie looks for the technological innovations which catalyze social progress. It is to mathematical physics that the bourgeoisie looks for the tools by which his portfolio of investments is to be managed. And it is to mathematical physics that he looks for a judgment regarding the "fate of the universe.” Where once the astronomer answered to the priest or to the dialectician, who alone knew what made the heavens move, rather than merely describing their motion, now the priest and dialectician alike are obliged to answer to the mathematical cosmologist and to "reinterpret" their doctrines in a way respects the unquestioned authority of the "standard model," in cosmology as in economics.

The third factor in the rise of mathematical physics is one which we have already begun to examine in the last chapter: i.e. the Augustinian reaction which began in the middle of the thirteenth century as the clerical hierarchy became increasingly threatened by the rise of Aristotelian physics to prominence in the medieval university. We will argue that --contrary to the progressivist mythology promoted by the bourgeoisie as part of its “direct apologetic” for capitalism, which depicts mathematical physicists such as Galileo as great heroes in the struggle against an obscurantist Church wedded to outmoded Aristotelian ideas-- the triumph of mathematical physics was in fact the work of profoundly reactionary social forces and that it is Stephen Tempier, Bishop of Paris and one of the leaders of the Reaction, and not Copernicus, Kepler, Galileo, or Newton who should be regarded as the father of modern physics. 

We have already seen how Aristotelian science and metaphysics merged with Jewish, Christian, and Islamic theology during the middle ages, at once helping to legitimate a clergy which claim to be the bearer of prophetic tradition, and tempering the other-worldly tendencies which had emerged within these traditions, especially Christianity. We have also seen how this synthesis tended to work to the advantage of the masters of arts, and the guilds generally, by showing that all creative activity is in fact a real participation in the life of God, thus calling at least partially into question the privileged position of the clergy and threatening to challenge frontally the hegemony of the warrior elite.

It should thus come as no surprise that the clergy and the aristocracy should mount a counter-offensive. What is striking, however, is the extent to which this counter-offense shaped the future development of physics. Prior to the victory of the Augustinians in 1277, there had been a developing consensus in favor of the Aristotelian view that the universe was in fact eternal, that it consisted of a nine finite concentrically nested spheres surrounded by an empyrean heaven outside space and time, and that there could be neither other worlds nor extracosmic void space. All motion or change was driven by the attractive power of the unmoved mover, mediated by the perfect spherical motion of the heavenly bodies, and gave rise in the sublunar regions to the various mineral, vegetable, animal, and rational forms which populate the earth. Accommodation with the prophetic tradition required a difficult effort to reconcile the eternity of the world with divine creation "ex nihilo" and with prophecies of an end of time, a process which was by no means complete when it was cut short by the Condemnations of 1277, but which had every chance of success. The result was what we have called the "Aristotelian space-time," in which place and motion had definite axiological coordinates and in which everything shared to some extent in the divine nature.

It was precisely this latter point which constituted the focus of the Augustinian offensive. If God and the universe were too nearly alike --if God was merely a natural tendency of the universe itself, and end to which it tended quite of its own accord-- then perhaps the ministrations of the clergy were unnecessary and the surplus they consumed wasted. Thus the assault on a whole range of Aristotelian theses which pulled in this direction. Among the propositions which were attacked and eventually condemned in 1277, the following stand out for their importance to physics: 

* the eternity of the world,

* the role of intermediate causes in the production of individual species,

* the impossibility of other worlds,

* the impossibility of extracosmic void space, and

* the claim that God cannot move the universe rectilinearly (Grant 1996: 53-56).

What the condemnation did was to undermine the Aristotelian understanding of the relationship between God and the universe as one of necessary teleological attraction and replace it with a focus on a divine creativity radically different from anything of which human beings would be capable. 

But if the Condemnations of 1277 were theological in motive, they had profound implications for the development of properly physical reasoning. This impact was both methodological and substantive. At the methodological level, the Condemnations pushed physics away from deductive explanation and towards mathematical formalization. The Augustinian defense of divine sovereignty implied that what God does, including His creative activity in the natural world, being radically free, cannot be the object of deductive knowledge. If we are to understand God’s handiwork we must observe it directly, and even so we may never fully penetrate its secrets and reduce it to a rationally comprehensible system (Duhem 1913-1959). This, in turn, implied, that if we are to know anything at all about the universe, we must engage in careful empirical observation and search for patterns in the "book of creation." It is only one small step toward the focus on mathematical formalization which became dominant in the seventeenth century, and the fourteenth century did, in fact, witness enormous progress in the application of mathematical methods to physical problems, something to which the Franciscan schools which developed at Oxford devoted itself.

At the substantive level, the impact was no less dramatic. This is because, in order to be fully consistent with each other, the propositions which the condemnations required Christians to affirm, --especially the possibility of other worlds and of extracosmic void space-- effectively required the existence of something like Newtonian space-time --i.e. of an absolute void space independent of but capable of receiving bodies. Indeed, it was in part a belief in the impossibility of such a space which had kept Aristotle and his followers from allowing the possibility of other worlds --which in order to best imitate the divine perfection had to be spherical, and which would thus necessarily leave extracosmic void space in between them. 

The road from Aristotelian to Newtonian space-time was, to be sure, a long and complex one. So powerful was the Aristotelian identification of space with corporeality that at first an extracosmic void space could be conceived only as "imaginary" and without extension. This was the position held by, among others Nicole Oresme, John Major, Thomas Bradwardine, Francisco Suarez, Thomas Compton-Carleton, and the Coimbra Jesuits. What such an unextended space might be was difficult to specify, but it was, in general, associated in some way with the divine immensity without actually being identified with God. Emanuel Maignan, for example, argued that spiritual substances occupy space differently than corporeal substances. Since spiritual substances are simple and without parts, the whole of the substance is fully present in each point of its space, which is proportional to the intensive perfection proper to the spirit in question. For God, of course, this perfection and the space associated with it, is infinite. This imaginary extracosmic void space provided a place where God could create other worlds should he choose to --though very few thinkers actually claimed that he had. From here it is only one very small step to add dimensionality and extension to the void, something which effectively brings into being Newton's absolute space. Indeed Newton and Spinoza did not hesitate to in some sense identify this space with God. For Newton it was the divine sensorium (Grant 1996: 171-185). For Spinoza it was, along with thought, one of the two divine attributes which we could know, there being an infinity of others not accessible to reason (Spinoza 1677/1955). In a certain sense, however, it is the immediately pre-Newtonian step which is more interesting. Don't we find in the notion of an imaginary space the intellectual antecedent of such abstract spaces as event-spaces or a phase-spaces which are so important to the formalization of physical problems, and also, perhaps of the space into which the "bubble-universes" of contemporary many-worlds cosmologists emerge?

What the requirement of other worlds did for space the concept of creation ex nihilo --coupled with the expectation that the world would, at some point, come to an end-- did for that of time. A universe with a beginning and an end is at once constantly changing and irreducibly a-teleological. Why, after all, would God destroy a universe which was tending toward perfection? Time thus became, like space, something value-neutral, the measure of purely local rather than teleological and progressive motion. Change, similarly, was increasingly understood not as a necessary response of matter to a teleological attractor, but rather as something driven from the outside --i.e. as an essentially mechanical process. One Augustinian thinker, Robert Grosseteste, even developed an early form of the Big Bang theory, according to which the universe emerged from a point of light which expanded in all directions, giving rise to mathematical proportionality and corporeal dimensionality. This light was, in turn identified with the divine illumination which, according to Augustinian doctrine, is the basis of human knowledge of intelligibles (Wallace 1978: 95-96). If this was not enough, the doctrine of rationes seminales, which taught that God planted within the creation "seeds" of all possible forms, was calculated to minimize the role of secondary causation and of human participation in God's creative activity. Everything which comes to be already exists seminally in God's creative act. The most any creature can claim is to tend God's garden. 

The forces of the Augustinian reaction were joined in their attack on Aristotelian science by unlikely allies. We have already noted in the last chapter that as the Augustinian reaction took hold in the late thirteenth and especially in the fourteenth centuries, the secular intelligentsia, concerned to protect its autonomy from the clergy, began to adopt and increasingly secularist stance. At first this was apparent only in political philosophy. Thus Marsiglio of Padua restricted the state to the role of Defensor Pacis, defender of the peace, rejecting the claims or earlier Averroists that it was responsible for the moral education of humanity. This was because assigning to the state such an educative role threatened to place it under the direction of the Church, which presumably could at least teach and quite possibly rule on moral questions. The effect, however, was to undermine the whole Aristotelian theory of the state and to set political theory on the road to liberalism, which saw the state less as an agent for the Common Good and more as an arbiter between competing individual interests (Goerner 1965).

Political theory, however, requires an adequate metaphysical foundation. Marsiglio’s proto-liberal theory of the state was incompatible with the larger Aristotelian doctrine promoted by the Averroists generally. Political Averroism turns out not really to be Averroist at all. This is because, with in the context of a teleological cosmology and metaphysics, all systems are ordered not only to an end, but to the End as such, which is God. While this means that the secular arena has a dignity all its own, which it derives from the fact that it represents a real participation in the life of God, quite apart from the action of divine grace or the sacerdotal ministrations of the clergy, it cannot be accorded radical autonomy. Liberal politics would require a new scientific and metaphysical foundation.

The key transitional figure in this regard is someone not often regarded as being in the mainstream of European political thought: Benedict Spinoza. Spinoza’s Tractatus Theologico-Politicus is, in many ways, very much in the tradition of political Averroism. Religion is an amalgam of moral truths presented in imaginative form which provides a useful means of social control and moral education for the masses, but its content can be properly understood only by the secular intelligentsia which comprehends the intelligible content of the images, something which it has, in any case, already arrived at on the basis of reason. But the underlying ethics, and the science and metaphysics which stands behind that ethics, is no longer Aristotelian. What these moral truths really amount to is simply a system of rules designed to help individual “modes” of the one Substance, which is Nature or God persist in being by understanding the laws of nature, the principles which govern the operation of the system as a whole. And this whole has been stripped of the last remnants of teleological organization. Ethics is reduced to enlightened self-interest because no system higher than the individual can really be said to be an end, and certainly not a higher order end. The universe as a whole takes precedence over the individual, who must bow to its laws, simply because of its supreme power. And what is behind the collapse of cosmic teleology? The displacement of Aristotelian by mathematical physics. By undercutting cosmic teleology, mathematical physics undercuts the metaphysical foundations of those political doctrines which would subordinate the individual to such higher ends as the human civilizational project or God and thus serves to liberate the individual to makes his own way in a world which is, however, increasingly bereft of meaning. 

The Augustinian reaction, by attacking the notion that we can comprehend the universe by means of a deductive science promotes the development of mathematical physics, which focuses instead on the formalization of local motion. Mathematical physics, in turn, promotes the development of liberalism, which paves the way for the development of capitalism and the political ascent of the bourgeoisie. In the process of course, by undermining any rational basis for believing in God, and thus in the possibility and reasonableness of revelation, both polemics ended up by undermining the authority of the very clergy which had set the process into motion.

In practice, these two polemics intertwined with each other and interacted with the technological and economic developments associated with the rise of capitalism in a complex and subtle way. Thus, William Eamon points out that the artisan who rejected university (Aristotelian) science in favor of the empirical techniques embodied in the books of secrets was also likely to reject Catholicism for Protestantism –or later for freethinking liberal doctrines. Often, he was a journeyman whose ascent to the status of master had been blocked by the guildmasters anxious to preserve their privileges, or a member of new trades not regulated by the guilds –and incidentally closely associated with the development of a whole new culture of practically oriented literacy, facilitated by the advent of the printing press. This turn was initially experienced as an emancipation, which in many ways it was. But liberty under conditions of the market order soon turns into an alibi for exploitation. Merchant entrepreneurs soon began to accumulate capital and to gain control of the means of production. Initially they contracted with workers in their individual workshops, paying them part-wages and piece rates; later they began to group them into manufactories. The “recipes” provided in the “books of secrets” allowed them to hire and train workers entirely outside the guild apparatus, who had the skills necessary to do what the market required but who had no protections and little in the way of the larger vision of the purpose of human society and their place within it which had been provided by the guild community. Thus the development of literacy, the cultivation of a new sort of technical knowledge among the working classes, and their emancipation from the hegemony of philosopher and priest became instruments of proletarianization and capitalist development (Eamon 1994). 

The Fundamental Concepts of Mathematical Physics
It should by now be apparent that the emergence of capitalism presupposed a radical transformation in what was meant by “science” and in the way science is done. Having analyzed in some detail the social basis of this transformation, we need now to state more rigorously and formally what it involved at the conceptual level. The material object of science --the universe with all its myriad phenomena-- remains the same. What changes is the formal object and the sort of abstraction which is used to analyze this object. While both teleological and mathematical physics study change, the first understands change first and foremost in qualitative terms, and regards local motion as simply an aspect, and not a very interesting aspect, of the larger problem of how matter evolves towards ever higher degrees of organization. Mathematical physics, on the other hand, understands all change, even change which appears qualitative, as local motion, i.e. as the rearrangement of the parts of a thing into a more complex pattern. And rather than attempting to explain why this change takes place, mathematical physics simply describes it in rigorous formal terms. It follows that if we are to understand mathematical physics we need to understand, first of all, what is involved in the idea of local motion and, second, what it means to produce a formal mathematical description of a physical phenomenon. 

The Concept of Local Motion
The retheorization of change as local motion arises naturally out of life in the market system and, in turn, fundamentally alters the meaning of such basic concepts as space and time, matter and energy, order and organization. This reduction is at first a product of spontaneous processes: a focus on certain fundamentally mechanical technologies and on the movement of commodities in the marketplace. On the technological side, the development of handicrafts and then the systematization of crafts techniques in the “books of secrets” entailed a focus on changes which could be brought about by processes of a purely mechanical nature –cutting, joining, bending, heating, cooling, etc. Systematization of these processes necessarily involved a growing focus on careful measurement and thus the quantification of processes which may earlier have been understood in purely qualitative terms. On the economic side, life in a market economy involves, as we have noted, participation in what is at once a real space in which commodities move, quite literally, from one place to another, at a definite cost in terms of human, animal, or other forms of energy, and in the ideal or abstract space of the market itself, which is a pure system of quantities (prices) which “move” metaphorically in response to the (strictly informational) “forces” of supply and demand. What begins as a spontaneous process, eventually becomes, as we have seen, the object of a conscious polemic which makes the organic ideology of the bourgeoisie into the governing thought-form of the society as a whole.

Now the concept of local motion logically presupposes a whole complex of more fundamental concepts, each of which must be defined if local motion is to be theorized. There is, first of all, the concept of space. Things which move must be someplace, pass through some place, and arrive at a destination. Second, in so far as they move at all, and are not simply in more than one place simultaneously, things which move do so over time. Once space and time have been defined, it is possible to define a whole complex of subordinate concepts which describe motion itself, such as distance, direction, trajectory, velocity, and acceleration. 

As we have seen, the Augustinian polemic against Aristotelian science served to undermine Aristotle’s teleological and axiological space-time. This, coupled with the spontaneous movement towards formalization generated by the market order itself constrains the way in which space and time can be theorized, but it does not, by itself, specify them. On the contrary, we will see that the absolute, neutral space of Newton structured by a Pythagorean metric determined by the fixed frame of the stars soon gives way to the more fluid structure of Maxwell’s electromagnetic space, determined by the medium of the luminferous ether and eventually to the relativistic space-time of Einstein in which fixed frames have disappeared entirely. The way in which space and time are defined in turn determines what is meant by local motion as such. This is true both at the level of the underlying mathematical formalization and its physical interpretation. Thus Newtonian motion is formalized as a vector within a real-valued vector space and interpreted physically as a point-particle with mass moving through an absolute space over time; Einsteinian (special relativistic) motion is formalized as a vector in a Minkowski space and interpreted as signaling between two independent frames of reference. What all of these various space-times have in common, however is their underlying value-neutrality. There is no privileged standpoint, no place which in and of itself (like the celestial spheres of Aristotle or the higher lokas or dhatus of Hindu and Buddhist cosmology) indicates a higher degree of development or greater proximity to God. The same is true of time. 
Mathematical physics theorizes time in many different and --we will argue-- contradictory ways. Thus from the standpoint of dynamics, whether Newtonian or relativistic, Maxwellian or quantum-mechanical, time is reversible. While it is not strictly speaking accurate to say that time is “just another dimension,” because all of these disciplines theorize in ways which makes it mathematically distinguishable from the purely spatial dimensions, the formalisms themselves contain no arrow of time, nothing which suggests that events in the past cause those in the future any more than those in the future cause those in the past (Prigogine 1984). Thermodynamics, on the other hand, does have such an arrow --that of entropy, or increasing disorder-- and thus presents a vision of the universe which is not only a-teleological but actually antiteleological (von Helmholtz 1854/1961). And evolutionary theory, which might be read as once again endowing time with axiological significance, in fact for the most part rigorously eschews such readings of its results as hopelessly “metaphysic”, arguing that evolution, if it has a “direction” at all, is tends simply towards greater diversity, or towards the more efficient exploitation of available niches (Mayr 1982).

Local motion implies that there is something which moves and something which is the cause of motion. Thus the persistence, albeit with very different meanings, in mathematical physics of two key concepts from Aristotle: matter and energy. It is interesting to note here, however, that the pair matter/energy represents a bit of semantic cross over. For Aristotle matter, or  was contrasted with form or . The matter/form pair was then effectively identified with the pair potency/act or  Matter, for Aristotle, is the potential for form or organization, form is the actualization of that potential. Pairing matter with energy already changes the meaning of the terms by emphasizing passivity of the former and the activity of the latter. Matter is, for mathematical physics, simply what is moved or, to be more precisely, the otherwise utterly undefined receptacle of the various quantitative determinations which make motion possible --i.e. of various energies. Thus matter is defined as being capable of having, without being thereby being identified with, any of the following: mass, extension, velocity, acceleration, momentum, force, charge, etc. What mathematical physics actually turns out to be about --when it is not about the underlying structure of space-time-- is, in fact energy and not matter. Even when, as chemistry, it thinks of itself as studying the structure of matter, what it is really looking at are the way in which energy structures interact, something which is further reducible to local motion or the potential for local motion in the form for example, of changes in the arrangement of electrons between two atoms. We will see that as mathematical physics develops, the very distinction between matter and energy disappears as relativistic formalizations render such concepts of mass and length dependent on frame on reference and thus ultimately on velocity and quantum formalizations make the particle/wave distinction obsolete. We will also see that, like the matter/form distinction in Aristotelian physics, the matter/energy distinction is entirely ideological in origin, and that the mode of its disappearance is, similarly, ideological rather than scientifically determined. 

At the beginning of mathematical physics the repertoire of fundamental concepts is limited to these. Gradually, however, as mathematical physics begins to extend its domain into the realm of biology and sociology, an additional problem needs to be theorized: that of organization and evolution. At least initially analyzing the physiology of a bird or the development of life from simple one-celled forms up to humanity seems rather a different sort of activity than modeling the motions of heavenly bodies or the operation of a heat engine. The same is true of analyzing a kinship system or a social revolution. Among other things, biologists and social scientists have found it difficult to purge teleological concepts entirely from their day to day practice. At the same time, for the reasons we have already identified above, it is vitally important to Capital, that teleological thinking be purged, especially in the social sciences. The result is a reduction of the concept of organization to that of order or structure. This tendency first appears in the mid-nineteenth century with the appearance of the concept of entropy. Originally developed to measure irreducible inefficiencies in the operation of heat engines, as energy was dissipated and rendered in capable of doing work, the idea was soon restated as a measure of the order or disorder of a system. This is, in turn, identical with the information content of a system, which is nothing more or less than our ability to specify, using a simple rule, the position and state of each of its elements. This, in turn, makes it possible to develop information-theoretical definitions of life and intelligence, so that both can be described in terms of local motion (Tipler 1994). Information theory, in other words, is nothing more or less than the reduction of organization to a problem of local motion, making possible the completion of mathematical physics and the unification of all of the sciences under its domain. Indeed, Frank Tipler even proposes an information-theoretical definition of God! We will have occasion to examine these theories in great detail later in this book. 

What is Formalization?
Having specified what we mean by local motion and the reduction of change to local motion, we need now to specify what we mean by formalization. In order to do this we need to consider the act of formalization and the status of the formalism, or mathematical object, itself. As we have noted briefly above, and at greater length elsewhere (Mansueto 2002b), the process used by mathematical physicists when they describe physical systems is one of three distinct degrees of abstraction: 

1) totalization, which abstracts from the individual to the logical whole of which it is a part, arriving at a rudimentary and informal definition which is usually little more than a collection of distinctions,

2) formalization, which abstracts from the individual to its underlying structure, which it attempts to model, arriving at a rigorous definition from which conclusions may be drawn analytically, and

3) transcendental abstraction, which abstracts from the structure of a thing to its underlying organizing principle --the reason for its being and for its being the way it is.

Formalization grows naturally out of totalization, and begins simply enough, with in an effort to render our systems of classification reasonable and rigorous. We look to classify on the basis of similar differences and different similarities. The result is a system of ratios. The relation between felines and canines is the same as (or similar to) the relationship between bovines and caprines --i.e. both are "families" within larger taxonomic orders. The ratio can, furthermore, be expressed in formal terms

A:B::C:D

This, or any other ratio, gives us two of the three building blocks of formal systems: a relation which defines elements in a system. Further development of the taxonomy gives us the other building block: operations. Thus we can add taxa and thus ascend the taxonomic hierarchy from family to order to class to phylum, or multiply this classificatory scheme by another: e.g. the distinction between male and female, marine or terrestrial, etc. It is our contention that all formal abstraction arises out of such efforts to render classifications rigorous.

As Piaget points out (Piaget 1952, 1968), however, the operations involved in classification are still concrete, i.e. operations on things rather than operations on propositions themselves. In order to advance to authentic formalization we must take one further step back and ask about the rules governing operations. The simplest examples of such rules are the laws of arithmetic. Are there, for example, additive and/or multiplicative identities or inverses for the operations we are using? Are the operations commutative? distributive? associative? We must also ask about the system itself. Is it closed under the operations in question? i.e. if we perform the operation on one member of the system do we get another member of the system, in which case we say the system is closed, or do we get a result which is outside the system we were considering entirely? A system of elements, defined by their relationships with each other, in which defined operations have certain definite properties, is a category (Geroch 1985). As we advance from totalization to formalization of any given system, we are, in effect, defining a category in which certain operations are possible and others are not, and in which these operations have certain properties. The more operations are defined within a category, and the more law-like the behavior of those operations, the more structure exists within a given category. 

Mathematical physics is fundamentally the art of using mathematical categories to model local motion, or to model changes in the state of systems which is being treated as if it was local motion. Any given category, such as a set, a group, a ring or a field, can be represented imaginatively as a space in which the elements of the category are points which are related to each other by operations which obey the rules which govern the category. If we are describing local motion in a real space, then each point represents a definite location or instant; from there it becomes possible to model direction, velocity, acceleration, etc. If we are describing changes in the physical, biological or social state of a system –e.g. changes in temperature, pressure, or volume, population, rate of reproduction, rate of death, and effectiveness of exploitation, or supply, demand, and price, then each dimension represents one of the quantities being measured and each point a definite combination of values of these various quantities. The “space” in question is, of course, abstract. 

In the mathematics by which we half-unconsciously formalize our day to day experience, all of the arithmetic operations are commutative, associative, and distributive, and all have identities and inverses. Thus we can add groups of objects to each other and subtract from them, multiply them and divide them, and expect all the rules of arithmetic to hold. More complex activities, however, such as the measurement of fields, the construction of buildings, and the description of local motion, whether celestial or terrestrial, can be formalized only in terms of categories more complex than those we use to manipulate discrete groups of objects. Among other things, we must define distance, something which involves the notion of a metric, or distance function, and eventually such objects as vectors, which combine quantity with direction. This is sufficient structure to formalize most of the physics which developed up through the eighteenth century. 

Certain kinds of physical systems, however, can be formalized only using categories with less or different structure than that used in the conscious or unconscious formalization of everyday experience. Thus, for example, formalization of gravity turns out to require the use of metrics or distance formulae different from the familiar Pythagorean Theorem, with the counter-intuitive result that space is curved. Quantum systems can be described only using noncommutative operators, i.e. operations which give different results depending on the order of the elements operated on, something which gives rise to such counter-intuitive results as the Heisenberg Uncertainty Principle. Other sorts of physical systems --e.g. dynamic and thermodynamic systems such as weather patterns, heat engines, and complex chemical interactions-- can be represented formally only in "abstract" spaces in which each dimension corresponds to a different property: temperature, density, etc.

Some aspects of biological systems, such as the chemical processes which make life possible or the dynamics plant or animal populations, can be formalized using methods not too different from those used in the physical sciences. The same is true of certain aspects of social systems. The laws of the marketplace have the same form as some of the most fundamental laws of physics and, like those laws, are described using the calculus. Other aspects of biological and social organization have proven more resistant to formalization. Biological taxonomies, for example, seem to possess no structure more interesting than a simple additive classification. Recently, however, there has been an attempt to formalize aspects of social organization which were hitherto considered most resistant to this sort of treatment: language, kinship, myth and cultural "texts" in general.  It is this activity which has led to the emergence of the "structuralist" trend.  Structuralism is rooted in the notion that social systems, as much as any other systems have the basic properties which make formalization possible.  Piaget does a particularly good job of defining these properties.  Structures are, first of all, characterized by wholeness.  The elements can be defined --indeed, exist-- only in relationship to each other. That this is true for the signs in a language, for positions in a kinship system, or for the elements in a myth should be fairly obvious.  Words are defined in terms of other words.  The position "aunt" exists only in relation to the position "nephew" and vice versa.  The meaning of various elements in a myth depends on their relations to each other.  Thus the cross has a different significance in the context of Christianity, where it represents redemption through suffering, than it does in Hopi culture, where it simply stands for the four directions of the universe. Second, structures are systems of transformation.  They consist, that is, in operations which map one element in the system to another.  Thus syntactic rules allow the mapping or association of one signifier with another, kinship rules the mapping or association of one individual with another, myths the mapping or association of one symbol with another. This claim is less obvious if it is intended as a unique way of understanding these phenomena, or if it is claimed that everything that happens in the systems in question is formalizable in these terms.  But there is little doubt that it is possible to discover formal rules of this kind.  Finally, Piaget claims, authentic structures are "closed" much as the set of real numbers is closed for addition, subtraction, division, multiplication, and the taking of square roots or distances. This property he ascribes to sociological structures only in the looser sense that social systems are "self-regulating" or have ways of maintaining their stability. 

It follows from Piaget's formulation that to the extent that we are able to formalize social systems at all, the process involves defining categories with their own distinctive operations and properties. We begin, in the social as in the physical and biological sciences, by observing and classifying. But as we attempt to arrive at more rigorous classifications, and to understand the relationships between various taxa, we inevitably pass over into formalization. What distinguishes the structuralist trend from other currents in the social sciences is simply the strength of the claims made on behalf of formalization, and especially the claim that it is in grasping the underlying structure of social systems that we best understand them. We will see later that there are good reasons to doubt this claim. 

What about the status of the formalism itself --of the mathematical object which is the result of the act of formalization?  This is, of course, the fundamental question in the philosophy of mathematics, and the way in which we resolve it does much to determine the way in which we understand the results of mathematical physics.  If mathematical objects are in fact real, then in identifying the mathematical structure of the universe, mathematical physics does more than merely figure out how the universe works in order to better use its resources. Rather, it takes a step, at least, towards understanding the mind of God of which the underlying structure of space time and the laws governing local motion are taken to be a reflection. This is view, which traces its origin to Pythagoras and the Platonic tradition, seems to have been that of Kepler and Newton as well, and continues to be popular among relativistic physicists in the tradition of Einstein. 

It is possible, however, that mathematical forms are an artifact of the human mind and not a fundamental feature of the universe, the real nature of which remains impenetrable to us. This was the position of Kant who regarded space and time as fundamental forms of the sensuous intuition. Apart from these forms, he argued, we could experience nothing. The difficulty, of course, was that he identified these forms with Euclidean geometry and classical arithmetic and in general understood space-time in Newtonian terms. Radical Kantians, known as “intuitionists” reject the validity of all mathematics which yields objects, such as actual infinities and exotic topologies, which cannot be imaginatively constructed. More moderate Kantians, known as formalists, yield on this point but still have difficulty explaining just why objects which are the product of the way in which the human mind is structured turn out to be so useful in describing the way the universe operates. 

One might have thought that this would provoke a return to Pythagorean and “Platonizing” approaches to mathematics, and to some extent it has. The difficulty is that while mathematics generally is very useful in describing the universe, the mathematical structures used by various disciplines are, in fact, very different and not ultimately compatible with each other --a point which we will develop at greater length in a later chapter. God, it seems, is of many minds. This has strengthened the hand of radical nominalists and empiricists, who believe that mathematical forms were merely conventions --useful ways of organizing our perceptions of the universe dictated not by innate forms of intuition but rather by the rules of logic or, in more contemporary formulations, but the economics of information storage and processing itself. This was the view of Bertrand Russell and Alfred North Whitehead, and it is the view of information theoretical neoliberals such as F.A. Hayek (Hayek 1988) and Frank Tipler (Tipler 1994) in the present period. It might seem that this view would call into question the hegemony of mathematics in the epistemic field, but it has not. We will see that this sort of subjective idealism in fact leads back, by way of quantum mechanics and information theory, to still another way of mathematizing the divine and thus divinizing the mathematical.

Each of these approaches to the philosophy of mathematics reflects a definite stage in the development of the market order. Pythagorean and Platonizing approaches reflect the situation under petty commodity production and mercantilism in which there remains a “fixed frame” of nonmarket institutions in which the market operates, including, generally a monarchic state which organizes  and directs the operation of market forces.  Kantian approaches reflect the realities of industrial, competitive capitalism in which this fixed frame has disappear and not only goods and services but also labor have been commodified. As Lukacs pointed out (Lukacs 1922/1971), under conditions of generalized commodity production the market knows only the price and not the use-value of a thing. People begin to believe that they cannot penetrate to the thing in itself; we know only how things appear to the sensuous intuition and the categories of the understanding. But the rootedness of the economy in  material projection, which is constantly increasing, helps conserve the believe that there is indeed a use-value, a thing in itself veiled under the price-form and the phenomenon. Subjective idealist approaches reflect the trend towards finance capitalism and  infokatallaxis in which capital as well has become a commodity and economic activity, at least from the standpoint of the rentier elites has little to do with material production and everything to do with consumption --and thus with the way in which things are perceived. We will see in later chapters how the development of capitalism from one stage to the next affects the larger development of mathematical physics.

The one position which has not been popular in the period since the “scientific revolution” of the seventeenth century is that of Aristotle, which holds that mathematical forms are abstracted from matter and are in a certain sense proper to it. It is possible, to be sure, to infer from the forms thus abstracted still other forms, which do not exist in matter, but these have no being outside the mind. Immaterial being, furthermore, being simple and without number or extension, lacks quantitative determination and is thus not subject to mathematical investigation. What this approach does, of course, is to make room for mathematics by providing it with a proper formal object which exists outside the mind and knowledge of which tells us something important about the real world, without endowing mathematics with epistemic hegemony. It is this “moderate realist” position which, it seems to us, is best in accord with the account of the act of formalization we have given here. Mathematics, like all other knowledge, begins with observation and proceeds to the formation of images and to classification. Mathematical formalization is just a higher degree of abstraction, which allows us to grasp the structure of things, but which does not advance to first principles, much less grasp the “mind of God.”  This perspective as well reflects a definite social location: that of the worker engaged in productive labor in a social structure which does not generate ideological mystifications which conceal the teleological ordering of things or the role of human labor in advancing their development.

What we are claiming here is not that mathematical formalisms are “merely” ideological, that they are “just” the reflex of definite social structures and have nothing to do with the way the universe works. Rather, we are suggesting, the development of the market system reveals certain aspects of reality which were hitherto hidden, while rendering opaque other aspects which were formerly quite transparent, and that this dynamic can be, and in fact has been, harnessed for ideological purposes by the bourgeoisie. The task of the philosopher is to separate out the truth which formalization reveals from the mystification which arises spontaneously as a result of its epistemic hegemony. 

One of the characteristics of formalization is that it permits us to move from forms to forms without reference to further experience. This movement of the intellect we call inference. Given a formalization, and given the rules of logic, we can manipulate a formalism to generate new formalisms which are logically consistent with the first. These inferences may, furthermore, themselves be more or less abstract. They may remain at the level of descriptions of some physical, biological, or social system, in which case we call them predictions either of some past or future state of the system or of some property implied by the formalism itself. Thus Kepler's laws predict the motion of the heavenly bodies, the logistic equation predicts the change in the size of a population over time, and Marx's reproduction equations predict a declining rate of profit as an economy becomes more technologically sophisticated. 

It is also possible, however, simply to consider the formal category itself, and to ask what kinds of systems are consistent with its structure, or to begin with a given category and ask what other categories might be constructed which are at least logically possible --i.e. consistent with the rules of identity, contradiction, and (for most mathematicians) the excluded middle. The role of the last rule is of particular importance. By showing that the contrary of a proposition is self-contradictory, and appealing to the law of the excluded middle, we can prove propositions which would otherwise resist demonstration. This makes possible the construction of categories which are not intuitively imaginable --such as actual infinities, certain kind of topologies, etc. 

Inference is essential to the dialectical project. The dialectic proceeds by drawing out the implications and contradictions of existing ideas and driving towards a higher synthesis. This is why Plato included mathematics among the disciplines which were preparatory to the mastery of the dialectic itself. At the same time we have already suggested that there are definite limits to what formalization can teach us. To put the matter simply, formalization tells us how things work, not why. It describes but does not explain. And the picture that it gives us of the universe, if it is not supplemented by the higher, transcendental abstraction, is of a system which is ordered by without purpose, a universe which is not merely mechanistic but actually less than a machine (since machines all have some transparent purpose). 

This brings us, finally, to the teleological ordering of formalization and thus of mathematical physics itself. By revealing how the universe is structured, mathematical physics gives us the tools we need in order to reorganize physical, biological, and social systems and use them for our own purposes.  In this sense it is first and foremost, as we noted earlier, a servant of  and thus of social progress. But formalization can also be a servant of science in the authentic, dialectical sense. By telling us how the universe is structured, it tells us just what, precisely, science has to explain. And in so doing it helps us along the ascent to the first principle. Formalization, and mathematical physics generally, are steps along the via dialectica.

This said, it must also be noted that not all  promotes authentic progress. Reorganizing physical, biological and social systems for limited human purposes can undermine the integrity of ecosystems and of the social fabric.  This is especially true when technologies are organized by the operation of market forces, which have no access to information regarding the impact of various activities on human development or on the integrity of the ecosystem and the social fabric. In this sense, formalization can also become an instrument of profit, careless of the higher purpose it ought to be serving.  And when it claims hegemony in the epistemic field, presenting a vision of the universe as less than a machine, it becomes the willing tool of Capital. 

Having described the historical roots of mathematical physics and its rise to hegemony, and having specified its fundamental concepts, we need now to see how mathematical physics has actually developed and test our theses against the historical evidence. 

� For a discussion of the various stages in capitalist development see Marx 1867/1977, Mandel 1968, Amin 1979/1980, Mansueto 1997.


� This is because, even if all factors of production are reduced to pure information, special relativity prohibits instantaneous signaling and thus instantaneous transfer of resources or indeed anything else.


� A similar process, of course, took place in Ancient Greece, and above all in Athens, where democracy was the leading weapon of the emerging bourgeoisie in its struggle against the  and , a battle in which it did not hesitate to enlist the support of the very peasants and artisans which it had historically exploited (Anderson 1974).





� These are, specifically, the village community, which historically exercised democratic control over the land and periodically redistributed it to ensure a rough equality among families, as well as enforcing traditional legal norms and often functioning as a cultic community, and the guild structures of the artisan and intellectual, which exercised a similar functions in an urban setting. In a very real sense, the medieval commune represents one of the high points of an authentically popular democracy, although even here the bourgeoisie was already gaining strength, and the commune never really mounted a contest for sovereignty with the landed elite, but rather existed in the contradiction between the two great feudal powers: the Empire and the Church.


� The United States is ideally suited to this task because the United States is not actually a nation-state in the ordinary sense (Dunbar-Ortiz 1974). Rather, it is an imperial entity formed by a coalition of capitalist interests, mostly but not exclusively of English origin, by means of conquest, genocide, and the importation of a foreign labor, some slave and some “free,”  to carry out the various asks involved in empire building. There is thus no people sharing a common history of struggle with which the U.S. state structure is identified. On the contrary, the state structure is identified with the capitalist project as such, and such common identity as exists is focused on the “American,” i.e. capitalist way. It is thus relatively easy for this state to expand its sphere of operations to the planet as a whole, portraying itself all the while as the defender of freedom and opportunity.





� The literature of the secreta, with its emphasis on protecting the secrets of nature so that they do not fall into the hands of the vulgus is disturbing to most people today, who find the tone elitist and to whom the whole idea notion of concealing knowledge runs counter to the project of promoting universal education which has become dominant since at least the time of the Enlightenment. But let us look at this question more closely. The rationale for secrecy is always the danger that the power conferred by technological knowledge will be misused. Only the philosopher who can judge rightly regarding ends should have access to knowledge of such potent means. And it is not, furthermore, from the ordinary peasant or craftsman (who were often the real source of the secrets in the first place) that the books of secrets at first purported to conceal, and later began systematically to divulge this knowledge, but rather to princes and to the emerging bourgeoisie. What the code of secrecy forbids is placing knowledge which confers power in the hands of people who will use it simply as an agency of empire or a means of personal profit. 


Second, it should be pointed out that in our own time we have our own codes of secrecy. Valuable new technologies are made inaccessible to a public which might benefit from them by intellectual property laws, which allow innovators or their rentier patrons to exact monopoly rents from anyone who wishes to have legal access to these secrets. And the state apparatus has its own complex system of “classified” knowledge which is accessible only to those who have proven themselves trustworthy servants of capital. Indeed, employment at the highly prestigious national laboratories –one of the few places left where scientists can pursue basic research without concern for market imperatives—is at least partly restricted to those who are able to obtain the coveted “Q” clearance which allows access to weapons research. The difference is in the criteria used for selecting individuals to whom secret knowledge is to be  entrusted. The Pseudo-Aristotelian author of the Secretum Secretorum, wanted to restrict knowledge of the secrets to those with philosophical and moral training and who thus can be presumed to have some love of the truth. When U.S. government agencies do background security checks on prospective employees, on the other hand, they routinely ask references whether, assuming the subject of the investigation were to betray his or her country, it would be for ideological principles, money, or sex.  Those whose references say they would betray their country for principle are most likely to be turned down for employment. Those who would betray for sex have the best chance of eventually being cleared for employment. 
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