
Chapter Six

Physical Organization
The Nature of Physical Organization
The first task of any science is the definition of what must be explained. It is the definition of distinct formal objects which makes possible the division between the various special sciences, and a correct understanding of their relationship with each other, and with wisdom or metaphysics. Now from the standpoint of a science which is at least open to teleological explanation, and more especially from the standpoint of this inquiry, the most pressing question is that of organization, or ordering to an end. We want know whether or not the universe as a whole is organized, and if so how the category of organization can be used to explain, or at least shed light on, the behavior, the structure, and indeed the very existence of various physical systems.

Now when we consider natural systems from the standpoint of the category of organization, it immediately becomes apparent that some systems are at least locally organized: they are, that is, structured in such a way as to serve some end or purpose, namely that of their own survival and reproduction. It is these systems which we call living or biological. Of these biological systems some give little or no evidence of being able to represent these ends to themselves and thus become aware of them. These are the systems which Aristotle called vegetative, a category which includes not only what contemporary biologists call the Plant Kingdom, but also the fungi, protists, and other simple organisms. Some living systems on the other hand not only behave in a way that suggests purposeful behavior, by moving about in such a way as to better realize the ends in question, but also show evidence of definite structures --e.g. nervous systems of varying complexity-- which allow them to encode information about their environments and organize their activity in such a way as to realize their ends. It is these systems which we call animals. Animals, in turn, may be divided based on whether or not they show evidence of pursuing abstract, universal ends, or merely definite goods accessible to the senses. Just precisely what sorts of behaviors indicate an advance to this level is a much disputed question. Language clearly meets the mark, as does tool making, but it is possible that primitive intellection occurs without these behaviors. Language and tool making, in any case, indicate passage to a grade of organization which is in excess of simple intellection; they involve not merely the maintenance and reproduction of a definite structure of organization, but also the construction of new forms of organization through conscious labor, whether the raw material in question is physical, biological or indeed social. This is the grade of organization at which we humans find ourselves and it is the highest grade for which we have direct empirical evidence, and indeed the highest grade for which such evidence may be possible. It is, however, possible to posit immaterial forms of organization, in particular various cosmic attractors, which are not merely organized or organizing, but which are the actual aims towards which organizing processes tend. If contingent such attractors would bear much in common with Thomistic angels; if necessary, such an attractor would, of course, be divine. The existence of such attractors, finite and infinite, while not empirically verifiable can, we will argue, be inferred from the empirical behavior of physical, biological, and social systems.

But what about those systems which have historically been studied by physics (and chemistry)? Is there any meaningful way in which the category of organization, and thus teleological explanation, can shed light on such systems? The question is extraordinarily important. After all, even on the most optimistic estimates, only a tiny fraction of the matter in the universe has achieved the level of living organization. An argument which can show the existence of purposeful organization and the usefulness of teleological explanation only at the level of biological and social systems may well make a case against the more extreme forms of physical reductionism, but it will hardly amount to an argument for cosmic teleology. At the same time, even the sort of unconsciously purposeful structure which we see in the simplest living organisms is not only absent in purely physical systems; it is the very absence of this sort of organization which makes us characterize them as "merely physical." 

Perhaps it will be useful, in addressing this problem, to specify just what we do find at the level of "merely physical," and then to ask what bearing, if any, the category of organization or finality might have on what we find. Each of the characteristics we identify will bear further examination later on. For now we want merely to hint at an hypothesis. Physical systems, and indeed all material systems of whatever grade are, first of all, characterized by spatiotemporal extension. Just what this means remains a bit of a mystery. For now it suffices to say that there is something about the underlying structure of the universe which prevents everything from being in the same place or happening all at once --it allows difference, which is certainly not the same thing as organization, but it is clearly necessary to it. And indeed, if mathematical physicists are to be believed at all --and there is nothing in our critique which touches their conclusions in this matter-- space-time has a definite structure which at least limits the way in which the elements in material systems can be related to each other. Indeed, a good bit of mathematical physics --general and special relativity, for example-- has concerned itself with describing this structure in terms of its underlying topology or shape, its geometry, etc. What we will need to do is to see if we can explain it.

The second thing we notice about physical systems is that they appear, at least, as systems of interacting elements, though on closer inspection and analysis it is difficult to distinguish element from interaction, especially at smaller scales. What from one point of view appear to be massive particles undergoing gravitational interactions are, from another point of view, charged particles which are the means of some other sort of interaction. Indeed, it seems easier to define clearly what we mean by the elements in a system if we begin by describing the sort of interaction we are observing, than if we proceed in the other direction. And yet it seems nearly impossible to talk about a system without talking about the elements which, from one standpoint or another, make up those systems (elementary particles, atoms and molecules, massive bodies) as well as the means by which those elements interact. These elements are what mathematical physics has generally called matter, the interactions what mathematical physics has generally called energy. Because of our preference for the somewhat different Aristotelian meaning of the term matter, we will use the term "body" instead. While "matter" indicates simply the possibility for form or organization, "body" indicates a system which, while already "formed" to some degree, has definite spatiotemporal limits. The term "energy" however, in so far as it indicates a means of interaction and thus of the actualization of form, has similar valence in both Aristotelian and mathematical physics and will be used in both senses, with necessary qualification being supplied in context. 

Now here too mathematical physics has supplied some description of the phenomena in question. Specifically, quantum mechanics, with its insistence on the quantum nature of energy transfer, is nothing if not an attempt to describe the subtle dialectic between bodies and the energies by which they interact. Indeed, as quanta of energy, elementary particles are by their very nature what we have defined as bodies even when they are also means of interaction and thus of the formation of systems. Mathematical physics has, furthermore, defined definite laws which describe the way in which different sorts of physical interactions (gravitation, electromagnetic, strong, and weak) work and the way in which the nature of these interactions both makes possible and limits the development of various types of organization. It is, for example, the quantum nature of energy transfer which defines the possibility of distinct chemical elements and the Pauli Exclusion Principle which limits atomic structure in a way which makes chemical interaction possible at all. 

The third thing that we notice about physical systems is that they seem to operate under fairly rigid energetic constraints. Creating organization --doing work-- requires energy, as does the conservation of organization which has already been built up. Left to themselves, the energy of physical systems tends to dissipate, to become useless and the integrity of the systems seems to degenerate. These are the phenomena described by thermodynamics, and especially by the Second Law of Thermodynamics which, as we have seen, has so often been used in arguments against cosmic teleology but which in fact will turn out to be among the basic conditions for the continued development of organized complexity in the universe. After all, if organization did not degrade over time, if there was not chaos and disintegration, organizational innovation would become progressively more difficult until all of the energy in the universe was tied up in existing forms of organization and further progress became impossible . . .

In addition to these law-like properties of material systems, described by relativity, quantum mechanics, and thermodynamics, it is also useful to note the apparent fine-tuning of numerous physical constants such as the relative strength of the strong and weak nuclear interactions, of gravity and electromagnetism, and of positive and negative electromagnetic charges, which appear to be fixed at just the levels necessary in order to permit the development of complex (biological and social) organization. 

All of this suggests to us a general hypothesis regarding the nature of physical systems. While not themselves organized in the strict sense of being ordered to an end, physical systems have the structure necessary in order to make possible the emergence of more complex biological and social organization. Without the structure imposed by the laws of physics and by the fine-tuning of physical constants ordering to an end would be in conceivable. This is because such orderings by their very nature presuppose difference, discreteness, and the relative openness imposed by the constant disintegration of existing forms of organization in favor of new ones --though the presence of these conditions does not, by itself, imply or guarantee the emergence of properly teleological systems. 

From this point of view the intuitive association between matter in the Aristotelian sense and the physical, while often the occasion of some confusion, is not entirely without sense. If matter is the possibility of form, and if physical systems are precisely those which make possible the development of complex organization, without themselves being so organized, then physical systems can, in fact, be identified with matter. Some caution is, however, in order. Physical matter cannot be regarded as prime matter, because it is already formed to some degree. It is governed by the structure of space-time, by the laws of quantum mechanics which require discrete energy transfer and which prohibit more than two elementary particles from occupying the same energy state, and by the laws of thermodynamics which impose limits on the development and conservation of structure. Prime matter, on the contrary, being wholly lacking in form, would be essentially nothing --or rather nothing in the presence of some Principle which can draw forth everything from nothing and thus render the universe possible. 

It should be noted that our strategy offers an entirely new way of unifying physics. Rather than insisting on unification at the level of the mathematical formalisms which describe physical structures, we will show that these structures themselves --even if they cannot all be described by one single formalism-- are in fact required by the common end to which they are ordered. The structures we encounter in the physical world are the condition of any possible organization and can be shown to be such. 

Let us see what evidence we can adduce for this thesis, and what light it can shed on the problems we have identified. 

The Aspects of Physical Organization
Spatiotemporal Extension
Let us begin by analyzing what we mean by space, time, and extension. These terms are all ways of marking difference, and indeed they mark the lowest grade of difference which we can imagine --namely that of separation. In order for things to be really distinct they must be separated in one sense or another. Two objects occupying exactly the same region of space-time would not be really distinguishable: they would have the same shape, for the same period of time, and any other signals which they emitted would become hopelessly confused with each other. We could not experience one as orange and the other blue, for example --their colors would become blurred together. Nor could we experience one as loud and the other as silent, one as rough and the other smooth, one smelling and tasking of chili and the other of garlic. And the problem is not simply a result of our limited sensory apparatus. Were we to discover diverse signals emanating from a unique point is space time, our conclusion would not be that diverse objects occupied that point but rather that whatever occupied that point had a range of properties which we were experiencing through our senses. 

Nor is it possible for there to be a material system which occupies only one point in space-time, at least so long as we give the term "point" its strict mathematical sense, as infinitesimal and lacking in any extension. Signals emanating from a single unique point would, in this sense, seem to be coming from nothing, and any mathematical formalisms which press us to think in this way should, whatever their other uses, leave us a bit skeptical about their ability to capture fully the structure of physical reality. Any real system will occupy a more or less definite set of points in space-time.

We humans experience spatial and temporal separation in somewhat different ways. We call spatial separations between things which we either can or could, were the range of our senses sufficiently extended, imagine experiencing simultaneously. Attempts to capture this difference more rigorously have, however, been less than successful, at least in so far as an attempt is made to restrict oneself to mechanical or dynamic considerations and thermodynamics, biology, and psychology are left to one side. This is because, as we have noted above, dynamic laws (such as those of relativity and quantum mechanics) are all time reversible. Thermodynamic, biological, and social processes are, on the other hand, irreversible by nature and provide the only rigorous basis for defining an arrow of time. And yet these disciplines bring in considerations which hardly seem intrinsic to the nature of spatiotemporal extension. It is important in this regard to distinguish between the question of the reality of temporal separation and the way in which it is experienced. The realist epistemology to which we are committed, on which this whole work is based, and the outlines of which we laid out in the Introduction requires that we acknowledge experienced difference as indicating real difference, but it does not require that we regard our raw experience as revealing the real nature of that difference. Thus events experienced as separated by time are in fact really so separated. But it may be simply the structure of our sensory apparatus, or the fact that we gain knowledge through the senses which makes us experience that separation as sequential rather than simultaneous. Eckhardt has argued for the first alternative, suggesting that evolution of a four dimensional imagination which could represent temporally separated events simultaneously, is extremely unlikely. But the problem may be more fundamental. If the special-relativistic ban on faster than light signally turns out to be correct, then separation and simultaneity are mutually exclusive for systems which draw their knowledge from sensation, as indeed any material system must. Indeed, the simultaneity of spatially separated events itself turns out to be only an approximation. This does not, of course, exclude the possibility that immaterial systems --the angels or God-- might be able to know temporally separated events simultaneously. This would not, however, be "experience" as we understand it, but rather intellection. And of course we can intellectually understand temporally separate events simultaneously. We do so every time we think some temporal measure, such as a second or a year. It is only the intervention of the imagination, which is always present for us as the background to such intellectual knowledge, which reinforces the impression of nonsimultaneity.

Having established what we mean by spatiotemporal extension and why it is essential to material organization, we need now to see what light, if any, the principal physical theory of space-time --i.e. the theory of relativity-- can shed on our problem, and what light our thesis can shed on this often enigmatic and counter-intuitive theory. We have already explained the genesis of the theory both historically and logically; here we need only summarize its principal claims. We will recall that the theory developed in response to the disappearance, as a result of our changing picture of the universe, of any fixed inertial frame against which to measure motion. First the earth, and then sun, and finally the fixed stars themselves had been shown to be themselves in motion, making the definition of a stable system of cosmic coordinates effectively impossible. For a time the frame of the fixed stars was replaced by the idea of the "luminferous aether," which penetrated all "ponderable matter" and through which moved waves of light and other forms of electromagnetic radiation. But the Michelson-Morely experiment showed that the speed of light is the same in direction of Earth's motion and perpendicular to it. This could not be true if there was some medium through which the light was moving. This meant that it would be necessary to reformulate the laws of mechanics in accord with what Henri Poincaré called the "Principle of Relativity." Uniform translatory motion possessed by a system as a whole cannot be detected by an observer looking at phenomena within that system; thus there no way of determining absolute motion. The result of this effort was Einstein's theory of special relativity.

What special relativity does is to represent motion in the context of a Minkowski space, a real four dimensional vector space in which distance is defined not by the standard Pythagorean metric, but rather by the Minkowski metric

s2 = - c2t2 + x2 + y2 + z2

Because the sign of the time term, unlike that of the other terms, is negative, it is not strictly speaking correct to say that the Minkowski space simply adds a fourth, temporal dimension. The temporal component of distance works differently than the spatial components.

Given this larger geometrical structure it is them possible to define a linear transformation , called the Lorentz transformation

x'2 = (x-vt)2/(1-(v2/c2))

which relates spatiotemporal intervals as they are perceived in one inertial frame with the way they are perceived in another. An analogous relation makes it possible to transform measurements of energy into measurements of mass

E = mc2.

These formalisms resolve a fundamental irrationality in earlier formulations of physical theory but, as we have seen, also generate some paradoxical implications. The notion of simultaneity becomes deeply problematic, as events separated spatially can no longer be perceived simultaneously. Distances and time intervals appear to be different to observers in different inertial frames. Even a quantity as fundamental as mass seems to undergo change as a result of acceleration. The structure of Minkowski space, furthermore, effectively divides the universe between those regions which are within the light-cone of any given event, and which may therefore be causally related to that event, and those which are outside the light cone and thus cannot be causally related. 

Now the effect of these laws is to apply a definite structure to spatiotemporal extension. As counter-intuitive as the effects of assuming a constant speed of light in the absence of fixed inertial frames may be, in the absence of such a requirement the very notion of temporal separation would collapse. Instantaneous signaling would, in effect, mean that even if things took place in different locations, along however many different dimensions we might posit, they would in a certain sense be perceived, our at least could in principle be perceived, as taking place all at once. This is because instantaneous signaling, by its very nature, means that an event taking place at any point in an n-dimensional space could be registered, and thus affect, any system capable of receiving and/or being affected by it at any other point in the n-dimensional space. Simply specifying one of these dimensions as temporal and defining earlier and later directions without adding further structure does us no good. It is not merely that events taking place "later" could affect events which took place "earlier;" all points in the space-time would be affected equally and at once so that the "earlier" and "later" directions would be rendered meaningless. Everything would, in effect, happen at once, a result far more counter-intuitive than the paradoxes of special relativity. 

This is not to suggest that there are no systems which are characterized by such an instantaneous structure. On the contrary, as we have already suggested, and as we will argue in greater depth later in this work, it is simply material or emergent systems which are so constrained --such constraints are precisely what we mean when we say they are material. An immaterial intellect, such as that of an angel or of God, could act simultaneously at as many different points in space time as its nature permitted, though this action would be of the nature of formal or final causation and as such would not be subject to direct empirical detection or reducible to physical interactions. It is something which we would have to infer from empirical data rather than observe directly. That there are such systems and that they do affect the material universe is suggested by a variety of phenomena which would otherwise require instantaneous signaling or which seem to involve causation where no physical mechanism can be identified, such as quantum nonlocality and the strong form of the "morphogenetic fields" thesis.
 

Much is often made in this context of the possibility, which is not ruled out by special relativity, of faster than light particles, known as tachyons. And of course it would be possible to use the language of particle physics to describe phenomena which seem to involve faster than light signaling. But this smacks of efforts to physicalize phenomena which by their very nature defy the constraints which characterize what we ordinarily understand by the physical. It is rather like the attempts by Franciscan scientists during the thirteenth century (who are, as we have seen, the intellectual ancestors of today's mathematical physicists) to define a sort of "spiritual matter" out of which angels are composed. Doesn't it make more sense to allow that there are phenomena, even phenomena which we can at least partly understand, which stand outside the purely physical, and to find concepts which are appropriate to these phenomena, than to attempt to physicalize them at the cost of producing even more paradoxes than physics already contains?

But it is not only the fact spatiotemporal extension and the structure of space-time as described by special relativity which turn out to be necessary for the development of complex organization. It may well be that an ordered material universe is possible only in four dimensions. This, in any case, is the argument made by Errol Harris (Harris 1991: 49ff) As Harris points out

The existence and nature of all physical phenomena appear to depend on the propagation of classical and quantum waves, and the properties of wave equations are closely dependent on dimensionality. In less than three spatial dimensions, waves could propagate at arbitrary speeds, whereas in three they are restricted to one only (the velocity of light, c). Consequently, in a less number of dimensions signals radiated at different times could arrive at the same point simultaneously, and no sharply defined signals could be guaranteed. Further, it has been shown that reverberation-free impulses cannot be obtained in an even number of spatial dimensions, and that only in three can wave propagation be achieved without distortion. It has also been proved that three dimensions are essential for information processing of any kind, without which life processes, and in particular the functioning of the human brain, are not feasible ...

The above considerations are further consolidated by the demonstration that the fundamental natural units of the universe, constructed from the primary physical constants (G, h, and c) do not occur except in four dimensions, and upon these virtually all the known laws of physics depend. In a world of other than four dimensions, planetary orbits, whether determined by Newtonian or by Einsteinian laws, would be unstable, making the necessary conditions for the emergence of life impossible. Even more radical, only in four dimensions could the electronic orbits of the atom remain stable, so that matter as we know it can exist.

Not surprisingly, therefore, Ehrnfest (in 1917) argued that all of the fundamental laws of physics depend upon the four-dimensionality of space-time ... (Harris 1991: 49-50).

The significance of this fine-tuning will be considered later, along with that of fine-tuning in the strengths of various physical interactions. For now it will suffice to say that while not itself purposeful, the existence, structure, and apparently arbitrary dimensionality of space-time all turn out to be conditions of any possible purposeful organization.

The Nature of Physical Interactions
Gravitational Interactions
Having demonstrated the necessity of spatiotemporal extension and indeed of at least some elements of the specific structure described by special relativity for the development of complex organization, life, and intelligence, we are now in a position to look at the nature of physical interactions themselves and see what light, if any, a teleological approach can shed on the problem. Historically, mathematical physicists have identified four fundamental forces by which physical systems interact: gravitation, electromagnetism, and the strong and weak nuclear forces. The first of these forces was initially described by Newton's classical formalism

F = GM/r2
and later by Einstein's general theory of relativity.

G = 8/c4 (T)

We have already seen that like his special theory of relativity, Einstein's general theory leads to some results which are counter-intuitive at best. Space-time, it turns out, is a product of matter, and the presence of matter results in a curvature of space-time which is in turn leads to the interactions which we call gravitational. This solves some problems. Newton's formalism no longer made sense in the absence of a fixed frame, and led to serious difficulties should the universe turn out to be finite --i.e. the well known difficulty of what lies outside the boundary of the universe. If space-time is a product of matter the answer is simple: literally nothing. But Einstein's theory also creates difficulties, most of which have been exploited by the discipline of mathematical-physical cosmology in the service of the cosmological pessimism required by the ideological hegemony of Capital. Einstein's theory has usually been taken to rule out a universe which is infinitely extended. This is because, assuming that the universe is roughly homogenous, it will curve space-time around itself into a four-dimensional sphere, so that parallel lines, it they extend far enough, will ultimately meet. Einstein's equations, coupled with this assumption, known as the cosmological principle, together with a cosmological constant which Einstein introduced for aesthetic reasons, leads to the finite and static spherical universe which Einstein preferred. Without the cosmological constant, for which there was no empirical basis at the time, the equations lead directly to the "Friedman solution," and the Big Bang cosmology with all the difficulties we have hitherto identified.

This is not, however, the only way to read Einstein. We should point out first of all that at least certain implications of his theory are not only compatible with but are actually required by the line of reasoning which we have been developing. The most obvious point of contact, of course is the claim that space-time is a product of matter. Special relativity treats space-time as analytically distinct from matter; general relativity certifies that it is not itself a real underlying structure but rather a formal property of the way in which material systems interact. An other way of saying this is that the shape and size (the topology and geometry of the universe) is determined by what is going on there, and not the other way around. Higher order organization determines lower order organization. The structure of space time is determined by a universe in which there is indeed complex organization, life, and intelligence.

Eric Lerner (Lerner 1991: 130), furthermore, has pointed out that the assumption of cosmological homogeneity is not only unfounded, it actually contradicts empirical evidence, which points towards the existence of very significant large-scale nonhomogeneity, which cosmologies predicated on the cosmological principle have, not surprisingly been at pains to explain. Such a "clumpy" universe may well turn out to have a rather exotic geometry (though it is not at all clear we would ever experience that geometry as anything other than a texture of more or less expected gravitational fields); it need not be finite. And even if the universe should turn out to be finite in spatiotemporal extension, this need not imply that there is a limit to its level of complexity and development --a point Errol Harris, echoing Hegel, has made with some force (Harris 1965). Infinite complexity and infinite extension are not the same thing.

Above and beyond the specific laws which govern gravitational interaction, it is important to note the role of gravitational forces generally in promoting the development of complex organization. The boldest claims on this front are made by Benjamin Gal-Or, who regards gravity as the principal cause for the development of structure in the universe, including, at least indirectly, the emergence of irreversible thermodynamic process, and thus of geochemical and biological evolution. Among the contributions he cites are: 

1) the expansion of the universe,

2) the break-up of the expanding, homogenous cosmological gas into individual clouds which then go on to form galactic clusters, galaxies, stars, etc.,

3) the production within stars through nuclear reactions ultimately driven by gravity of the heavy elements which in turn make possible life and intelligence, and the dispersion of these elements throughout the universe by means of supernovae.

4) the formation of planetary systems, and the long-term evolution of planets through gravitationally driven processes of differentiation (e.g. of molten minerals with different specific gravity) crystallization, and transformation (e.g. mountain-building, volcanic activity, pneumatiolytic and hydrothermal processes, etc.), which result in a chemical diverse and inhomogeneous planetary crust, and even

5) the development of life through the direct or indirect input of energy into geochemically "fertile" planetary environments (Gal-Or 1987: 354-361).

Of these claims, only the first, which is dependent on the big-bang cosmology is really open to serious dispute. And even the alternative plasma cosmology, which tends to give priority to electromagnetic forces in the early stages of cosmic evolution, still reserves an important role for gravitational interactions. 

Quite apart from phenomena of cosmic evolution, it is gravity which permits the coherence of systems which are not structured in such a way as to interact chemically (i.e. electromagnetically) with each other, and which are thus able to conserve their integrity. Were it not for gravitational interactions we could not walk on the earth without becoming chemically bound to the earth and thus cease to be what we are. 

Non-Gravitational Interactions
In addition to the gravitational interactions which play such a central role in structuring space-time and in making possible the large-scale development of complex organization, there are three other sorts of interactions which have been identified by physicists: the strong and weak nuclear interactions and electromagnetism. The weak interaction is responsible for the decay of neutrons into protons and for neutrino interactions with matter. The strong nuclear interaction is what holds together similarly charged protons within the atomic nucleus. And electromagnetism, of course, is what makes possible the interactions of electrons with nuclei to form atoms, of atoms to form molecules, and of atoms and molecules with each other to form solids and liquids. The behavior of all three of these forces are, as we have seen, described by quantum field theories. Our focus here, as throughout this chapter, will not be on a detailed exposition of theories from mathematical physics, but rather on demonstrating the teleological significance of the underlying physical realities these theories formalize.

The first principle of quantum theory is, we will recalled, Planck's insight that energy transfer is not continuous, but rather quantum. One cannot transfer just any quantity of energy one wants, as those it was infinitely indivisible, but only packets, the size of which is described by the equation:
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While originally developed to explain the behavior of light, this principle applies to all particles which carry energy. This means that elementary particles, whether bound within an atom or elsewhere cannot be just anywhere, or have just any amount of energy. Rather, they will occupy discrete levels and have discrete quantities of energy which they will gain or lose in "packets" as they become excite, or give of energy in the form of heat, light, etc.

The second principle of quantum mechanics states that elementary particles cannot be described precisely in terms of the position and velocity at the same time --the so-called Heisenberg Uncertainty Principle. 
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Where Plank's discovery of the quantum nature of energy transfer forced us to think of things which we had formerly considered to be wave-like as instead being constituted by a flow of particles, the Heisenberg Uncertainty Principle then turns around and suggests that even things which we had thought of as particles really can't be rigorously described in this way. The notion that photon, electrons, and other elementary objects are both particles and waves, so that their location is smudged out across space and time, being more intensely present in some locations than others, is only a slight improvement. What sort of thing is it which is smudged out over space-time? 

The solution becomes apparent if we follow the mathematical formalism --but do so with a philosopher’s eye for systematic as well as quantitative relationships. Since the particle cannot be adequately described as a particle, with definite position and momentum (which is what it means to be a particle), physics generally describes it by a "quantum wave function" , where is a function of spatial coordinates (x,y,z) and 2 is interpreted as the probability distribution for the particle --i.e. the relative probability of finding it in any given location. Psi in turn is obtained by solving the Schrodinger equation --something which can be done with accuracy only for the simplest quantum systems, such as the hydrogen atom:
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where H is the Hamiltonian operator expressing the total energy of the system and E is the same quantity expressed in different terms, as the sum of electric potential of the system and the kinetic energy of the its component parts. Each  which solves the equation is interpreted physically, in the case of an atom, as one of the "orbitals" in which an electron might be located --or, more properly, which describes its state.

What this means is that all material systems constitute integral wholes the various elements of which are defined by their inter-relations, apart from which they cannot meaningfully be said to exist. Indeed, when we attempt to understand things as radically separate and distinct, on the model of classical atomism, we run into insuperable irrationalities, such as those imposed by the Heisenberg Uncertainty relation. As we continue the search for some authentically "elementary" particle, we find only ever smaller quanta of energy which mediate interactions between various types of physical systems. In this sense "matter" turns out to be nothing at all. Every real phenomenon is given by some formal relationship. And this radical interconnectedness is characteristic not only of microphysical systems of the sort ordinarily studied by quantum mechanics. The same quantum formulae can be used to described the universe as a whole, and phenomena such as quantum nonlocality suggest that even systems which extend over vast cosmic distances --distances at which the limit on the speed of signally makes communication between really distinct elements impossible-- are actually interconnected at the quantum level.

At the same time these very ways of relating do define real differences --differences behind which there appear to be discrete quanta of energy but which we experience as qualitative. And without this real difference, material organization, understood as diverse elements ordered to an end, would be impossible. Imagine, for example a universe in which relationships did not define real difference. All that would be left would be a hierarchy of formalisms, each more general than the other, until one "ascended" to the supreme formalism within which all truth was embodied. Indeed, not only would the "diverse elements" disappear; the end to which they are ordered would cease to be an end in any meaningful sense because there would be nothing to be ordered to it. All that would be left would be a pure order, a system of only apparent differences with no meaning or purpose. 

It is, further, necessary that the real differences defined by the relations governing physical interactions be discrete or quantum in nature. One of the most striking things discovered by the senses is the qualitative diversity of the various things which compose the world around us and the qualitatively diverse ways they interact and combine with each other. Some of these differences are visible to the naked eye. We experience gases, liquids and solid, as well as transitions between these states through freezing and melting, condensing and boiling. Some of the things we see around us have a shiny, silvery gray appearance; others are duller in texture but more colorful. Think of the yellow green of chlorine, the deep red of bromine, or the imperial violet of iodine. Some forms of matter (those we call metals, again) are good conductors of electricity, others are not. Most importantly, many of the forms of matter we find around us combine with each other in distinctive proportions, and it is possible to distinguish between elements --those forms of matter which are not the result of combinations of other forms-- and compounds which are. We can also begin to group the elements together based on shared patterns of reactivity. 

We now know, of course, that all of these many differences are due ultimately to differences in atomic structure which are, in turn, mandated as it were by the quantum nature of energy exchange. It is due to the quantum nature of energy exchange that Hydrogen and Helium are two distinct elements and not merely two points along a chemical continuum. It is due to the quantum nature of energy exchange that gold is yellow and silver white. And it is due to the quantum nature of energy exchange that the universe contains the diverse elements which combine in the unique and complex ways which make possible the beauty of a precious stone such as lapis lazuli, long used by illuminators to make the brilliant blue pigment with which they adorn their manuscripts, or the carotenoids and anthocyanins which yield such magnificent reds and yellows just before the trees shed their leaves in autumn.  It is due to the quantum nature of energy exchange that there are cats and dogs, men and women --and that we are all gloriously different, even if also ordered to a common end. 

The Fine Tuning of Physical Interactions
This discussion of physical interactions should make clear that even if these interactions are not, by themselves, purposeful, they are wonderfully structured in such a way as to make the eventual emergence of purpose possible. But there is more at work here. As we have suggested numerous times above, not only are the various types of physical interactions themselves structured in such a way as to make possible complex organization, but the relative strengths of these interactions is also fixed well within what turns out to be a very narrow range compatible with the development of complex organization. It might be useful at this point to point out some of these incidence of fine tuning.

· Had the weak nuclear interaction been appreciably stronger than it is, then all of the hydrogen in the universe would have been very quickly burned into Helium; making it weaker would have prevented the formation of hydrogen because neutrons would never have decayed into protons (check for dependence on Big Bang. Leslie 1989:4)

· In order for carbon to form during stellar nucleosynthesis, the strong nuclear interaction has to be within roughly 1% of its current strength. Making it stronger would block the formation of protons, so that there would be no atoms, or bind them into diprotons, so that stars would burn too fast to ever generate life. Decreasing its strength on the other hand would unbind the deuteron, making stellar burning and thus the formation of heavier elements impossible. 

· The ratio between the electromagnetic and gravitational interactions must be close to its actual value of 1040. If electromagnetism were too much stronger, all stars would be red dwarfs; if it was too much weaker they would all be blue giants. Neither type of star is thought likely to produce planetary systems with life (Leslie 1989:4, Harris 1991: 51). This same ratio is important to the very possibility of planets, the size of which depends on the interaction between gravitation and the electron pressure generated by the effects of the Pauli Exclusion Principle, as well as electrostatic repulsion. 

· The charges on protons and electrons, while opposite, are equal in spite of their mass. Were this not true, all atoms would either by positively or negatively charged, and would repel each other, with the result that no macroscopic bodies could be formed (Harris 1991: 49). 

This evidence of fine tuning, just like that of the fine-tuning of spatiotemporal dimensionality, cannot help but suggest that physical order is in some sense ordered to the development of life and intelligence. We will consider later, in the conclusion to the chapter, in just what sense this can be said to be so, and will also answer some of the principal arguments against the teleological reading of cosmological fine-tuning generally --and for versions of the teleological reading which, believe, fail to do justice to the evidence or introduce unnecessary difficulties. 

Thermodynamic Constraints
We come, finally, to that body of physical law which has most often been taken as evidence against cosmic teleology: the discipline of thermodynamics. From the very beginning thermodynamics has been bound up with the experience of human finitude. Born out of the effort to make a perfect heat engine, which would permanently recycle all of the energy it produced, so that it could do an infinite amount of work with a finite amount of energy, it thermodynamics, far more than any other scientific discipline, which finally sealed the fate of natural theology in the nineteenth century, with its somber predictions of a cosmic heat death. And it is the limitations imposed by thermodynamic laws which account for nearly all of the challenges and frustrations of day to day life, from the need to periodically clean our homes through the debilitating ailments of old age to the inevitability of death and decay.

For our purposes the significance of the laws of thermodynamics are best understood when considered in conjunction with one of the principles of classical mechanics, namely that energy is necessary in order to do work. In the context of classical mechanics work is formalized as the product of the force applied to a particle and the distance through which the particle moves.

W = Fs

or

W = mas

Work may also be expressed in terms of the pressure and volume of a gas acting on a piston 

dW = p dV

where p is the pressure applied to the piston and V is the volume of the gas. The rather schematic character of these formalizations are the result of the fact that mathematical physics reduces all change to local motion. The basic point, however, remains valid --no change of any kind, and certainly no growth and development, can take place without an input of energy into the system the environment. 

What the laws of thermodynamics do is, first of all, to drive home even more forcefully the energy requirements of complex organization and, second, to set strict limits to the ability of any system to make efficient use of its energy in order to create or conserve organization. These laws are, as we explained in an earlier chapter, as follows:

1) The change in the internal energy U of a system is equal the difference between the heat absorbed by the system and the work done by it. 

dU = dQ- Dw

2) It is impossible to transform all of the heat extracted from a source which is at a constant temperature into useful energy or work, or, alternatively the entropy S of a system, where

dS = dQ/T

plus its environment can never decrease.

Since most complex organized systems are far from an equilibrium state, this means that such systems require a constant input of energy not only in order to come into being in the first place, but also in order to conserve their integrity. Closed systems tend towards equilibrium, or what is the same thing, towards randomness and disorder.

Now it is easy to see why this discovery would have led to a certain pessimism. Depending on the details of one's cosmological model, it presents what are at the very least significant obstacles to the long-term survival of life and intelligence and may even imply inevitable cosmic death. Indeed, even though the prediction of cosmic heat death in its original form has been largely disproven, most cosmologists now envision the long-term future of the universe in a way which engages thermodynamic as well as quantum mechanical considerations to achieve an extremely pessimistic result. 

Matters are not, however, nearly so simple. While it is true that thermodynamic law imposes real constraints on the development and conservation of complex organization, these same laws also turn out to be a condition of the possibility of such organization. Two points are in order here. It is necessary, first of all, to recall the distinction we have made between order and organization. Order is simply obedience to a rule which governs the location and/or behavior of the elements in a system or, alternatively, the information content of the system. The concept of organization includes that of order --organization is an ordering to an end. But the very element of teleology or finalism which is integral to the idea of organization seems to require a middling degree of order. Thus humans are, as physicist Charles Bennet points out, intermediate in order or information content, between a crystal or a gas, but are more organized than either. Systems which become too rigid, just like those which become too chaotic, are no longer able to realize their ends. Were it not for the thermodynamic tendency for systems to increase in entropy or disorder all of the matter in the universe might eventually become trapped in low entropy structures such as crystals, making the development of authentic organization impossible. 

But there is more. The thermodynamic tendency towards disintegration requires that organized systems struggle to find ever more effective and efficient ways to capture energy and order their constituent elements towards their ends, and thus more effectively conserve their integrity. Did systems not have to innovate in this way, there is a danger that all of the matter in the universe would have become trapped in relatively low-echelon forms of organization which discover an easy route to conserving their integrity and reproducing their structures. In this sense, the Second Law of Thermodynamics is integral to any explanation of why there is evolution towards qualitatively higher degrees of organization when there are very simple structures which permit very successful survival and reproduction in a great many niches. Assuming that there is some movement towards organization in the first place --and we will establish that this is so, and that the movement is attributable to teleological attraction in the next chapter-- what entropic disintegration does is to press life, and eventually intelligence, to search out ways of conserving and reproducing system integrity which are less and less vulnerable to entropic attack. In the process this conservation and reproduction becomes less and less focused on the individual organism and more and more focused on a wider and deeper meaning of the Good. Thus reproduction by cellular division, which produces exact clones, gives way to sexual reproduction which in turn enormously enriches the genetic diversity of the species and ultimately contributes to the development of new species. Concern for the purely biological integrity of individual or species is supplemented by concern for the new, higher order integrity of animal societies, and eventually for the integrity of cultural forms which survive even the civilizations which produce them. 

Entropy, finally, is the condition for any authentic historical change. Even if, in an infinite universe, it might well be possible for authentic development to take place simply by expanding into new regions of space-time, this would still relegate "developed regions" to a stifling domination by the dead weight of the past. Ecological niches would fill up, entire continents and eventually entire planets would become hopelessly built up, positions of leadership would be taken up by impossibly ancient individuals whose experience and wisdom made their authority incontestable, locking out the new and the young for ever, established institutions and cultural forms would endure from age to age until the dead weight of tradition became such a crushing burden that intelligence died not of entropic disintegration but rather of regimented boredom. 

The importance of entropy to the development of complex organization is most apparent in precisely the context that we find it most troubling, i.e. the context of our own lives --and of our own death. It is precisely the limited and transitory character of finite goods, which are all swept away by entropic disintegration which impels us to look for higher goods, which might be less obvious to us, but which, when we discover them, also prove more resistant to entropic attack. Thus, knowing that we will not survive for ever, we become interested in making some contribution that will, and thus begin to develop our latent potential for creative activity. And realizing the fragile character of even the greatest human achievements, we begin to discover that the self-organizing dynamic of the universe, while very real, and while authentically endowing our lives and struggle with meaning and direction, is nonetheless about something much larger than us. Without the necessity of struggle, failure, and even death imposed on us by the Second Law of Thermodynamics, we could know God only as our Good, and as such never know and thus love Her in Her own right --or indeed so know and love any system more complex than ourselves. It is knowledge of our finitude, which certainly carries with it the possibility, and indeed the effective inevitability of sin and failure, which reveals to us higher goods in their own right. This is the physical basis for the dark nights of the soul, which require us to put behind us the easy spirituality centered on the God of sunshine and autumn leaves and of our own success in favor of a confrontation with purposes larger than our own and never fully comprehensible by us. In this sense the universe as a whole is naturally structured in such a way as to order us to and make possible development of a supernatural spirituality, in the sense of a spirituality which transcends anything that we would, of our own accord, aspire to or achieve. Nature not only reveals God as her author and end; she also reveals God in Her own right in a majesty which, so far transcending our own finite knowledge and desire, cannot help but at first seem terribly austere but which, as we come to know it, draws us with a lure more powerful than any we could ever imagine. This is why John of the Cross was right to call the dark night --the night made possible and indeed inevitable by the laws of thermodynamics-- "more loving than the rising sun," for it is this night which is the condition of the possibility of our own ordering to an infinite end, the means of our self-transcendence. 

To what extent is this teleology Aristotelian? Christian? Marxist? Certainly the Aristotelian aim of understanding the universe, in so far as it is possible, through rationally necessary principles has been conserved, as has the sense that it is ultimately the final cause which is first and the sense that God acts eminently through teleological attraction. Indeed many Christians, and perhaps not a few followers of other religions of the book --those who follow Scotus and Halevi and al-Ghazali rather than Thomas and Maimonides and Ibn Rusd-- will not doubt feel that we have produced just another physicalist system which leaves no room for freedom, human or divine. And many dialectical materialists will object that unnecessarily complicate our explanatory strategy by introducing immaterial teleological principles. But unlike Aristotle's teleology, which had such difficulty with violent motion and disintegration, our approach weaves struggle, contradiction, and even disintegration into the very fabric of teleological ordering and teleological organization, and in this sense we reap the lessons of the materialist dialectic, which is founded on the principle of contradiction. More to the point however, our doctrine supports a spirituality which, while deeply rooted in the via dialectica is more than Aristotelian, and which in fact resonates with the prophetic tradition which begins with Elijah and culminates in John of the Cross. Unlike classical paganism we do not regard the human situation as tragic --capable of discovering an order which transcends and is ultimately indifferent to human interests. And unlike much neo-paganism we do not attempt to dissolve that tragedy in platitudes about the unending cycle of life, death, and rebirth, whether that cycle is understood in individual in terms of the system as a whole. Rather, we find in the via dialectica at once confirmation of the ultimate meaningfulness of the universe and a confrontation with the fact that that meaning far transcends our limited natural capacities. The via dialectica, if followed through with rigor, sets us naturally on the mountain road, the via negativa, which leads out of the fertile valleys and into the dry uplands where the air is thin and cold, and the nights dark, but where alone, and only after a long period of acclimatization, we can come to see the stars. Indeed, because of its meditation on the centrality of death in spiritual development, our approach might even be called distinctly Christian --though Jews and Moslems and others surely have their own answers to the dark night. In any case, for this grace embedded in the darkest secrets of nature, we can only give thanks.

On the Ordering of Physical Systems to Higher Ends
The argument which we have been making regarding the ordering of physical systems to higher --biological and social-- ends is, in effect, an extension of the argument which has a become commonplace in recent years regarding the fine-tuning of physical constants and other physical phenomena, an argument which has given birth to the controversy regarding the so-called "Anthropic Cosmological Principle."
 We have, in effect, argued that not only certain key physical constants, but in fact the whole fabric of physical reality as we currently understand it is, in fact more or less finely tuned in such a way as to make the development of higher degrees of organization possible. Without the spatiotemporal extension, and indeed at least something very much like the actual structure of space-time theorized by special relativity, without the curvature of space defined by gravitational interactions and the complex dialectic between element and relation defined by the nongravitational reactions, indeed, even with out the degrading effect of thermodynamic constrains life and intelligence, and indeed any sort of material organization would, in fact be impossible. Having made at least a prima facie case that these physical structures are, in fact, required for complex material organization, we need now to engage the debate regarding the significance of such fine-tuning and show that a strongly teleological approach is, in fact, logical the most coherent and empirically the most economical. 

There are several distinct positions which have emerged in this discussion. 

· wholesale rejection of anthropic reasoning and of teleological explanations,

· what has come to be known as the Weak Anthropic Principle which limits fine-tuning to a selection effect,

· subjective idealist affirmations of anthropic reasoning such as that advanced by Frank Tipler

· objective idealist and “intelligent design” arguments,

· dialectical materialist readings of the evidence, such as that recently put forward by Eric Lerner, and 

· the dialectic idealist position of Errol Harris.

We need to consider each of these positions in turn. 

The first position holds that the fine-tuning is in fact nothing but an extraordinary coincidence, and may, in any case, be rather over stated. In some cases this view is associated an expectation that the unification of physics will in fact show that many of the constants are in fact given by the mathematical formalisms which effect that unification. In other cases it is a result of a mind-set which not only takes the givenness and contingency of at least some phenomena for granted, but regards respect for givenness --i.e. for “data”-- as the very foundation of scientific explanation. 

The difficulty with this approach is that it leaves the fine-tuning entirely unexplained. This problem is all the more serious given our demonstration that it is not just a handful of physical constants, but the fundamental physical laws themselves which are fine-tuned. The effect is to leave the whole structure of the universe, itself so well-ordered, utterly ungrounded and contingent, something which undermines the whole logic of scientific explanation. The fact that this is not apparent to many trained "scientists" is due largely to the systematic intellectual rape which occurs in the course of their professional training which is designed to ensure that whatever else they become, the remain loyal ideological agents of the bourgeoisie, ever vigilant against the possibility that their research might uncover signs of meaning and purpose which could undermine the anarchic rule of the market order. Penetrating the mystery of cosmological fine-tuning is a difficult task indeed, and we must be cautious about facile solutions, but were there to be no solution there would, ultimately, simply be no science.

The second alternative, what has come to be called the Weak Anthropic Principle, holds that what appears to us to be cosmological fine-tuning is nothing more than an selection effect due to our observer status, and that there are vast regions of space-time where physical law and constants are different, whether this possibility is understood via the many-worlds interpretation of quantum mechanics or some other theory.

This approach is no better than the first. While there could, once again, be regions of space-time with different physical laws and constants, we have absolutely no reason, except for certain irrationalities and paradoxes generated by current physical theory, coupled with a desire to avoid any implication of ultimate meaning and value, to believe that there are. And to posit such regions in the absence of direct evidence constitutes an unproven assumption which renders the theory which depends on it singularly uneconomical. We can thus exclude this alternative as well. 

This said, the question remains in just what sense physical systems can be said to be ordered to higher ends. The terms of the debate around this question have been set, in recent years, by Frank Tipler’s subjective idealist Omega Point Theory. We have discussed the physical difficulties with this theory above. Here we focus on its adequacy as an explanation for cosmological fine-tuning. We begin by pointing out that while Tipler talk's freely about God and even about the resurrection of the body, his theory is, in fact an attempt to save mathematical-physical reductionism in the light of evidence of internal contradictions and countervailing evidence. The key link in his strategy is his identification of organization with information content and his theorization of the universe as a vast-information processing system. "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). 

Now Tipler notes that the underlying mathematical formalisms of quantum and relativistic physical cosmology in fact allow a great many different sorts of universes, some of which might permit the development of intelligent life, but the vast majority of which do not. From this point of view the fine-tuning of our universe might appear to be simply a selection effect of our observer status, something which would reduce allow for only a weak anthropic principle. But Tipler argues that there is more at work here than meats the eye. A universe which did not allow for observers could not be observed. And yet observability is precisely what physicists generally mean by existence. He thus argues that while there are many possible universes, only those which allow for observers can be said to exist physically --and it turns out that such universes must look a great deal like ours. What begins as a weak-anthropic selection principle thus turns out to be a strong-anthropic constraint on physical possibility. In order to avoid the inelegance of multiple physical universes, Tipler then goes on to argue that all physically possible universes converge at the same end or Omega point, as a result of the organizing activities of intelligent systems on the structure of the universe as they take the measures necessary in order to ensure the indefinite continuation of intelligent information processing. 

There are a number of difficulties here. First of all, Tipler's "solution" amounts to little more than a matter of definition. At no point does he show that existence and observability are the same thing and at no point does he answer the many criticisms which can be raised of this essentially Berkeley subjective idealism. Indeed, all he really shows is that if existence and observability are convertible terms, then physical universes must be structured to allow observers. Furthermore, if we assume his premise, and also the commonly accepted proposition that intelligent life evolved at a definite point in the history of the universe, so that there was a time when there was no intelligent life, and that the universe as it is today is a product of that earlier universe which had no intelligent life, we run up against an insuperable problem. By Tipler's criteria, the earlier universe, because it was not perceived, did not exist.
 In this case the universe as we know it today is a product of nothing, which is impossible. If, on the other hand, we allow that the universe is caused by the action back through time of the infinitely intelligent system which exists at the Omega point --i.e. God-- then we still need to ask how this is possible. As Tipler points out the reversible physical laws on which he relies (simply ignoring the problem of thermodynamic irreversibility) work as well back through time as forward into the future, but the causal mechanism itself still needs to be specified. Now what the Omega Point does is to process all logically possible information, so that it emulates the entire history of the universe (including us). But on this account it would be impossible to tell whether ours is the "original" (or one of the original) cosmohistories, or simply an emulation remembered by Omega. For Tipler this is not a problem --by the "identity of indistinguishable" the two are actually identical. But then the whole of physical reality is collapsed into an emulation on a cosmic supercomputer which appears to us to be the product of the future engineering feats of our descendants or those of other intelligent organisms but which in fact is all that actually exists --or what amounts to the same thing, into ideas in the mind of God. Now while this is a logically possible explanation for the world we see around us, it is hardly the most economical. Tipler "saves" mathematical physics by abandoning its principal aim: the economical formal description of physical phenomena. And he "restores" meaning to the universe by rendering the ground of that meaning --God-- utterly trivial, little more than a cosmic masturbator who thinks us, with all our joys and hopes and all our struggles and suffering, simply for his own amusement. 

Closer to Tipler's position than either of them would like to admit is that of Stanley Jaki (Jaki 1980), who takes the principal result of mathematical physics to be the dual recognition of the ordered nature and the radical contingency of the universe. Here the key conclusion is the Big Bang, which he takes as pointing towards creation ex nihilo and thus towards the existence of God. Cosmological fine-tuning, which he seems to understand primarily as the fixing of physical constants and other quantities at what in themselves are highly improbable values, simply highlights a contingent ordering which should already be apparent from the rest of physical theory (Jaki 1980: 11). 

Jaki contrasts his position not only with a physical reductionism which simply fails to ask the larger question of what caused the universe but also with idealist or materialist pantheisms which attempt to mitigate the contingency of the universe, and thus of humanity, and their radical dependence on God in favor of doctrines which point towards self-organization (Jaki 1980: 15). Indeed, it is against the latter danger which he aims the main blow. Recognition of the beauty of the universe, he argues, leads to a temptation to see the order of the universe as somehow necessary on a priori grounds, but this enterprise is ultimately doomed by Godel's Theorem which showed that no nontrivial system of mathematical formalisms could have its proof in itself (Jaki 1980: 47-49). Physics, which he understands exclusively as mathematical physics, is simply a system of mathematical formalisms, and can never hope to prove the existence of God; this is a task for metaphysics (Jaki 1980: 102-103).

Jaki's position is, in effect, an application to the problems of contemporary cosmology of the larger philosophical-theological problematic of the Augustinian reaction. His principal concern is neither scientific or properly metaphysical, but rather ideological: he is concerned that the progress of science will undermine humanity's recognition of its dependence on God --and thus on His earthly representatives. And his principal concern here is not the nihilism and despair promoted by physical reductionism. On the contrary, he accepts the reductionist framework enthusiastically; he simply notes that they do not draw out the necessary metaphysical conclusions. Rather, his principal concern is with pantheism, which we showed in an earlier chapter to be the philosophical manifestation of the resurgent cult of the Magna Mater and always the principal competitor with the priestly hierarchy for the hearts and minds of the people. We will see shortly that there are difficulties with materialist and idealist pantheisms, but their errors are not nearly so grave as Jaki's.

What Jaki does, in effect, is to set up a straw-man, and then bludgeon it to death without ever really confronting his adversaries. Correctly pointing out that the order of the universe cannot be shown to be necessary a priori, he never addresses the possibility that it might be shown to be necessary, or at least to make eminently good sense in a way which suggests that it is probably rationally necessary by an a posteriori argument, as we have attempted to do. This failure indicates a failure to distinguish properly between formal and transcendental abstraction and to understand the intimate relationship, as well as the distinction, between science and metaphysics. Science shows the necessity of the cosmic order by concluding not formally and mathematically but transcendentally and dialectically to the end to which it is ordered and in the process demonstrates the existence of God; metaphysics then investigates the nature of God in so far as that can be understood by a finite intellect, showing, for example, the convertibility of the transcendentals, exploring the nature of the divine intellect and will, without ever comprehending the divine essence.
 Mathematical physics makes the universe appear contingent because it is not really physics, not really science, but only an auxiliary to science which describes rigorously what must be explained, rather than even beginning to mount such an explanation.

The dialectical materialist approach to cosmological fine-tuning stands, in many ways, at the opposite end of the spectrum from Tipler's subjective idealism and Jaki's neo-Augustinianism. Where Tipler makes as much as possible of the mysterious paradoxes of mathematical physics, dialectical materialists such as Eric Lerner take these paradoxes as signs that, as we ourselves have argued, there are fundamental problems with dominant paradigm within the discipline itself. Indeed, Lerner sees himself as a critic of the whole trend towards anthropic explanations. Many supposed cosmic coincidences, he argues, are the result of errors in theory or fact. Thus the fine-tuning of , a quantity related to the mass of the universe and which determines whether it is open, closed, or flat, depends on the whole Big-Bang cosmology, which he has helped us to see is profoundly flawed. "Eliminate the Big-Bang and the incredible fine-tuning of omega is no longer needed (Lerner 1991: 399)." And the tuning of the ratio between the strength of gravitational and the electromagnetic interactions, he claims is not nearly so fine as Brandon Carter and others have claimed. "In fact the electrical force would have to be twice as strong or the force of gravity six thousand times stronger than it is before stars like the sun would be impossible (Lerner 1991: 399)."

These criticisms can, however, eliminate at most only some of the "cosmic coincidences" on which anthropic reasoning is based --they do not touch, for example, our larger claim that the whole fabric of physical law is fine-tuned for life and intelligence. Lerner's real objection to anthropic reasoning is that it is based on the notion that matter is inert and that the fact that it has taken on configurations which make possible, and in fact actually lead to life and intelligence is extremely improbable. This outlook, in turn, makes the actual course of cosmic evolution appear to be a great mystery, explicable only in terms of divine providence. Against this view he cites the growing recognition, due especially but not exclusively to the work of scientists such as Ilya Prigogine, of the self-organizing dynamic of matter itself.

What all ignore, and what is emphasized in the new view of cosmology and thermodynamics, is the natural tendency of all matter, both animate and inanimate, to evolve continuously towards higher rates of energy flow, towards the capture of greater currents of energy (Lerner 1991: 400).

Recognition of the self-organizing dynamism of matter, Lerner argues, renders recourse to immaterial teleological principles or to divine providence unnecessary --and indeed uneconomical. Both the pessimistic cosmology which mathematical physics tends to produce spontaneously, and the new anthropic mysticism are, he argues, reflexes of a capitalist society plunging deeper and deeper into crisis.

Now there is much to commend Lerner's position. Even if he rules out more incidences of cosmological fine-tuning than are really warranted, his diagnosis of the underlying contradictions of mathematical physics is right on the mark. The reduction of all change to local motion and of "science" to the formal description of local motion does indeed render matter dead and make the development of complex organization a mystery. And we have already argued in length that these reductions play an integral role in the ideological arsenal of Capital. The recognition of matter as a real potential for organization --as an authentic  and not merely as dead stuff-- furthermore, marks a break not only with capitalist but also with patriarchal-tributary ideological deformations which entered philosophy at the time of its birth.

This said, Lerner's concern to combat neo-Augustinian mystifications leads him into serious error. It is one thing to say that matter is self-organizing in the relative sense of always displaying a tendency to develop toward higher degrees of organization. It is quite another thing to attribute to anything finite an authentic power of self-movement. Indeed, the very logic of the claim that matter develops towards higher degrees of organization implies that it is moved, albeit only as final cause, by the higher principle towards which it tends. And in so far as matter never rests (and no good Marxist could claim that it does) this principle is not simply the next higher degree of organization (a claim which would bring a whole new cluster of problems with it --is the evolution of complexity a continuum, a quantum, or a purely qualitative phenomenon?) but rather organization as such, the synergistic integrity in which all beings participate but which is a transcendental property of Being itself. Far from being uneconomical, recourse to God is, as Aristotle demonstrated long ago, necessary for a complete explanation of material organization.

Second, Lerner's approach fails to explain why matter is dynamic and self-organizing --or indeed why there is matter in the first place. Recourse to the principle of the conservation of matter and arguments, no matter how convincing, for the eternity of the universe, do no good here. As numerous philosophers have demonstrated (Maimonides 1190/1963: 235-52, Aquinas. Summa Theologiae I.3), even an eternal universe, unless it is itself identified with God (Spinoza. Ethics) cannot be self-caused and thus requires some first principle outside itself for its explanation. 

Lerner stands in the place of the old Radical Averroists: determined to combat the Augustinian reaction he ends up cutting the ground out from underneath of the very forces of progress he hopes to defend. As we have noted above and shown in detail elsewhere, this approach leads to a radical secularism which leaves the ethical claims of socialism unfounded.
Idealist dialectics in the Hegelian tradition takes one step forward from the dialectical materialist position, but also one step back. On the one hand, Hegelians such as Errol Harris (Harris 1991) are more than willing to grant the necessity of some logically prior organizing principle in terms of which the self-organizing dynamism of the universe, its tendency to develop towards increasingly complex forms of organization, can be explained. For Harris, this principle is nothing other than the logic of the whole itself, which specifies itself in successive finite forms, each of which gives it a more complex, more complete, and more adequate expression but each of which is superseded by still more complex, complete and adequate manifestations, until it gives rise to life, intelligence, and eventually to God.

So regarded, the series of relationships, from mathematical to physical, and thence to organic, sentient, and cognitive, traverse a metaphysical spectrum which, being dialectical reveals the emergent conscious phase as the actualization of what is only implicit in its progenitors ...

... In the end . . . it may well become apparent that the presence in the world of intelligent life at the level of human mentality does indicate a further extension of the dialectical scale and a final consummation in some conceivable necessary self-conscious supra-personality, no doubt beyond our capacity to envisage, but one which comprehends the ultimate whole, expressing itself in, and specifying the principle of its activity through, the phases of the dialectical scale.

A consummation of this nature would correspond to Anselm's definition of God as "that than which a greater is inconceivable (Harris 1991: 26-28).

In this context the cosmological fine-tuning discovered by mathematical physics is simply an initial and implicit expression of the drive towards life, intelligence, and indeed divinity which is implicit in the system from the very beginning.

Harris' position represents an advance with respect to dialectical materialism in the sense that, by acknowledging the existence of a logically prior organizing principle, a principle which is at least implicitly divine, Harris satisfies the principle of sufficient reason and does not leave the self-organizing dynamism of the universe unexplained. At the same time, by accepting so much of mathematical physics as a "sketch" of the organizing principle of the universe, Harris leaves himself open to the charge that he is attempting to show the rational necessity of the universe a priori, something which is ruled out by Godel's Theorem. He can escape this charge by claiming that he has recourse to a higher, dialectical logic which transcends the antinomies of mere formalism (Harris 1987), and much of his argument is, in fact saved by its authentically dialectical character. Harris fails, however, to see the link between the antinomies of formalism and the internal contradictions of mathematical physics. He thus ends up by accepting elements of physical theory which are deeply problematic, such as the Big Bang. And by making the universe essentially the necessary working out of a single logical principle, he makes it very difficult to account adequately for the very phenomena of failure, loss, death and disintegration which led to the crisis of Aristotelian physics in the first place. It is, to be sure, possible to argue that the forms which arise as a result of these phenomena are logically necessary for the completeness of the system, but this tends to make divine perfection into a sort of ruthless rationalist search algorithm, logically identifying and assuming every possible form for no good reason other than to be more complete than would otherwise be the case. The more classically Aristotelian approach which we have been developing on the other hand, makes failure an inevitable --but by no means logically deducible or predictable-- result of the diverse ways finite systems respond to teleological attractors of varying strength under differing material conditions. The enormous burden of evil and the suffering which results from it is redeemed not because it is itself logically required for completeness, but because it helps to stretch finite systems to grow beyond their limited capacities --to become more than they are and thus grow towards God.

Our own approach to the problem of cosmological fine-tuning has already been laid out implicitly in the foregoing critiques. We affirm with Lerner and Harris and the whole dialectical tradition that the physical universe and its structure are by no means contingent or highly improbable. On the contrary, they can be shown a posteriori to be rationally necessary to any material organization whatsoever. Indeed, systems which lacked spatiotemporal extension, the subtle dialectic of element and interaction, particle and wave, matter and energy, and which were not subject to the constraints of thermodynamic disintegration would either not exist at all, or they would transcend the sort of emergent organization characteristic of material systems and enjoy an existence which could only be described as angelic, not so much tending toward particular perfections of form, but already actually being such perfections. Something which lacks spatiotemporal extension, which cannot undergo physical interactions either internally or with other system, and which is not subject to degradation or corruption is either nothing or else it is one of the ends towards which physical systems are ordered.

This said, physical systems are not logically necessary in the sense of being merely a preliminary specification of some organizing principle --e.g. the idea of Being. Rather they are really distinct participations in Being which as such have at least a limited beauty, intelligibility, goodness and integrity of their own. And this means that they can develop not, to be sure, along just any lines, but along any lines compatible with physical law and with the attractive power of Being which affects physical systems only as a tendency to conserve system integrity --i.e. a tendency to seek stable configurations. This introduces a real and radical contingency into the universe, since there are many ways to achieve such stability, not all of which are equally progressive from the standpoint of the larger dynamic of cosmic evolution. In this sense materiality is real limit on form in a way that idealist dialecticians such as Harris do not fully comprehend. This limitedness itself, to be sure, turns out to serve cosmic evolution, but not by something inherent in its own nature. Rather, it is by grace of the participation of limited systems in larger totalities that they are driven to becomes something more than themselves and offered the possibility at least of growing towards God.

Finally, we must acknowledge that we have not yet actually shown the necessity of physical matter and its structure, but only its necessity to higher degrees of material organization --e.g. life and intelligence. In order to complete our argument we need to show that life is in fact ordered to intelligence and intelligence to God. This will be the subject of the next three chapters. Only then, as we cross the boundary from science to metaphysics, will we be able to explore in what sense the universe as such is necessary and thus to resolve fully and completely its the question of its ultimate meaningfulness.

 1 Weaker forms of the morphogenetic fields thesis depend on chemical gradients within organisms which operate according to the laws of nonlinear thermodynamics in order to regulate the development of complex biological structures (Prigogine 1984). Advocates of stronger forms of the thesis (Sheldrake 1981, 1989) point to such phenomena as various chemicals "learning" to crystallize for the first time, and then subsequently beginning to crystallize all around the planet, something which seems to defy explanation by the more mechanistic forms of efficient causation. They also point out that while chemical gradients may well play an important intermediate role in morphogenesis, this does not explain what causes the chemical gradients themselves to form, or more generally the link between the information encoded in the genome, which merely codes for various proteins, and the formation of the larger organism, with certain genes being activated only at certain places in the body and at certain times.


�  We reject the term "anthropic principle" or "anthropic cosmology," as descriptions of our own position because it seems to us to imply that the universe is ordered to humanity specifically rather than to life and intelligence in general, and ultimately towards God. It also seems to us to be an attempt to evade use of the controversial and sometimes ambiguous term "teleology," even when this is, in fact what is actually being claimed. Because the term has come to dominate the debate however, we will us it when discussing the views of those participants in the debate who accept the term, while reserving the term "teleological principle" or "teleological cosmology" for our own position. 





3 There is, it is true, a slight difference between Tipler's criterion for existence (that the universe allow for observers) and the Berkeley esse est percipi. But there is no good reason for this difference; it is merely a conceptual slip that lets him dodge an obvious contradiction.


4. Jaki, who seems to think of himself as a Thomist, demonstrates the profoundly Augustinian character of much contemporary Thomism, especially that of the Gilsonian school. Authentic Thomism recognizes that Thomas was first and foremost an Aristotelian, and closer in spirit if not in letter to Hegel and Marx than to Augustine or Henry of Ghent.
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