
The Mind’s Road to God Must Pass Through Cosmology
62
39
Chapter Three

Chapter Three

The Mind’s Road to God Must Pass Through Cosmology

There can be little doubt that the development of mathematical physics and the disciplines based on it
 have, especially since the end of the eighteenth century, tended progressively to undermine the whole enterprise of natural theology. 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, Kraus and Starkman 1999, forthcoming), the tendency of mathematical physics has been to render most historical forms of the cosmological and teleological arguments for the existence of God increasingly less credible. This mobilization of mathematical physics against natural theology we call the “cosmological critique.” 

Believers have responded to this situation in two principal ways. The dominant tendency has been to abandon natural theology altogether in favor of what amounts to fideism –the notion that we can attain to 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, including 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), or intuitionist

or illuminationist arguments that lead back toward the ontological proof (Seifert 1981).

At the same time, there has been considerable discussion in recent years regarding the emergence of a new scientific paradigm centered on holism and self-organization –a paradigm which might be friendlier to the enterprise of natural theology. This discussion has been motivated by a number of distinct developments in such diverse fields as physical cosmology and nonlinear thermodynamics, all of which seem, however, to point in a common direction. On the formal side there is a push toward the unification of physical theory, while on the substantive side there is an increasing willingness to talk about the universe as a radically interconnected system with a fully intelligible structure, which develops toward ever-higher degrees of organization. Proponents of the so-called “anthropic cosmology” even suggest that the universe may be fine-tuned in just such a way as to make possible, or even necessary, the emergence of complex organization, life, and intelligence (Prigogine et al 1977, 1979, 1984, 1988, Bohm 1980, Barrow and Tipler 1986, Gal-Or 1987, Pines 1987, Lerner 1991, Tipler 1994, Harris 1991, 1992).

This chapter will argue both that ways of rising to knowing of God which attempt to go around, rather than through cosmology are serious flawed, and that talk of a new scientific paradigm is in fact premature. With respect to the first point we will show that none of the natural theologies which evade cosmology actually succeed in proving the existence of God. Second, even if one or more of these strategies did succeed in proving the existence of God, the God proven would be either so irrelevant to human life and the life of the universe generally as to be religiously meaningless, or else the object of a cult so other-worldly as to be vulnerable to critiques of the sort advanced by Feuerbach, Marx, Nietzsche, and Freud. While these critiques could not, following as they would on a proof of the existence of God, undermine claims regarding the truth-value of religion, they would still retain considerable force as indictments of religion as an obstacle to human development. In the light of these conclusions, any credible strategy for demonstrating the existence of God, and thus for combating the nihilism, despair, and injustice of our time, must pass through cosmology –it must confront and answer the cosmological critique of metaphysics, and show that the universe is ultimately meaningful in the sense of being ordered to a first principle which is infinite, necessary, perfect, and thus divine.

Unfortunately, the so-called “new science,” which many have touted as the basis for just such a renewed natural theology, turns out to be little more than an attempt to put new wine in old skins. While attention to previously shunned evidence for holism and self-organization is to be commended, there has yet to be any real break with the view that the pinnacle of science consists in the mathematical formalism, and there continues to be a deep-seated resistance to the only kind of explanatory strategy which can both unify science and account for the evidence in question. Science is entering a period of profound crisis, a crisis which is rooted in an inability to theorize “ordering to an end” and which will be resolved only by a return to teleological explanation, albeit a teleology expanded to accommodate the reality of chaos, contradiction, and even disintegration, all of which clearly form part of material reality.

I will conclude by suggesting how we might move past this impasse and will outline a new teleological research program for the sciences (physical, biological, and social) which alone, we will argue, can unify science, resolve its current contradictions, and provide an adequate basis for ascent to first principles. 

Why Science Became a Problem for Theology

The aim of science is to explain as much as possible using as little as possible—that is, to reduce the complex diversity of sensory experience to the smallest number of principles possible, and if possible to rise to a single principle from which, were we to understand it perfectly enough, all particular phenomena could be derived. In the process, we hope to discover what purpose, if any, the universe possesses, and what role we play in the realization of that purpose.

The first great scientific synthesis was developed by Aristotle, who argued that it was, indeed, possible to rise from sensory data to a single first principle—the first unmoved mover. Matter for Aristotle was the possibility of organization, form its actuality. Motion was the gradual realization, over the course of time, of the latent potential of matter as it moved toward the perfection of form. The explanation of particular forms of motion involved an understanding of the matter in question, of the form that was being perfected, and of the efficient cause—that by which the change took place, as well as the end toward which the change was ordered. Ultimately, however, the whole process of change was grounded in the attractive power of the first unmoved mover, the incredible beauty, truth, goodness and integrity of which drew all things to itself (Aristotle Metaphysics 12.7). Thus, minerals tend toward stability or the conservation of their own forms, plants toward nutrition, growth, and the reproduction of their forms. Animals actively pursue the goods they need for nutrition, growth, and reproduction by moving themselves toward these goods that they know by sensation. Human beings, who are rational animals, seek to the cultivation of the intellect as well as the perfection and reproduction of the body. Everything in the sublunar realm is, furthermore, driven by the motions of the heavenly spheres. Celestial influences lead to the combination of various qualities (hot and cold, wet and dry) to form various minerals, a process which in turn affects the underlying material substratum out of which living systems emerge. This was the basis for the development in the medieval period of the disciplines of astrology and alchemy. The stars, with their perfectly regular motions, also draw the human intellect upward toward the intelligible. Each of the celestial spheres is, in turn, moved by emulation for the one above it. But there cannot be an infinite regress. There must, therefore, be some first unmoved mover, the beauty, intelligibility, and goodness of which moves all the others without itself ever being moved. This, for Aristotle, is God (Aristotle Physics, Metaphysics, Lindberg 1992).

The Aristotelian synthesis collapsed for two reasons. First, it was unable to advance a unified theory of motion. How does one explain teleologically a decaying corpse or a thrown javelin? These processes do not seem in any sense ordered to the perfection of form. Thus the distinction between natural and violent motion. This in turn led to a distinction between the celestial realm, where all motion is natural, and the sublunar realm where both kinds of change occur. Second, Aristotelian science had considerable difficulty coming to terms with the growing evidence that even the heavens were not ordered in the perfect manner required by theory. This was a problem long before Copernicus and Kepler. There are sharp differences between Aristotle’s cosmology and the formal, mathematical models of his near-contemporary Eudoxus. Refinement of these models by Ptolemy and others involved a departure from the perfect spherical motion which was central to Aristotle’s system long before Copernicus opted for heliocentrism or Kepler displaced the circle with the ellipse (Murdoch and Sylla 1978, Grant 1978, Pedersen 1978, Lindberg 1992).

There were two ways to resolve this problem. One would have been to generalize the concept of teleology in such a way as to accommodate the reality of violent motion, and to abandon the particular cosmological models developed by Aristotle in order to save the principle of teleological ordering. There were powerful reasons to take just precisely this approach. Aristotle and his interpreters had, after all, already implicitly shown that the only complete explanation is a teleological explanation. This is because a complete explanation must terminate in a principle which (directly or indirectly) explains everything else while being self-explanatory. Such a principle must be necessary, infinite, and perfect (and thus divine), and it must cause exclusively by the attractive power of its own perfection (otherwise it would be in motion itself and would thus require some other explanatory principle, resulting in an infinite regress) (Aristotle Metaphysics 1071b-1076b, Thomas Summa Theologiae I, Q2).

This was not, however, the road taken. Teleology was abandoned altogether, and (though this was never acknowledged, or perhaps, even really recognized) the possibility of a complete explanation along with it. Instead, an attempt was made to develop increasingly general mathematical formalisms which describe motion (now conceived exclusively as change in place). Thus the whole history of mathematical physics, beginning with the special theories of Galileo and Kepler, up through the “first unification” by Newton, and each of the successive generalizations and unifications: Hamiltonian dynamics, Maxwell’s equations, relativity, quantum mechanics, and most recently quantum cosmology.

The reasons for this choice against teleology were as much political as scientific. Specifically, 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 scientia, is integral to the technologies on which capitalism is founded and develops alongside 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 (scientia and sapientia) to which it had previously been ordered, a process which William Eamon (Eamon 1994) has traced out in great detail. Liberal bias has created a presumption that any emancipation is a good thing, but in this case there are real difficulties involved. As Eamon demonstrates, the esoteric teachings of the philosophical (as opposed to the mystery) schools of antiquity and the middle ages had less to do with spirituality or the occult than with techniques for manipulating nature. They were surrounded with secrecy not primarily or a least not only to protect the material interests of the philosophers, who rarely made much practical use of them, but rather because it was thought dangerous to endow someone without proper “exoteric” philosophical training, and the moral discipline which that training confers, with the power to control the forces of nature. Consider the danger should such knowledge fall into the hands of an unscrupulous prince! The history of the last two centuries suggests that the tradition of Hermetic secrecy may well have had something to commend it.
 

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 spells 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. Indeed, there is considerable evidence, first developed by Pierre Duhem almost a century ago, that it was the Augustinian assault on Aristotelian dialectics, and not Renaissance free-thinkers, who gave the first impetus to the rise of mathematical physics from the status of servant to Queen of the sciences (Duhem 1913-1959). Stephen Tempier, the reactionary Bishop of Paris who condemned more than a few of Thomas’ theses, and not Galileo, Kepler, or Newton, is the real father of “modern science.” These “ideological” dynamics, which govern the whole development of mathematical physics, do not mean that the discipline is wholly 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 shift from teleological explanation to mathematical formalization did not lead to an immediate crisis for natural theology. On the contrary, most mathematical physicists, Newton (Newton 1700) among them, took for granted the fact that the wonderful order which they were describing had a divine author in terms of whom alone its beauty and harmony could be adequately explained (Paley 1802/1986). Already, however, the growing prominence of mathematical methods in physics led to a subtle shift in emphasis which laid the foundations for the crisis. Within the Aristotelian tradition science was by nature explanatory and deductive. The aim of science, in other words, was to rise to a principle in terms of which the phenomena under investigation could be shown to be rationally necessary consequences. This meant that physics necessarily terminated in metaphysics, which alone could supply a principle from which finite and contingent phenomena could be deduced. Mathematical physics, on the other hand, merely describes phenomena, leaving their essential nature and underlying causes obscure. This tended from the very beginning to promote the idea that the new “science” was achieving more than it actually was. The generalization of Newtonian mechanics into a universal dynamic theory in which the position and velocity of every particle could be accounted for in terms of that of every other particle made it possible, at least in principle, to “account for” everything in the universe without reference to any immaterial or metaphysical principles (Laplace 1799-1825). Thus Laplace’s claim that God is “an hypothesis of which I have no need.” The gradual development of the nebular hypothesis (Kant 1755/1968), of historical geology, and of evolutionary theory in the nineteenth century (Darwin 1859/1970), and the advent of mathematical cosmology (Friedman 1922), which claim to describe the whole history of the universe in terms of a set of relatively simple equations, have only contributed to this impression. Some –though by no means all—contemporary theories of self-organization point in the same direction (Hayek 1988).

The more serious challenge to natural theology has come from physical results which either paint a picture of the universe which makes the existence of God seem profoundly unlikely, or which seem to undermine principles which we need in order to prove the existence of God. Of particular importance in the first regard are results concerning the long-term destiny of the universe. The discovery of the Second Law of Thermodynamics in the middle of the last century, which holds that any closed system of particles (which is the way in which the universe was then conceived) tends toward increasing disorder or, in an alternative formulation, tends to dissipate its energy so that it is no longer available to do work, was taken to imply that the universe, far from evolving toward ever higher degrees of organization, was in fact headed toward an inevitable heat death (Helmholtz 1854/1961, Engels 1880/1940). Contemporary cosmology now rejects this prediction, because matter and energy dissipate at different rates, making the existence of thermodynamic gradients and thus available energy a permanent feature of the physical universe (Roos 1994: 77). At the same time, the standard cosmology has equally somber implications for the long-term future of the universe: either continued expansion and cooling, making life and intelligence more difficult if not actually impossible, or else a contraction which will annihilate all complex organization (Davies 1994). Attempts by physicists such as Frank Tipler to argue for the continued development of life and intelligence into infinity under a standard cosmology, while quite creative, ultimately lack credibility (Tipler 1994). And it seems unlikely that an infinite, necessary, and perfect God would create a universe which gives rise to life and intelligence only to allow it later to be destroyed.

Difficulties of this sort notwithstanding, a number of thinkers have persisted in seeing the standard cosmology as not only compatible with, but even as suggestive of, a divine creator. This view is particularly common among thinkers with an Augustinian bent, such as Stanley Jaki (Jaki 1988), and in no way violates the general-relativistic principles which form the foundation of the standard cosmology. This approach, however, is called into question by recent developments in quantum cosmology which envision entire universes coming to being through random fluctuations in an underlying quantum field (Hartle and Hawking 1983, Halliwell 1991, Linde 1994, Bucher and Turok 1995, Bucher and Spergel 1999). This approach renders not only teleological but even mechanical causality problematic. In addition, if the nature and limits of causal explanation are unclear even at the physical level, it is difficult to see how they can be legitimately extended into the metaphysical realm.

Getting Around Cosmology and Why it Doesn’t Work

In the light of these difficulties, the overwhelming tendency among believers has been to abandon the enterprise of natural theology entirely. Even within Catholic contexts, the tendency since at least the middle of the century has been to simply take for granted that the “god-proofs” have been invalidated and that religion is first and foremost a matter of the appetites, with “belief” following only on affective experience or an act of the will. There have, however, been attempts to salvage natural theology in a way which, however, evades rather than confronts the difficulties created by mathematical physics. Generally speaking these attempts fall into three categories. First, some thinkers within the phenomenological trend (Seifert 1981), as well as a much smaller number of objective idealists, have claimed what amounts to a direct intuition of the divine. In the case of thinkers working within the phenomenological tradition this generally means that God is one of, indeed the highest, of the essences which becomes accessible in the wake of the phenomenological reduction. In the case of objective idealists, the claim is generally on behalf of a specifically religious intuition which is difficult to distinguish from faith. Generally speaking both strategies form part of a larger Augustinian philosophical and theological problematic, and resonate with Augustine’s claim that the fact that we have an idea like that of God can be explained only in terms of the existence of God because neither a finite mind nor any other finite system would be incapable of generating such an idea on its own.

Attempts within the Thomistic tradition to save natural theology have run along very different lines. Transcendental Thomists such as Rahner have argued that, Kant to the contrary, the idea of God is not simply a transcendental ideal but actually a synthetic a priori. Rahner’s starting point, like Kant’s, is the internal structure of human consciousness. But the structure of consciousness, he insists, tells us something about the object of consciousness, much as the structure of a keyhole points to both the existence and the nature of keys (Rahner 1976/1978). Every existential judgment we make, Rahner argues, presupposes implicitly the notion of esse as such, or God, of whom we thus have what he calls a nonthematic preapprehension (Rahner 1957/1968). It should be noted that in his later work Rahner seemed more inclined to regard this argument as a demonstration of our natural openness to God than as an authentic proof, regarding the value of which he was profoundly suspicious (Rahner 1976/1978).

“Historical Thomists” of the Gilsonian school have been more anxious than their Transcendental counterparts to uphold at least something of the validity of Thomas’ own strategy for proving the existence of God. At the same time, they have tended to side with Augustinian critics in arguing that the Aristotelian proof from motion—Thomas’ first way—does not really demonstrate the existence of the Christian God, but only of a pagan final cause (Gilson 1936, von Steenberghen 1980, Tweeten 1996). Here the agenda is theological rather than scientific. For Gilson it is the discovery of the concept of Being as such which constitutes the greatest achievement of Thomas, an achievement which is intimately bound up for him with the doctrine of Creation ex nihilo (Gilson 1952). The first proof, it is argued, does not rise to a Creator God, who is the Being of all things, but only to a teleological attractor who, among other things, may be dependent on the heavens for its perfection and who might even make the universe necessary and eternal, something which they believe contradicts revealed wisdom. This has led some historical Thomists to become profoundly skeptical about the adequacy of all of the Thomistic proofs (von Steenberghen 1980), which they see as tainted with paganism. Others (Owens 1980) reread Thomas’ proof in the light of his “existential metaphysics,” or understand motion exclusively in terms of movement from potency to act, without any reference to cosmological presuppositions (Tweeten 1996). In either case the main thrust of the argument is the same. The fact that there is a universe at all depends on Being as such in which all contingent beings enjoy a created share. We need know nothing in particular about the universe in order to arrive at this conclusion.

The response to the cosmological (mathematical-physical) critique of natural theology has been mistaken in two ways. First, arguments for the existence of God which evade cosmological considerations turn out inevitably to be radically inadequate and fail in their aims. This is true, however, in very different ways of neo-Augustinian intuitionism (or illuminism) and transcendental Thomism on the one hand and of the Gilsonian “purely metaphysical” version of the cosmological argument on the other hand. Augustinian and transcendental Thomist arguments fail purely and simply. Specifically, they are entirely vulnerable to psychoanalytic and sociological critiques such as those advanced by Feuerbach (1841/1957), Marx (1943/1978, 1844/1978, 1867/1977), Nietzsche (1889/1968), Freud (1927/1928, 1930), and others which advance alternative explanations for religious consciousness, at least some of which are probably more economical than the neo-Augustinian or transcendental accounts. Even if one were to grant a bit more to the transcendental argument in particular, namely that the idea of God (understood as the Thomistic esse) is in fact a condition of any possible knowledge, this does not necessarily imply that God in fact exists—one might also conclude that there is no real knowledge, an option which has become increasingly popular with the development of postmodernist and deconstructionist ideologies during the last quarter of the twentieth century (Derrida 1976/1968, Lyotard 1979/1984). Perhaps more to the point, the neo-Augustinian and transcendental Thomist approaches are pastorally vacuous, unable to answer the main forms of doubt in the modern world—that is, the suspicion that the universe is not, after all, ultimately meaningful and that religion is merely a sort of wishful thinking. 

The problem with the Gilsonian approach is very different. In itself, the metaphysical form of the cosmological argument is valid, even if the scruples about paganism which motivate it are not. The difficulty is that the whole enterprise of metaphysics must first be validated and its basic concepts established before this argument can be made. And metaphysics arises out of cosmology –that is, out of physics in the Aristotelian sense, understood as a complete explanatory theory of the universe. It is the need to complete the physical explanation of the universe in a principle which itself requires no further explanation, precisely because it is self-caused, that brings the whole enterprise of metaphysics into being in the first place. And the concepts used by metaphysics in establishing and analyzing this principle—causality among them—are carried over from physics. If physics cannot validate the concept of causality then it is not clear how it can legitimately be carried over into the metaphysical realm. Looked at from a pastoral standpoint, it might be said that while the Aristotelian strategy could easily appeal to someone who did not initially believe in God, and who was conducting an open-ended investigation aimed at understanding the universe, the purely metaphysical approach of the Gilsonian school will make sense only to someone who already believes and is thus of limited pastoral value.

Second, attempts to rise to the idea of God in a way which evades rather than passing through cosmology, even if they could succeed in proving the existence of God, are inevitably religiously unsatisfying. People seek God, at least at first, in order to ground whatever meaning they have discovered in their lives—to situate the whole business of knowing and loving and creating in a context which suggests that the realities of suffering and death notwithstanding, what we are and what we do has some ultimate meaning. And our knowing and loving and creating are, furthermore, situated within the context of a definite physical, biological, and social context which must be shown to point, however obliquely and indirectly, toward an End in which what we do in our lives is conserved and validated. It is only on the basis of this first religious impulse that we can grow, by means of the “dark night” toward a higher spirituality which in which God is known and loved for God’s own sake, and in which we eventually come to know ourselves in and love ourselves for the sake of God rather than knowing God as the condition of our own self-realization (Garrigou-Lagrange 1938). In bypassing cosmology the neo-Augustinian and transcendental Thomist approaches by-pass the question of the ultimate meaningfulness of the universe and thus of our own lives and render the question of God’s existence religiously meaningless. 

One might, of course, object, that what is at issue here is simply a different understanding of what religion is about—that it is very emphatically “not about a search for meaning”
 nor is it an answer to any striving which is properly human, but rather something which “shakes us and turns us” away from our properly human, creatively concerns toward a God who is radically other. And this is, indeed, the trend of most twentieth century theology, Protestant and Catholic (Tillich 1967, Rahner 1976/1978). If we rise to knowledge of God in some way other than by abstraction and inference from the data of the senses concerning the world we live in, then love of God is also in radical discontinuity with the love of nature, of other human beings, and of the human civilizational project. The result is the otherworldliness characteristic of the larger Augustinian tradition. The difficulty, once again, is that this is, precisely, the sort of religion which is vulnerable to the critiques of Feuerbach, Marx, Nietzsche, and Freud. One might, of course, simply reject such critiques as signs of worldly pride, but this is mere assertion—no really satisfactory argument for a rationally knowable principle which might ground a critique of pride has been put forward.

Cosmic Teleology and the Crisis of the Sciences

The task, then, is quite clear. Those who are anxious to combat the nihilism and despair of the present period, and the injustice which that nihilism and despair legitimates, must confront directly the challenges to religion posed by mathematical physics and its subaltern disciplines. And there are growing reasons to believe that such a confrontation might actually be won. As it turns out, mathematical physics has not been any more successful than was Aristotelian science at producing a unified theory of motion, nor is it able to describe—much less explain—anything like the full range of natural phenomena. Among the internal contradictions of mathematical physics the most important are:

1) an inability to unify relativity, which depends on the notion of a space-time continuum and a concept of signaling which imply 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) an inability to unify 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 

3) an inability to explain adequately the emergence of complex organization, something which appears to be ruled out by such basic principles of thermodynamics as the Second Law and the Boltzmann Order Principle (Prigogine 1977, 1984). 

Above and beyond this, mathematical physics has profound difficulty coming to terms with certain critical bodies of evidence. The standard “Big Bang” cosmology has run into increasing empirical difficulties—the existence of large scale structure which contradicts assumptions of cosmic homogeneity, missing dark matter, stars older than the universe itself is supposed to be, and incorrect predictions regarding the basic ratios of such elements as Deuterium, Helium, and Lithium (Lerner 1991). And 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.”

The “new science,” which many see as the basis for a renewed natural theology, is more or less defined by an attempt to resolve some or all of these difficulties, and thus to unify, or at least significantly advance the unification of, science, while arguing, in one way or another, for the ultimate meaningfulness of the universe. Let us consider briefly three very different variants of this program, and see why it is, in fact, quite impossible to carry out—at least without a more fundamental epistemological rupture and what amounts to a return to the alternative, teleological strategy of explanation.

Of the various attempts to unify science and argue for the ultimate meaningfulness of the universe, the most conservative, in terms of its rigorous adherence to the norms of mathematical physics, (if not in terms of its claims, which are so bold as to be outrageous) is that of Frank Tipler (Tipler 1994). Tipler’s strategy is fundamentally to reduce complex organization, life, and intelligence, to “information” which is physically encoded in various systems, and then to theorize the universe, and the fate of intelligent life, in terms of a further generalization of the quantum cosmology developed by Hartle and Hawking. Tipler rejects explicitly the notion of irreversible change, and uses temporal reversibility as a way to mimic, unsuccessfully we will argue, the concept of final cause. 

The universe, for Tipler, is a vast information processing system. Matter is the “hardware” component of the system, the laws of nature the “software.” Tipler argues that the organization of a system is its negative entropy, or the quantity of information encoded within it. “Life” is simply information encoded in such a way that it is conserved by natural selection. A system is intelligent if it meets the “Turing test,” that is, if a human operator interrogating it cannot distinguish its responses from those of a human being. Tipler defines in rigorous physical terms what it would mean for intelligent life to continue forever (and thus for the universe to be ultimately meaningful), as well as the physical conditions for this happening—something which requires that intelligent life re-organize the entire universe to create sufficient gravitational shear to provide the energy necessary to process an infinite amount of information in the finite time permitted by the closed cosmology which he favors, so that the universe terminates in a omniscient, omnipotent, and subjectively eternal Omega Point. This re-engineering is to be carried out, or at least initiated by, a fleet of intelligent, self-reproducing automata which will, quite literally, devour the universe.

Tipler acknowledges that such a universe is only one of many possible worlds. The totality of possible worlds is described in terms of quantum cosmology. In quantum cosmology the universe is represented by a wave function (h,F,S), which determines the values of h and F on S, where h is the gravitational and F the nongravitational fields respectively, and S the underlying three-dimensional manifold (Tipler 1994: 174-175). Most formulations of quantum cosmology leave the selection of the underlying three-dimensional manifold S arbitrary. Hartle and Hawking extend the domain of  to all possible values of S, but still require h to be space-like—something which contradicts general relativity. Tipler proposes instead to allow the domain of the wave function to include all four-dimensional manifolds which permit a Lorentz metric g. All possible universes exist mathematically; those which permit observers may also be said to exist physically. But the only universes which “ultimately” contain an observer are those which contain an “ultimate observer”—that is, those which terminate in an Omega Point. Thus only these universes are physically real. One can understand this either as an immanent requirement that the intelligent beings arise and re-engineer the universe—or, since causality is reversible under general relativity and quantum mechanics—as a claim that the Omega Point in fact creates the universe by exercising causality back through time.

There are a number of difficulties with this approach. First of all, it seems very difficult to theorize organization, as Tipler wants to, in terms of only externally related particles. If systems are nothing but aggregates of externally related particles, then organization is nothing more than the order which prevails among those particles—the negative entropy or information content of the system. But we have already shown, in a previous chapter, that negentropic and information theoretical approaches to organization and complexity run into serious problems when we attempt to apply them to biological and social systems (Bennett 1987.) 

More broadly, Tipler’s approach to unifying science seems simply to gloss over the difficult questions. He makes ample use of thermodynamics, for example, in theorizing the conditions for processing an infinite quantity of information, but does not really make an argument that thermodynamic irreversibility is merely an illusion. Similarly, he does not address the contradiction between the continuous and discrete orders envisioned by relativity and quantum mechanics, but merely crams both orders into a single, fundamentally quantum mechanical formalism—and this in spite of the fact that the real meat of his theory is relativistic. In the end one is forced to conclude that Tipler is trying to make mathematical physics say something it cannot, and ends up transforming the hope of a universe ordered to life and intelligence into a nightmarish vision of a universe consumed by self-reproducing automata and transformed into a gravitational supercomputer.

The doctrine of Israeli physicist Benjamin Gal-Or is rather more promising. Gal-Or brings a “dialectical” understanding of the process of unification, as “a process of criticism wherein lies the path to the principle of all inquiries (Aristotle in Gal-Or 1987: 47).” This dialectic leads Gal-Or to reject attempts at unification which give a leading role to quantum mechanics and to an information-theoretical understanding of organization. Quantum mechanics and information theory both treat the universe as first and foremost a statistical ensemble. Order and disorder are, in this context, fundamentally subjective concepts, and the expectation of an evolution toward maximum “entropy” or chaos is already given in the statistical underpinnings. Quantum mechanics, furthermore, cannot theorize even this sort of change, since it has an irreducibly reversible understanding of time, and can be made to yield time asymmetries only by imposing unexplained boundary conditions. Because of this, he argues, it must be treated strictly as a local theory and not as the matrix for unification (Gal-Or 1987: 47-48, 261-262, 374). 

Rather, Gal-Or argues, it is necessary to unify theories of reversible and irreversible change first (that is, dynamics and thermodynamics), before attempting to unify relativity and quantum mechanics (Gal-Or 1987: 29ff, 47-48). Gal-Or assigns priority instead to general relativity and to the gravitational processes which it describes. It is gravity which drives cosmic expansion and galaxy and star formation, and thus nucleosynthesis, and the emergence of chemistry, life, and intelligence (Gal-Or 1987: 41-46, 154). Once gravity driven phenomena are taken into account, furthermore, it becomes clear that the direction of evolution is not toward chaos, but rather toward even higher degrees of organization, understood as complexity (an increased diversity of elements) coupled with “centreity”—that is, the closing of these elements in on themselves (Gal-Or 1987: 382). Gal-Or retheorizes thermodynamics in a way which is free of the “subjectivist” concept of entropy, so that science terminates in a recognition of the ultimate unity and organization of all things—what he calls Hayavism, after the Hebrew word for the whole (Gal-Or 1987: 348ff).

Gal-Or arrives at a cosmology which at least permits the emergence of complex organization, and does so using well-established results. These strengths notwithstanding, there are problems. First of all, while Gal-Or’s critique of quantum mechanics is powerful, he does not show exactly what we should do with it. It is one thing to relegate it to the status of a special theory and quite another thing to unify that special theory with his larger relativistic and thermodynamic framework. Gal-Or’s synthesis, furthermore, is dependent on the larger Big-Bang cosmology, the empirical problems of which he seems unaware, or at least chooses not to address. Gal-Or’s understanding of organization, finally, is seriously constrained by his insistence on the priority of physical concepts. While gravity can produce an objective structuring, he does not show how it produces purposefulness, nor does he ever really settle the question of the ultimate purposefulness of the universe, remaining caught, as it were, between Aristotle, to whom he aspires, and Spinoza, with whom he is ultimately more comfortable.

The third approach to unification, holism, and emergent organization from within the physical sciences illustrates especially well how substantive rejection of key aspects of atomism and mechanism can exist side by side with an understanding of “unification” which remains wholly within the old paradigm. We would like to discuss two distinct examples of this approach: the work of David Bohm (Bohm 1980), and that of Ilya Prigogine and his students. 

Bohm’s starting point is a recognition that both of the great theoretical innovations in physical theory of this century, relativity and quantum mechanics, call into question the atomism that had dominated science since at least the time of Newton. Relativity calls this idea into question because the notion of rigid bodies and point particles implies signals faster than light, which relativity forbids; relativistic theory understands the cosmic order rather in terms of events and processes in a universe which must be regarded as an unbroken whole (Bohm 1980: 123-125). Quantum theory calls atomism into question with its concepts of particle-wave duality and nonlocality (Bohm 1980: 128-129). At the same time, he argues, both relativity and quantum mechanics fail to break decisively with atomism, mutually contradictory elements of which they conserve. The concept of signaling which is central to relativity implies an autonomy between events which quantum mechanics forbids; quantum theory, for its part, assumes the autonomy of quantum states prior to observation in a way which contradicts relativity. Behind this contradiction lies the underlying difference between discrete quantum and continuous relativistic orders (Bohm 1980: 136-137).

Bohm proposes to resolve these difficulties with the notion of an underlying implicate order, various aspects of which different theories “revelate” or make explicit, while concealing others, much as quantum measurement reveals position or momentum, but not both (Bohm 1980: 144ff). 

Prigogine, similarly, begins by acknowledging what he regards as the fundamental weakness of mathematical physics—its inability to explain the emergence of complex organization. His early work was centered on remedying this weakness by extending thermodynamics far into the nonlinear, nonequilibrium region and showing that, provided there is sufficient exchange of matter and energy with the environment, fluctuations from equilibrium (disorder) far from being damped may in fact be amplified, leading to large scale organization in space and time (Prigogine 1977: 49-61, Prigogine and Stengers 1984: 140-141). This insight has profound importance for understanding how life could have emerged from inorganic matter, as well as for the description of a wide range of inorganic and organic processes which have hitherto seemed at variance with physical theory. Prigogine’s approach has also inspired the first real break with the hegemonic Big-Bang cosmology. Hannes Alfvén and Eric Lerner (Lerner 1991) have argued that the facts of cosmic evolution are most economically explained by a universe infinite in space and time (so that any region, however large, has an environment with which it can exchange matter and energy) over the expanse of which fluctuations (initially electromagnetic, later gravitational) have produced departures from equilibrium, leading to the formation of large scale structures, and eventually of galaxies, stars, etc.

Prigogine (Prigogine 1979) then goes on to unify this expanded thermodynamics with dynamic theory using mathematical formalisms similar to those used in quantum mechanics. He does this by treating entropy and time as noncommuting operators, like position and momentum in quantum mechanics. The result is to unify dynamics and thermodynamics without reducing one to the other. More recently he has used a similar strategy to introduce irreversibility into quantum mechanics itself, using superoperators which are both noncommuting and nondistributive (Prigogine and Petrosky 1988).
 While the specifics are quite different, and while Prigogine’s approach is more conservative, the basic strategy for unification is not unlike Bohm’s. 

That Bohm sees something fundamental when he talks about the “undivided” nature of the universe is unquestionable. Similarly, the fact that Prigogine has made critical contributions to our understanding of the universe, and more specifically to the defeat of cosmological pessimism and entropism, can hardly be doubted. Precisely because of these contributions, however, the limitations of their strategies stand out clearly. This is especially true of their basically common strategy for unification, which ultimately seems to have little in the way explanatory power. It replaces a larger number of more specific formalisms with a smaller number of more general ones, and even, in the more radical form advocated by Bohm, develops a metaformalism in which all possible formalisms can be embedded. It describes more with less. But Bohm cannot explain physically the relationship between the continuous and discrete orders “revelated” by relativity and quantum mechanics respectively, nor can he reconcile physically the apparent contradiction between the relativistic prohibition on faster than light signaling and quantum nonlocality. Similarly, Prigogine’s formalisms do not really tell us how irreversible change emerges from reversible (in this Gal-Or is superior) nor do they show, contra Tipler, that reversibility is an illusion, or to be more precise, an artifact of a certain kind of formal abstraction.

But even at the substantive level there are problems. What is matter if it is not particles? Similarly, Prigogine’s theory of self-organization is ultimately descriptive rather than explanatory. It tells us how complex organization is possible, and how it emerges, but not why. We never advance to a principle which can explain why the universe is, and is as it is, and not otherwise. Similarly, as with Gal-Or, we never get an argument regarding the ultimate meaningfulness of the universe. Clearly this is not because either scientist is hostile to the idea. On the contrary, both are clearly friends of meaning, human and cosmic, and make it clear that they would welcome a convincing argument that our labors here are not in vain. Rather, it is a result of the limitations of mathematical physics itself, of the tyranny of the formalism and of what the Thomistic tradition calls formal abstraction, which allows us to grasp the structure or order of a system, without telling us what it is, something which depends of what Thomas called “total abstraction,” or why, which depends on “separation” or what we prefer to call “transcendental abstraction (Thomas, In Boethius De Trinitate Q5, 6).” The concepts of essence and of final cause simply have no place within mathematical formalism. And only a scientific strategy which has room for these concepts can generate a complete explanation, telling us what things are and why as well as how, and only such a scientific strategy can approach in an open-ended way the question of the ultimate meaningfulness of the universe.

Toward a New Teleological Research Program

We are now in a position to suggest a solution to the current crisis in the sciences. Our starting point is the growing evidence for meaning and purpose in the universe (cosmological fine-tuning, self-organization . . .) coupled with the inability of existing theory either to theorize this kind of cosmic teleology or to resolve its own empirical difficulties and internal contradictions. At the same time, it is clear that mathematical physics has produced authentic progress, both theoretical and practical and ought not to be abandoned entirely. Rather, it is time to admit into science, including the physical sciences, thinking which represents both lower and higher degrees of abstraction. Mathematical formalism is an essential step in the struggle for knowledge because it makes possible rigorous definition, from which alone inference is possible. At the same time, it abstracts from the actual organization of systems in a way which may (this must be demonstrated) be seriously distorting our picture of the universe. Thus the residual atomism of physical theories which proclaim the interconnectedness of all things, thus the problem of reversibility in dynamics and entropy in thermodynamics, all of which, we would like to suggest, may be artifacts of abstraction. We must allow the agenda of the sciences—the account of what must be described and explained—to be set at a lower degree of abstraction, that of totalization. Totalization is essentially a taxonomy which grasps the specific differences and the similarities of phenomena and lays the groundwork for formalization. A universal taxonomy would force mathematical descriptions to take into account the full body of phenomena experienced by humanity, while forcing physics to think about such questions as what the underlying interconnectedness of things tells us about the nature of matter itself.

More important, however, is a new openness to transcendental abstraction. This is the kind of abstraction which moves from the judgments of internal consistency to judgments of Being, Beauty, Truth, Goodness, Integrity, etc. While properly the province of metaphysics, this kind of abstraction has a role in the special sciences as well. First, from the methodological side, it alone can provide a criterion for what constitutes truth. Second, on the substantive side, it is the transcendentals (Being, Beauty, True, Good, One) which ultimately define teleological processes. A judgment that the universe is ordered to the generation of increasingly complex levels of organization, would at once be a judgment that it is Good, and offer an insight into what the Good is. Transcendental abstraction is thus an essential component of complete scientific explanation. At the same time, clarity on the transcendental character of the judgment involved will assure the theoretical openness necessary to accommodate evidence of chaos, contradiction, and disintegration. Cosmic teleology does not require (indeed ultimately cannot require) ordering to some finite end or the existence of perfect finite physical structures.

Openness to transcendental abstraction does not, to be sure, by itself settle the question of cosmic teleology. That depends on empirical research. Science must, in other words, now retrace its path and travel along the “road not taken” at the opening of the capitalist epoch. We must return to teleological explanation, but a teleology which is open and expanded to take into account the realities of chaos and contradiction. What would such a teleological science look like? We think that we already have some indication of its outlines in the work of the great nineteenth century dialectician, Karl Marx, who sketched out just such a research program for the social sciences, but who was, perhaps, too reluctant to use explicitly teleological formulae, and in the work of Engels, who generalized Marx’s method and applied it to the biological and physical sciences as well.
 Marx, we will recall, argues that human society can be explained largely in terms of the complex interaction of the “forces” and “relations” of production. Working under given material (that is, ecological) conditions human beings develop increasingly sophisticated technologies which amplify their productive capacity. These developing forces of production imply definite ways of organizing the production process and of centralizing and allocating resources for production—what Marx calls productive relations. And the forces and relations of production in turn imply various legal and political structures, and certain definite forms of social consciousness. At certain points in development the relations of production, the way of centralizing and allocating resources, become an obstacle to further technological development, setting in motion economic crisis, class struggle, and revolution.

This is a powerful account of human society and one which can hold its own easily against the various alternatives presented by bourgeois sociology: e.g. Hayek (Hayek 1978), Weber (Weber 1921/1968), etc. But it does have one very serious scientific flaw, a flaw which is connected with its only very tentative return to teleology. We are not referring to the claim that our ideas are shaped by social practice, a notion which, we have seen, is in fact fully coherent with the Thomistic concept of “connatural knowledge,” and which need not imply either a relativism or a reductionism. Rather, we are speaking of a very inadequate analysis of the act of production itself. 

In his early works Marx shows a clear recognition of the centrality of labor in human nature. Indeed, this is Marx’s fundamental contribution to philosophical anthropology: a recognition that at least one way to understand the distinctiveness of human nature is in our ability to add to the complexity of the organization of the universe, in a way which merely biological systems, which are confined to the reproductive of their structures, do not (Marx 1846/1978). But the analysis of the act of production remains rudimentary, and in the “Contribution” it almost seems as if Marx has reverted to a sort of socialist Darwinism—that in the struggle to survive, to produce our means of subsistence we develop increasingly sophisticated technologies, which in turn imply more complex forms of social organization and more complex ideologies. But the origin of these technologies themselves remains unexplained. What is missing here is a recognition that the act of production is itself already an intellectual act. It involves both an understanding of the latent potential of the raw material, whether this is physical, biological, or social in nature, and some aim or purpose. Already in the productive act itself we are compelled to think teleologically—to reflect on possibilities and purposes. And if our most immediate aims are the conservation and reproduction of our animal capacities, we soon discover more complex goods which we attempt to realize through production. It is only a matter of time before we arrive at the idea at least of God: of a knowledge and love, and creativity and power that is infinite, perfect, and necessary. 

Marx’s failure to rise to a fully teleological social science was then reproduced in Engels’ Dialectics of Nature (Engels 1880/1940), which attempts to generalize Marx’s approach to the physical and biological sciences as well. Engels theorizes the development of complex organization in terms of

1) the accumulation of quantitative changes until they reach the point of qualitative transformation,

2) the development of internal contradictions within existing structures, and 

3) the tendency of all such contradictions to lead to a higher synthesis.

Once again, this approach shows a real effort to accommodate the reality of chaos, contradiction, and disintegration within the context of a progressivist cosmology. What is not explained, of course, is precisely why contradictions should lead to a higher synthesis if there is not some underlying teleological dynamic at work. In order to rectify this problem, we propose the following formulation. Any material system can be explained with respect to three factors:

1) the material conditions under which it develops, which constrain the availability of various resources (raw materials, energy),

2) the dominant structure, which determines how these resources are used, and

3) teleological attractors, both local and universal, appropriate to the level of organization in question.

At any given point existing structures at once facilitate and constrain development, so that the teleological drive toward higher degrees of organization, and thus a higher ontological grade, sometimes comes to conflict with the existing structure, which is then burst asunder and replaced by new forms more conducive to growth. This process takes very different forms at different levels of organization (physical, biological, and social). It is at once necessary, operating with iron-clad certainty toward the long term development of higher degrees of organization, and radically open, proceeding along lines which can never be completely predicted, constrained only by what is logically possible, and by certain general conditions, which are embodied in fundamental physical law, which are necessary to the existence of any sort of organization whatsoever. The process terminates only in a form of organization that is infinite, perfect, necessary, and thus divine—that is, in Being itself, which is the attractor on which the process also radically depends and from which it derives its ultimate meaning.
The adequacy of this thesis can only be demonstrated through empirical research. We have attempted, in another work, to at least sketch out how it might be used to re-interpret existing scientific evidence and how it might accommodate mathematical physics in a subaltern role. Within this framework, for example, cosmological fine-tuning finally begins to make sense, and indeed can be seen to affect more than just a few key physical constants. Spatial and temporal extension themselves, for example, turn out to be the condition of any possible organization, which after all implies difference and thus separation as well as unity and ordering to a common end. The existence of various types of physical interactions (gravitational, electromagnetic, strong and weak nuclear), similarly, make it possible for the elements within systems to relate across space and time. Indeed the relative strengths of these forces seem fixed just precisely in order to make the development of more complex organization possible. But even physical principles which have been the cause of much pessimism and despair, such as the Second Law of Thermodynamics, turn out, when properly understood, to serve the cause of teleological progress. With out dissipation and disintegration established structures would last forever, making progress essentially impossible. Physical systems, in other words, are structured in just the way necessary to make higher, biological and social forms of organization possible. Those who hear echoes of the Aristotelian concept of matter, as the potential for form, would not be wrong.

At higher levels of organization the teleological dynamic becomes more explicit. Some physical systems are structured in ways which permit them to conserve their form, which constitutes the higher degree of participation in being which Aristotle called the mineral soul. Such systems are also characterized by a chemical holism which means that they have distinctive properties which make them more than the sum of their parts in a way which is not true of mere mechanical ensembles. Biological systems, on the other hand are actually organized, that is, structured in such a way as to promote an end, namely their own survival and reproduction. In maintaining themselves in hostile environments which would undermine many mineral species, and in reproducing themselves, living organisms achieve a higher degree of participation in being than mere physical or mineral systems. Social systems finally, are not only organized but also have the capacity to organize, that is, through labor to contribute to the creation of new and more complex forms of organization. 

All of these various and sundry forms of organization are ordered to a common end, namely Being, which, however, they pursue in ways appropriate to their structure and under the form of specific goods which are accessible to them. For mineral species, and indeed physical systems in general, this good is the thermodynamic stability which allows them to persist in being. For living organisms the good is nutrition and reproduction—in the case of animals in the form of food and mates actively pursued and enjoyed. In the case of the social form of matter this good is creativity as such, which is known indirectly in the form of ordinary manual and intellectual labor, and directly when the intellect rises by transcendental abstraction or caritative wisdom to the knowledge of God.

It should be noted that everything, however humble, which participates in Being is, furthermore, itself a participation in the end or  and thus in a very real sense a natural sacrament in which God is really present, and an authentic way to the divine. In this sense people in tribal and communitarian societies were not wrong to offer worship to animals, plants, and even minerals, even if in the light of philosophy and of the revelation of the divine name äåäé (YHWH) we recognize that what is actually to be worshipped is the power of Being in which these finite systems have a share. Thus, when we say that “something exists” or that “the universe exists,” in the light of our teleological research program, we in fact meant that it is a real participation in Being as such, to the knowledge of which we have already risen, if perhaps without fully realizing it, in traveling the road of the special sciences. 

With this said, the outlines of a unified cosmoteleological argument for the existence of God, an argument which simultaneously proves the ultimate meaningfulness of the universe, emerges quite naturally. Not surprisingly, the argument ends up looking quite a bit like a radically historicized version of Aristotle’s argument in Metaphysics 12.7. What a teleological science shows, even in its present undeveloped form, is an ascending scale of progressively higher forms of organization—higher in the sense that they constitute progressively superior forms of organization. Each of these forms of organization is, in a very real sense, a distinct form of the motion of matter, which is only potential being, toward Being as such (a way of putting things which also connects our formulation back to Engels’ language and that of dialectical materialism). Their organization and their motion and the participation in Being are all one and the same. Now in the case of each individual system this organization, motion, and participation in being can be explained proximately in terms of the particular end to which the system is ordered: the possibility of there being any structure at all, thermodynamic stability, nutrition and reproduction, food and mates, or any of the myriad forms of organization which human beings and human societies labor to bring into being. But each of these particular ends or movers must (and in principle can) be explained in terms of further finite ends or movers at which they, in turn, aim. The whole ordered series, however, even if it is infinite in space and time, must itself be explained. There cannot, in other words, be an infinite logical regress even is there is an infinite regress in space and time. The series and each of its elements can, furthermore, be shown to aim, albeit mediately, through the particular finite movers, at a common end which is Esse as such. This is the great Unmoved Mover which draws all things to itself and thus into the Being which is also Beauty, Truth, Goodness and Integrity. 

With this, however, we have crossed the boundary from science into metaphysics, and there is one remaining critique of metaphysics which we must address before we can take this step securely. For now let us rest with certainty that we have found a way to continue our search for truth in a spirit of hope and wonder at the beauty, intelligibility, and goodness of the universe, a wonder which is the mother of all scientific exploration.

Notes
1.This includes not only disciplines which obviously depend on mathematical physics, such as most chemistry and molecular biology, but also disciplines which use essentially analogous methods even if they do not depend directly on the results of mathematical physics, such as neoclassical political economy.


2.The problem cannot, by the way, be resolved simply by adding a course or two in ethics to the undergraduate curriculum, or even by requiring a full two years of training in the liberal arts, as anyone involved in undergraduate education—or anyone who has hired recent liberal arts graduates, can attest. Rather, this training must take place in a context in which leading role of philosophy, theology, and other wisdoms are acknowledged, so that even students who are going to pursue a  spend at least a few years traveling along the via dialectica in a way which involves authentic moral as well as intellectual discipline. 


3.The phrase belongs to Francis Cardinal George, Sermon at the Mass of the Holy Spirit, University of St. Mary of the Lake, Autumn Term 1998. 


4.It is the noncommuting operators used in quantum formalisms which make it impossible to measure both position and momentum simultaneously, and which thus lead to the Heisenberg Uncertainty Relation.


5.We turn to Marx and Engels, rather than Hegel, even though the latter also attempts to accommodate contradictions within a teleological paradigm, and is certainly less tentative in his commitment to teleological reasoning, because Hegel did not real make an intervention into the methods of the special sciences as such, but rather took their results (that is, the results of mathematical physics, for the most part) and then attempted to explain them in dialectical terms. Marx, on the other hand, is first and foremost a scientist whose philosophical innovations supported his scientific and political agenda. He thus offers a better model for a specifically scientific research program.
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