
Chapter Four

The End of Mathematical Physics

The Contradictions of Mathematical Physics
It should be apparent by now that mathematical physics, while it has certainly made significant contributions to our understanding of the universe and even greater contributions to technological development, has shown itself no better able than its Aristotelian predecessor to advance a unified theory of motion. On the contrary, the mathematical-physical description of the universe is characterized by three fundamental contradictions which no theory thus far proposed has been able to overcome, i.e. the contradictions between:

1) relativity and quantum mechanics,

2) dynamics generally and thermodynamics, and

3) thermodynamics and evolutionary theory.

The first of these contradictions derives fundamentally from a difference in the mathematical formalisms used by each discipline. Relativity, which as we have seen describes both the underlying structure of space-time and the behavior of gravitational interactions, assumes that change is continuous --i.e. that space and time are infinitely divisible and that objects can move (and energy thus be transferred) in arbitrarily small quantities. Because light moves at a finite speed and nothing moves faster, relativity forbids instantaneous signaling, while at the same time insisting that in order for one part of a system to affect another some sort of signal must be exchanged. Relativity, in other words, conserves a very strong concept of causation. At the same time, the recognition that light moves at a finite and constant speed implies that space-time has a dynamic structure which depends on the relative motion of observers and their proximity to massive bodies. Quantum mechanics, on the other hand, which was developed to describe electromagnetic interactions and which has been extended to describe the weak and strong nuclear interactions as well, treats the universe as a discrete order in which energy transfer and thus movement are quantized. While quantum formalisms are fully deterministic, some quantum phenomena seem to imply something other than a classical concept of causality. And quantum formalisms, in so far as they describe the evolution of systems in space over time conserve an essentially Newtonian understanding of space-time. Even sophisticated string-theoretical formalisms fail to resolve these difficulties.

Above and beyond these purely theoretical difficulties, the amalgam of relativity and quantum mechanics which dominates physical cosmology has run into increasing empirical difficulties. The application of relativity to cosmological problems, for example, has historically depended on the assumption of cosmic homogeneity, but observational has been building for some time which suggests that the universe is anything but homogenous, and may well be structured at the very largest scales.
 Most cosmological models, furthermore, predict that the quantity of matter in the universe should be at least close the value necessary to eventually halt cosmological expansion. Current measurements, however, suggest that this is not the case, something which has led cosmologists to postulate the existing of invisible “dark matter,” for which we have no direct evidence. Recent observations have, furthermore, led to the discovery of stars older than the universe itself is supposed to be. And big bang models consistently make incorrect predictions regarding the basic ratios of such elements as Deuterium, Helium, and Lithium (Lerner 1991).

These contradictions notwithstanding, relativity and quantum mechanics have far more in common than either does with thermodynamics. The first two disciplines describe processes which are reversible using formalisms which do not distinguish a well defined arrow of time; the second describes irreversible change. While it is not, strictly speaking, true to say that relativity treats time as “just another dimension,” (the negative sign on the time term in the Minkowski metric means that the temporal dimension still behaves differently than the spatial dimensions), no purely mechanical formalism can adequately describe irreversible change. In order to understand this simply assume any simple system of point particles with mass --e.g. the solar system. Now assume, variously, Newtonian, Hamiltonian, relativistic, or quantum descriptions of that system --i.e. descriptions in terms of position, mass, velocity, spin, charge, etc.. Now allow that system to evolve over time, then pick to arbitrary states of the system. You will not be able to tell simply from observation which state came first and which second. This is not true in the case of thermodynamic descriptions. If someone showed you a picture of a warm house on a cold winter day with all of the doors and windows closed and an internal temperature of 20º C, while outside the reading was -20ºC, and another with the doors open and the readings now nearly the same, you would be constrained to assume that either the first picture was taken before the second, or that there had been some outside intervention into the system --e.g. the family living in the house returned to find the doors open and the heat off and rectified the situation. 

This is not to say that the question of time is not important for relativity and quantum mechanics, but the questions pursued by these disciplines are not questions which arise from our day to day experience, but rather questions which are generated by the formalisms themselves: questions such as time dilation and the possibility of time travel. Thermodynamic time, on the other hand, is the time we fight on a day to day basis, the time which, “like an ever-flowing stream bears all her sons away”
 and which is a mark of the finitude of all material systems.

But if thermodynamics is able to theorize irreversible change, the change which it theorizes is always and only dissipation and disintegration, and the one of the principal discoveries of the past two hundred years is the reality of evolutionary change, of a development at least locally from lower to higher degrees of organization. Thermodynamics, which is our only theory of irreversible change at the fundamental physical level says that this really ought not to be possible, being ruled out by such basic principles of thermodynamics as the Second Law and the Boltzmann Order Principle (Prigogine 1977, 1984). To say that the principle of self-organization is supplied by natural selection is not really adequate. Natural selection, as biologist Lynn Margulis puts it, plays the role of editor, not that of author, in the evolutionary process. In rigorous formulations of the Neo-Darwinist theory, first of all, it is random variation and the recombination of genes, not natural selection, which is supposed to generate variety. And random variation turns out not to supply anything like the level of innovation necessary to explain evolutionary change. Complex systems theorist Ilya Prigogine has shown that

the time necessary to produce a comparatively small protein chain of around 100 amino acids by spontaneous formation of structure is much longer than the age of the Earth. Hence, spontaneous formation of structure is ruled out ... according to the modern theory of self-organizing systems, classical arguments concerning the "coincidental" realization of a complex living system cannot be employed (Zimmerman 1991).

Molecular biologist Barry Hall, similarly, has found that the bacterium E. coli produces needed mutations at a rate roughly 100 million times greater than would be expected if they came about by chance. Nor can random variation and natural selection account for the fact that evolutionary changes often seem to occur rather suddenly, rather than in gradual increments, as the theory of natural selection would suggest. A retina or a cornea, after all, without the rest of the organ, would have no survival value by itself, and would be unlikely to be preserved in future generations. 
None of this should be taken as requiring an external, supernatural principle to drive or direct evolution, but it does suggest that there are natural processes which are at work which we have not yet adequately theorized and which operate in ways that contradict thermodynamics.
Above and beyond these specific contradictions, there is a more fundamental difficulty which has begun to affect mathematical physics, an issue at which we have already hinted in some of our earlier discussions. This is the problem of cosmological fine-tuning: the fact that some 20 fundamental parameters, including the relative strengths of the four fundamental forces and the relative masses of the four stable particles, are fixed in just precisely the way that would be necessary in order to make possible the development of stars, and thus the heavy elements and hospitable habitats, required for the evolution of life and intelligence. Even slight variations would lead to a lifeless universe. This discovery runs counter to the dominant trend in mathematical physics, which has been to undermine the basis for any sort of teleological or design reasoning, something which has, as we have seen, been central to the ideological function of the discipline. A vision of a universe without meaning or purpose is at once the inevitable reflex of and an invaluable support for the market system, which itself knows no global meaning or purpose. It should thus come as no surprise that mathematical physics has become obsessed with the problem of cosmological fine-tuning, with some theorists opting for various forms of “anthropic reasoning,” arguing that for one or another reason, ranging from observational selection, through mathematical necessity, to design or teleological ordering, the universe must be structured to make possible life and intelligence, and others struggling with all their might to either find an explanation for the fine tuning which does not conciliate teleology, or else to argue that it simply isn’t real.

It is, of course, entirely possible, that there is no unified theory and that the problem of cosmological fine-tuning lies outside the scope of mathematical physics. There is no good reason why gravitational and electromagnetic interactions should be described by the same formalism of type of formalism. Dynamic and thermodynamic change are quite different processes; perhaps we should not expect dynamic and thermodynamic time to be equivalent. And why should evolution and disintegration --essentially opposing processes-- be described by the same laws? Why should we expect mathematical physics to explain a profound mystery such as cosmological fine-tuning? Mathematical physics is about prediction and control, not the search for understanding. 

This is, in fact, the attitude of most working scientists, who dream not of a final theory but only of understanding the infinitely diverse processes of the natural world, each of which presents yet another lure for their curiosity. And most working scientists, especially but not only in the biological and social sciences, do not hesitate to supplement mathematical formalisms with explanatory arguments. But we have seen that mathematical physics functions not only as a tool for science and technology (its appropriate functions) but also as an ideology of the market order. And its effectiveness as an ideology depends on its claim to do what Aristotle’s theory --otherwise so much more satisfying-- could not do, namely to generate a unified theory of motion. Thus the struggle within the ruling theoretical disciplines --relativity, quantum mechanics, thermodynamics, and evolutionary theory-- to resolve the internal contradictions of mathematical physics and to generate a unified theory of motion, while at the same time undermining teleological strategies of explanation. 

Our task in this chapter is to assess these attempts, looking carefully at their ability to actually resolve contradictions and thus produce a unified theory, dealing in one way or another with the problem of cosmological fine-tuning, and their ability to describe and/or explain observational evidence. Of critical importance here is the ability of attempts at unification to describe or explain something the separate theories do not by themselves. It is not enough simply to link theories together with more general formalisms which by themselves produce no new knowledge. But we will also need to look at the social basis and political valence of each the strategies for unification. Each, we will see, takes up a quite specific stance in relation to the market order, and each has definite political implications. 

Attempts at Unification
There are, broadly speaking, three trends in the debate around the unification of physical theory, each of which includes a number of diverse tendencies. The first trend, which is currently dominant in theoretical physics, includes all those theorists who believe that unification is possible within the context of existing theory, and for whom information theory and or quantum mechanics constitutes the real matrix for unification and the fundamental theory with which all other theories must be rendered consistent. Here we include both cosmological pessimists such as Hawking and Krause and “optimists” such as Tipler and Smolin. This trend we call “rightist” because, in spite of significant disagreement regarding fundamental questions, including the ultimate destiny of intelligent life in the universe, all its variant tendencies in one way or another serve to legitimate the market order. The second trend, which we call centrist, includes all of those who, while accepting the basic principles of mathematical physics either reject certain results or interpret them in such a way as to generate theories which no longer unambiguously legitimate the market order. This trend includes those who favor realistic hidden variables approaches to quantum theory (Bohm), and those who maintain the primacy of relativity (Gal-Or), thermodynamics (Prigogine), or some other discipline over quantum theory and who are skeptical about information-theoretical attempts at unification. It also includes those who argue see in the paradoxes of mathematical physics simply an example of the limitations of human reason which Kant identified a long time ago, or a great mystery which can only be resolved at an extra-rational level (Berry and Swimme). The third, or dialectical trend, includes all those tendencies, currently very much out of favor, which reject the claim of mathematical formalism to exhaust the possibilities of human reason, and thus contest the associated claim of mathematical physics to the status of a science. This trend includes the Thomistic, Hegelian, and Marxist philosophy or dialectics of nature. Let us now examine each of these approaches in turn. 

Rightist Solutions

Central to what we are calling the rightist approach to unification is an option for quantum mechanics as the fundamental physical theory and the matrix for unification. This option turns out to be characteristic even of some theorists who, such as Tipler, were trained in global general relativity. Now we have already seen that the roots of quantum theory lie in the irrationalist currents which swept Europe in the years between the first and second world wars --the years which saw the rise of fascism and the preparation of the Shoah. Quantum theory alone, however, does not provide an adequate matrix for unification: it provides no way to describe organization, life, or evolution. This role is played by another theory which developed out of the violent struggles of the mid-twentieth century: information theory or, as it was originally called, the theory of communication, first developed by Shannon and Weaver in 1949 (Shannon and Weaver 1949). Like quantum mechanics itself, this theory was developed in response to real-world problems, in this case the problem of encoding and transmitting information electronically, over radio waves --something which had become vitally important to the conduct of modern warfare and which research into which thus received massive state support. The development of electronic computers in the postwar period provided a further impetus for the discipline, which in may ways represented the cutting edge of technological progress. 

Information theory turned out to be a powerful resource for unification. The messages (or later the programs) which were the object of information theoretical investigation are generated by electronic devices the basic physical operation of which was described by quantum theory. And like quantum theory, most information theoretical formalisms (at least those describing digital as opposed to analog systems) are discrete rather than continuous. Unification with quantum mechanics, while an ongoing process, thus presents no fundamental difficulties. At the same time, information theory provided physicists with a way to theorize organization --or at least something like organization. It turns out that the information content of a message can be formalized as the negative entropy of the message and that information theoretical entropy and thermodynamic entropy behave in much the same way, thus partially unifying information theory with thermodynamics --or rather giving a new, information theoretical interpretation to the thermodynamic formalisms. Meanwhile, the discovery of DNA during essentially the same period opened up the possibility of a unification with biology. Living systems could be theorized as machines governed by a genetic program encoded in the DNA. Even if the “hardware” was somewhat different that of the silicon based machines which information engineers were busy building, it still depended on the same electromagnetic interactions, described by the same quantum mechanical laws. And theorizing intelligence as information processing came quite naturally. Indeed, even social systems could be theorized in information theoretical terms. The market became a system for accessing information about peoples’ interests and capacities, as manifested in their buy and sell decisions and for processing this information into prices which then regulated their activities (Hayek 1988). The state, religion --indeed almost anything-- could be interpreted “cybernetically.” 

Not all information theoretical attempts at unification were unambiguously reactionary. On the contrary, many early theories incorporated insights from biology, or from the very different tradition of Soviet systems theory, which had its roots in dialectical materialism, and at least recognized the role of systems other than the market in social organization. Indeed, the early name for the field, cybernetics, derives from the same Greek root as the word govern, and “social cybernetics” was intimately bound up with postwar efforts at economic regulation. It was simply taken for granted that like the electronic computer, the market system was an effective mechanism for carrying out its intended function (resource allocation) but that it needed direction from the outside. This outlook was a reflex of the social context in which information theory was born: the state-financed research laboratory which formed the theoretical core of the military industrial complex --intensely anticommunist, but hardly laissez-faire, and in this way not at all unlike the fascist milieu in which quantum theory first emerged. Indeed, the leading bourgeois social theorist of this period, Talcott Parsons (Parsons 1957), was indirectly influenced by the same irrationalist German philosophy which had been so attractive to Heisenberg and his associates. Parsons theorized human society as a system composed of various structures, each of which carried out a definite function: latent pattern maintenance, social integration, goal orientation, and adaptation to the environment. The way in which these structures carry out their functions is constrained on the one hand by energy uptake from the environment, and on the other hand by the way the society in question perceives “ultimate reality.” This latter term derives from the theology of Paul Tillich (thus linking Parsons, by way of Tillich, with such irrationalists as Schelling and Heidegger) and has to do with the way one answers fundamental questions of meaning and value. Is there a God? If so, what is God like? If not, then what if anything organizes and directs the universe? Parsons even refers to these two directions of causation as “cybernetic relations.”

Neither the internal logic of capitalist development, nor that of information theory, however, really supported this sort of accommodation. The state-financed military industrial complex itself played a central role in the creation of a unified global market, and in the extension of that market through the defeat of socialism, but in the context of such a market economic regulation became increasingly difficult and the nation state itself began to atrophy. The defeat of socialism, furthermore, undermined the political power of the working classes in the capitalist countries and made it ever more difficult to constrain the operation of market forces. While military-related national research laboratories have generally been the last refuge from market pressures, by the late 1980s growing numbers of theorists were leaving to sell their services to finance capital or to work at corporate financed research centers such as the Santa Fe Institute. At the same time, the very idea of a system receiving input from the outside meant that information theory was not yet complete. Ultimate reality or whatever took its place itself remained unexplained. Thus the trend, beginning in the 1980s towards theories in which organization emerges spontaneously from within the system itself, much as it is supposed to in Neo-Darwinian evolutionary theory and marginalist economics. 

There are a number of approaches to unification which stress spontaneous organization. These theories could be distinguished from each other in any number of ways, but they distinguish themselves ideologically by the degree of hope they are willing to invest in a universe which is, on their account, in many ways simply a mirror image of the market order. Some theories, such as Frank Tipler’s Omega Point Theory and certain other forms of anthropic cosmology, attempt to reconcile the notion of spontaneous self-organization with a claim that the universe is ultimately meaningful and in some sense ordered to God. We will argue that this trend reflects the renewed optimism of the bourgeoisie in the wake of the crisis of socialism and the global expansion of the 1980s and 1990s. At the opposite end of the spectrum lie theories which, mobilize the basic reductionist agenda outlined above and join them to a far more pessimistic cosmology. This is the position represented by theorists such as Lawrence Krause, who has recently advanced an argument against the survival of intelligent life into the far future of the universe. This trend, which still dominates among more sober mathematical physicists, reflects the recognition on the part of the most advanced sectors of the bourgeoisie, that their system, however buoyant it may be in the present period, is ultimately unworkable. In between lie theories such as cosmological natural selection, advanced by Lee Smolin, which are resolutely atheistic and reject anthropic reasoning, but which present a moderately hopeful picture of a future which is not limited to this universe, but extends beyond it to its countless daughter universes, born from black holes and formed by an evolutionary process which selects for universes which, in allowing black holes, also, purely coincidentally, allow for life and intelligence. Smolin’s approach reflects the standpoint of the dissident intelligentsia which came of age in the 1960s and 1970s, marginalized by capitalism but unwilling to assume the discipline of socialism, which knows that it has no future under the present system, but which has decided to enjoy the ride nonetheless. We need to consider each of this approaches in turn. 

Information Theoretical Transhumanism
Tipler takes as his starting point the idea that the universe is a vast information processing system. Matter is the "hardware" component of the system, the laws of nature the "software." Drawing on the information theory developed by Shannon and Weaver (1949), 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," i.e. if a human operator interrogating it cannot distinguish its responses from those of a human being (Turing 1950). Intelligent life continues forever if

1) information processing continues indefinitely along at least one worldline g all the way to the future c-boundary of the universe; that is, until the end of time.

2) the amount of information processed between now and this future c-boundary is infinite in the region of space-time with which the worldline g can communicate; that is the region inside the past light cone of g.

3) the amount of information stored at any given time t within this region diverges to infinity as t approaches its future limit (this future limit of t is finite in a closed universe, but infinite in an open one, if t is measured in what physicists call "proper time") (Tipler 1994: 132-133).

The first condition simply states that there must be one cosmic history in which information processing continues forever. The second condition states that it must be possible for the results of all information processing to be communicated to world-line g. This means that the universe must be free of "event horizons," i.e. regions with which an observer on world line g cannot communicate. It also means that since an infinite amount of information is processed along this world line, an observer on this line will experience what amounts subjectively to eternal life. The third condition avoids the problem of an eternal return, i.e. an endless repetition of events as memory becomes saturated and new experience thus impossible.

Tipler then goes on to describe the physical conditions under which "eternal life" is possible. In accord with the as yet incompletely unified state of physics, he presents separate "classical" or "global general relativistic" and "quantum mechanical" theories. We take his "classical" theory first. Information processing is constrained by the first and second laws of thermodynamics. Specifically, the storage and processing of information requires the expenditure of energy, the amount required being inversely proportional to the temperature.

... it is possible to process and store an infinite amount of information between now and the final state of the universe only if the time integral of P/T is infinite, where P is the power used in the computation and T is the temperature (Tipler 1994: 135).

Eternal life thus becomes essentially a problem of finding an adequate energy source. Tipler proposes finding this source in the "gravitational shear" created as the universe collapses at different rates in different directions. This imposes a very specific set of constraints on the process of cosmic evolution. Only a very special type of universe, the so-called "Taub" universe, named after mathematician Abraham Taub, collapses in just precisely the way required. And even most Taub universes tend to "right" themselves, returning to more nearly spherical form. For information processing to continue forever, life must gain control of the entire universe, and force it to continue its Taub collapse in the same direction far longer than it would spontaneously (Tipler 1994: 137). Thus the requirement that intelligent life gain control of the universe as a whole, and control the rate and direction of its collapse, so as to create the enormous energies necessary to guarantee eternal life. 

Meeting the second and third conditions outlined above requires, furthermore, that the universe be closed, because "open universes expand so fast in the far future that it becomes impossible for structures to form of sufficiently larger and larger size to store a diverging amount of information (1994: 140)." It also requires that "the future c-boundary of the universe consist of a single point ... the Omega Point (1994: 142)." Finally, in order to meet information storage requirements, "the density of particles must diverge to infinity as the energy goes to infinity, but nevertheless this density of states must diverge no faster than the cube of the energy (1994: 146)." Tipler identifies, in addition to these requirements, which he calls "weakly testable," a variety of other predictions which can be used to test his theory, including the requirement that the mass of the top quark be 185 +/- 20 GeV and that the mass of the Higgs boson must be 220 +/- 20GeV (1994: 146). 

In order to understand Tipler's Quantum Omega Point Theory, it is necessary to understand some of the internal contradictions of current quantum cosmology. In general relativity the spatial metric h and the non-gravitational fields F are taken as given on the underlying three-dimensional manifold S. Cosmologists then attempt to find a four-dimensional manifold M with a Lorentz metric g (the gravitational field) and non-gravitational fields F such that M contains S as a submanifold, g restricted to S is the metric h, and K is the extrinsic curvature of S, or, to put the matter differently, K says how quickly h is changing along the fourth, "temporal" dimension (1994: 162). In quantum cosmology, on the other hand, the universe is represented by a wave function (h,F,S) --an application of the Schrodinger Equation which we discussed in the last chapter-- which determines the values of h and F on S (1994: 174-175). One feature of the system, however, remains arbitrary: the selection of the fixed three-dimensional manifold S. Hartle and Hawking have proposed to eliminate this contingency by allowing the wave function to be a function of any three-dimensional manifold. According to this view, the domain of  includes all possible values of h, F, and S (1994: 178). The Hartle-Hawking formulation, however, still requires h to be space-like on all three-dimensional manifolds S. This restriction brings the formulation into conflict with classical general relativity, which does not distinguish so sharply between space and time. 

Tipler points out, however, that the requirement that h be space-like derives from a subjectivist interpretation of quantum mechanics, which interprets the wave function as a probability amplitude at a given time. This, obviously, requires times to be sharply distinguished from space. Tipler, however, favors a Many-Worlds interpretation of quantum mechanics, according to which all possible values of the wave function exist mathematically, and all those which permit the existence of observers exist physically. This removes the need to distinguish between space and time, and thus the requirement that h be always space-like. Tipler proposes instead to allow the domain of the wave function to include all four-dimensional manifolds which permit a Lorentz metric g. All such manifolds permit what is known as a foliation. They can, that is, be represented as a "stack" of three-dimensional manifolds S(t), each representing the topology of a possible universe at a different moment of time. Each foliation will have a metric h, which need not be space-like, as well as non-gravitational fields, induced by the enveloping spacetimes (M,g). Any (h,F,S) which cannot be represented this way has =0; it does not exist. Similarly, there will be many spacetimes which permit the same (h,F,S). Some of these may have a future c-boundary which is a single point--the Omega Point (1994: 174-181). Thus the "Omega Point Boundary condition” on the universal wave function:

The wave function of the universe is that wave function for which all phase paths terminate in a (future) Omega Point, with life continuing into the future forever along every phase path in which it evolves all the way to the Omega Point (1994: 181).

Now, the Four-Manifold Non-Classification Theorem states that there does not exist any algorithm which can list or classify all compact four-dimensional topological or differentiable manifolds without boundary, nor is it possible to tell if any two given manifolds are the same or different (1994: 190). This means that it is impossible to derive the system as a whole from any one of its elements--a situation which, following William James, Tipler identifies with radical, ontological indeterminism (1994: 187). This means that the existence of life and intelligence, and the decision on the part of intelligent life to guide the universe towards Omega, is in fact logically and ontologically prior the universal wave function itself (1994: 183): "The wave function is generated by the self-consistency requirement that the laws of physics and the decisions of the living agents acting in the universe force the universe to evolve into the Omega Point (1994: 203)." Indeed, in so far as the equations of both general relativity and quantum mechanics are reversible, there is no scientific reason to assume that causality runs only in one direction: from the past, through the present, into the future. It might just as well be seen as running from the future, through the present, into the past. From this point of view it is God, the Omega Point, which, existing necessarily, brings the entire universe into existence and draws it to himself.

At the instant the Omega point is reached, life will have gained control of all matter and forces not only in a single universe, but in all universes whose existence is logically possible; life will have spread into all spatial regions in all universes which could logically exist, and will have stored an infinite amount of information, including all bits of knowledge which it is logically possible to know. And this is the end (Barrow and Tipler 1986: 677).

The question arises, quite naturally, just how we are to reach Omega. The key link between actually existing carbon based life, and this nonmolecular intelligent living system are a "race" of intelligent, self-reproducing, interstellar probes (the so-called von Neumann probes). Tipler proposes launching a series of such interstellar probes in the expectation that as they evolve they will grasp the conditions for the long term survival of intelligent life in the cosmos, and eventually reorganize the universe on a cosmic scale in order to bring into being the nonmolecular life form(s) which can survive into the final stages of cosmic evolution.

Such probes would, of course, be extremely expensive. It thus becomes necessary to identify an optimum path of economic development. It is interesting to note that both Barrow and Tipler make extensive reference to the neoliberal economist F.A. Hayek in their work. Hayek, like Barrow and Tipler, identifies complex organization with negative entropy, or with the quantity of information which a system can encode. An economy is simply an information processing system. No centralized planning agency or redistributional structure can grasp the complexity of a highly interdependent, rapidly developing human system, and any attempt on the part of such agencies to plan the society will inevitably result in a loss of complexity and will hold back growth and development.

Certainly nobody has yet succeeded in deliberately arranging all the activities that go on in a complex society. If anyone did ever succeed in fully organizing such a society, it would no longer make use of many minds, but would be altogether dependent on one mind; it would certainly not be very complex but extremely primitive--and so would soon be the mind whose knowledge and will determined everything. The facts which could enter into the design of such an order could be only those which were known and digested by this mind; and as only he could decide on action and thus gain experience, there would be none of that interplay of many minds in which alone mind can grow (Hayek 1973: 49).

What Hayek calls the "extended order" of the marketplace, on the other hand, is uniquely capable of accessing, processing, and communicating vast quantities of information.

Much of the particular information which any individual possesses can be used only to the extent to which he himself can use it in his own decisions. Nobody can communicate to another all that he knows, because much of the information he can make use of he himself will elicit only in the process of making plans for action. Such information will be evoked as he works upon the particular task he has undertaken in the conditions in which he finds himself, such as the relative scarcity of various materials to which he has access. Only thus can the individual find out what to look for, and what helps him to do this in the market is the responses others make to what they find in their own environments (Hayek 1988: 77). 

Information-gathering institutions such as the market enable us to use such dispersed and unsurveyable knowledge to form super-individual patterns. After institutions and traditions based on such patterns evolved it was no longer necessary for people to strive for agreement on a unitary purpose (as in a small band), for widely dispersed knowledge and skills could now readily be brought into play for diverse ends (Hayek 1988: 15).

The market thus takes on for Hayek what he acknowledges to be a transcendent character, organizing interactions of a scale beyond the capacity of any single mind or organization--beyond even the mind of God.

There is no ready English or even German word that precisely characterizes an extended order, or how its way of functioning contrasts with the rationalists’ requirements. The only appropriate word, `transcendent,' has been so misused that I hesitate to use it. In its literal meaning, however, it does concern that which far surpasses the reach of our understanding, wishes and purposes, and our sense perceptions, and that which incorporates and generates knowledge which no individual brain, or any single organization, could possess or invent. This is conspicuously so in its religious meaning, as we see, for example, in the Lord's Prayer, where it is asked that "thy will [i.e. not mine] be done on earth as it is in heaven ..." But a more purely transcendent ordering, which also happens to be a purely naturalistic ordering (not derived from any supernatural power), as for example in evolution, abandons the animism still present in religion; the idea that a single brain or will (as for example that of an omniscient God) could control and order (Hayek 1988: 72-73). 

Barrow and Tipler draw on Hayek's reasoning to argue that in a market system the technological and economic development necessary to support the construction of interstellar von Neumann probes will take place spontaneously. They argue that insofar as 

the economic system is wholly concerned with generating and transferring information ... the government should not interfere with the operation of the economic system ... if it is argued ... that the growth of scientific knowledge is maximized by information generation and flow being unimpeded by government intervention, does it not follow that the growth of economic services would be maximized if unimpeded by government intervention? (Barrow and Tipler 1986: 173)

Indeed, they argue that if the operation of the marketplace is left to run its course, the cost of energy and raw materials relative to wages will decline to the point that humanity will become capable not only of interstellar travel, but ultimately of reorganizing the structure of the cosmos on a macroscale--developments which are both critical for their meliorist physical eschatology. 

... the price of raw materials and energy have, on the long term average, been decreasing exponentially over the past two centuries ... (Barrow and Tipler 1986: 172).

The sort of interstellar probes which Barrow and Tipler believe are necessary in order to secure the destiny of intelligent life in the cosmos would currently cost between $3x1010 and $2x1014, depending on their speed.

These costs ... seem quite large to us, but there is evidence that they could not seem large to a member of a civilization greatly in advance of ours ... the cost relative to wages of raw materials, including fuel, has been dropping exponentially with a time constant of 50 years for the past 150 years. If we assume this trend continues for the next 400 years ... then to an inhabitant of our own civilization at this future date, the cost of a low velocity probe would be as difficult to raise as 10 million dollars today, and the cost of a high-velocity probe would be as difficult to raise as 70 billion dollars today. The former cost is easily within the ability of ... at least 100,000 Americans ... and the Space Telescope project budget exceeds $109. If the cost trend continues for the next 800 years, then the cost of a $3x1010 probe would be as difficult to raise as $4000 today. An interstellar probe would appear to cost as much then as a home computer does now ... In such a society, someone would almost certainly build and launch a probe (Barrow and Tipler 1986: 583). 

Tipler's cosmology even has theological implications. Despite his frequent references to Aristotle and Aquinas, and his effort to show the compatibility of his theory with most of the principal religious traditions, these implications tend very clearly towards Calvinist Christianity. This is because of the centrality of what he calls "agent determinism." Realization of the Omega Point is, in one sense, inevitable; it is required by the very existence of the universe itself. But it presupposes the subordination of the interests of individual carbon-based organisms to a larger cosmic plan which involves the displacement of carbon based by machine, and eventually by nonmolecular intelligence. And in so far as this transition is best carried out through the unimpeded operation of rationally inscrutable market forces, it requires the submission of individual carbon based organisms to cosmic imperatives which they cannot understand, with which, at the very least, they cannot fully identify. Eternal life, furthermore, is not something the soul achieves, by becoming actually capable of infinite self-organizing activity, but rather something bestowed on it by the nearly omnipotent and omniscient beings near Omega, simply because it is in their self-interest. Tipler makes a game-theoretical argument (1994: 245-259) that these beings will resurrect us, and will bestow eternal life upon us, and that this will be a life of potentially infinite richness and joy--but ultimately the decision is theirs. We have here, in effect, an anthropic cosmological argument not only for Reaganomics but for a peculiar, high tech, Calvinism.

Tipler's cosmology has a number of attractive features which has made it the focus of an emerging “transhumanist” trend which looks forward anxiously to the day when we will eventually be “uploaded” to a “higher level of implementation.” Clearly, Tipler comprehends the cosmos as an evolving system developing towards ever higher degrees of organization, and recognizes human civilization--or rather the social form of matter in general--as a key link in the cosmohistorical evolutionary process. And he argues that far from being a mere counterpoint to stronger forces of cosmic disintegration, the forces of complex organization will, in fact, triumph in the end. On the scientific level he has attempted, at least, to make his theory testable and thus opened the way towards experimental verification of the claim that life will survive and develop towards Omega, and thus eventually embrace the universe as a whole. And he has made some effort, at least, to draw out the philosophical and political-theological implications of his position. 

At the same time, his work has serious limitations. Some of these are shared with other information-theoretical attempts at unification: the theorization of life and intelligence in information-theoretical terms, the theory evolution by random variation and natural selection, and the claim that the market order actually advances technological progress. We will reserve criticism of these claims until the end of this section. Other problems are, however, particular to Tipler’s theory and need to be considered here. There is, first of all, the problem of Tipler’s specific cosmological claims. As we have noted, Tipler makes a number of predictions which he says can be used to test his theory. While the evidence is not all in, the situation does not currently look good for the Omega Point. Fermilab, for example, recently measured the top quark at just a little bit below the mass range which Tipler’s theory requires. More to the point, however, the currently favored cosmological models suggest that not only is the universe not closed, but that its long-term evolution is dominated by the so-called “cosmological constant,” a repulsive force which derives from the positive energy density of the quantum vacuum, and which recent observations suggest may be causing the universe to expand at an ever increasing rate --an argument we will consider in detail shortly. If this is true, then Tipler’s strategy for the cosmic expansion of life and intelligence, and the intelligent re-engineering of the universe, would appear to be doomed. 

Quite apart from the adequacy of his particular model, however, Tipler’s approach leaves a great deal to be desired as a strategy for unification. Even if one were to grant the theorization of life and intelligence in information theoretical terms, and evolution by random variation and natural selection, his theory does not really engage with the underlying contradiction in fundamental physics, namely that between relativity and quantum mechanics. On the contrary, like nearly all the theories we will consider, including several which make far more modest predictive claims, Tipler simply absorbs relativity into a more general, in this case quantum mechanical formalism, without really addressing the underlying incompatibility in the mathematics or the physical concepts (space, time, etc.). This would be less of a problem if he was simply dispensing with relativity entirely, as if to argue that gravitational forces are unnecessary to his argument. But this is not what he does: the whole basic design of his argument is relativistic; it is only superficially “quantized” by incorporation of the underlying metric into the quantum wave function  as a variable. 

Tipler’s information-content theory of organization, furthermore, fails to adequately theorize complex organization, life, and intelligence. We have already noted that quantum theory calls radically into question the atomistic logic and ontology which has characterized European philosophy since the time of the scientific revolution, and suggests, rather, that matter is relational at the most fundamental levels of its being. Tipler, however, does not seem to have fully comprehended this development. 

In order to illustrate this problem, it is useful to distinguish three meanings of the word "system." At the lowest level of integration, a "system" consists of various elements, the behavior of which is determined by their relationships with other members of the system. As von Bertalanffy points out, systems of this type can be described by a system of differential equations. If the system is dynamic, i.e. evolves over time, then we must use partial differential equations. And if we wish to make the state of the system depend on its past states, then we must use "integro-differential" equations (von Bertalanffy 1969: 55-56). Despite the difficulty involved in solving such systems of equations, mathematical formalization is, in principle at least, possible.

There are, however, two higher levels of systemic integration. At the second level, the very nature or essence of the elements is determined by their relationships with the other elements, and at the third, their existence is dependent on--or even constituted by--their relationships with the other elements. It is not clear that either of these two meanings of "system" can be formalized mathematically, since most mathematical formalizations of this sort ultimately rely on set theory, which itself presupposes groups of particulars which are related to each other only in an external manner (Harris 1987). 

Now Tipler seems to understand systems only at the first level. From the simplest to the most complex levels, his cosmos continues to be constituted by irreducible particles which are externally related to each other, rather than by a system of relationships the nodes of which merely appear to be particular when we abstract them from the system as a whole. That his "elementary particles" are "bits"--units of information rather than of matter--does not really change anything. His understanding of complex organization, life, intelligence, and social evolution is governed by an ultimately atomistic paradigm in which individual particles (bits, organisms, human persons, von Neumann probes) are externally related to each other. 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 negentropic and information theoretical approaches to organization and complexity run into serious problems when we attempt to apply them to biological and social systems. IBM scientist Charles Bennett (1988) has recently pointed out that the negative entropy theory has limitations even at the physical level. The human body, for example, is intermediate in negentropy between a crystal and a gas, while being more highly organized than either. Similarly, organized objects, "because they are partially constrained and determined by the need to encode coherent function or meaning, contain less information than random sequences of the same length, and this information reflects not their organization but their residual randomness." He proposes instead to define organization as logical depth, "the work required to derive a" message "from a hypothetical cause involving no unnecessary ad hoc assumptions," or "the time required to compute this message from" its "minimal description." This definition bears an interesting resemblance to the Marxist labor theory of value, according to which the value of a commodity is equal to the average socially necessary labor time necessary to produce it (Marx 1849/1978: 203-217). 

The limitations of the atomistic paradigm become even more apparent when we attempt to explain the evolution of systems towards higher levels of complexity and organization. Random variation, competition, and natural selection--the mainstays of the atomistic paradigm--do not seem adequate to the task of explaining the emergence and development of living--and especially social--systems. We have already noted that random variation could not possibly have produced even complex proteins on the time-scale of the earth’s history nor can it account for the rate of genetic innovation in even simple bacteria. 

Biologists have identified two distinct types of processes which they believe contribute to the development of increasingly complex forms of life. Molecular biologists have found that the genome operates as a complex interrelated totality, with some genes regulating the operation of others. Random mutations in some parts of the genome, where they threaten to undermine well established life processes, are systematically corrected, while others, in areas where experimentation seems promising, are permitted. At the same time, small changes in one part of the genome can trigger fundamental structural changes in the system as a whole. This is why animal breeders, in the process of selecting for certain traits, so often produce undesired side effects. It also helps to explain how whole new structures, (such as the eye), with significant survival value, might have emerged all at once. Variation, furthermore, is constrained by the material out of which organisms are built. Genetic instructions to construct an elephant with legs as thin as those of an ant, Kevin Kelly points out, simply cannot be carried out. Matter, as potential organization, provides life with certain structural options, but systematically excludes others. This is another reason why structural leaps are more common than incremental changes. The genome must undergo considerable internal reorganization before it can produce a new form which is both structurally different and viable. This complex of phenomena has led some biologists to suggest that the genome contains algorithmic search instructions which help it to discover mechanically stable, biologically viable, ecologically progressive, new forms. Life, it appears, is at least incipiently creative and self‑reorganizing.

At the same time there is growing evidence that cooperation plays an important role in the evolutionary process. Biologist Lynn Margulis, for example, has argued that nucleated cells, with their specialized organelles devoted to photosynthesis and respiration, and their genetic high command, came about through symbiosis, when membraned cells incorporated bacteria which had already developed these processes and the structures necessary to carry them out. 

These new developments suggest that natural selection is only one of many processes which contribute to the emergence of new, increasingly complex, forms of life. And its contribution is largely negative. Natural selection, as biologist Lynn Margulis puts it, is the editor, not the author, of evolution. The creative self‑reorganization of matter, and symbiosis, the cooperation between organisms, play the leading role (Waddington 1957, Lenat 1980, Sheldrake 1981 and 1989, Denton 1985, Wesson 1991, Margulis and Fester 1991, Kelly 1992).

If the evolution of biological systems involves more than random variation, competition, and natural selection, this is even more true of social systems. Even if one accepts the "information content theory of organization," it is clear that the marketplace has no access to information regarding the impact of various activities on the qualitative complexity of the ecosystem and the development of human social capacities. On the contrary, all the market "knows" is a quantitative expression of the existing capacities (supply) and current interests (demand) of individuals, as these are expressed in the form of price curves. It has no way to analyze latent capacities or optimum paths of development for either individuals or the system as a whole. It is market forces, after all, which draw people away from preparing themselves to be elementary school teachers, and towards selling crack cocaine. 

Indeed, it is not clear that the information content theory of organization can even grasp the concept of the social form of matter. In so far as human beings are constituted and shaped as persons through their interaction with each other, the social form of matter necessarily involves mutual determination of the existence and essence, and not merely the behavior, of the elements in the system. The economic model which Tipler borrows from Hayek fails to understand this, and remains within the horizon of a universe in which human beings are irreducible atoms which interact with each other externally, but do not ever really influence, much less constitute, each other. A really profound understanding of the marketplace, for example, involves not merely writing a system of equations describing the mutual determination of a limited number of state variables, but an in-depth social-psychological analysis of the ways in which people's ideas and desires are shaped, e.g. by the socialization process, which constitutes them as producers, accumulators, consumers, by advertising, etc. But this kind of analysis involves looking not only at the behavior of individual consumers, but also at their psychological make up, including such factors as sexuality, which are manipulated by advertising campaigns. Once we look beyond the marketplace to family relations, the educational process, the organization of the workplace, the building and exercising of political power, the processes of artistic creation, scientific research, or philosophical reflection, of the complex operation of religious institutions, it becomes apparent that we can say almost nothing of interest so long as we confine ourselves to a model of externally related individuals, since all of these processes are in fact centered on the mutual determination of the existence and essence of the elements in the system. The atomism which relativity and quantum theory have made increasingly untenable at the physical level is in fact prima facie absurd at the social. The information content approach to complex organization has, furthermore, some potentially very dangerous policy implications. Working from very different tendencies within the dialectical materialist tradition, Ernest Mandel (1968, 1978) and the dependency and world systems theorists (Emmanuel 1972, Wallerstein 1974, Frank 1978, Amin 1980) have demonstrated that insertion into market relations in fact undermines a country's economic development, measured in value terms--i.e. in terms of the total quantity of socially necessary labor embodied in its products. On the one hand, as a system becomes more technologically developed and thus more capital intensive, the rate of profit declines, and capital is redeployed to low wage, low technology activities on the periphery of the world system, blocking capital formation and holding back technological development. At the same time, differences in productivity and/or the value of labor power lead to unequal exchange between developed and underdeveloped countries, draining the latter of a significant portion of the value they produce, and holding back their development. This, in turn, blocks the formation of demand for high technology goods and high skill services, constituting a further obstacle to social progress. Finally, in order to rectify the resulting tendency towards underconsumption, states attempt to "pump up" their economies through deficit spending on both income-transfer, demand supporting, and military technological programs. The resulting expansion of the public debt further strengthens rentier elements, raises interest rates, and leads to overconsumption of luxuries and a crisis in capital formation.

The market system is so destructive of social organization precisely because it treats human beings as individual atoms related to each other in a purely external fashion, and thus undermines the mutual determining relations by which social systems sustain and develop their complexity and that of their constitutive elements. The strategy for social and cosmic evolution proposed by Tipler, far from promoting the development of intelligent life towards an infinitely self-organizing Omega Point, would, in the short run, devastate the world economy by undermining investment in infrastructure, education, research, and development and, in the long run, replace complex, living, intelligent systems with a race of predatory machines which make some of the most frightening artifacts of science fiction, such as Star Trek's Borg (which at least assimilated, rather than completely destroying, other cultures) seem benign by comparison. 

It is necessary, finally, to say something about Tipler's vision of eternal life as a kind of computer simulation run on the "hardware" of the Omega Point. Tipler's vision of the Omega point in fact seems to have more in common with a comfortable and even decadent retirement than with any project for the realization of the self-organizing activity of the cosmos in an infinitely creative, powerful, knowing, and loving future. The many minds which Hayek rightly points out are necessary for authentic social development, are here replaced by a single mind which spends eternity amusing itself with simulations of other minds which no longer exist--and which cannot therefore really challenge it to grow and develop in new ways. The neoliberal entrepreneur who boasts of his contributions to human historical --and even cosmic-- development here shows his true colors. Behind the entrepreneurial cosmetic lies the decaying corpse of consumerist, rentier capitalism.

Evolutionary Cosmology
An alternative to Tipler’s theory, and to anthropic reasoning which makes humanity, or at least intelligence generally, a condition of possibility of the universe, has recently been advanced by Lee Smolin, of Penn State University. Smolin, like the anthropic cosmologists, begins with the insight that so many fundamental physical constants, such as the relative strength of the gravitational and electromagnetic forces and the relative masses of the proton an electron, appear to be fine-tuned in such a way as to permit the evolution of life and intelligence. 

Smolin begins with a far more adequate understanding of organization than does Tipler --one which reflects both a more profound grasp of the implications of relativity and quantum theory, and an authentic dialogue with at least some of the trends in complex system theory and evolutionary biology. The principal lesson of relativity and quantum mechanics, he argues, is the underlying relationality of the universe. All of the basic properties of elementary “particles,” including both those theorized by relativity (mass, length, etc.) and those theorized by quantum mechanics (charge, spin, etc.) are defined in relation to other “particles” so that the term particle becomes little more than a relic of the atomistic history of the discipline. To this extent, Smolin is, as he claims, a true follower of Leibniz, who he takes as his philosophical mentor. 

Smolin suggests that the complexity of a system be measured by its variety, i.e. by the quantity of information necessary to distinguish its parts from each other. The greater the variety, the less information required. This approach at least makes it possible to show how a living system is more complex than either a crystal or an ideal gas, which have entropies of 0 and one respectively, but which both require an enormous amount of information to navigate. 

Working out of this understanding of cosmological fine-tuning, Smolin notes that there are a number of different ways in which cosmological fine-tuning might be explained. The approach most coherent with the history of mathematical physics would be the discovery of a unique unified theory which specified these parameters. The difficulty is that such a theory does not appear to be emerging. Even if the difficulties with string theory which we noted above are resolved and a credible theory of quantum gravity developed, it is unlikely that this theory will fix mathematically the basic physical constants. Rather, it will define a class, perhaps infinite, of mathematically possible universes of which ours is only one. Just why we live in the sort of universe we do --or rather why our universe is here for us to live in-- will still need to be explained (Smolin 1997: 45-46). Above and beyond this, however, Smolin suggests that the search for a final theory reflects a failure to grasp the real lesson of relativity and quantum mechanics. If all properties are defined in relational terms, a final theory which understands the universe as if from the outside is in fact a contradiction in terms, and a relic of the metaphysical heritage. 

The second strategy for explaining cosmological fine tuning is the anthropic principle. Smolin rejects the strong anthropic principle on the same grounds as the search for a final theory. It is a relic of teleological reasoning left over from the religious and metaphysical prehistory of science and rules it out of consideration. The weak anthropic principle, which holds that cosmological fine tuning is an effect of observational selection, he argues, is logically consistent, but impossible to test. According to this view there are many universes or regions of the universe in which the fundamental physical constants, or even the basic laws of physics, vary. We live in the one we do because it is the only one we could live in. The difficulty is that we have no way of knowing whether or not these other universes or regions of the universe exist because we cannot observe them (Smolin 1997: 202).

If weak anthropic reasoning seems to violate the principle of economy (Occam’s Razor), however, then Smolin’s approach does no better. Smolin argues that in the early history of the universe, prior to the time when the universe became transparent to light, the fundamental physical constants were not yet fixed. They are a result of what amounts to a process of random variation. Drawing on a result of quantum mechanics which holds that there can be no true singularities, Smolin argues further that time does not come to an end in black holes, but rather that black holes are essentially the birth places of new universes, in each of which the fundamental physical constants vary at least a little bit. If this is true, he suggests, then those universes in which the fundamental physical constants are fixed in just such a way as to permit the creation of large numbers of black holes will, in effect, reproduce more efficiently. There will thus be a cosmological selection effect in favor of those parameters. Now it happens that the parameters which produce universes capable of generating large numbers of black holes are very similar to those which permit life and intelligence. Thus it is not surprising that we find ourselves in a universe “tuned” as it is.

Smolin goes on from here to argue that most of the promising solutions to the problem of unification in fact require that the universe be complex --specifically that it be a self-organizing, non-equilibrium system, i.e. 

distinguishable collection of matter, with recognizable boundaries, which has a flow of energy, and possible matter, passing through it, while maintaining, for time scales long compared to the dynamical time scales of its internal processes stable configuration from thermodynamics equilibrium (Smolin 1997: 155). 

This is because complexity itself is a condition for the possibility of space and time. A universe at thermal equilibrium, he argues, could conceivably require more information to distinguish between its parts than could be stored in the universe itself, making it logically impossible in a relativistic space-time. And it is the development of the universe to higher degrees of organization which alone creates an arrow of time on which observers in different parts of the universe can agree (Smolin 1997: 220, 292).

This basic idea governs Smolin’s approach to interpretation of quantum mechanics and his approach to reconciling it with relativity. Rather than associating a wave function  with the universe as a whole, as do both the Copenhagen and Many Worlds theorists, Smolin, drawing on work by Louis Crane (Crane 1995, 1997b, 1997b, 1998, 2000) and Carlo Rovelli (Rovelli 1997a, 1997b, 1998, 1999, 2000) suggest using topological quantum field theory to partition the universe, with a boundary being drawn between each observer and the rest of the system. A distinct quantum wave function is associated with the possible knowledge each observer may have of the universe on the other side of the topological boundary. The laws which govern the universe are then inscribed not in the wave functions themselves, but rather in the relations between them, which must be such that all  are consistent with each other (Smolin 1997: 272). This, in turn, requires a high degree of complexity. Space and time are generated out of the relationships between events at the quantum level, such as particle spin (Smolin 1997: 276-293), with the relative space-times observers coordinated by gravitational relations which render their observations ultimately consistent with each other. 

What are we to make of this proposal? It must be said, to begin with, unlike Tipler, Smolin clearly has a good intuitive sense of what complex organization, life, and intelligence, are all about. Where Tipler theorizes the universe as a vast supercomputer, Smolin, search for a metaphor at the end of his book, chooses the city: an unplanned but highly coordinated system of relationships which constantly generates new possibilities. Indeed, even if Tipler’s vision is, in a certain sense, more hopeful, promising resurrection and eternal life to all logically possible systems, one cannot help by feel pulled to choose mortality in a Smolin-universe over immortality at Tipler’s Omega. 

This said, the theory has two serious difficulties, both of which ultimately derive from Smolin’s rejection of metaphysics and his apparent inability to engage in the sort of transcendental abstraction which the discipline requires. The first difficulty has to do with an issue we have already highlighted: the recourse to random variation as an explanation for the emergence and continued evolution of complex organization. This problem is especially serious in the case of Smolin’s theory, because unlike the case of random variation in the genome, we know of no mechanism which would lead to such variation in the process of cosmogenesis, taking part as he supposes it does, behind the impenetrable veil of the black hole’s event horizon. More broadly, however, Smolin falls into the trap set by neoliberal apologists of the market order such as Hayek, who distinguish only two ways in which organization can emerge: spontaneously, through random variation and natural selection, and through what Hayek (Hayek 1988) calls taxis, i.e. through rational centralized planning. Smolin, echoing the neoliberals, points out that planning leads not to complexity understood as variety, but rather to plainness and ugliness. Against the image of jagged coastline or a vibrant city of millions of individuals each pursuing their own agenda while remaining in intimate interaction with each other, Smolin conjures the specter of suburban tract housing and the “great monoliths of Soviet architecture” (Smolin 1997: 162). 

In reality, however, this argument depends on a false dichotomy, as well as obvious historical error. There is a third way in which organization emerges: teleologically, in response to the attractive power of a common end which elicits distinct --indeed diverse-- but harmonious responses from different centers of activity. This is, in fact, a far more accurate description of the way in which cities work, or even markets: diverse individuals pursuing a common end (survival, prosperity) in different but compatible ways. The fact is, however, that the market does not always lead to the highest level of variety. On the contrary, it was the market which was responsible for those suburban tract houses, not Joe Stalin. Truly beautiful cities --such those of the Anasazi, or those which grew up in medieval Europe-- require ordering to some end higher than survival or prosperity, the sort of end which was presented to the people of Chaco by the myth of Thinking Woman or the citizens of Chartres and Köln by the Catholic doctrine of the beatific vision. Room for diverse responses to a common vision, and indeed for diverse visions of the Common Good are essential to this sort of organization, but so too is the conscious leadership of those with new and powerful ideas. 

This same error is at the root of the more fundamental problem with Smolin’s theory: its lack of economy. Like so many of his fellow physicists, Professor Smolin needs to pay a visit to Master William’s Barber Shop for a good shave with Occam’s Razor. The offense, of course, is “multiplying beings (in this case universes) unnecessarily.” This is not to say that we ought not to greet with joy the possibility that black holes, far from being the endless pits of death and destruction which most physics up to now suggests they are, might actually be cosmic wombs out of which new universes are born. But we thus far have no independent evidence that this is the case, and to posit other universes in order to explain facts about ours which might be explained more simply is simply bad science. The cause of the offense is, as is so often the case, a failure to join Occam’s Razor to Mansueto’s Switchblade. The simplest or most economic explanation is not always the most reductive. 

Behind this mistake, however, is the same error, now enlarged to cosmic scale, which Smolin made at the micro-level in his account of the way in which complex organization emerges. If centralized planning and spontaneous organization are the only options, then “anthropic” approaches to cosmological fine-tuning do indeed lead to something like a design argument. This in turn implies an observer, indeed a sort of cosmic engineer sitting outside the system, something which is abhorrent for logical, physical, and metaphysical reasons. Such a God, by observing and designing and creating, becomes part of the universe and thus cannot fully explain it. But cosmic teleology does not mean divine design. On the contrary, the whole motivation behind Aristotle’s doctrine of the unmoved mover is to find some principle which, while outside the system and thus able to explain it, is itself defined in such a way as not to require any further explanation. God understood as a teleological attractor whose Beauty, Truth, Goodness and transcendental Unity draw all things into Being is the only principle which can meet this criterion. Smolin, by contrast, not only leaves the existence of the universe unexplained, but posits many more (an infinity?) which, even if their particular genesis is explained, still depend on a process the origins of which itself remain unaccounted for.

Metaphysics is not some sort physics practiced by a sovereign Newtonian engineer who designs universes the way one might design a watch, an engine, or a computer. It is not simply a matter of formalizing the data of experience and logically manipulating the resulting expressions. Rather, it requires the ability to abstract from structure to Being as such --a thought which does not even seem to have occurred to Smolin. 

Smolin’s error reflects the hegemony of neoliberalism over the dissident intelligentsia which emerged in the 1960s and 1970s, and which was too concerned with “doing its own thing” to think through the complex problems related to the dual crisis of both the capitalist and socialist systems. This hegemony is not exercised directly, but rather through a sort of soft postmodernism which does not hesitate to criticize the failures of the market (the mall, suburban tract housing) and which defends the independent existence of the material world, but which rejects the possibility of rising above one’s own particular perspective to a ground from which might criticize the system as a whole. This “pluralist” postmodernism makes room for the particular interests and subcultural peculiarities of the intelligentsia while rendering them ultimately subservient to Capital. 

But Smolin’s perspective on his cosmology, as indeed he recognizes, is not the only one. If black holes are the cosmic wombs in which new universes are born, and if most if not all of them are likely to be structured in such a way as to make possible the development of life and intelligence, then ought we not create as many black holes as possible? Smolin is a aware of that his theory might be read in this way, but can offer only counsel that societies which have devoted themselves single-mindedly to an imagined future, such as the Aztecs or Stalinist Russia, have not survived for long. But then they need survive only long enough to lead this world up the steps of the pyramid to the altar of the sacrifice, where, beyond the pluralistic mask of soft postmodernism smirks the face of Tezcatlipoca, waiting to bring it to a violent end and make a new beginning. Might this not be the perspective of the great masses of humanity who are exploited by the global market and do not benefit from even the limited variety it makes possible --and who deprived of any sense of ultimate meaning and value in terms of which they might image a just society, opt for wanton destruction? Ultimately there is nothing that stands in the way of such an interpretation, nor is there any well-defined distinction between pluralist soft-postmodernism and the ontology of violence advocated by Nietzsche and Derrida ...

The Irreducible Pessimism of Quantum Theoretical Approaches
Reading the work of theorists such as Tipler and Smolin one might get the impression that mathematical physics had, at least jettisoned the pessimism which has dominated since at least the middle of the nineteenth century. But this is not really true. While it is difficult to speak of a consensus regarding such a question in a field in which most researchers continue to be focused on more technical questions, it is clear that Tipler’s work has not been well received, and Smolin is very careful to point out that his speculations are motivated in part by a failure to develop a mathematical theory which could win the approval of his colleagues. Indeed, there is every reason to believe that the long range trend in mathematical physics will tend toward cosmological pessimism. 

This pessimistic tendency has recently received new support with the discovery that the long-range history of the universe may well be dominated not by gravity but rather by the cosmological constant. The cosmological constant, we will recall, is a factor introduced by Einstein into his equations in order to compensate for the fact that they seemed to point to a dynamic universe in the process of expansion of contraction. Einstein and others soon discarded this constant, but recent calculations based on observation of supernovae are correct (Hogan, Kirschner, and Suntzeff 1999) the universe may well have a cosmological constant with positive value, meaning that it is not only expanding, but that the rate of expansion is accelerating.

Now an infinitely expanding universe may well seem to bode well for life, at least by comparison with a “big crunch.” This is especially true since the same model which points towards accelerated expansion also suggests available matter, energy, and information, may well grow indefinitely. The difficulty, however, as Lawrence Krause and Glenn Starkman (Krause and Starkman 1999) have recently pointed out, is that in a universe which is expanding at an accelerating rate, it becomes increasingly difficult to access these resources.

As the cosmos grows in size, the average density of ordinary sources of energy declines. Doubling the radius of the universe decreases the density of atoms eight-fold. For light waves, the decline is even more precipitous. Their energy density drops by a factor of 16 because the expansion stretches them and thereby saps their energy. 

Krause and Starkman consider a number of strategies for coming to terms with this problem. Relying on gravity to bring resources to us won’t work. Even in a universe in which the expansion eventually slows, after 1033 years all the matter in the universe becomes bound up in black holes and thus almost certainly inaccessible. In a universe in which expansion continues or accelerates matters are even worse. It may well be that our universe has currently reached the highest level of structure that it will ever achieve and that clusters of galaxies are the largest systems which can be bound gravitationally. Chasing down resources works no better. As the expansion accelerates, ever more resources must be used to maintain the speed necessary to access them, placing a fatal drain on the civilization in question. 

Krause and Starkman note that there are certain forms of energy which do not become more dilute with cosmic expansion: namely cosmic strings (if they turn out to exist) and the quantum vacuum. It turns out, however, that if cosmic strings can be cut and leached, as it were, they will eventually disintegrate of their own accord. And the quantum vacuum cannot be mined, because this would require it to drop to a lower energy level. But it is already at the lowest energy level possible. 

The apparent limits on the availability of useful resources have suggested to some physicists that the best strategy is to try to do more with less. This is the approach recommended by Freeman Dyson, who has devoted considerable effort to the problem of the long-term survival of life and intelligence (Dyson 1979). Concretely this means lowering our body temperatures, something which in turn presupposes transferring intelligence to something other than our current carbon based bodies. Dyson has shown that if intelligent systems can slow their metabolism as the universe cools, they can consume a finite amount of energy over an infinite period of time. A lower metabolism would mean slower information processing, but it would still be possible to process an infinite number of thoughts and thus enjoy subjective as well as objective immortality. 

It turns out, however that there are a number of problems with this scenario. First of all, in order for metabolism to slow body temperature must drop, something which in turn requires the radiation of energy. But the efficiency of even optimal radiators decline as the cube of the temperature, i.e. even faster than the metabolic rate. This means that a point would eventually be reached when organisms would have to stop lowering their temperature and either start to heat up or lower their complexity instead.

Dyson proposed to counter this problem by having his intelligent systems spend most of their time in hibernation, allowing their metabolic rates to drop and permitting them to radiate energy. In effect, by sleeping more and more of the time they would still be able to survive indefinite and process an infinite quantity of information. 

But this tactic also fails. Dyson assumed that the temperature of the universe would continue to drop indefinitely, providing a thermodynamic sink for his organisms. But if the universe has a cosmological constant, then there is an absolute floor to the temperature of the universe fixed by the Gibbons-Hawking radiation. Hibernation, furthermore, requires alarm clocks which operate reliably for longer and longer periods of time. But clocks depend ultimately on changes in the position and momentum of particles and the Heisenberg Uncertainty Principle imposes constraints on the accuracy with which both can be specified. Inaccuracies deriving from quantum constraints would thus eventually lead the clocks to fail. 

It also turns out that there are fundamental physical limits to the computational process. While certain physical processes, such as Brownian motion and quantum fluctuations can be exploited to create a computer which does not expend a minimum amount of energy per operation, this requires the system to remain in thermal equilibrium with its environment and never to discard any information. If information is discarded, the computation becomes irreversible and irreversible processes by definition involve the dissipation of energy. But as the universe expands and the wavelength of light is stretched out systems have increasing difficulty emitting or absorbing the radiation they need in order to maintain thermal equilibrium with their surroundings. At the same time, with only a finite amount of matter available to them, the inability to discard information means that eventually the systems will begin to think the same thoughts over and over again.

Krause and Starkman acknowledge that their argument is not definitive. Dyson has recently suggested that if life is analog rather than digital, or if organisms it can grow radically in size or use a different sort of memory it may be possible to evade quantum limits on life. Others suggest escaping this universe through wormholes. From our standpoint, however, the whole tone of the debate is more important than the particulars. Even Dyson, the optimist, and for that matter Tipler, feel constrained by the logic of mathematical physics to resort to “extraordinary measures,” either cutting back radically on consumption or engaging in a cosmic imperialism in search of new resources. Once cannot help but see this as a reflex of the internal contradictions of the market order, which imposes on Capital ever more extreme measures if it is to survive. Within this context Dyson’s strategy of cutting back reflects the austerity of the 1970s and early 1980s when it was thought that the only future of capitalism was one of reduced consumption, hopefully accompanied by a higher “quality of life.” Tipler represents the jingoistic capitalist expansionism of the 1980s --the (temporary) resolution of the contradictions of the system by global expansion. Smolin reflects the underlying awareness on the part of the intelligentsia that this system may not survive for ever, but that there is nothing which can be done but ride it out and hope that it gives birth to another with even more favorable parameters. Krause and Starkman remind us that the logic of the system argues against the long-term workability of any of these solutions. Capitalism, unlike other exploitative modes of social organization which simply lead to civilizational collapse, actually threatens permanent global destruction.

Centrist Solutions
Information theoretical neoliberalism is not the only voice, however, in current debates regarding the crisis in mathematical physics. There are, on the contrary, a range of perspectives which have emerged either out of attempts on the part of theorists trained in other disciplines to make sense out of the situation, out of minority views regarding the interpretation of quantum mechanics, or out of theoretical traditions less tied to the market order: relativity, complex systems theory, etc. Broadly speaking these approaches fall into three groups. The first, which is not currently very fashionable, we will call Kantian, because it regards the crisis of mathematical physics as an indication of the irreducible limits to human knowledge. While there are no major contemporary thinkers that I am aware of who argue this position, it represents an important logical alternative and must be assessed. The second position we will call “objective idealism by default.” This position is reflected in the work of those who, such as Teilhard de Chardin or many in creation spirituality circles, sense at once the crisis in mathematical physics and the fact that it at once points towards and conceals a profound mystery --the mystery of an ultimately meaningful universe ordered to God. We call this position objective idealist because like Schelling, these theorists implicitly or explicitly regard mathematical physics itself as incapable of resolving its internal crisis and dissolving the mystery. It is objective idealism “by default” because these theorists are largely unaware of the element of mystification they are introducing, often simply as a result of intellectual sloppiness or poor training. Finally, there is a group of perspectives which we will call semi-dialectical, including the work of several important mathematical physicists such as David Bohm, Benjamin Gal-Or, and Ilya Prigogine. These scientists are working hard to develop a real solution to the crisis of mathematical physics and to extract from it an authentic doctrine of cosmohistorical progress. 

We call all of these theories “centrist” because like the politically centrist positions they help indirectly to ground, they attempt to significantly ameliorate in a progressive way the contradictions of the system on which they operate, without, however, challenging the under lying structure of that system. We will see that while their work often generates interesting and important insights, it is as incapable of resolving the contradictions of mathematical physics as such centrist political positions as Social democracy and Social Christianity are of resolving the contradictions of the market system. 

A Kantian Approach 
Were mathematical physicists a bit better informed philosophically they would at the very least find that they have ample guidance available to them in understanding the box they have built for themselves. Kant’s philosophy was centered on the task of assimilating the results of the scientific revolution and resolving the apparently irreducible contradictions into which the two main philosophies which to which it had given birth (rationalism and empiricism) found themselves by the end of the eighteenth century.
Rationalism was born out of the success of thinkers such as Kepler, Galileo, and Newton in using mathematical formalisms to model physical systems. Mathematics provided for philosophers such as Descartes a model of “clear and distinct” ideas which they sought to emulate, avoiding the dialectical uncertainties which had always characterized the reasoning of medieval scholastics. Thus the attempt to ground epistemology and metaphysics on the basis of analytically self-evidence propositions such as the cogito, from which all other truths could then be deduced without reference to sense experience. The result was the development of internally consistent, often highly elaborate systems which, however, had difficulty establishing the reality of anything outside the mind. Descartes, for example, found himself forced to prove the existence of God, using a variant of the ontological proof, before he could prove the existence of the world!

Empiricism, on the other hand, emerged out of the success of the more empirically oriented Baconian sciences. Like the rationalists, the empiricists were impressed with the superior certainty which these new disciplines afford, and borrowed from them their epistemological criterion: that we know only what we can experience by means of the senses. While at first this seemed like a rather commonsensical approach, it soon led to grave difficulties. It turns out, as Hume demonstrated, that we do not actually experience causation, for example, but only the “constant conjunction” of facts and events which seem to be regularly associated with each other. And if the only things we can know exist are those which we experience, does this not mean (as Berkeley suggested) that reality is really immanent to the human mind, or at least to the mind of some Ultimate Observer who guarantees the permanence of things when we are not there to observe them?

Kant proposed to solve these quandaries by suggesting that in addition to the a priori analytic arguments favored by the rationalists and the a posteriori arguments favored by empiricists, there was a class of synthetic truths which could be known a priori. These are truths which we did not know by experience, but rather because they are the condition of any possible experience. Thus, space and time are fundamental forms of the sensuous intuition: we cannot imagine experiencing anything apart from spatial extension and temporal succession. Space and time in turn constitute the basis for geometry and arithmetic respective. Similarly, there are basic categories which the understanding uses to manipulate the data of the senses: quality, quantity, relation, and mode. Apart from these categories we can’t really think about anything at all.

The result is that for Kant we see the world only as through a lens, never really getting at things in themselves --a notion which Lukacs (Lukacs 1922/1971) pointed out is a reflex of the market order. The market knows things only in their commodity-form; it cannot calculate regarding use-values. It also imposed strict limits on the use of speculative reason. The traditional arguments for the existence of God were invalid, for example, because they carried the understanding beyond its useful limit: the unification and organization of sense-experience. Similarly, there are certain fundamental physical questions which cannot be resolved because they are not susceptible to empirical test, and reasonable arguments can be advanced for either position. Thus we cannot know if the universe is finite or infinite or if matter is infinitely divisible or not.

Strict Kantianism (as opposed to the sort of Neo-Kantianism which shades into positivism) is unpopular in the physical sciences and in the philosophy of science because most mathematical physicists believe that the relativity and quantum mechanics falsify some of Kant’s principal claims. Thus relativity presupposes geometries which are not based on the sensuous intuition of space, but are, in fact, radically counterintuitive. Relativity is taken to have shown that the universe is finite but unbounded and quantum mechanics to have demonstrated that matter is not infinitely divisible. We must remember, however, that relativity and quantum mechanics turn out to be in contradiction with each other. It is thus difficult to hold that they have solve the old Kantian antinomies without simply creating new ones. Indeed, the contradiction between continuous relativistic and discrete quantum formalisms is simply a form of the old Kantian antinomy regarding the infinite divisibility of matter. And many of the contradictions between the cosmological models based on general relativity and observational evidence derive from the assumption of cosmic homogeneity and isotropy, which in turn forces the conclusion that the universe is finite and unbounded. 

It should be clear from the larger agenda of this work that I do not ultimately buy the Kantian position. But Kant may well have important lessons for us regarding the limits of what he calls the understanding and what we have called formal abstraction. All abstraction is ultimately dependent on experience, but formal abstraction depends on experience in a special way. It begins as an attempt to model experience in a way which allows us to make predictions. This is why certain Kantian philosophers of mathematics --the so-called intuitionists-- have attempted to forbid formalisms which do not permit intuitive (i.e. imaginative) representation, such as those involving actual infinities. Perhaps as we reason mathematically in a way which takes into the realm of the unimaginable, as much mathematical physics does, we simply lose touch with reality. This doesn’t mean that we cannot model physical systems, just that our models will always be partial, and internally contradictory and will never yield for us information regarding the ultimate nature of the universe. Where I will differ with Kant is in his conclusion that this makes such knowledge impossible. Rather, I will argue, it merely requires a higher, transcendental abstraction, which alone can takes us beyond the realm of what can be imagined and into the realm of the intelligible as such. 

Objective Idealism By Default 

There is, of course, another solution to the Kantian antinomies --the solution chosen by Schelling, who largely accepted the Kantian account of the understanding and its limits, but who argued that these limits could be transcended by an intuition (intellectual, aesthetic, religious) which was able to discover the Ground by which the disparate phenomena visible to the senses and related externally by the understanding could be unified and explained. Schelling developed several different systems which deployed this strategy in various ways; it would take us too far afield from our purposes to examine them in detail here. The general trend of his thought, however, was toward the idea that philosophy does not rise to demonstrate the existence of God, but rather presupposes it, as geometry presupposes the idea of space. God is the principle of any complete philosophical system, what makes it capable of unifying human experience. In his later works Schelling increasingly tended toward the view that the universe itself came about through the self-limitation of God. Nature is nonbeing, that from which god contracts, but which is gradually drawn towards him in varying degrees, in ways manifested by the phenomena of gravity and of life, each of which in their own ways reflect a drive toward unity and completion. Humanity stands in a unique position in this regard, free in relation to both nature and God. When we use this freedom to activate the natural principle rather than subordinating it to God, nature falls and becomes opaque to us. This is the origin of evil. But even in this fallen condition we still seek unity. The state is an expression of this drive, but a radically inadequate one, unable to reconcile freedom and unity. Deprived of its proper force it cannot cope with the reality of evil in a fallen world; allowed to do its job it inevitably tends towards despotism. Redemption requires Revelation, and specifically the Incarnate Word, which mediates between God and humanity as humanity mediates between god and nature. The Church is a response to revelation and humanity’s true hope for redemption. 

It is not difficult to see why Lukacs and others have seen Schelling largely as an ideologue (albeit a brilliant one) of the Restoration. Schelling’s philosophy attempts to mobilize the already significant alienation generated by the emerging market order in order to catalyze a global rejection of reason and to short-circuit the democratic revolution --moves which could not help but benefit his noble patrons. And indeed, after the end of the Restoration Era Schelling fell rapidly into disfavor --though he exercised a profound influence on Kierkegaard, Nietzsche, and through them on existentialism and postmodernism, and provides the real key to understanding the theology of Paul Tillich. 

When we are speaking of an “objective idealism by default” among contemporary interpreters of developments in mathematical physics, we are not implying that they have either embraced or somehow reconstituted Schelling’s system, or something homologous to it, in its entirety. On the contrary, while Schelling was an open apologist for authoritarianism and reaction, most of the thinkers we will discuss in this section see themselves as critics of authoritarianism in both the state and the church and advocates of a nonhierarchical, creation centered spirituality. What we mean, rather, is that the method used by these thinkers is objectively irrationalist, and by concluding to a doctrine of the ultimately meaningfulness of the universe and the existence of God on nonrational grounds they inadvertently reinstitute the ideological dynamic which led Schelling down the path to reaction in the first place. It would taken an entire book to discuss this trend in depth. For now it will suffice to look at a few examples.

The predecessor of this entire trend is, without question, Pierre Teilhard de Chardin, and his work already shows all of its major characteristics. There is, first, an authentic rootedness in the sciences. Teilhard was a paleontologist by training and profession, and had significant scientific achievements to his credit. There is, second, a profound intuition of the underlying unity and meaningfulness of the universe. For Teilhard this is apparent above all in the phenomenon of evolution --the development of increasingly complex forms of organization which, furthermore, because of their superior capacity to relate to each other, tend to draw the universe into an ever higher degree of unity, without, however, compromising the freedom of the individual elements in the system. This intuition is, in a very real sense, rooted in the results of the sciences: the drive towards complexity and organization revealed by evolutionary theory should be apparent to anyone whose objectivity has not already been compromised by the mechanistic ideology of mathematical physics. But it is not really demonstrated rationally on the basis of the sciences. There is no proof, either rational or empirical, that the trend towards the evolution of complexity is in fact the dominant trend in the cosmohistorical process. Third, there is a profound awareness that much “science” seems to weigh against the intuition of a cosmohistorical evolutionary dynamic and that many if not the majority of scientists would argue either that there is no global evolutionary trend or that it is in fact towards destruction and disintegration. For Teilhard this sort of science is represented above all by thermodynamics and by the concern that energy gradually dissipates making organization harder and harder to achieve and maintain. Finally, there is the solution typical to this trend --the suggestion that there is some force or energy not accessible to physics which explains just how it is that complex organization develops and why the universe is ultimately meaning, terminating in an Omega point of perfect unity and freedom, while at the same time evading a direct confrontation with the internal contradictions of mathematical physics. For Teilhard this force is radial or spiritual energy, which unlike tangential or material energy unifies without dissipation (Teilhard 1955/1961).

A more recent example of the same type of thinking is represented by Brian Swimme and Thomas Berry, whose Universe Story (Swimme and Berry 1992) is at once a great synthetic achievement and a dangerous example of objective idealism by default. It must be acknowledged to begin with that Swimme and Berry are not attempting science or philosophy; rather they are trying to remedy the failure of modern science to produce something comparable to the great cosmological myths of past civilizations, myths which make sense out of the universe and our place therein. At the same time, they insist that this story be based on mathematical physics and the disciplines to which it has given birth. What they do, in effect, is to tell the story of cosmic evolution according to the standard, big bang cosmology and current thinking regarding the origin and evolution of life, intelligence, and human civilization. And told in this way the story is indeed one of hope and progress --albeit not without struggles and setbacks. Above all they want to call attention to the dangers of the present period, especially the ecological crisis, and to instill in humanity a new respect for the universe which has given birth to us an on which we remain radically dependent.

There is eventually only one story, the story of the universe. Every form of being is integral with this comprehensive story. Nothing is itself without everything else. Each member of the Earth community has its own proper role within the entire sequence of transformations that have given shape and identify to everything that exists.

Until the present we have not been able to celebrate properly this larger story of the universe, yet this is the high achievement of our scientific inquiry ...

Without entrancement within this new context of existence it is unlikely that the human community will have the psychic energy needed for the renewal of the earth (Swimme and Berry 1992: 268)

The difficulty is that in the process of spinning their story, Swimme and Berry gloss over all of the difficult questions, simply assuming answers to questions which have long defied solution by some of the greatest minds of the past two centuries. Consider, for example, this paragraph, near the very end of the book, regarding the degree of cosmological fine-tuning.

A final integration of the Ecozoic era (the term Swimme and Berry use to describe the emerging era of ecological consciousness) within the larger pattern of the Universe Story such as we are narrating here has to do with the curvature of space-time. The nature of this curvature is bound up with the energy of the universe’s primordial Flaring Forth. Had the curvature been a fraction larger the universe would have immediately collapsed down into a massive black hole; had it been a fraction smaller the universe would have explode into a scattering of lifeless particles. The universe is shaped in its larger dimensions form its earliest instant of emergence. The expansive original energy keeps the universe from collapsing, while the gravitational attraction holds the component parts together and enables the universe to blossom. Thus the curvature of the universe is sufficiently closed to maintain a coherence of its various components an sufficiently open to allow for a continued creativity (Swimme and Berry 1992: 260).

Swimme and Berry simple assume a resolution to the most difficult question of contemporary cosmology: i.e. the question of the ultimate fate of the universe.

The difficulty here is not the vision which is presented --on the contrary it looks, at least in its general outlines, a great deal like what we will propose in the final part of this book-- but rather the way in which Swimme and Berry, or for that matter Teilhard de Chardin, arrive at it. Rather than advancing an argument that the (still dominant) mechanistic or pessimistic interpretations of mathematical physics are incorrect, thinkers in this tendency simply counterpoise an intuitive, if admittedly rather convincing, look at the big picture.

The important thing to appreciate is that the story of the universe as told here is not the story of a mechanistic, essentially meaningless universe but the story of a universe that has from the beginning had its mysterious self-organizing power that, if experienced in an serious manner, must evoke an even greater sense of awe than that of evoked in earlier times at the experience of the dawn breaking over the horizon, the lightning storms crashing over the hills, or the night sounds of the tropical rain forests, for it is out of this story that all of these phenomena have emerged (Swimme and Berry 1992: 238).

What is the basis of this peculiar combination of irrationalism and a search for meaning and value? Most immediately, of course, the difficulty comes from an inability or an unwillingness to confront the internal contradictions of mathematical physics itself. This is not merely a result of the fact Swimme was trained as a mathematical physicist; most partisans of this trend are trained in theology or other humanistic disciplines. Rather, it is a mark of the enduring ideological power of mathematical physics: to challenge it head on is to risk one’s intellectual respectability, so our mythogogues attempt to mobilize it service of an enterprise it cannot ultimately support. 

At a deeper level, however, it is the alienation generated by the marketplace which makes it difficult for people to see their way clear to fully rational argument for the ultimate meaningfulness of the universe. Even so, this meaningfulness shines through, and as Swimme and Berry point out, and is in fact entirely accessible to anyone who considers the question in the right way. The result is a contradictory vision in which the antinomies of science are resolve in a higher, nonrational, mythic consciousness. 

This sort of thinking has a definite social basis. This basis is, as our reading of Schelling has already suggested, the clergy --or rather those who exercise the priestly office whether or not they hold formally clerical status. It is the proper function of those who exercise the priestly office to lead humanity in its penetration of the authentic mysteries, i.e. those things which actually transcend the capacity of the finite human intellect. As we showed in Restoring Reason (Mansueto 2002b) this entails the cultivation of supernatural justice, i.e. in the capacity to order our actions to ends which transcend comprehension. In the cultivation of this virtue the traditional tools of the priest: ritual, pastoral counseling and spiritual direction, community building, etc., are essential. The priest also, of course, plays a role in the cultivation of natural virtue and thus natural wisdom, especially in communities where the religious institution is the principal locus of activity and access to formal education is limited. It is not, however, within the jurisdiction of the priest to mark out the limits of the mysterious and supernatural. On the contrary, this is the task of the prophet, who, by attaining an historically unprecedented degree of supernatural justice, actually discovers new supernatural truths, and the scientist and philosopher who, as human society becomes more complex, presses back the limits of what was hitherto mystery and render it intelligible. 

Now there is a tendency for the clergy to see itself as in competition with the scientist and the philosopher, who tend to progressively constrain the sphere of priestly authority, though they ought to understand they can never negate it entirely. This problem has, furthermore, been exacerbated by certain trends in mathematical physics, which have attempted to argue that there is neither meaning nor mystery, and that the priesthood thus has no legitimate function whatsoever. Under these circumstances it is not surprising that priestly circles should generate their own special ideology. Not infrequently such ideologies represent truths which are authentically higher than those of mathematical physics or certain skeptical forms of philosophy, but which are nonetheless susceptible of rational demonstration, as if they were the result of some sort of special prophetic insight and thus properly the objects of infused contemplation or its equivalent in the particular tradition. By thus “discovering” new mysteries, the sphere of activity of the priest is expanded. 

The danger is that in the process of defending its legitimate rights, the clergy --including even the progressive sectors of the clergy-- will end up promoting an irrationalist and authoritarian agenda. Faith can indeed be shown to be a reasonable option and a necessary stage on the path of spiritual development --but only after the existence of an infinite, necessary, and perfect God who is the proper object of this faith has been rationally demonstrated, something which itself depends on a rational demonstration of the ultimate meaningfulness of the universe. To fail to engage these questions, and simply to insist on the mystery is to form humanity intellectually and morally for submission to impenetrable powers beyond their control. And in our society it is the marketplace which is the mysterious and uncontrollable power par excellence. In this sense, in spite of the fact that they explicitly advocate respect for ecosystem integrity and the promotion of the fully development of human capacities, thinkers like Teilhard, Swimme, and Berry inadvertently help to legitimate the market order. That the bourgeoisie maintains its hegemony over these sectors is apparent in the fact that while nearly everything they stand for presupposes a break with the market order, they are never explicit about this, their work is utterly innocent of any real class analysis, and they vigorously resist the development of the disciplined forms of political organization necessary to effectively contest the market order.

Semidialectical and Emergentist Approaches

The third “centrist” approach which we need to examine is by far the most progressive. It includes several leading physicists whose work points towards the underlying relationality of the universe and who mount sharp critiques of subjectivist quantum mechanics and information theoretical approaches to unification. At the same time, they fail to transcend an essentially centrist position because they are unable to see the limits of mathematical physics as such. They simultaneously fail to actually unify mathematical physics or to adopt a higher standpoint from which unification would actually be possible. The result is that their work continues to be susceptible to neoliberal or objective idealist interpretations. 

Israeli theorist Benjamin Gal-Or is typical of this trend. He 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 the conclusion that it is necessary to unify theories of reversible and irreversible change first (i.e. dynamics and thermodynamics), before attempting to unify relativity and quantum mechanics (Gal-Or 1987: 29ff, 47-48). He rejects, furthermore, 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 towards 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 by 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 describing the particular sorts of interactions it was developed to describe, and not as the matrix for unification (Gal-Or 1987: 47-48, 261-262, 374). 

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 towards chaos, but rather towards even higher degrees of organization, understood as complexity (an increased diversity of elements) coupled with "centreity" --i.e. the closing of these elements in on themselves (Gal-Or 1987: 382).This is an inevitable consequence of the fact that beginning with even a small cosmic anisotropy, gravitational forces will cause matter to clump together into larger and larger systems. It is, furthermore, just precisely these gravitationally driven systems which lead to the formation of stars, planets, atmospheres, and oceans --i.e. to the matrix out of which living and thus intelligent systems emerge.

Gal-Or points out that there are grave doubts about the applicability of the concept of entropy on a cosmological scale. In order to apply entropy to the universe as a whole it is necessary for that it be an additive quantity: i.e. that the entropy of universe as a whole be equal to the sum of the entropies of all the local systems where entropy is observed and where it is at least arguably a meaningful concept. But it is not clear that this is true. 

Since only a finite quantity of information is required to specify (For us) a finite (albeit large) portion of the homogenous and isotropic world accessible to our observations, then, according to D. Layzer, the entropy per volume approaches zero as the volume increases indefinitely beyond the scale of supergalaxies. If such a conclusion is correct (which is far from certain) the very concept of additive entropy fails in describing very large isotropic systems (Gal-Or 1987: 249).

Whether or not the concept of entropy can be rendered irrelevant for cosmology in this way, Gal-Or suggests that there are ways to retheorize thermodynamics which are free of this fundamentally subjectivist concept which, we will remember, is defined first in terms of our information about a system. Essentially this means a return the originally formulation of thermodynamics in terms of energy, heat and work, and results in a reformulation of the second law as follows:

The free energy of any isolated macroscopic system never increases (Gal-Or 1987: 252).

The result is a progressivist cosmology centered on a recognition of the ultimate unity and organization of all things --what Gal-Or calls Hayavism, after the Hebrew word for the whole (Gal-Or 1987: 348ff). Hayavism is, in effect, a radically historicized Spinozism, historicized primarily by incorporation of the insights of Einstein, who Gal-Or sees as the great completer of Spinoza’s work (Gal-Or 1987: 400). Hayavism regards the universe as a radically interconnected whole in which each element can be defined or known only in relationship to all others, and in which the principle, though by not means the only, mediating interaction is gravitational. All things, including individuals and societies, struggle to persist in being for as long as they can. Their ability to do this is based largely on their ability to understand and thus control their environment, and thus on the progress of science and technology. 

It should be noted that while Gal-Or’s vision is hopeful and progressivist, he has no sympathy for the so-called “anthropic cosmology,” nor is he really interested in the problem of cosmological fine-tuning. 

The strengths of this approach 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.

This scientific and philosophical ambiguity is reflected in Gal-Or’s politics. Political commentary is interspersed throughout the five hundred pages of his Cosmology, Physics, and Philosophy (Gal-Or 1987) but at no point does Gal-Or take a well defined stand vis-à-vis either capitalism or socialism. Rather, each come in for both sharp criticism and oblique statements of conditional support. On the one hand, he takes up the position of a defender of the West, and frames his criticisms in the context of this defense. On the other hand, the criticisms are harsh, especially in so far as they reflect on the failure of the West to develop a unified philosophical conception which might provide some larger meaning to its struggle with socialism. He is merciless in his critique of an academy driven by the struggle for state funds and thus subservient to its whims. On the one hand, “the history of dialectical materialism is to a large degree “`a story of exaggerations and amusing naiveté’s’ (Gal-Or 1987: 463).” On the other hand, most of the basic principles of dialectical materialism, Gal-Or seems to argue, have solid roots in the Western philosophical tradition, and seem to be supported by solid science. This does not, however, suggest to him, that we ought to take another look at socialism, but only that we must not surrender the basic principles of dialectical materialism to Soviet propaganda!

What is the social basis and political valence of Gal-Or’s position? His criticism of big science not withstanding, we must locate him, like the whole rationalist, Einsteinian trend out of which he emerges, as a spokesperson for the state-funded research apparatus, descendant of the absolutist academies, which continues to be such a force in international physics. It is this vantage point outside of and in a certain sense above the marketplace which allows him to develop such cogent critiques of the current state of Western society --and more importantly of the pseudo-scientific ideologies which legitimate that society; it is the dependence of this vantage point on the bourgeois state which keeps him loyal and which prevents him from seeing clearly the limits of the market order and of mathematical physics as such. 

This whole situation is summed up poignantly by Gal-Or’s continuous references to the work of Karl Popper, whose ideas could not possibly be more different from his own, but whom he nonetheless quotes with respect, and who he constrained to write a Forward, in which Popper rejects Gal-Or’s use of the term dialectics, because of its association with Hegel and Marx, rejects his interpretation of various philosophers, and in general rejects the book as a whole, all the while feigning respect and assuring the reader that Professor Gal-Or is undoubtedly correct wherever they disagree. It is precisely this sort of cow-towing to the established authorities of the academy, whose job it is to defend capital against the emergence of an authentically revolutionary intelligentsia, and make the world safe for the bourgeoisie, which undermines clear thinking and prevents even brilliant thinkers like Gal-Or from rising to a Truth which is well within their grasp.

The “semidialectical” 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. I 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 which 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 what he calls “classical” science, something which for him includes not only Newtonian mechanics and Hamiltonian dynamics, but also relativity and quantum mechanics --its inability to explain change (Stengers and Prigogine 1984: 58-73). This is because, as we have pointed out, all of the formalisms generated by these disciplines are time-reversible: there is no strong past or future. This situation was partly remedied by the development of thermodynamics and the introduction of the arrow of time provided by the second law. But the second law cannot explain the development of complex organization, nor has thermodynamics generally been adequately unified with dynamics, quantum mechanics, etc. It is these tasks which s we have seen, motivated the work of Ludwig Boltzmann, and which frame the work which Prigogine has undertaken over the course of his long a fruitful career. the emergence of complex organization. 

Prigogine’s early work was centered on the first of these difficulties. he begins by pointing out that while the Boltzmann order principle, which shows that as temperature declines, the entropy term in thermodynamics relations gradually goes to zero, can be used to explain the development of low entropy structures such as crystals, it cannot possibly explain the development of dissipative systems far from equilibrium, and thus cannot account for the development of life. Consider the case which we discussed earlier of a single protein change of 100 amino acids, still far simpler than any real living system. Now the order of the amino acids matters for the functioning of protein chains. The number of permutations necessary to get any given order from an arbitrary starting point assuming that all orders are equally probable is on the scale of 10130. Assuming that permutations occur every 10-8 seconds, it would take 10122 seconds to generate the protein chain we need. But earth is only 1017 seconds old. Spontaneous protein chain formation is thus an inadequate explanation for the origins of life on earth (Prigogine 1977: 23).

The only way to remedy this weakness is to extend thermodynamics far into the nonlinear, nonequilibrium region. In all isolated, closed, and linear systems, fluctuations may, as Boltzmann recognized, lead a system away from equilibrium, but they are invariably damped over time. When interactions become, nonlinear, however, the reverse is true. Far from being damped, fluctuations from equilibrium are reinforced and amplified, leading to the emergence of large scale organization in space and time (Prigogine 1977: 49-61, Prigogine and Stengers 1984: 140-141). Two points are in order here. First, this development is not driven by any thermodynamic potential, but rather depends on the global state of the system as a whole. Second, development of complex organization depends on ongoing exchange of matter and energy with the environment. This sets complex nonlinear systems, such as living organisms, apart from low-entropy structures such as crystals. Crystals form as a result of the properties of the molecules of which they are composed, through electromagnetic attraction and repulsion, and depend on the exchange of energy with the environment (cooling) but not matter. Living organisms, on the other hand, exchange both matter and energy with the environment and their organization is a function of the system as a whole and not simply of the chemical elements of which the body is composed --though these do, to be sure, make possible the chemical interactions on which the large scale interactions depend. While Prigogine has not been able to identify an single, universal law, which predicts when complex organization would emerge, the experimental evidence points strongly to a central role for catalytic loops (Stengers and Prigogine 1984: 144-5).

Prigogine’s work 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. The chemical processes which make life possible, for example, involve just precisely the sort of catalytic loops which Prigogine says characterize complex organization generally --though complex inorganic systems tend to depend on simple molecules undergoing complex reactions, while organic systems involve complex molecules, themselves the product of a long evolutionary process, undergoing relatively simpler reactions (Stengers and Prigogine 1984: 1953). Thus DNA governs the formation of proteins, at least some of which then regulate DNA replication. Glycolisis, similarly, depends on a catalytic cycle involving ADP and ATP (Stengers and Prigogine 1984: 153-155). But Prigogine’s ideas have applications at larger scale as well. He suggests, for example that there are morphogenetic fields defined by chemical gradients which govern the development of embryos and which at least help to explain why certain genes are activated in some cells, and other genes in others, so that cells containing the same genetic information can differentiate into eye cells, brain cells, stomach cells, etc. (Stengers and Prigogine 1984: 171-172). Even the succession of various populations of organisms, which is described by the logistic equation can be seen as a nonequilibrium system. Let N be the size of the population, r, and m respectively be constants describing the rate of reproduction and death, and K the carrying capacity of the ecosystem --which may be extended by more effective exploitation. Then 
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Below r=2, the population approaches equilibrium uniformly. Where 2<r<2.444 the population fluctuates in a two year cycle, where 2.44<r<2.57 the population fluctuates in 4-8 year cycles. Where r>2.5 the population varies chaotically. Organisms such as rabbits which attempt to survive by maximizing r are said to follow and r-strategy; those which survive by maximizing K by improving methods of exploiting the environment, are said to follow a K strategy. Now, in so far as economics is, in a certain sense, a branch of population biology, this suggests that nonequilibrium thermodynamics may also have something to teach economics. Indeed, in so far as an economy which follows an r strategy is essentially one which exploits people and then throws them away, the whole aim of a progressive economics could be theorized as identifying the conditions for the emergence of highly effective, sustainable new K strategies. 

Prigogine's approach has also inspired the first real break with the hegemonic Big-Bang cosmology in several years. 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. Unlike Gal-Or, Alfven and Lerner argue that the first interactions were electromagnetic --specifically the formation of electromagnetic filaments in the uniform hydrogen plasma which they believe characterized the universe in the remote past. Because plasmas are unstable to fluctuations, these filaments could have emerged spontaneously, and gradually growing and attracting others. There are limits to the development of this sort of structure. As the vortices get larger, their rate of growth slows and they gradually begin to lose energy from synchroton radiation. But long before this becomes a problem, gravitational interactions within the agglomerations of matter created by the electromagnetic vortices take over, leading the formation of large scale structures, such as stars, galaxies, clusters, and superclusters. These gravitational interactions then give birth to nuclear reactions (in the stars), which leads to the formation of complex elements, and makes possible the emergence of chemistry and life. Alfven and Lerner paint a picture of a universe infinite in space and time, with a continuously increasing power density, ranging from 10-34 in the electromagnetic filaments which gave birth to complex organization, to 1031 in the plasma focusing devices which represent the most advanced human efforts to harness energy. Within the context of such a universe, which provides an infinite source of energy, life and intelligence might develop forever.

Prigogine’s second task (Prigogine 1979) is 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. The basic idea behind this approach can be illustrated using a something known as the Baker’s Transformation. Imagine a square of dough or clay. Take the square and flatten it out into a rectangle and then fold it over to crate a new square. The surface is broken up and redistributed. More formally: 

If 0  x < 1/2 then (x;y) ---> (2x 1/2y) mod 1

If 1/2  x <1 then (x;y) ---> (2x-1; 1/2(y+1) mod 1

Now an internal operator time T is assigned to each partition or transformation of the system. This time depends on the global topology of the system. The eigenvalues of the system are the times t, which may extend from negative to positive infinity, and the eigenfunctions are the various spatial distributions. Looking into the future and the past of the system we find two Markov chains as the system tends toward equilibrium. This formalism makes possible two complementary descriptions of the system: a thermodynamic description in terms of operator time T or a dynamic description in terms of a well defined local trajectory. Both, however, are not possible at the same time (Prigogine 1979: 173-175, 269-273).

More recently Prigogine 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. 

What are we to make of this approach to unification? It must be said, first of all, that Prigogine’s work has gone a long way towards rendering thermodynamics compatible with the fact of evolution, defining rather precisely the conditions under which complex organization can emerge and showing that these are precisely the conditions which living organisms somehow manage to create and maintain. This is not, however, the same thing as explaining the emergence of complex organization. Prigogine shows that complex organization can emerge, and under what conditions, but he does not say why it emerges. On the contrary, if anything, Prigogine dispenses which the only explanation which has had any really currency among mathematical physics: i.e. that complex organization is the result of random variation leading to the formation of stable structures, something which Prigogine shows is extraordinarily unlikely.

The same is true for Prigogine’s efforts to unify thermodynamics, dynamics, and quantum mechanics -and indeed of Bohm’s efforts to unify relativity and quantum theory. 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 progress, 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 Aquinas called "total abstraction," or why, which depends on "separation" or what we prefer to call "transcendental abstraction (Aquinas, 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 a such scientific strategy can approach in an open-ended way the question of the ultimate meaningfulness of the universe.

Mathematical Physics and the Dialectical Tradition
It should be clear from what has been said thus far that there is no way that the contradictions of mathematical physics can be resolved from within that discipline, for the simple reason that they are contradictions of formalization as such, and can be resolved only at the higher level of what we have called transcendental abstraction. Precisely to the extent that they accurately model particular physical systems, mathematical formalisms will always remain partial and disconnected from each other. Sophisticated attempts to link these formalisms up to each other result only in generalizations which produce no new knowledge. Indeed, even if mathematical physics were to arrive at a unique final theory, such a theory would only be descriptive and not explanatory.

The position which we are putting forward is not, to be sure, anything new. On the contrary, it was the position of Plato, of Aristotle, and of the medieval commentators and Thomas Aquinas, all of whom regarded mathematics as an art which, while certainly an important and powerful auxiliary to science, could never be the ideal of science itself. It was also the position of Hegel. Thus Plato make a sharp distinction, in establishing the hierarchy of the intellectual disciplines, between , or “thinking,” which is proper to mathematics, and  or “intellection,” which characterizes thinking about first principles. Where  is forced to take its premises or hypotheses for granted and, using the rules of logic, to draw conclusions from them,  rises to a first principle which needs no explanation, and from this is able to derive the principles which mathematics takes for granted. Aristotle, similarly, distinguishes between mathematics, which studies only possible beings abstracted from the data of the senses, and both physics and metaphysics, which study real being --the first material, the second immaterial. This same approach characterizes Thomas and the medieval commentators. 

This hierarchization of the intellectual disciplines was, however, effectively overturned by the victory of mathematical physics in the struggles of the sixteenth and seventeenth centuries, when it was able to use its superior ability to account for new experimental evidence, and its superior adaptation to the ideological imperatives of the emerging market order, to displace Aristotelian science and undermine the leading role of dialectical metaphysics. As we have seen, those who continued to press the claims of Aristotelian science in the years following the publication of Newton’s Principia were often throw-backs and dogmatists in the worst sense of the word. Nor can there be any real doubt about their own ideological function as apologists for a papacy in rapid decline. 

Since that time, partisans of the via dialectica --both the older Platonic and Aristotelian dialectics, and the new historical dialectics advocated by Marx and Hegel-- have followed one of two alternative strategies. The first of these strategies was charted by Kant. What it does, in effect, is to sign over the natural world to mathematical physics and its allied disciplines, while claiming for dialectics, or something like it, the newly discovered territory of praxis, of human history and human action. For some --and not only for Kantians-- this choice has been principled, founded on the conviction that it is only the fundamentally intentional and rational character of human action which makes dialectical approaches appropriate in the social-historical sphere. Nature, as a realm of only external relations, cannot be approached in this manner. This is the position Lukacs and most so-called “Western Marxists,” for whom Engels’ Dialectics of Nature has always been an embarrassment. To be respectable, after all, one must respect the hegemony of mathematical physics in its own sphere. It is also the position of the Kantians within the “Thomist” camp, i.e. the so called “Transcendental Thomists,” such as Rahner and Lonergan.

The same conclusion is reached by somewhat different means a second group of Thomists, the so called Historical or Gilsonian Thomists. Explicit discussion of the question within this school has been limited to a few scattered remarks to the effect that “science is best left to the scientists,” but there is an underlying metaphysical and even theological reason why this school has been willing to jettison Aristotelian science and has shown so little interest in reviving anything like a philosophy of nature. For Gilson and his school Thomas was not merely an Aristotelian, or even the greatest of the Aristotelians. Rather he stands alone as the only thinker in the history of philosophy to grasp the concept of Being as such, which other philosophers confused with substance, essence, etc. This metaphysical achievement is, furthermore, rooted in the Christian doctrine of God as Creator ex nihilo. Aristotelian science, with its teleological research program, which terminates in an ascent to God as final cause, as first unmoved mover, merely distracts from the distinctiveness of Thomistic metaphysics. 

This is not the place to enter into intra-Thomist disputes. Suffice it to say, however, that while Gilson is quite correct to point out the superiority of Thomas’ doctrine of Being, this doctrine should by no means be pit against the larger teleological strategy of the Aristotelian problematic. It is precisely the transcendental properties of Being, understood as the Beautiful, the True, the Good, and the One which explain how it creates: i.e. by teleological attraction. The effect of the Gilsonian maneuver is to substitute for an intrinsically meaningful teleologically ordered universe one structured by divine decree, and to reinstate on a superficially Thomistic metaphysics most of Augustinian theology and spirituality. 

Regardless of the specific argument by which dialecticians of a particular school arrive at it, the decision to let mathematical physics stand as the only theory of physical and biological organization has a definite social basis and a definite political valence. The key to this problem is to be found in the fact that this solution has been almost entirely hegemonic among dialecticians in Europe and North America, while the “dialectics of nature” found at least a modest constituency in the old Soviet bloc, and in socialist countries of the Third World. The unassailable hegemony of mathematical physics is a reflex of the apparently unassailable political hegemony of the bourgeoisie, which, whatever the gains the working classes might make in securing economic concessions, continues to occupy the commanding heights of state power and cultural control. The position of the bourgeoisie and the weight of the market order is, furthermore, felt as a kind of natural necessity, like that described in the laws of mathematical physics, inexorable but with out reason, inalterable but ultimately without explanation. The insistence on a dialectics of praxis and of human history, by comparison, ultimately amounts to little more than an existential protest, the bitter cry of an oppressed creature (the intellectual) confronting an alien universe (i.e. the market order), against which he is, however, ultimately unable to mount an effective challenge. That the standpoint of this dialectics may be put forward as the standpoint of the proletariat, and of totality, just marks the desperateness of the cry ...

The second strategy is that of the philosophy or dialectics of nature. It is the strategy put forward by Hegel, though it has been implemented by Thomists and Marxists as well. Speaking of the empirical sciences Hegel writes:

In its own field this knowledge may at first give satisfaction; but in two ways it falls short. In the first place there is another realm of objects that it does not embrace --freedom, spirit, and God ...

In the second place in point of form the subjective reason requires further satisfaction; this form is in general, necessity. The method of empirical science exhibits two defects. The first is that the universal contained in it --the genus, etc.-- is, on its own account, indeterminate, external and accidental to the other; and it is the same with the particulars that are brought in to union: each is external and accidental to the others. The second defect is that the beginnings are in every case data and postulates, neither accounted for nor deduced. In both these points the form of necessity fails to get its due. Hence meta-thinking, whenever it sets itself to remedy these defects, becomes speculative thinking, strictly philosophical thinking (Hegel. Encyclopaedia of the Philosophical Sciences 8). 

Hegel’s solution is to supplement the empirical sciences with a Philosophy of Nature which derives their categories from the Concept itself and which shows them to be part of its logically necessary unfolding. This philosophy of nature must

be in agreement with our empirical knowledge of Nature, but the origin and formation of the Philosophy of Nature presupposes and is conditioned by empirical physics. However, the course of a science’s origin and the preliminaries of its construction are one thing, while the science itself is another. In the latter, the former can no longer appear as the foundation of the science; here the foundation must be necessity of the Notion (Hegel. Encyclopaedia of the Philosophical Sciences 245 Remark)

There are, to be sure, significant differences among the various philosophers who have chosen this strategy. Hegel by far makes the strongest claims for the philosophy of nature. Dialectical materialism and Traditional or Dominican Thomism, the other two schools which have favored this approach, are more moderate by comparison. For Maritain and other Traditional Thomists, the philosophy of nature and mathematical physics should exist side by side, as the did in the middle ages. Mathematical physics represents a continuation of the scientiae mediae of that epoch, which used mathematical methods to describe physical systems, while the philosophy of nature represents an extension of the old Aristotelian physics. Unlike Hegel, Maritain makes no claims to derive the results of mathematical physics from some prior logical concept, nor does he actually continue to uphold anything like the whole system of Aristotelian physics, which is, after all, no longer tenable in anything like its original form. Indeed, he even denies that his philosophy of nature represents an exercise of the separatio, the traditional Thomistic term for what we have called transcendental abstraction. Rather, he suggests, it is an exercise of the abstractio totius, a type of formal abstraction which focuses not on the quantitative determinations of a system, but rather on what it is. This is, in effect, the sort of abstraction pursued by traditional natural history, and it is still common in the biological and social sciences. Such a philosophy of nature gives us a picture of the universe as a whole, as well as of its particular systems, and thus helps prepare us for the ascent to first principles. But it cannot be said to play anything like the role which Aristotelian physics played in the original Thomism of Thomas himself.

More modest still, from the point of view of its methodological claims, is Engels’ Dialectics of Nature. Engels in fact denies that he is doing anything like Hegelian philosophy of nature. On the contrary, he insists that his 

recapitulation of mathematics and the natural sciences was undertaken in order to confirm to myself in detail --of which in general I was not in doubt-- that amid the welter of innumerable changes taking place in nature, the same dialectical laws of motion are in operation as those which in history govern the apparent fortuitousness of events; the same laws as those which similarly form the thread running through the history of the development of human though and gradually rise to consciousness in the minds of man; the laws which Hegel first developed in all-embracing but mystical form, and which we made it our aim to strip of this mystic form and bring clearly before the mind in their complete simplicity and universality. It went without saying that the old natural philosophy --in spite of its real value and the many fruitful seeds it contains--was unable to satisfy us (Engels 1878/1939).

The dialectics of nature, in other words, is simply natural science pure and simple, just as historical materialism, the application of the dialectical method to the study of human history and society, is social science. The old philosophy of nature, Engels claims, stands in the same relationship to the “dialectical natural science” as utopian socialism does to scientific. 

We cannot, however, simply let Engels claims stand as an accurate account of either his method or his intent. The dialectics of nature is not, first of all, simply natural science; it is a discourse about the results of the natural sciences which attempts to demonstrate certain general theses regarding the laws which govern motion or change in general. In this sense, it is more like a philosophy of nature than it is like a natural science. Second, anyone who has read the introduction to the Dialectics of Nature cannot help but be recognize that Engels is concerned about more here than the applicability of dialectical principles to the natural world. The governing question of the opening passages of this book is nothing other than the question which governs this work: the ultimate meaningfulness of the universe, something which, for Engels, given his materialist orientation, is essentially convertible with the question of the long-term survival of life and intelligence. After a long passage in which he charts the evolution of matter towards ever higher levels of organization, culminating ultimately in communism, he runs up against the limits fixed for him by bourgeois science.

Millions of years may elapse, hundreds of thousands of generations be born and die, but inexorably the time will come when the declining warmth of the sun will no longer suffice to melt the ice thrusting itself forward from the poles; when the human race, crowding more and more about the equator, will finally no longer find even there enough heat for life; when gradually even the last trace of organic life will vanish; and the earth, an extinct frozen glob like the moon, will circle in deepest darkness and in an ever narrower orbit about the equally extinct sun, and at last fall into it. Other planets will have preceded it and others will follow it; instead of the birth warm solar system with its harmonious arrangement of members, only a cold, dead sphere will still pursue its lonely path through universal space. And what will happen to our solar system will happen sooner or later to all other systems of our island universe; it will happen to all the other innumerable island universes, even to those the light of which will never reach the earth while there is a living human eye to receive it (Engels 1880/1940: 20).

But then he pulls back from this somber conclusion and asserts that since matter is the drive towards organization, the entropic death of the universe will be followed with equal necessity by a rebirth, in a kind of eternal cycle.

But however often and however relentlessly, this cycle is completed in time and space; however many millions of suns and earths may arise and pass away, however long it may last before in one solar system and only on one planet, the conditions for organic life develop; however innumerable the organic beings too, that have to arise and to pass away before animals with a brain capable of thought are developed from their midst, and for a short span of time find conditions suitable for life, only to be exterminated later without mercy --we have the certainty that matter remains eternally the same in all its transformations, that none of its attributes can ever be lost, and therefore, also, that with the same iron necessity that it will exterminate on earth its highest creation, the thinking mind, it must somewhere else and at another time again produce it (Engels 1880/1940: 21, 25).

That mathematical physics, which was just coming to terms with the implications of the Second Law of Thermodynamics, could provides Engels with no more hope than this, more so than Marx’s sociological critique of religion, is what ultimately committed dialectical materialism to an atheistic position, with all of the attendant difficulties. 

The ambiguity inherent in Engels’ position, claiming on the one hand to reject the philosophy of nature and to being nothing more than simply pointing out the essentially dialectical character of actually existing natural science, while on the other hand elaborating a metascientific discourse which understood the results of the sciences in a way very different from that put forward by most practicing sciences and which engaged what amount to properly metaphysical questions, was reflected in the later development of Soviet thinking on the natural sciences. Already before the revolution two distinct trends had developed: what would eventually become the “mechanistic” trend associated with Alexandr Bogdanov (though Bogdanov’s ideas were, in fact, more complex than that of the other mechanists) and a “dialectical” trend associated with A.M. Deborin. Lenin himself, and later Stalin, sought a path between these two extremes, though it is by no means entirely clear that either actually succeed.

The “mechanist” trend was profoundly influenced by the ideas of the positivistic physicist and philosopher Ernst Mach. Mach argued that our ideas are merely economical ways of organizing our sense experience, and that no real, extramental existence should be attributed to even the ideas developed by scientists. Thus, he argued, there is no such thing as the atom; it is just that the idea of the atom turns out to be the most economical way to organize the data we have gathered regarding the structure of matter. 

In the hands or Russian Marxists Mach’s ideas played a dual role. On the one hand, they strengthened the impulse already present in the writings of Marx and Engels to see Marxism not as a new philosophical position, but as something which transcends and displaces philosophy. Specifically, what Marx had done was to extend the scientific revolution to the terrain of the social sciences. Indeed, many mechanists advanced what amounted to a Neo-Comtean history of ideologies, in which religion was the tool of the feudal landed elites, philosophy of the bourgeoisie, and science of the proletariat. At the same time, partly because of the mechanists’ idolatry of mathematical physics, and partly because of their concern to find ever more economical ideas, there was a tendency to try to purge Marxism of its philosophical, and especially its Hegelian residues. Thus, where Marx regarded human history as the result of a dialectical interaction between the technological development (the forces of production) and economic structure (relations of production) Bogdanov argued that it reflected a drive towards ever higher degrees of organization --the notion of organization providing a more general context under which both technology (the organization of physical and biological matter) and economics, politics, and culture (organizing people) could be subsumed. Eventually this led to the transformation of Marxist social science into a kind of systems theory dedicated to maximizing technological development and social stability, and freed from “dialectical” categories which have no empirical referent.

This account of the history of mechanism, however, misses the internal tensions and drama which characterized the development of the tendency. Throughout the early period of Soviet history, it was the mechanists who were most concerned to advance the cause of militant atheism, and the mechanists attacked their “dialectical” adversaries as conciliators of religion. It was the mechanists, far more than Lenin, who shaped the official culture of Soviet atheism. But their great thinker, Bogdanov, can hardly be regarded as a simple-minded atheist. Bogdanov was Lenin’s only significant challenger for leadership of the Bolshevik faction during its early years, and an important thinker who developed a comprehensive vision with significant strategic implications. While he rejected philosophy, Bogdanov argued for the creation of a universal science of organization which would unify the special sciences and demonstrate the underlying material unity of the world. The result, which he called Tektology (Bogdanov 1928/1980), presented the universe as a complex, integrated system which develops towards ever higher degrees of organization. Indeed, being itself is just another term for organization. The passage from capitalism to socialism was just another stage in this process. As such, he argued, it required the new ruling class, the proletariat, to develop its organizing capacity to the point that it was actually better able than the bourgeoisie to lead human society. Strategically this meant that unlike Lenin, who favored an appeal to workers and peasants on the basis of concrete transitional demands (bread, land, peace) which were accessible to the politically undeveloped but which the bourgeoisie could not meet under the concrete historical circumstances of Tsarist Russia, Bogdanov stressed the importance of in-depth political education. He was, furthermore, joined in this view by a group known as the “god-builders” because of their view that the cosmohistorical organizing process theorized by Bogdanov terminated in the creation of a perfect, infinite form of organization convertible with God. It should come as no surprise that Lenin denounced Bogdanov not so much for mechanism as for subjective idealism and conciliation with religion (albeit of a different kind that that of the dialecticians). 

The “dialectical” tendency in Soviet Marxism stressed, against the mechanists, the Hegelian heritage of Marx and the enduring need for a distinct Marxist philosophy separate from the special sciences. Deborin, the leading dialectician, was a metal worker and a student of Plekhanov’s who flirted briefly with Bolshevism but was drawn into the Menshevik fold by his mentor. He criticized Machism as the basis for Bolshevik voluntarism. After the revolution, his Menshevik history notwithstanding, he gained effective control over the philosophy section of the Institute of Red Professors and played the leading role in official Soviet philosophy until at least the “turn” of 1929.

What is interesting, however, is that Deborin in fact arrives at positions which sound suspiciously like Bogdanov’s. Philosophy for Deborin is the “search for the universal connection of everything to everything (in Joravsky 1961: 174).” Like Bogdanov, Deborin rejected the simple-minded, atomistic understanding of matter promoted by some of the lesser mechanists. “Matter is the whole, infinite, connected aggregate of mediations,” i.e. relationships, and the concrete scientific disciplines such as mathematics, physics, chemistry, biology, etc. deal with various forms and stages of the mediations of this same matter. Atoms are mere nodal points in this complex of inter-relationships. While higher levels of organizations emerge from lower, they cannot be reduced to them. Dialectics is the highest science, the universal ontology developed by Hegel but enriched enormously by the political experience of the working classes. In this sense, Deborin argues, philosophy must lead the natural sciences (Joravsky 1961: 174-176). 

But the story becomes more complicated still. Deborin’s position was dominant throughout the 1920s when the struggle against the party’s left “Trotskyite” wing was in full force. After the left turn at the end of the 1920s, however, one of Deborin’s leading students, M.B. Mitin, turned on him and charged him with separating theory from practice and conciliating religion. The result was Deborin’s removal and the articulation of what became orthodox Soviet “diamat,” which was essentially Deborin’s “dialectics” reigned in by a more mechanistic conception of matter. The Communist Academy and Institute of Red Professors, which had been Deborin’s political base --but where Bogdanov had also worked before his death in 1928-- were closed and folded into the Academy of Sciences as part of its Institute of Philosophy. Leadership in philosophy was transferred to the Central Committee of the Communist Party.

The question of the social basis and political valence of each of these trends is extraordinarily complex. Throughout the course of the various struggles, the lines of political faction and philosophical trend seemed to cut across each other. Thus both Trotsky and Bukharin, arch-enemies during the struggles of the 1920s, held profoundly mechanistic views in philosophy. While Bogdanov began as a leftist, by the 1920s he was a firm advocate of moderation, as was, presumably, Deborin, who could not possibly have held the positions of leadership he occupied had he been, for example, a closet Trotskyite. 

Notwithstanding this complex situation, the official verdict of the party was that mechanism had been an ideology of the right wing of the party, and had its social base among the kulaks, the rich peasants Stalin was bent on liquidating at the end of the 1920s, while Deborinism was a “Menshvizing idealism” which had its base among the ruined urban petty bourgeoisie and which provided ideological legitimation for the Trotskyite left. These conclusions are, perhaps, a bit less unfounded than they might seem at first. The mechanist position did, at least in its mature form, tend towards the transformation of Marxism into a systems theory which left little room for continuing the class struggle under socialism, and which, rather, like the Bukharinist right, counseled moderation and a focus on gradual, stable, economic and social development. Certainly the kulaks would have benefited from such a policy, though it is not at all clear they would have been the only ones. The dialectical trend, on the other hand, precisely because it did give a central place to the principle of contradiction, certainly could have provided a theoretical rationale for a more leftist orientation, while its emphasis on the leading role of philosophy might certainly have flattered the intelligentsia who Stalin counted among the “ruined urban petty bourgeoisie. 

The real key to the social basis and political valence of the various tendencies in dialectical materialism lies not in the complex interactions of various peasant and petty bourgeois groups with the revolutionary process in Russia, but rather, on the one hand, in the inability of Marxism to actually transcend mathematical physics, and, on the other hand, on the emergence of the Soviet party apparatus as an independent social power which was threatened by the autonomy of the Communist Academy. Let us look at each of the factors in turn.

The truth is that neither Engels himself, nor his mechanistic and dialectical interpreters, ever really came to terms with the fact that mathematical physics paints a picture of the universe which is hardly favorable to the socialist project. The mechanist trend effectively subordinates socialism to the authority of the special sciences, so that in the end it is transformed into nothing more than a positivistic systems theory --or else, in the case of Bogdanov, makes the special sciences say something which they don’t. The dialectical trend, on the other hand, as Mitin correctly pointed out, rapidly becomes cut off from the special sciences and ends up elaborating speculative philosophy of nature which is remote from empirical research. The inability of dialectical materialism to come to terms with mathematical physics is simply one dimension of the larger failure of socialism to come to terms with the market order, which it only partly transcended, overcoming the market in capital, but not the markets in labor power, goods, or services. Mathematical physics, as we have seen, forms an integral part of the ideological apparatus of the market order and one of the principal means of ideological hegemony of the bourgeoisie. Not to transcend mathematical physics is not to transcend capitalism itself.

At the same time, the socialist revolution witnesses the emergence of a new power --the revolutionary party. The reason both mechanism and dialectics had to be rejected by the party was the fact that they tended towards the creation of independent centers of authority which challenged the party’s leading role in society. For the mechanists this center was in the special sciences. Letting loose this trend would have meant a turn towards technocratic leadership --a path which was in fact followed under Khrushchev and Gorbachev, with results which are now plain for all to see. For the dialecticians, this center was in philosophy. It is not at all clear where the hegemony of this trend would have led, nor is it clear that it would have been a bad thing. 

What is clear is the fact that none of the dominant approaches to the relationship between dialectics and the physical and biological sciences are really adequate. This is because none of them actually transcend mathematical physics --they either subordinate themselves to it or leave it to one side and elaborate a philosophy of nature which is undoubtedly true in its general principles but which lacks credibility because it is not really engaged with reality and does not really produce any new knowledge. In this sense, at least, Engels’ critique of the philosophy of nature is quite apt, and might be applied to the work of Deborin as well as that of Hegel.

What is required is an authentic extension of the work of Marx into the physical and biological sciences. Such a project has two stages: a critique of mathematical physics on the model of Marx’s critique of political economy, and the development of a new dialectical science of physical and biological organization to complement Marx’s science of human society. We have already largely complete the first stage of this project; it merely remains for us to show how Marx’s critique of political economy is really just a special case of our critique of mathematical physics. In the final part of this book we will go on to outline the research program for a new dialectical science. In the process we will see that situating dialectical sociology in the context of a dialectical physics and biology alters some of its key concepts. We will also see that the resulting science grounds in a new way our ascent to first principles and thus opens up the possibility of providing what dialectical materialism lacked: an adequate metaphysical basis for its ethical imperatives.

The Critique of Mathematical Physics
We have already seen, in he last chapter that mathematical physics is in itself in large measure a reflex of the emerging market economy; we have also seen that political economy, which is the market’s own spontaneous self-understanding, not only tracks but often anticipates developments in mathematical physics. It should thus come as no surprise therefore if our critique of mathematical physics should turn out to be a generalization of Marx’s earlier critique of political economy. In order to demonstrate our thesis rigorously, however, we need first to review briefly the main features of his argument regarding classical political economy. Scott Meikle’s book, Essentialism in the Thought of Karl Marx (Meikle 1985) is particularly helpful in this regard. Meikle points out that many contemporary Marxists tend to focus on Marx’s critique of the ahistorical character of classical political economy. Bourgeois economics analysis the way in which the market works, they point , but not how it came into being. This tendency, it might be added, is especially prominent among Third World Marxists and dependency and world systems theorists who reflect the interests of the national bourgeoisies or would be national bourgeoisies of the periphery, who (quite understandably) resent their position in the world market and are anxious to point out the history of conquest and exploitation on which the market system was built. It is also prominent among Leninists for whom dialectics means above all the principle of contradiction, and who counterpoise dialectics not to atomist empiricism or analytic rationalism but rather to “metaphysics.” Marx himself, however, makes the distinction quite differently. The ahistorical character of classical political economy is a problem because it serves to obscure the real nature or inner essence of its object, i.e. the commodity, contenting itself instead with a description of the external relations between commodities, and his own critique of political economy which penetrated to the inner essence of the commodity. Bourgeois political economy, with its mathematical formalisms for determining price, etc., is a "necessary precondition for a genetic presentation, (Marx 1971: 500)," but it leaves its categories themselves (commodity, money, capital, price, profit, etc.) unexplained. 

Classical political economy seeks to reduce the fixed and mutually alien forms of wealth to their inner unity by means of analysis and to strip away the form in which they exist independently alongside one another ... it is not interested in elaborating how the various forms came into being, but seeks to reduce them to their unity by means of analysis, because it starts with them as given premises (Marx 1971: 500).

This limitation he attributes to what he calls its "analytic method" (Marx 1963: 500). Bourgeois political economy takes its categories as given and then analyses their properties, reducing them ultimately to mathematical formalisms. The task of Marx's "critique of political economy" is to look behind these categories to the principle which alone can explain them: 

Now, however, we have to perform a task never even attempted by bourgeois economics. That is, we have to show the origin of this money-form, we have to trace the development of the expression of value contained in the value-relation of commodities from its simplest, almost imperceptible outline to the dazzling money-form. When this has been done, the mystery of money will immediately disappear (Marx 1867/1976: 139)

Marx finds this principle in labor-power, which is the source of all value, and in terms of which alone the capitalist economy can be explained. What Marx does is to demonstrate that the underlying creative power of human labor, exercised in the context of a market order, manifests itself in the form of the commodity. From here the external relationships between commodities, which are crystallized in the form of the price, follow necessarily. 

It should be noted that what Marx is doing here is nothing other than to ascend dialectically, i.e. by means of a critique of the internal contradictions and limitations of the existing ideas of political economy, to the first principle (labor) which governs a particular genus of systems --i.e. human economic systems. He is, in other words, laying the foundations of an Aristotelian deductive science of political economy. For once we have the conceptual key, it becomes possible to unlock the mystery. Marx himself, to be sure, laid only the foundation for this discipline, and certain of his specific conclusions may well have been wrong, but the explanatory power of Marx’s economic theories, in spite of their less sophisticated mathematical apparatus is nothing short of extraordinary.

We should also note that Marx’s achievement remains within the sphere of science; it does not advance to the level of properly metaphysical (or any other) wisdom. This is because he rises only to the first principle of a particular genus, i.e. human economic systems, and not to the first principle of all things. This may seem obvious, but failure to recognize this point may lead to the generalization of Marx’s theory into an ersatz metaphysics which leads to serious error. Indeed, this is almost inevitable, since all intellectual disciplines require an implicit or explicit metaphysics and thus generate one even if they reject the possibility of metaphysical knowledge in principle. Among Marxists this has, generally speaking, happened in two ways. Those who reject the dialectics of nature simply take the first principle of economic systems, which Marx discovered, i.e. labor or the proletariat, and treat it as if it were the first principle of all things. This, fundamentally, is Lukacs’ error, when he infers from the superior epistemological standpoint of the proletariat that this standpoint is in fact that of “totality,” i.e. of God, and that the proletariat itself is the unique subject-object of human history. Similar errors are common among other European and North American Marxists, who substitute libidinous play (Marcuse) or communication (Habermas) for labor power in the position of first principle. 

But this error is also committed by those who, in the tradition of Engels and Soviet Marxism, uphold the dialectics of nature. Here, the tendency is to abstract from Marx’s historical dialectics certain general principles, such as Engels’ famous three laws of the dialectic, verify their applicability to other sorts of systems (physical, biological) and then treat them as if they were in fact the first principle of all things. This is a bit ironic, given the fact that Engels’ own designation for principles such as his three laws of the dialectic --i.e. general laws of the motion of matter-- is far more apt and quite distinct from anything like a transcendental first principle. Indeed, a law of motion is a truth of what the Thomists would have called formal abstraction and Hegel the understanding. It tells us how something changes, not why. This error becomes especially problematic when one law is singled out and given prominence over all of the others. Thus a narrow focus on the spontaneous transformation of quantitative into qualitative changes, characteristic of the late Engels and of Social Democracy, leads at the strategic level, to reformism, while undue focus on the principle of contradiction characteristic of Leninism, leads to the notion that all progress comes out of struggle and violence and can quickly transform Marxism into a species of Nietzschean nihilism. I may perhaps be indulged a bias towards those who privilege the third law, which holds that all contradictions and struggles lead to a higher synthesis, for they at least highlight the teleological element in Marxism. But it is in terms of the  itself, and not the teleological tendencies of particular systems, that a metaphysics must be constructed, science unified, and action ordered. Narrow focus on the third law, characteristic of both Bogdanov and Deborin, can also lead to strategic errors --specifically a tendency to ignore the importance of underlying technological development or political struggle in effecting social progress. 

An authentic dialectical metaphysics presupposes a dialectical science, which Marx only began to build with his work in the vitally important but limited area of political economy.

We need now to show that our own critique of mathematical physics in fact builds on and extends Marx’s critique. In order to do this it is not really necessary to do anything more than to summarize what we have demonstrated in this section of the book. We have shown, first of all that mathematical physics, like classical political economy, stops short at describing the external relations between phenomena, and does not actually explain them, something which require penetrating first to their inner essence or underlying structure and then concluding to the ground or cause of that structure. Second, we have shown that the formal objects of mathematical physics and of political economy are formally identical. Mathematical physics studies the motion of point particles with mass and/or other qualitative determinations in a real space-time; political economy studies the motion of commodities in the abstract space of the market. Indeed, we have shown that, on the one hand, the basic concepts of mathematical physics emerge as a reflex of the market order. They then determine the development of the other intellectual disciplines, serving as a model for the development of “sciences” of both specific types of physical systems (electromagnetic, chemical, nuclear) as well as biological and social systems.

Our single, remaining task is to advance to the underlying principle which lies behind the phenomena studied by mathematical physics --the principle which plays the same role in physics and biology as human labor plays in economics. Here, however, we must confess that our enterprise differs a bit from Marx’s. Where Marx elaborated a critique of only one discipline, we have elaborated a critique of several, albeit formally identical disciplines. Even within physics itself, we have seen that dynamic and thermodynamics have different formal objects. 

Our analysis has not, however, for all this, left us without clues. The burning question facing physics in the present period, the answer to which many physicists seem to believe, and with good reason, would resolve the problem of unification, is that of cosmological fine tuning. Any credible answer to this question would simultaneously explain why it is that the fundamental physical laws and constants are as they are, allowing, depending on the sort of principle proposed, a mathematical or some other deductive derivation. And what cosmological fine tuning means is that physical systems are structured in just such a way as to make possible the development of complex organization, life, and intelligence. Physics then, would seem to be the study of systems which are structured in such a way that, without themselves being organized, they make organization
 possible. This understanding of the proper formal object of physics is remarkably coherent with the self-understanding of physics as a science of matter, provided we understand matter in the Aristotelian sense, as the potential for form or organization. 

What about the relationship between physics, biology, and the social sciences? Living systems are, by comparison, those which are actually organized: i.e. those in which the relationships among the elements of the system are structured to serve some end or purpose, generally the reproduction of the system itself. Now, let us join this with Marx’s insight that the underlying principle of human societies is labor. What is labor but the capacity to organize? If physics studies the conditions of possibility of organization, and biology actual organization, then sociology studies the development of human organizing capacities.

Does this mean that we have returned, by means of a circuitous route, to Bogdanov’s Tektology? Not really. Bogdanov must, to be sure, be credited with discovering the unifying power of the concept of organization. But his theory was insufficiently differentiated, failing to distinguish between potential organization, actual organization, and organizing capacity. The most serious defect of Bogdanov’s theory, however, is his rejection of dialectics in favor of a positivistic epistemology and metaphysics, which takes him further from, rather than closer to, an authentic teleological principle. While the sciences themselves may be unified under the category of organization, or rather potential organization/actual organization/organizing capacity, the fact that organization is possible at all must still be explained. And for this, as Aristotle demonstrated long ago, nothing short of a teleological attractor will suffice. Otherwise, we descend into an infinite regress, or else leave everything ultimately unexplained, so that contingency becomes the principle of all things and science itself becomes impossible. But if science is simply an economic way of organizing our experience, then we cannot have recourse to principles which have no empirical referent ...

This error has, furthermore, concrete strategic implications. Without recourse to a final cause, Bogdanov’s theory really does lead to God-building. The drive towards organization terminates in nothing short of everything. While in some respects this may be seen as a hopeful rapprochement with religion, it also opens up the possibility of the worst sort of voluntarism, in which the drive toward organization degenerates into an individual or collective will to power which knows no bounds. Indeed, as various individuals or collectivities mount their own assaults on the gates of heaven, politics can descend into a real theomachy or war among the gods, something with (literally) unlimited potential for destruction. This may seem a harsh accusation to level at the gentle and brilliant physician who in many ways understood better than Lenin the conditions for actually building socialism. The question, however, is not one of character, but of ideology. Purposeful organization without purpose can only be a free expression of the will. Once again we are back to Nietzsche.

Bogdanov is not the only thinker who is subject to this caution. Much the same argument might be made regarding Deborin. It is only a transcendental principle which can offer an adequate explanation of the universe and which can properly order human action. Short of that all other systems reduce ultimately to nihilism. Let us turn, then to the reconstruction of the sciences on which the development of an authentic dialectical metaphysics depends. 

� If indeed there is a largest scale. It is the assumption of cosmological homogeneity, we will remember, which leads (via the solutions to Einstein’s field equations) to the conclusion that the universe must be finite. But if it turns out that the universe is not infinite, then there is no largest scale, but only an ascending hierarchy of structured systems.


� The reference here is to Isaac Watts’ hymn “O God Our Help in Ages Past.”


� It should be pointed out that the fixing of fundamental physical constants by a unique unified theory would, in fact, also be a type of anthropic theory --specifically a variant of the strong, though not necessarily the final anthropic principle. It is strong because it requires the universe to be fine-tuned for life and intelligence. It becomes final only if it requires that the universe also be structured in such a way that once intelligent life comes into being it continues indefinitely. It becomes theistic only if it requires the universe to be structured in such a way that it presupposes divine intelligence. This step might be made by a design argument, or it might be made by showing, as Tipler attempts to do, that the universe must eventually evolve an intellect capable of knowing everything which it is logically possible to know. 


� Organization, we will recall, involves a) system, i.e. radical, internal relatedness of the elements, b) some sort of order or structure, i.e. the determination of the relations among the elements by a general rule, and c) ordering to a purpose or end.
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