
Introduction
Statement of the Problem
To be human is to search for meaning --for some principle in terms of which we can understand the universe and our place therein, and from the standpoint of which we can order our action and organize our lives together. And in so far as our knowledge begins with the senses and terminates in concrete practical activity, we seek this meaning first and foremost in the world around us, even if we find that that world ultimately points beyond itself to an  and  which transcends what can be known by the senses and which is infinite rather finite and necessary rather than contingent.  It is this search for meaning in the universe which forms the basis for the cosmological mythologies of band, tribal, and communitarian societies.  It is also principal font of science, which until the nineteenth century was the ally, not the adversary, of both rational metaphysics and of religion. 

It has not, to be sure, been obvious to all human societies that the universe is ultimately meaningful. On the contrary, some cosmological mythologies, such as those of the Aztecs, the Aryans, and other societies dominated by warfare and exploitation, see the universe as grounded in violence --in a primordial act of self-sacrifice-- and as in perpetual danger of collapsing into chaos and destruction (Brundage 1985, Rig Veda). Similarly, both ancient atomism and modern mathematical physics have called cosmic teleology and even the principle of causality radically into question in favor of doctrines which see the universe as governed by (at best) an order without a purpose or (at worst) by chaos and contingency. Indeed, by the middle of the twentieth century, it had become the common wisdom of the scientifically literate public that the universe had come into being for no good reason out of vast cosmic explosion and that it would eventually either collapse into a final singularity like the one from which it had emerged, or else expand endlessly, as energy dissipates and matter becomes increasingly uniform, so that the tentative and local movement in the direction of increased complexity and organization which characterizes the small region of space-time which we occupy, and which itself is merely the result of random variation and natural selection, disappears forever in a night darker and colder than the pit of Dante's Hell.  

The scientific results which are taken to point in this direction are, in fact, quite numerous.  Beginning with Laplace's claim that God is an hypothesis of which he had no need (Laplace 1819/1951, 1799-1825), up through the development of Darwinian evolutionary theory (1859/1970) and the discovery of the Second Law of Thermodynamics, which resulted in bleak predictions of impending cosmic heat death (von Helmholtz 1854/1961), and continuing in the present period with quantum cosmologies which undermine the principle of causality (Hartle and Hawking 1983, Halliwell 1991, Linde 1994, Bucher, Goldhaber, and Turok 1995, Bucher and Spergel 1999) and inflationary big bang theories which leave little room to hope in the long term survival of life and intelligence in the universe (Davies 1994), the tendency of mathematical physics and its daughter disciplines
 has been to render claims for the ultimate meaningfulness of the universe less and for the existence of God and less credible. This mobilization of mathematical physics against rational metaphysics and religion we call the "cosmological critique." 

There have been a number of responses to this situation. The two most important ideological trends in the present period: neoliberalism (Hayek 1988) and postmodernism (Derrida 1967/1978, Lyotard 1979/1984) accept it and in fact glory in it, regarding it not as a loss of meaning, but rather as a liberation from political and religious authorities which had been legitimated, at least in part, by the older teleological cosmology. 

Among believers the dominant tendency has been to abandon rational metaphysics altogether in favor of what amounts to fideism –the notion that we can attain knowledge of God only by means of faith or some other nonrational means. A much smaller group, centered mostly but not exclusively within the Catholic Church, which condemned fideism at the First Vatican Council (Vatican I. Dei Filius II, Canon 2:1; John Paul II 1998: 53), has attempted to find other ways to demonstrate the existence of God, which evade rather than confronting the critique emerging out of mathematical physics.

These alternative strategies for finding God are seriously flawed. As we will show later in this work, none of them actually succeed in proving the existence of God. And because they evade the question of the ultimate meaningfulness of the universe, the sort of spirituality they encourage is so other-worldly as to be vulnerable to critiques of the sort advanced by Feuerbach, Marx, Nietzsche, and Freud. If knowledge of God is possible only on the basis of something other than rational inference from sensory experience, then we cut a chasm between our ordinary sensual appetites and any possible love of God. Love of God is not just higher than love of objects we know through the senses --it is radically different.  And this is, of course, precisely the position of the whole tradition, beginning with Augustine, which grounded knowledge of God in this way. A whole host of evils follows in train --hatred of matter, of women, of sensuality, and ultimately of the universe itself.  It is difficult to see how, from this point of view, "natural" humanity, still submerged in sensation and the sensual appetites, is not radically depraved, or how such a "natural" humanity would ascend to even civilized behavior, without benefit of divine intervention --which is, of course, precisely what the religious right argues.  

Clearly "theism" of this kind has nothing to do with the ultimate meaningfulness of the universe.  On the contrary, it is, as Marx suggested, an opium for those who, living under conditions of brutal oppression, have lost faith in the world (Marx 1843/1978: 54). What he failed add is that it is also a practical atheism --a conviction that the universe, if it is indeed the handiwork of some great power, is shoddy work indeed, showing nothing of divine majesty, and pointing not towards God but towards a cosmic tyrant. 

A third response to cosmological nihilism has been to argue that mathematical physics and the disciplines based on that physics, do not in fact show that the universe is without meaning and purpose, but rather, at least when properly understood, provide as solid a ground for an intellectual ascent to God as the earlier Aristotelian physics.  Generally this sort of argument has been favored by scientists rather than philosophers, who attempt to move directly from physics to claims about the ultimate meaningfulness of the universe and the existence of God, without benefit of an intervening rational metaphysics. It is also generally associated with attempts to develop a unified physical theory under which all of the sciences can be integrated --an enterprise which in practice always involves privileged claims regarding one or another specific discipline  --e.g. relativity (Tipler 1994; Gal-Or 1987), quantum mechanics (Bohm 1980, Smolin 1997), nonlinear thermodynamics (Prigogine 1977, 1979, 1984, 1989), developmental biology (Sheldrake 1981, 1989), or evolutionary biology (Margulis and Fester 1991). Of particular importance to this line of reasoning are such findings as quantum nonlocality, which suggests that the entire universe is one vast interconnected system, and cosmological fine-tuning, which suggests that certain physical constants are fixed at just precisely the levels necessary to permit the development of complex organization.  In some cases there have been attempts to rework the hegemonic information theoretical neoliberalism to accommodate cosmohistorical progress (Smolin 1997) and even the existence of God (Barrow and Tipler 1986, Tipler 1994).  In other cases an attempt is made to argue, on the basis of mathematical physics, for an outlook which is sharply in contradiction with neoliberalism, and which is broadly holistic (Bohm 1980), dialectical (Prigogine 1984; Gal-Or 1986; Harris 1990, 1991) or even teleological (Swimme and Berry 1992; Sheldrake and Fox 1996). Others, meanwhile, are merely suggestive and fail to take a well defined position on key scientific or philosophical questions (Davies 1988, 1992). All of these attempts, however, are marked by profound internal inconsistencies, so that they fail to show that contemporary mathematical physics is really compatible with strong claims for the ultimate meaningfulness of the universe. And none of these thinkers come to terms adequately with the deep seated contradictions between the principal theoretical streams within mathematical physics (relativity and quantum mechanics, dynamics and thermodynamics, thermodynamics and evolutionary theory), or with the growing body of empirical evidence which calls many aspects of these theories into question.  

The result has been the triumph of nihilism: either a radical, secular nihilism which rejects the search for meaning and value altogether, or an otherworldly religious nihilism which drains the world of meaning even as it proclaims the transcendent sovereignty of a god who, we can only imagine, must hate his own creation. 

The impact of this nihilism, whether in secular or religious form, has been disastrous.  If we reject the search for meaning altogether we lose any basis for hope and any possible way of grounding moral discourse. The highest objects of our love dissolve like mirages.  Lacking any criterion by which to judge, people become incapable of seeing injustice. Lacking any reason to hope, they become incapable of action on behalf of the Good. If, on the other hand, ignoring the apparent evidence of reason and experience, we invest all our faith and hope and love in a principle so radically transcendent that it drains the world of meaning, then we can hardly be expected to act effectively to promote human development or to conserve the integrity of the ecosystem and the social fabric. 

Cosmological nihilism is not simply a spontaneous ideology of the marketplace; it is the product of a conscious polemic which, by undermining claims about the ultimate meaningfulness of the universe, also undermines rational metaphysics and thus the metaphysical foundations of any possible substantive doctrine of the Good from the standpoint of which the market allocation of resources might be contested and an alternative justified. The early, liberal forms of cosmological nihilism critique provided the bourgeoisie with a kind of direct apologetic, portraying it as a champion of liberty and an ally in the struggle against superstition and clerical hegemony. The clerical variants, meanwhile, provided an indirect apologetic, arguing that partisans of the via dialectica, even when they claimed to prove the existence of God, ultimately undermined divine sovereignty with their "rationalist hermeneutics." Eventually these two strains flowed together into postmodern nihilism, which argues that "totalizing metanarratives," religious or secular, which make claims about the ultimate meaningfulness of the universe, in fact legitimate totalitarian domination and an oppression far worse than that of the market order (Mansueto and Mansueto 2005).

What nihilism does is to undermine the possibility of any criticism of the market order and to make the search for ultimate meaning in terms of which criteria for judgment might be formulated into an object of ridicule, a neurotic obsession of those who are too weak to face the darkness of the abyss, to risk themselves in action in the knowledge that everything ends in absolute loss.  And it glorifies the capitalist and the imperialist warlord who stops at nothing to make his mark on the world, knowing full well that with the rapidly shifting sands of time it will soon be eroded.

Theses
This book is an attempt to answer the physical or cosmological critique of rational metaphysics, and to mount an argument for cosmic teleology.  It forms an integral part of a much larger project which aims at restoring rational metaphysics in the dialectical tradition, and thus at regrounding a substantive doctrine of the Good from the standpoint of which the market order and other social structures can be subjected to moral scrutiny.  An earlier book, Knowing God: Restoring Reason in an Age of Doubt, answers the epistemological critique of metaphysics advanced by and Kant and Hume and given new significance by the development of the sociology of knowledge. Later books address the claim, advanced by existential and postmodern theorists, that metaphysics (or ontology or “ontotheology”) is, in fact, at the very root of a plethora of social evils, from technological domination through imperialism and totalitarianism to atheism and despair, and will elaborate a radically historicized natural law ethics which demonstrates, among other things, that the market order is morally indefensible. 

The book operates at two distinct but integrally interrelated levels. It is, first of all a work of ideological criticism, which analyzes the social basis and political valence of various scientific paradigms, and more specifically of the Aristotelian physics which grew up in ancient Greece and which was dominant until the seventeenth century, and the mathematical physics which had always existed alongside it but which became the dominant paradigm just as the market order finally gained hegemony in the seventeenth century. It is, second, itself a work of metaphysics, making an argument about the proper aims and methods of the sciences, and the relative merits of various scientific paradigms,
 and making at least a preliminary argument about the ultimate meaningfulness of the universe. 

More specifically, I advance the following theses:

1. Aristotelian physics first emerged as an integral part of a fundamentally political project: a critique of the emerging petty commodity society of the ancient Mediterranean basin. Aristotelian physics provided a cosmological infrastructure for a rational metaphysics and a substantive doctrine of the Good from the standpoint of which the emerging market order could be contested and an alternative justified. This cosmology was scientifically superior to the rationalist (Pythagorean), empiricist (Democritan), and idealist (Platonic and Neo-Platonic) alternatives in the sense that it offered a more complete and comprehensive explanation of the available empirical data. It nonetheless had significant scientific flaws.  The details of the Aristotelian cosmological model, with its perfect concentric spheres, was never entirely in accord with the available astronomical evidence, something which opened up a gulf between observational astronomy and Aristotelian astrophysics long before the time of Copernicus and Kepler. Second, Aristotelian physics was unable to advance a unified theory of motion which could account in teleological terms for such terrestrial phenomena as decay and disintegration, or even for that matter what came to be called “forced motion,” such as the flight of a javelin. These were not, however, insuperable difficulties, and might have been overcome within the context of a teleological paradigm. 

2. Second, I will show that 
2.1. the turn to mathematical physics as a solution to the difficulties of the Aristotelian paradigm was driven not so much by scientific considerations as by a complex of forces including: 

2.1.1. the emancipation of  from the rule of science and metaphysics which accompanied the gradual dissolution of the craft guilds and the publication by means of the emerging print media of the whole complex of  emerging technologies which had previously been the property of a relatively small community of master artisans and practitioners of scholarly magic,

2.1.2. the spontaneous effects of the market order on the way in which people experienced and understood the world around them, and 

2.1.3. conscious polemics mounted by intellectuals attached to the clerical hierarchy and the emerging bourgeoisie. 

2.2. What passes for "science" today, while incorporating much authentic knowledge, is first and foremost, an element in the ideological strategy of Capital. "Scientists" are actually subaltern ideological agents of the market order. This is why what is often called the “modern scientific worldview” has turned out to be so resilient in spite of mounting contradictions both between the dominant physical theories and the empirical evidence and between the principal physical theories themselves.  Of these difficulties the following are the most important. 
2.2.1. Mathematical physics has, first of all,  shown itself unable to unify: 
2.2.1.1. relativity, which depends on the notion of a space-time continuum and a concept of signaling which implies strict causal relations, and quantum mechanics, which theorizes the universe as a discrete order and which calls into question certain aspects of strict causal relatedness (Bohm 1980), 
2.2.1.2. dynamics (understood to include both relativistic and quantum theory), which treat reversible processes, and thermodynamics, which treats irreversible change (Prigogine et al 1979, 1984), and
2.2.1.3. thermodynamics, which points to a global tendency towards disorder, and evolutionary theory (biological and social) which points to at least local and possibly cosmic movement towards increasing degrees of organization.

2.2.2. Furthermore, just as the geocentric models of the universe borrowed by Aristotle from Eudoxus and refined by Ptolemy had growing difficulties accommodating improved empirical data regarding planetary motions, the scientific disciplines which are based on mathematical physics are confronting growing empirical difficulties. The standard "Big Bang" cosmology, for example, has given rise to the following empirical problems:

2.2.2.1.  the existence of large scale structure which contradicts assumptions of cosmic homogeneity,

2.2.2.2. missing dark matter, 

2.2.2.3. stars older than the universe itself is supposed to be, and 

2.2.2.4. incorrect predictions regarding the basic ratios of such elements as Deuterium, Helium, and Lithium (Lerner 1991).  

Indeed, even where mathematical physics is able to patch together an authentically powerful explanation of a range of natural phenomena, it does so only with theories which ultimately contradict each other.  Thus, one of the triumphs of mathematical physics is the explanation of chemical organization using quantum mechanics and thermodynamics --but these two theories have fundamentally different understandings of such basic concepts as "time." 
2.3. Finally, mathematical physics is not only fraught with internal contradictions; it also fails the test of true science.  The aim of science is to explain; mathematical physics merely describes.  Sometimes these descriptions imply explanations indirectly.  Thus the discovery of the quantum nature of energy transfer explains why there are discrete chemical elements rather than a continuum of forms of matter with properties which gradually shade into each other. The quantum description of atomic structure, together with thermodynamics explains why the various elements interact with each other the way they do. But neither quantum mechanics nor any other theory in mathematical physics can explain why energy transfer is quantum rather than continuous, nor is there any theory in mathematical physics which can explain why the laws discovered by relativity, quantum mechanics, or thermodynamics are the way they are and not some other way.  Nor can there be such a theory in mathematical physics.  Mathematical formalisms are, in the final analysis, just very rigorous descriptions of the systems they formalize; they explain only when they limit logically what is possible. We will argue that the only way to develop complete explanations is through a teleological strategy, a strategy which explains in terms of final cause.

3. Third, I show that it is not only possible to make a case for the ultimate meaningfulness of the universe, but that a teleological approach in fact has far greater explanatory power than a purely formal or mathematical approach. I will outline a new teleological research program and suggest what such a restored teleological science might look like, addressing important issues in physics, biology, and the social sciences. This new program does not exclude mathematical formalization, but subordinates it to teleological explanation as a way of specifying rigorously just what must be explained. Integral to this proposal, therefore, is an argument about the proper relationship between not only science and metaphysics, but also between science and what I will argue is essentially the art ) of mathematical formalization.

Method
An argument of this sort, embracing as it does over 2500 years of scientific history, and making claims at both the ideological-critical and metaphysical levels, poses some extraordinary methodological challenges. The first problem concerns sources.  It would simply not be possible to master all of the relevant scientific texts.  I have thus relied on existing scholarship in the history and philosophy of science as my principal raw material, sometimes using their conclusions as the building blocks of my own argument, and sometimes subjecting their data to secondary analysis. I have returned to the original sources only when it seemed necessary in order to settle disputed questions, or when the texts themselves had such a pivotal impact as to make them really essential to my argument. Aristotle’s Physics and Metaphysics, Galileo’s Two Discourses on a New Science, and Marx’s Capital are cases in point. Among the secondary sources which have been most influential in shaping my understanding of the history of science, Pierre Duhem’s Le System du Monde, William Eamon’s Science and the Secrets of Nature, and Eric Lerner’s The Big Bang Never Happened each contributed enough to the main outlines of my argument to be singled out for special mention. In other cases, such as that of David Lindberg’s The Beginnings of Western Science, I am indebted to the author for the wealth of data compiled even though I reject many of the conclusions. 

More needs to be said about my method of analysis.  My aim here is not to write a history of science, but rather to make an argument concerning science on the one hand and the ultimate meaningfulness of the universe on the other. I do this by (re)constructing and then subjecting to ideological-critical and metaphysical evaluation three scientific paradigms: that of Aristotelian physics, that of mathematical physics, and that of the new teleological physics I am proposing. Reconstructing a paradigm means specifying its material and formal objects as well as its aim or purpose. By the material object of an intellectual discipline we mean what it studies in the simple and straightforward sense of what it is about --e.g. stars or economic systems. By the formal object of an intellectual discipline we mean the aspect under which its subject matter is studied. Thus astronomy, astrophysics, and astrology all have the same material object: i.e. the stars, but they consider them under different aspects, and thus have different formal objects. Astronomy considers the motion of the stars, which it models mathematically. Astrophysics considers the origin, nature, and development of the stars, which it attempts either to model mathematically, to explain, or both.  Astrology considers the stars as an influence (or in more modern formulations as an indicator of other influences) on human affairs. Both neoclassical and dialectical (Marxist) economics study economic systems, but the first considers them as systems of exchange and the latter as systems of production. 

In addition to the material and formal object of a discipline, it is also necessary to specify its aim or purpose. This includes not just its immediate purpose --to describe and/or explain-- but also the “mediate” ends to which it is ordered as part of a larger ideological and social system.  Thus we will show that Aristotelian physics was ordered to and ultimately governed by a metaphysics which formed part of a larger political project: resistance to the emerging market order. Mathematical physics, on the other hand, is ordered to  and more specifically to the manipulation of the physical, biological, and social universe for human purposes generally and (in the context in which it actually became hegemonic) to the service of the market order. 

It must be pointed out that our reconstruction of a scientific paradigm will inevitably look rather different from the work and ideas of any given particular scientist, no matter how critical that scientist was in the development of the paradigm.  This is because individual scientists, whatever their ideological limitations, are for the most part seriously committed to the pursuit of truth, and will generally pursue this aim well beyond the boundaries of the paradigm in which they generally work.  As a result they trade internal consistency for explanatory power and the ability to accommodate the empirical evidence. Even theoretically oriented scientists, furthermore, are rarely system builders.  Think of Newton and Kepler or Einstein and Bohr. The result is a failure to draw out systematically all of the implications of their ideas.

The reconstruction of an intellectual paradigm thus turns out from the very beginning to be inseparable from an ideological-critical analysis. Identifying the aims and purposes of a discipline means, among other things, situating it in a definite social context.  This in turn requires that we specify its social basis and political valence. By the social basis of an intellectual paradigm we mean not just the social location of those who created it and/or supported its creators, though this is certainly important, but more broadly the social structures which gave rise to the paradigm and made it (at least seem to) make sense.  Thus, we have already noted (and will argue in greater depth) for the role of both residual communitarian structures and the conscious ideological leadership of dialecticians in creating Aristotelian physics and of both spontaneous market forces and conscious ideological polemics in displacing this physics and securing the hegemony of mathematical formalization in physical, and to a lesser extent in biological and social research. By the political valence of a paradigm we mean its impact on the development of human society: e.g. to legitimate or to undermine the legitimacy of some social structure. 

From here, our next step is to consider the scientific adequacy of the paradigm in question. This means considering both internal coherence and explanatory power, i.e. the capacity of the paradigm in question to explain as much of the empirical data as possible using as few independent principles as possible (Occam’s Razor) while remembering that the most economical explanation is not necessarily the most reductive (Mansueto’s Switchblade) and avoiding internal contradictions, especially between core explanatory principles. In the case of the new dialectical and teleological paradigm we are proposing the task is somewhat different.  On the one hand we need to show that the approach we are proposing can do a better job than the hegemonic mathematical physics of explaining the existing empirical evidence. At the same time, we will need to outline an interdisciplinary research program in terms of which our approach can be further tested.

Finally, we need to draw out and evaluate the metaphysical implications of the paradigm.  What metaphysical principles, if any, does it presuppose? To what metaphysical principles, if any, does it conclude? What, if anything does it imply about the ultimate meaningfulness of the universe? Here the dialectical method comes into its own. We begin with the highest order principles to which the various special sciences themselves have concluded and draw out the presuppositions, implications, limitations of these principles, and the contradictions between them, in search of higher order principles in terms of which the various special sciences can be unified and their various principles rendered no longer presuppositions, but rather “hypotheses in the literal sense, things laid down like a flight of steps up which it may mount all the way to something that is not hypothetical, the first principle of all; and having grasped this, may turn back and, holding on to the consequences which depend on it, descent at last to a conclusion (Plato. Republic 511b).” This is, of course, the movement formal to transcendental abstraction (Thomas. In Boethius de Trinitate), and from Verstand, which comprehends only the external relations between phenomena, to Vernunft which shows those phenomena to be rationally necessary (Hegel, Encyclopaedia of the Philosophical Sciences: Outline 212, Encyclopaedia of the Philosophical Sciences 467).  It is the same movement, which Marx attempted in a more limited way, in the field of political economy, from a formal description of the movement of commodities to an explanation of the origin, development, and eventual demise of the commodity system itself (Marx 1971: 500). 

Indeed, it should by this point be apparent that what I am proposing to do is nothing less than to extend to the whole of mathematical physics, including its dependent and derivative disciplines, the sort of critique which Marx himself carried out in the limited realm of political economy. The Marx’s critique of political economy will in fact turn out to be merely a special case of the more general critique which I elaborate in this work. This is true in spite of the fact that we conclude to certain principles which Marx himself would have rejected: i.e. to God. On the basis of his partial critique Marx could rise only to the first principle of political economy: i.e. to labor which, by increasing the level of organization of the raw material on which it works, increases their value. Engels attempted to situate this result in the context of a larger cosmohistorical evolutionary process by means of which matter develops from lower to higher levels of organization (Engels 1880/1940). For reasons we will analyze in some detail he failed, with the result that dialectical materialism as it actually developed tended to regard human history as an island of meaning within an otherwise meaningless universe (the tendency in Western, humanistic Marxism), or else as the story of the gradual triumph of human labor over a hostile and unforgiving natural world (the tendency if Soviet Marxism).  In either case there is no basis on which to conclude to a metaphysical first principle of any kind, much less to God.
 Things will look different once we have subjected bourgeois science as a whole to a critique, and shown that many of the results which Engels accepted as fact were in fact an integral part of the ideological strategy of the bourgeoisie, of which he became an unwitting agent. 

It will, no doubt, be objected that the method I am proposing joins two fundamentally disconnected lines of argument which are themselves in contradiction with each other: i.e. an argument that scientific paradigms are the product of, and serve to legitimate or contest, definite social structures, and an argument that it is possible not only to achieve authentic knowledge of the way in which the universe is organized, but even to rise to a metaphysical first principle. Metaphysical realism and sociological relativism, it will be argued, just don’t mix. This criticism will be advanced, albeit with differing agendas, both by relativistic postmodernists and by defenders of traditional (e.g. Platonic or Thomistic) realism. If you are going to claim that mathematical physics is a reflex of the market order and an ideological weapon of Capital, then you must acknowledge that all ideas are similarly contextual and also serve interests which are irreducibly particular.  The standpoint of totality, to which Lukacs aspired, is out of reach, at least for finite human reason. If, on the other hand, you are going to make strong claims about the truth value of scientific and philosophical statements, you must sacrifice the ideological-critical dimension of your argument which treats ideas as political weapons rather than as more or less adequate attempts to understand the Truth.

We have responded in depth to these criticisms elsewhere (Mansueto 2002b, Mansueto and Mansueto 2005).  Here it is possible only to explain and justify briefly the theory of knowledge on which the validity of our whole argument admittedly turns.  Knowledge begins with the senses.  Data collected by the external senses creates topographical and dispositional representations in the human nervous system (Damasio 1995), what the Aristotelian and Thomistic tradition historically called the phantasm or image.  While it would be difficult to demonstrate that the relationship between image and object is "onto," i.e. that the image is a copy of the object
, and while clearly sensory knowledge is limited by our location and perspective, as well as by the particular way in which our senses have developed, we have good reason to believe that the senses do produce real knowledge about the outside world.  Otherwise our sensory knowledge would not be so useful in helping us to survive. 

The complexity of the human nervous system makes possible the creation of complex links between stored images and, at a neurological level, it is in precisely these links that the intellect consists.  It is impossible, however, to explain in purely neurological terms why, out of all the many logical possibilities, some links develop and others don't.  This is why attempts to theorize the human intellect as an information processing machine (Tipler 1994) are so inadequate and why Aristotle developed the notion of the Agent Intellect, which illuminates the images formed by the internal senses and reveals intelligible structure of objects they represent.  From this point of view the human nervous system corresponds to what Aristotle and Thomas called the "possible" or "potential" intellect.  Most of the medieval commentators on Aristotle, including Ibn Sina, Maimonides, and Ibn Rusd believed that because the Agent Intellect revealed intelligible and thus immaterial principles, and was thus itself immaterial, it was also unique.  Matter is the principle of individuation in the Aristotelian tradition and if something is immaterial there can only be one individual in each species.  The result was the notion of the unity of the Agent Intellect --one single Agent Intellect for all of humanity. This, however, made it difficult to explain why different people process similar sense data in such different ways. It also created various theological problems.  Thomas thus defended the idea that each individual has his or her own agent intellect which illuminates the images s/he garners from sense experience.  

The development of the social sciences has both complicated this problem and suggested a solution --one which turns out to be deeply in accord with another aspect of the Thomistic epistemology: i.e. the theory of connatural knowledge.  We now know that not only do individuals process similar sense data differently, but that people from different societies exhibit often fundamental differences in outlook. This suggests that the "agent intellect" is in fact both one and many, neither purely material nor purely immaterial, but rather social --i.e. society itself. Living within a definite social formation, people actually live its structure.  Thus people who live in tribal societies develop systems of classification which mirror the kinship structure which organizes their societies, while people who live in market societies governed by complex market relationships organize their experience using complex quantitative formalisms which reflect actual structure of the marketplace. Living a structure, people become connatural with it. They gain a preconceptual knowledge of the structure in question so that their sensory experience is illuminated by it. People who lack such a connatural knowledge have grave difficulties mastering concepts for which they lack a real basis in experience.  Thus the Uzbek villagers studied by Alexandr Luria (Luria 1974/1976) during the early 1930s refused to solve simple classification problems in a way which most people in market societies would consider reasonable, insisting, for example, that all the elements in the sequence "log, axe, saw, boy" go together --because you need tools, raw material, and a helper to assist you with your work. People in market societies, on the other hand, have difficulty thinking teleologically because they have so little experience of participation in structures which are ordered to some global purpose.

None of this implies an irreducible relativism.  That our ideas are generated by, and thus shaped and limited by, definite social structures, does not mean that the ideas have no truth value or that we cannot test that truth value against experience. On the contrary, just as with the images we garner from sense experience, so too with our ideas: some help us survive and others do not.  And this difference cannot help but have something to do with the adequacy with which they capture the way the world is organized. Whatever else one may say about Newton's theory of gravity --and it will come in for some stiff criticism later on in this work-- it must have some bearing on reality otherwise it would have turned out to be so useful in technological applications. 

Incorrect ideas, in other words, simply don’t work. There can be no doubt that human societies, like the sensory systems of various animal species, are finite and can reveal only part of the systems which they perceive. There is, furthermore, no doubt that the part of reality which is revealed by these structures is selected by the needs of the social systems in question, just as animals develop those senses which serve their adaptive strategies. But abstractions which help a society to survive and flourish must disclose something important about the way the universe really works, just as well adapted sensory systems disclose something important about an animal's environment.  Ideas and systems of ideas which lead to stagnation and decline are probably flawed in some way. Ideas, in other words, develop on definite material bases (the human nervous system) and are formed by definite structural principles (those of the society in which they are produced). They are, nonetheless, ordered to the Truth, even if they also serve particular social interests. Indeed, their ability to serve those interests, and the viability of those interests themselves, is constrained by their relationship to the Truth.

From this vantage point it becomes clear that the practice of ideological criticism is by no means opposed to the agenda of epistemological and metaphysical realism --even to a strong realism which claims to be able to rise to the idea of God and of the transcendental principles of value. Ideological criticism is, rather, an integral part of the dialectic of ascent by which we discover what the Truth is and indeed that it Is. Demonstrating that a particular set of ideas (e.g. the Aztec belief that the universe came into being through divine self-sacrifice and had to be sustained by continuing human sacrifice) legitimates particular social interests (that of the Aztec warlords and their priestly allies) does not by itself demonstrate that the ideas in question are wrong. But when we understand that the Aztec empire fell, and how, including the ways in which Aztec religion was implicated in the fall, we are at least one step closer to knowing that the Aztecs were (at least partly) wrong after all, as well as to gaining some insight into what does in fact create and sustain organization (social or cosmic).  An argument linking mathematical physics with long-term stagnation under the market system would have similar force.

It might be objected that this already presupposes a principle of value: i.e. that it is a good thing that civilizations survive and continue to grow and develop. But this is not really true.  The principle of value is implicit in the practice of science, or of producing cosmological mythologies, and indeed in the whole practice of living; our argument merely makes it explicit. Whether or not we share their ideology, the Aztecs were, in fact, trying to survive and they were helped and hindered in this struggle by various aspects of their ideology. The same is true of other civilizations.  Indeed, everything in the universe struggles after its own manner to persist in being -- a point even Nietzsche would accept. Certain ideas, those which have a relatively larger share in the truth, help us in this struggle; others, those which have a lesser share, hold us back. This suggests that Being is indeed a transcendental principle of value. A definitive judgment, of course, is possible only at the End, and which we can never know with certainty and in advance.  But the cumulative judgments of history, harvested by ideological criticism, do in fact gradually give shape to at least a rough and ready knowledge of what Is, and thus to some criterion for judgment.

Ideas, in other words, including scientific ideas, are weapons in the class struggle, but the class struggle is also a struggle for knowledge, a scientific and ultimately a metaphysical struggle in which (as we hope to show over the course of the whole four-volume work of which this book forms an integral part) one side --the side of the working classes, which participate in the development of the universe towards ever higher degrees of organization, are able to demonstrate their epistemological, ontological, and moral superiority over the exploiting classes which siphon off surplus which might be used to promote development for warfare and luxury consumption. The much vaunted "hermeneutical circle" within which ideological criticism and indeed most philosophy since Kant has been caught is revealed to be in fact a dialectical spiral in which the partial viewpoints of finite human beings and human societies are able to engage in a real contest over their relative merits and not simply a political contest for hegemony, and thus show themselves to be real participations in the one Truth which does indeed transcend all finite understanding.

A second criticism which will likely be raised against our method is that it makes philosophy (and specifically metaphysics) the arbiter of scientific truth, and thus undermines the legitimate autonomy of the sciences, something which has been regarded as sacrosanct since the seventeenth century.  To this charge I offer two responses. First, the relationship which I envision between science and philosophy, while not entirely symmetric is, however more nearly reciprocal than the charge allows.  The whole design of this study in fact takes for granted that the resolution of key philosophical questions in fact depends on certain scientific results.  One cannot answer the question about the ultimate meaningfulness of the universe apart from the results of empirical scientific investigation.  Any claim for cosmic teleology must meet the standards of scientific demonstration. And this demonstration can only be carried out by the sciences themselves.  In this sense the argument we will make here can only be preliminary and provisional --which is why we conclude with an outline for a new teleological research program. At the same time, the nature of science and of scientific explanation are not subjects for science itself, but rather for philosophy.  This is because science claims to be a road to Truth, and the task of discerning just what sort of thing Truth is, and how we might arrive at it are matters not for explanation, which is the task of science, but rather of rising to principles (i.e. wisdom).  Good science can be done only by scientists, but judgments regarding what constitutes good science can be made only by philosophers.  The relationship between philosopher and scientist is thus always that between ruler and ruled, but this rule is not a despotism. Rather the ruler supplies the principles needed for the work of the ruled, for the benefit of the ruled, on the basis of what s/he learns by consulting the ruled.

This said, we are ready to begin work.  Our first task will be an analysis of the social basis, principal concepts, methods, and conclusions and internal contradictions of Aristotelian physics.  We will then turn to a much more extended and detailed consideration of mathematical physics, before we begin to build the case for a new dialectical paradigm which extends the old Aristotelian teleology and allows to make at least a preliminary case for the ultimate meaningfulness of the universe. 

� By mathematical physics we mean any physics which seeks not so much to explain the universe in terms of a rationally transparent principle (as did Aristotelian physics) but rather to produce mathematical formalism which describe it very precisely.  This has, we will argue, been the focus of almost all physics since the seventeenth century. We regard as daughter disciplines of mathematical physics those for which rigorous formal (mathematical) description remains the epistemological ideal.  This includes almost all of chemistry and the applied physical disciplines (astrophysics, geophysics), as well as much of biology and the social sciences (e.g. neoclassical economics).


� These include the "purely metaphysical" forms of the cosmological argument favored by Gilsonian or "historical" Thomists (Gilson 1936, von Steenberghen 1980 Tweeten 1996), the transcendental arguments put forward by Rahner (1958, 1976) and the Transcendental Thomists, and also, in somewhat different form, by Hartshorne and his followers (Gamwell 1990), and intuitionist or illuminationist arguments which lead back towards the ontological proof (Seifert 1981).  These and other attempts to find God by going around, rather than through cosmology, will be discussed in depth in a later chapter.





�This sort of argument would generally be regarded today as part of the “philosophy of science.” I prefer the term metaphysics for two reasons. On the one hand, the ancient meaning of the term --i.e. any discipline which comes after physics, captures the fact that this sort of argument depends on principles which arise out of, but transcend the conclusions of purely physical research. At the same time, the modern use of the prefix “meta” to mark any discourse the formal object of which is another discourse, captures, when joined with the term “physics” the very nature of the argument in question: it is an argument about the aims, methods, conclusions, and limits of physics.


� This process, which has been traced in detail by William Eamon (Eamon 1994) whose Science and The  Secrets of Nature shows that at least a very significant part of the content of the esoteric texts and traditions of late antiquity and the middle ages in fact amounted to a bundle of emerging technologies, including many which were important to the later development of metallurgy and medicine, and indirectly of chemistry and biology.  These “secrets of nature” were closely guarded not only for economic reasons, but also because it was thought that they might be dangerous in the hands of those who had not yet traveled the road of wisdom, mastering the liberal arts, the sciences, and metaphysics. The publication of this material in the late middle ages contributed to the development of capitalism directly by helping to break down the power of the craft guilds, and indirectly by creating what amounted to a market in technical knowledge unregulated by any sort of moral discourse regarding the proper use of these new techniques.  


� Nor does either approach, incidentally, support development strategies which are concerned to conserve the integrity of the ecosystem as well as promoting human development. The results are apparent in the effective poisoning of much of Eastern Europe.


 8 Damasio (Damasio 1995), however, reports that when monkeys are exposed to visual images of geometric forms, the result is a topographical representation in the brain which actually resembles the object seen.








