
Chapter Three

The Development of Mathematical Physics
If mathematical physics is, in large measure, a reflex and instrument of the capitalist system, then it follows that as capitalism develops and changes, so to will mathematical physics. Part of this development is bound up with the creation of new technologies, which at once depend on basic physical theory and provide one of the social sites at which that theory is produced. It is this link with technology which has guaranteed that, the theoretical limitations of the discipline notwithstanding, mathematical physics continues to make authentic contributions to our understanding of the universe. Theories which must prove themselves through technological applications can never become entirely disassociated with reality. But we have seen that the generation of technological innovations is only one of three ways in which mathematical physics serves --and is hegemonized by-- Capital. Spontaneous ideological effects and conscious polemics also affect the development of the discipline, and here the internal contradictions of capitalism manifest themselves from the very beginning. Indeed, we will see that as the process of capitalist development unfolds, the basic theoretical structure of mathematical physics changes so radically that it is impossible to say that it retains the same formal object throughout. What is more, it is not just that physics develops a variety of theories which are not fully unified; on the contrary, the way in which each of the subdisciplines understands its formal object is logically incompatible with all of the others, so that the whole complex of ideas becomes inconsistent. What begins as an effort to develop rigorous mathematical formalizations of local motion is fractured into a complex of competing theoretical perspectives. Our aim in this chapter is to analyze the development of mathematical physics as a function of the larger process of capitalist development of which it forms an integral dimension. We will show in the process that while there is indeed a place for mathematical formalization in the study of the universe, and while mathematical physics has made real contributions to science, on the whole the ideological function of the discipline has dominated its development, helping to secure the hegemony of Capital even over movements which have attempted to contest it, such as the international communist movement. We will also demonstrate that the internal contradictions of mathematical physics cannot be resolved at the level of formalization itself, but require a move to transcendental abstraction which alone can generate a complete, consistent, explanatory theory of the universe.

Our discussion will be organized historically, with separate sections on each of the principal periods of capitalist development identified in the previous chapter, i.e.

· mercantilism

· industrial/competitive capitalism, and 

· pure finance capitalism or infokatallaxis.

It must be remembered, however, that these stages or periods are defined sociologically and not chronologically. The dynamic which leads to industrialization reaches back well into the mercantilist period, and industrial-capitalist tendencies persist in our own infokatallactic era. Scientific developments will be discussed in the section proper to the dynamic of which they are a part, and not in chronological order.

Mercantilism and Primitive Accumulation

The Social Context of the Scientific Revolution
We have already sketched out briefly the principal characteristics of the period of mercantilism and primitive accumulation, but before we can analyze the development of mathematical physics during this period, we need to specify these characteristics in more detail. At the technological level, as we have noted, specialized agriculture and handicrafts continue to dominate. This is the period during which large scale plantation agriculture becomes a driving economic force, as Europeans conquer and subject to the norms of the global market the peoples of Asia, Africa, and the Americas. But this is also the period during which the process of technological innovation which had been set in motion during the feudal era is completed, with the invention of the telescope and microscope, reliable chronometers, the printing press, etc. --inventions which at once depended on and made possible further development in mathematical physics.

At the economic level two key events combine to create the rudiments of a global market in which effective demand for the first time begins to compete significantly with state policy as a determinant of economic development. First the European conquest of Asia, Africa, and the Americas enormously enriches the European ruling classes creating sufficient effective demand to serve as a real motor of economic development. Second, the expropriation of the productive classes, which begins in earnest during this period, forces people who formerly produced what they consumed to produce instead for the market and to purchase there what they needed for their own subsistence. This market was far from perfect, nor was it in any sense a spontaneous organization or an autonomous force. On the contrary, large numbers of people --in some regions the great majority-- remained outside of it, producing for subsistence. The market depended for its creation on the direct action or indirect support of the state apparatus, and it continued to be constrained on every side by state policies which organized and directed the flow of commodities, and thus constrained the operation of market forces. There remained, in other words, a “fixed frame” of reference against the background of which market forces operated and a sovereign power which seemed to have brought both the fixed frame of nonmarket institutions and the market itself into being, and to which both remained subject. At the same time market forces became for the first time a sufficiently important factor in shaping social life that sovereigns felt obliged to engage the services of “political economists” to investigate these forces and advise them on how best to manage them.

This raises, of course the question of the state apparatus itself. During the mercantilist period, the dominant form of political organization was the absolutist state. There has long been debate among dialectical sociologists regarding the class character of this state. Some have seen it as an instrument of the bourgeoisie during its period of primitive accumulation and global conquest; others have seen it as essentially feudal. This seems to us to be the wrong way to pose the problem, because it fails to take into consideration the inherent dynamism of the state itself as a social institution. It is certainly true that the action of the absolutist state was largely shaped by the interests of the feudal elites. While most absolutist states had an estates system which represented the bourgeoisie as well as the feudal landowners and the clergy, by the seventeenth century these bodies had yielded most of their power and the states themselves had either become dominated by the feudal classes or become a means by which members of the rising bourgeoisie could become “ennobled,” so that members of the bourgeoisie who entered state service lost their bourgeois character. And as Perry Anderson (Anderson 1974b) has pointed out, the absolutist state was structured first and foremost for war, which had always been the principal means of economic expansion under feudalism. But it is also true that the absolutist state confronted an increasingly bourgeois world. Dependent on bankers for loans, subject to the influence of radical price fluctuations due to the impact of American bullion on the world market, forced to supplement conquest with trade if they were to have any hope of maintaining their revenues, the policy of the absolutist state was above all an attempt to cope with dynamics which would have been utterly unthinkable to even a large feudal lord in an advanced region of Europe in, say, the twelfth century. What sets the absolutist state apart, however, from either a purely feudal lordship focused on maintaining the revenues of a single lord, or such properly capitalist institutions as the marketplace itself, which is without global purpose, is the tendency to organize itself to pursue a global public welfare or common good, even if the way in which that welfare is understood is deformed by feudal class interests and even if the good is pursued in a context of social dynamics which remain largely outside the purview of state control. What the state does is to attempt to understand the laws which govern society and use that knowledge in order to regulate society for the common good. 

This new form of organization generates its own distinctive sort of personnel, and in the process produces a new social class or class fraction. To the extent that the state actually becomes a state, and is not simply a revenue generating activity of a great feudal lord, personnel are recruited on the basis of their ability and exercise authority based on their expertise. They may come from the ranks of the feudal elite or from those of the petty bourgeoisie or even the peasantry or proletariat. Generally they possess university education; indeed the expansion of the universities in the late middle ages was driven in large part by a growing demand for court officials. In so far as they earn their revenue from their labor power, this new state intelligentsia is a fraction of the working class; in so far as they are an elite supported by taxation they are themselves a sort of semifeudal or semitributary aristocracy. What sets them apart from the officials of archaic or tributary states, however, is the sense of confronting a complex “private sector” which at once operates according to its own laws, which the official must master, and which is the object of state action and regulation. 

The absolutist state and its personnel were, in other words, distinctly modern phenomena. Indeed, it would not be too much to say that the state which came into being under absolutism persists today, even if the format of class representation has changed, from a weak estates system to a stronger party-and-legislature system. It would also not be too much to say that state intelligentsia which came into being under absolutism is the same intelligentsia which attempted to declare independence from and even suppress the marketplace under socialism and which is now under attack by a global market which makes economic regulation increasingly difficult at the national level.

Understanding the character of the absolutist state and of the new state intelligentsia which it produced is of paramount importance for understanding the specific character and development of mathematical physics --not only under mercantilism, but up through the present period. It is precisely during this period that the state becomes, for the first time, one of the principal patrons of the arts and sciences, and develops new institutions through which to organize scientific activity: the royal societies and academies of sciences --institutions which have a profound impact on the way science is done. If, on the one hand, the academies of science and the whole emergence of the state intelligentsia represent a penetration of the petty-bourgeois and proletarian principle of meritocracy into the state apparatus, something which is carried farthest in Russia, where membership in this social category carried noble status after Peter the Great, and where status within the nobility was no longer determined by birth but rather by meritocratic rank (Konrad and Szelenyi 1979: 88-90), the new system also represented a loss of autonomy for the intelligentsia. Decisions about merit were no longer made by autonomous guilds but rather by the state apparatus itself, which remained under the control of the feudal elite and later the bourgeoisie. There were, furthermore, strict limits placed on the authority of intellectual functionaries. The aims of state policy were still fixed by the monarch or later by a legislature or party organization; what the state intelligentsia contributed was technical expertise. This, in turn, had important effects on the development of the arts, sciences, and philosophy. The whole enterprise of reasoning about ends becomes suspect. Philosophy loses prestige and power by comparison to the other disciplines, and begins to retreat from the whole enterprise of reasoning about ends. It ceases, in other words to be philosophy. Thus the powerful critiques of teleology mounted by rationalists
 and empiricists beginning in the seventeenth century and continuing up through the present period. It is only with Hegel that teleological reasoning begins to reassert itself, and when it does so it is accompanied by a political doctrine which attempts to put the intelligentsia in a leading position within the state apparatus.
  by comparison is highly valued, and the relative prestige of disciplines depends in large measure on the power of their techne. Thus the leading role of the mathematical physicist, and later his practical counterpart, the engineer, who is at once extremely useful, generating directly or indirectly countless technological advances, while keeping at arms length ethical questions which might undermine the authority of policy-makers. The “social sciences,” which emerge during this period in the form of political economy and political arithmetic, must, by comparison, struggle for respectability and against the taint of subversion.

William Eaton has pointed out the profound shift in the ethos of the sciences which took place as the absolutist “academy” replaced the “universitas” as the principal locus of scientific research. The medieval “universitas” was a petty bourgeois institution par excellence. Organized as a union of guilds, individual scholars and scientists at once learned from each other and engaged in sharp, even raucous debate --debate which took place in the tavern as often as is the lecture hall. Insight and logical prowess were valued over civility and consensus. In the new social space of the academies, which Eaton argues were created by displaced aristocrats seeking a new function in the context of the emerging bourgeois order, the emphasis instead was on replicability of experiments and the creation of a collegial atmosphere which tended towards consensus. Reasoning about ends was explicitly excluded (Eamon 1994). These basic dynamics, which first took shape under the absolutist state, continue to govern the operation of official state science of the sort that is practiced in government laboratories and in universities heavily dependent on state funding to this day, and has had a profound impact on the whole ethos of the university as well, where the “ability to work collegially” (i.e. a commitment not to rock the boat) and an acceptance of the principles of value-neutral scholarship (i.e. to not questioning the market order) have increasingly become the precondition for appointment to tenured professorships.

This institutional framework had a powerful impact on the way in which those who formed a part of it perceived the world. The state intellectual confronts society as a reality independent of the state, operating according to its own laws, which it is his responsibility to formalize so they can become tools of state regulation. In so far as these laws are increasingly those of the marketplace, they are first and foremost quantitative laws --the laws of supply and demand and the other quantitative relationships which govern the movement of commodities in the abstract space of the market. The result is a tendency to see the universe as a whole as a system of quantitative relations --and in this the whole project of mathematical physics is already given. Rationalist philosophy, which takes mathematical physics as its epistemic ideal, follows naturally. 

It is important to point out, however, that not all science fit within this model. The royal societies and academies tended to take over and dominate the disciplines which had traditionally been part of the university curriculum. This meant the theoretical sciences --especially mathematics and mathematical physics more narrowly understood. This is, perhaps, because it was these disciplines which regulated the other sciences and which were therefore strategically the most significant. It was here that the battle against Aristotle was fought out. What have often been called the Baconian sciences, however --those which were more experimental in nature, such as alchemy and natural history, remained largely independent of the academy system, and tended to be the pursuit either of inventors or tinkerers who were engaged in some practical discipline, such as medicine, pharmacy, metallurgy, etc. or else by leisured independent aristocrats. In this environment a very different sort of scientific ethos developed --one which stressed systematic observation and experiment, and which put a premium on the capacity for empirical pattern recognition. It was this milieu which provided the context out of which chemistry developed, and later genetics and evolutionary biology. It also produced the empiricist strain in philosophy which became dominant in the nineteenth century, in the wake of the industrial and democratic revolutions, just as Newtonian physics was beginning to exhaust itself (Eaton 1994). 

We need, finally, to say a word about the impact of other ideological struggles on the development of science in the mercantilist period. The most important ideological development in this period was, of course, the Reformation/Counter-Reformation. We have already seen in the previous chapter the role of the Augustinian reaction of the late thirteenth century in undermining the foundations of Aristotelian science and laying the foundations for the development of mathematical physics. We will recall as well that the struggle between the partisans of Aristotle and the partisans of Augustine was bound up with the struggle over the authority of the hierarchy. On the one hand, Aristotelian philosophy, by making all human activities a participation in the life of God, promised the clergy a wide field for possible action. At the same time, Aristotelian philosophy also threatened to so emphasize natural human participation in the life of God as to make revelation and sacrament --and thus the clerical hierarchy-- unnecessary. Augustinian pessimism, by contrast, highlighted the necessity of grace and revelation, and left little scope for the secular intelligentsia which had been become the principal antagonist of the clergy. Depending on the details way in which Augustine was read, it could either make the clergy the sole source of legitimate political authority or else confine the clergy to a ministerial role and thus the undermine the basis for the magisterium and for clerical intervention in political affairs.

It was this latter potential of Augustinianism which was developed by the Reformation, though the Lutheran and Calvinist variants differ significantly. Lutheranism represents a return to classical Augustinian political theology, which makes a sharp distinction between law and gospel, the Kingdom of Justice and the Kingdom of Mercy, the realm of the state and that of the Church. The state exists to safeguard order in a world given over to sin; the Church is the community of those who have the grace of faith in the saving death of Jesus Christ. It is little wonder that this doctrine was attractive to feudal princes and wealthy burghers anxious to be free of clerical restrictions. Calvinism, on the other hand, built on the political Augustinianism of the middle ages in arguing that legitimate political authority could be exercised only by those who held their authority from Christ. All else was mere organized banditry. At the same time, Calvinism assigned this authority not to those who had been anointed by the vicar of Christ, but rather to those who showed evidence of actually having been saved, judgment regarding which was exercise by a dispersed local clergy, often with significant participation by lay elders drawn from the gentry or the bourgeoisie. Financially dependent on these lay elders, even those Calvinist divines who wanted to assert their authority over the public arena were unable to, as Jonathan Edwards learned to his dismay when he was dismissed from his pulpit in Northampton, Massachusetts for, among other things, defending the land rights of the indigenous communities. 

Either way, the Augustinian theology which Rome had used against the Radical Aristotelians now threatened to put it out of business.

The result was a sharp turn on the part of Rome away from Augustinianism and back towards the Thomism which had been effectively rejected in the thirteenth and fourteenth centuries. The Thomism which was embraced, however, was not that of Thomas, deeply rooted in empirical inquiry in the natural sciences, and bound up with the dynamism of a new lay spirituality in the cities, a Thomism which was no stranger to the alchemist’s laboratory and which was in dialogue, if not always in agreement, with Judaism and Islam, with Radical Aristotelianism and the cult of the Magna Mater. It was, rather, a Thomism which more or less self-consciously capitalized on the potential of Aristotelian philosophy to legitimate the authority of the hierarchy in an increasingly secularized and skeptical world, using Aristotelian methods to demonstrate the existence of God and the credibility of revelation, while interpreting revelation in a way which reflected significant Augustinian influence (Thibault 1971). 

Both the Reformation and the Counter-Reformation had a significant impact on the development of mathematical physics. On the one hand, the Reformation created a political-theological space in Northern Europe in which it became not only possible but in fact all but mandatory to reject Aristotelian cosmology entirely. The axiological and teleological space-time of Aristotelian physics was, after all, incompatible with both the tendentially infokatallactic order of the marketplace and the  of the absolutist state, which saw it self as imposing order on society from the outside. The tendency on the part of Luther and Calvin themselves was to reject natural theology altogether, something which freed physics of all responsibility to the religious authorities.
 And when natural theology began to re-emerge in the seventeenth and eighteenth century, it did so either in the guise of the purely formal, almost mathematical ontological argument revived by Descartes
 or in the form of design arguments such as those advanced by Newton and Paley which treated God as sort of celestial absolute monarch who fixed the laws of nature by decree, rather than simply embodying them as a rational necessity.

In the Catholic countries on the other hand, the theologians of the Counter-Reformation struggled to conserve as much as they could of Aristotelian cosmology not because of its explanatory power but rather because it provided the necessary scientific infrastructure for the metaphysics which in turn was necessary to papal power. This meant that they clung to specific contents of Aristotle’s system, including geocentrism and the heaven/earth dualism --precisely those aspects of the system which were rapidly being discredited by new empirical evidence, and which had always played a politically reactionary role-- rather than conserving a broadly Aristotelian scientific strategy while attempting to accommodate new evidence, something which would have involved expanding the concept of teleology to take into account the realities of chaos, contradiction, and disintegration. The result was that Aristotelianism was discredited, regarded (though the term itself did not exist at the time) more as ideology, and clerical ideology at that, than as science.
 

The Newtonian Space-Time
The Fundamental Theories
What these forces did was to combine to bring into being what we have called the “Newtonian space-time, the principal characteristics of which can be described as follows:

1) There is a fixed frame, given socially by the network of nonmarket institutions against the background of which exchange takes place and represented physically by the fixed stars, which were not yet known to move.

2) The basic qualitative and quantitative determinations of things are also regarded as both given and distinct from each other. By the basic qualitative determinations of things we mean shape, color, etc. The basic quantitative determinations of matter are mass and extension Indeed matter appears simply as a collection of point-particles with mass extended in space. The fixity and independence of the basic determinations of matter is a residue of the experience of price stability, and of a natural price which underlies the market price of commodities which, it is now recognized, may fluctuate wildly. 

3) It is assumed that it is still possible to rise to a standpoint outside of and above the physical processes which take place in the universe, something which is given socially in the absolutist state, which stands above the marketplace. The activity of the universal sovereign, however, is increasingly understood to consist in the design of the system in accord with the rules of formal logic, a reflex of the objective constraints on sovereign power by the realities of the market order.

4) The formal object of “science,” however, becomes simply the local motion of point particles with mass. The fact that the formal object of scientific inquiry is restricted in this way is a reflex of the growing importance of the movement of commodities in the marketplace, as opposed to the complex of nonmarket institutions, including the state, against the background of which that movement takes place in determining the real allocation of resources, and thus in determining what happens socially. 

The development of mathematical physics during the mercantilist period is simply the logical working out of this program, which was laid out more or less explicitly by Galileo Galilei in his Discourses Concerning Two New Sciences (Galilei 1638/1914), and its application in so far as possible to every sphere of inquiry. Concretely this meant, 

1) the development of a credible formal model of terrestrial motion

2) the development of a credible formal model of celestial motion,

3) the unification of terrestrial and celestial physics under uniform “mathematical principles of natural philosophy,” and

4) the extension of the resulting mathematical model so that the whole universe could, at least in principle, be modeled using a single equation.

The first task fell to Galileo Galilei. While the story of his experiment at the Tower of Pisa is probably apocryphal (Feather 1959: 122-123), it was in Pisa during the years between 1589 and 1591, working with metal spheres and inclined planes rather than leaning towers that he carried out his most important research, arriving at one quantitative and two qualitative principles. The quantitative principle may be stated as follows:

In free fall under gravity the distance traveled from rest is proportional to the square of the time of fall (Feather 1959: 124)

or, alternatively,

In free fall under gravity, velocity increases linearly with time (Feather 1959: 124)

The result was isolation of the concept of acceleration.

Galileo also discovered the fact that the accelerations of falling bodies (or rather bodies rolling down an inclined plane) of different masses are in fact identical, the implication of which was the identification of the acceleration due to gravity as a fundamental geophysical constant (Feather 1959: 124). A second experiment in which "two inclined planes were set facing one another, forming a shallow V" led to the observation that, "under ideal conditions, a ball which had rolled down one plane would roll up the other losing speed, as it had previously gained speed in descent, until it came to rest, momentarily, at a height above the horizontal which was equal to the height from which it had started (Feather 1959: 124)." The result was the isolation of the concept of inertia.

The change wrought by Galileo in our understanding of space, time, and motion cannot be underestimated. Not only, in arriving at a correct formal description of terrestrial local motion, does he seem to vindicate the turn from explanation to formal description, but in showing that bodies of different mass fall at the same rate, he radically disassociated even the basic quantitative determinations of bodies from their motion with respect to other bodies. This means conceiving the universe as a system of externally related particles --precisely the universe people were already beginning to experience with the emergence of generalized commodity production. The quantitative determinations of these particles and the inter-relations between these quantitative determinations can be known only by observation and are expressed most adequately in formal, mathematical statements. And behind this new way of understanding the universe is an emerging conception of space and time. Space is (implicitly) conceived here as a boundless, immaterial medium in which motion can take place. Time is, similarly, absolute and independent of anything external to it. 

What has happened here, of course, is that the fixed frame in the context of which change unfolded for Aristotelian physics has been conserved, but at the same time detached from the specific cosmology with which it was originally bound up and thus from the metaphysics and the axiological structure which that cosmology supported. Space still has a definite structure, but this structure has become independent of what is happening. Time is still the measure of motion, and is itself still measured against an absolute standard, but that standard is no longer the motion of the heavenly bodies. Sociologically the fixed frame is the complex of nonmarket institutions against which exchange takes place but the qualitative determinations of which can be increasingly ignored. Physically the fixed frame is that of stellar (if no longer planetary) motion, but this motion has lost its axiological determinations. 

That the fixed frame of the stars lost the axiological significance which it had in the old Aristotelian system, as the second highest of the heavenly spheres is, of course, due in large part, to the development of a new astronomy which treated the stars as physical bodies no different than any others. There were, of course, a number of critical developments which led to these changes: the growing inability of Ptolemaic models to account for improved observations, the development of alternative heliocentric and geocentric models of the universe by Copernicus and Tycho Brahe. But it was Johannes Kepler who, in developing a correct formal description of planetary motion finally undermined the old system and set the stage for the development of a new one --and for a new conception of "space" which reflected the new social conditions. Philosophically committed to the idea that planetary motions were governed by the geometric relationships between the Platonic solids, he was ultimately forced to abandon this vision in favor of laws which were far less pleasing from the standpoint of Platonic aesthetics.

1) Each planet moves in an ellipse with the sun at one focus.

1/r = 1/b2 (a-a2-b2 cos )

where a is the semimajor axis, and b the semiminor axis of the orbit, r is the distance between the sun and the planet, and q the angle between r and the major axis. 

2) For each planet the line from the sun to the planet sweeps out equal areas in equal times



dA = lim 1/2r2Dq = 1/2 r2dq = 1/2 r2

t0   t         dt

3) The squares of the periodic times of the planets are as the cubes of their mean distances from the sun. 

The abandonment of the perfect celestial spheres of the Aristotelian system required an entirely new approach the problem of just how and why the heavenly bodies moved in the first place. For Aristotle the stars were moved by knowledge and love. Guided by intelligences which understood better than we could ever hope to the nature of the first unmoved mover, the heavenly spheres moved in a way which imitated the perfection of the divine nature. But, as Kepler pointed out, anything which would move in an elliptical orbit could not possibly be moved by an angelic intellect, which would never have opted for so inelegant a form. The stars must be physical bodies just like those we encounter here on earth. This, in turn, opened the way for the unification of terrestrial and celestial physics, a task which Newton undertook in his Philosophia Naturalis Principia Mathematica (Newton 1687/1729). The new, Newtonian physics assumed, as we have noted: 

a) an absolute space and time independent of matter

b) externally related particles or bodies with absolute mass (quantity of matter) and 

c) absolute motion with respect to space over the course of time.

On the basis of these assumptions, Newton was able to generalize Kepler’s so that they applied to all motion, terrestrial and celestial, without exception. 

1) Every body perseveres in its state of rest, or of uniform motion in a straight line, except in so far as it is compelled to change that state by forces impressed on it.

2) The rate of change of momentum of a body is proportional to the moving force impressed on it, and is effective in the direction in which that force is impressed. 

F = ma

where F is the force applied to the particle, m is its mass and a is its acceleration.

3) An action is always opposed by an equal reaction, or the mutual actions of two bodies are always equal and act in opposite directions.
Gravity then appears a special case of motion in general. 

Fgravity = G(m1m2/r2)

where F is the gravitational force exerted by two bodies on each other, G is the universal gravitational constant G = 6.6726 * 10-11 m3/kg*s2.

We should perhaps point out that while the development of mathematical physics proper, unlike that of the “Baconian sciences,” was not directly bound up with technological innovation, Newton’s physics was by no means without technological applications nor were its concepts entirely free from determination by technological process. On the contrary, the Newtonian system depended on experimental work using the clock and the telescope. And the Newtonian system is completed not by the concept of force, but rather by that of work, the mechanical-technological concept par excellence. The work done by a force is simply the distance which it moves a point particle with mass:
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where W is work, f is force and s distance. It should be noted this equation does not really tell us anything about how to get work done; rather it simply supplies a criterion for measuring what has been accomplished. In this sense it is an investor’s tool and not really the instrument of an engineer, except in so far as the engineer is beholden to the investor. In Newton’s time the production process still depended on the principal sources of motive power which had been developed earlier in the middle ages --animal power and water power. New innovations would not come until the end of the eighteenth century when the steam engine made it possible to harness the energy of combustion. And even then it would not be the mathematical physics which drove innovation forward, but rather innovation which required the development of new scientific disciplines.

Later, in the nineteenth century, after a long and complex struggle to generate the necessary mathematical tools --a refined Calculus which permitted the solution of differential equations-- Newton's laws were further generalized allowing the complete description of the state of a system by a single equation --the Hamiltonian, which expresses the total energy of the system. Let q1 .... qn be the coordinates of the various particles or elements in the system and p1 .... pn the momenta of these particles. Together these are called the canonical variables. E is the kinetic energy of the system and V its potential energy. Then

H = E(p1 .... pn) + V(q1 .... qn).

The laws of classical dynamics may then be expressed in terms of Hamilton's equation.

dqi/dt = H/dpi





dpi/dy = H/dqi where i = 1, 2, ...n

Let us pause for a moment to consider what has been accomplished here. The one hand, the perfect mathematical regularity which for the scientists and philosophers of petty commodity societies was always and only a characteristic of the heavens has been made universal. Heaven and earth are thus joined in a kind of harmony which is, furthermore, at least in principle perfectly intelligible. Perception of this harmony does, to be sure, require a higher degree of formal abstraction. The ordered motions of the heavenly bodies were visible to the naked eye, so that any careful observer might notice them and thus rediscover for himself the artistry of the creator. Now the perception of order requires a mastery of the calculus and differential equations. But it is no less real for being more subtle. It is, furthermore, possible at least in principle, on the basis of Hamilton’s equation, to describe the universe as a whole --to write an equation for everything, at least in so far as everything constitutes a dynamic system. 

At the same time, Hamilton’s achievement has begun to undermine the very foundations of the Newtonian project. If the universe constitutes a single dynamic system in which everything affects the behavior (position and momentum) of everything else, then the “fixed frame” against which movement can be measured has already begun to disintegrate. The stars themselves, the fixed positions of which provided the background against which Newtonian motion took place, must themselves be in motion, under the influence of gravitational tides which reach throughout the universe. Thus we see at the scientific level a reflex of the sociological process which is at work during this period. The penetration of market relations into every sphere of life gradually erodes the fixed frame of nonmarket institutions, so that the market itself becomes definitive framework of society. We will explore this process at greater length in the next section. 

Heaven and earth are brought together, furthermore, at the expense of a description of the "earth" which is deeply on contradiction with our ordinary experience. While the order of the heavens might seem to be eternally changeless (we now, know, of course, that this perception is in error) "earth" is a place of constant transformation: of development and decay, of change which cannot be undone. All of the processes described by classical dynamics are, on the other hand completely reversible. Time ceases to be, as it was for Plato and Aristotle, the measure of decay and/or development and becomes just another dimension of the complex harmony of the universe. We will see that this introduces into mathematical physics a serious contradiction as it begins to try to formalize the processes associated with the technological revolution which it help set in motion at the end of the eighteenth century with the advent of the steam engine and industrialization. 

Applications
Before we proceed to an examination of these phenomena, however, we need to look at least briefly at attempts to apply the basic strategy of mathematical physics to other disciplines, such as chemistry, biology, and the emerging science of political economy. In the case of chemistry, the key advances in this period were driven by a turn to careful measurement and a focus on quantitative pattern recognition --a sharp turn from the earlier alchemical focus on the qualitative determinations of matter. Thus Robert Boyle, observing the behavior of gases, was able to determine the quantitative relationship between pressure P and volume V:

PV = k

where k is a constant. Boyle’s work also, however, reflected the very strong empirical strain which chemistry had inherited from the Baconian tradition. He thus mounted an assault on the Aristotelian theory of the four elements, arguing that any which cannot be broken down into simpler substances should be assumed to be elemental (Read 1957: 111-116). 

The critical problem in chemistry in the eighteenth century was that of combustion --something vitally important to the development of the technologies which would drive the industrial revolution. At first assumed to be the result of an outflow of something called “phlogiston,” combustion was recognized by the end of the century to be the result of the combination of the combustible with something called oxygen. Antoine Lavoisier, who along with Joseph Priestly finally discovered oxygen and explained combustion, also recognized the conservation of mass during in the course of chemical changes (Read 1957: 134-144).

Lavoisier’s success inspired other chemists to extend his research program. In an environment dominated by Newtonian mathematical physics, it was only natural to think of the matter of chemical change, like the matter of local motion, as point particles --or at least particles-- with mass. It thus followed that all of the elements were made of such particles with mass, or atoms, and that compounds were simply combinations of the atoms of different elements. And while it could not be ruled out that atoms of different elements had various qualitative determinations as well, experiment soon demonstrated that they could be distinguished most easily by their differing atomic mass. Chemistry was gradually being reduced to mechanics, a process which would be completed with quantum-mechanical description of the atom in the early twentieth century. Meanwhile, Lavoisier had also recognized that oxygen was vitally important to living things, and that life must involve a process not unlike combustion -an insight which helped pave the way for the reduction of biology to chemistry, and thus ultimately to physics. 

Progress in biology and in the social sciences in this period is much less marked. On the one hand, the dominant paradigm excluded theorization of organization as such, i.e. ordering to an end, which is what defines biological and social organization. At the same time, chemistry, which is the link between mathematical physics and biology was still very primitive, so that there was not a great deal that could be said about living organisms as physical systems. A few points are, however, worth noting. First, it was during this period that the basic approach of modern biology was fixed. If the formal object of “science” is the local motion of point particles with mass, then any “scientific” biology must treat organisms as if they were machines. This basic outlook on life, set forth quite explicitly by Descartes, who claimed that animals are merely automatons, determines the whole program which biology has followed ever since: that of analyzing, at either the anatomical or biochemical level the way in which living machines work. It is, indeed, precisely this focus, which has made it nearly impossible for biologists to say what life is. In reality they simply study a particular class of machines the boundaries of which are defined more by convention than by anything else. At the same time, we should note, the persistence of a sites outside the market order, and especially the privileged site of the absolute monarch, creates the basis in experience for imagining a rational soul independent of the body and not subject to the laws of mechanics, which are after all simply a reflex of the laws of the marketplace. Thus psychology during this period is not yet subjected to the full rigors of the mechanistic program (Damasio 1994).

This same dualism is present in the principal fields of the social sciences which are opened up during this period: political economy and political theory. These two disciplines are, it should be noted, closely related and only begin to be differentiated from each other very gradually. Both derive from the tradition of the “books of secrets” which we discussed earlier in this work (Eamon 1994), a tradition which included books on the secrets of statesmanship. Here the classic work is, of course, Nicolo Machiavelli’s The Prince. What is distinctive about this tradition, like that of the books of secrets in general, is the gradual disassociation of the esoteric material, which above all concerns technique, from the exoteric training in philosophy generally, and ethics in particular, which had historically been the precondition for admission to esoteric training. 

In the case of the social sciences, this disassociation is most rapid in the field of political economy. Rulers during this period desperately needed advisors who could help them understand and manage the new economic system which was growing up around them, the continue political dominance of the aristocracy notwithstanding. What is striking about this discipline is the difficulty which was apparently involved in even defining its proper formal object: the movement of commodities in the marketplace. Throughout most of the mercantilist period, the fixed frame of nonmarket institutions dominates the vision even of political economists. Thus the persistence throughout most of this period of a sharp distinction between the “natural price” of a commodity and its market price. The former is regarded, as it was for the scholastics, as determined by “labor and charges,” the latter by supply and demand. Wealth is still seen as originating in something objective: ultimately in labor, especially agricultural labor, or in some cases in the land itself, and immediately in a favorable balance of payments. Even as the period draws to a close and Adam Smith proclaims the virtues of free markets, the “invisible hand” of which guides individuals to serve the common good while pursuing their own interests, the labor theory of value reigns supreme, and there remains a powerful sense that the world of the marketplace is somehow ultimately unreal and subjective. It would not be until the third period of capitalist development, with the marginalist revolution, that the program of mathematical physics would be fully applied to the field of political economy.

Political theory, on the other hand, had already found its proper formal object --sovereignty-- by the time of Macchiavelli. At the same time, this formal object could not, by its very nature, be adequately theorized in terms of the mathematical-physical research program. This is because sovereignty is not a some thing the motion of which can be described; it is itself the cause of motion, it is energy, the capacity to do work. Political analysis is causal analysis --just precisely what Galileo had counseled physics to abandon. Sovereignty is what establishes the fixed frame against which commodities move; political analysis is the ideological reflex of the absolutist state rather than of the market with which it always exists in uneasy tension. In this sense the social sciences in a capitalist society are always characterized by an internal dualism between political economy, which has for its formal object the laws of the marketplace, and the many varieties of “political science” of which sociology is the most highly developed, which attempt to explain just how the market order emerged in the first place. What we do see in this period is a recognition, which is nothing short of revolutionary, of the fact that power is somehow embodied in social relations and can be created, squandered, and destroyed. This idea, already implicit in Macchiavelli, is formulated quite explicitly by Hobbes, who recognizes the sovereign as social product, i.e. as the result of a compact among the people --and thus as not really sovereign at all. This, in turn, paves the way for the displacement of the absolutist state by the democratic revolutions, which is heralded by the development of a full-blown social contract theory by Rousseau.

Closely associated with this focus on the idea of power is a recognition of the role of ideology generally, and religion in particular, in political life. This was, in a certain sense, nothing new. Ibn Rushd himself, in distinguishing between philosophy, theology, and religion had implicitly recognized that whatever their claim to truth, ideas also function as means of social control. The theologian, in the Averroist hermeneutic, is above all the ideological engineer. What is different in this period is that the Reformation presented princes with real options in the ideological field and made the ideological structure of society an object of political analysis --something which thinkers such as Hobbes and Spinoza (Tractatus Theologicus-Politicus) attempt in a systematic way --and which, just as political theory of Hobbes and Spinoza, prepares the way for the democratic revolutions, helped write the charter for the “cultural revolution” theorized by Rousseau in his discussion of “civil religion” and actually attempted by the French Revolutionaries. Both moves represent an attempt on the part of the intellectual advisors of the absolutist state to declare independence from the sovereigns they served and to claim sovereignty for themselves.

The reality of course is that sovereignty is an illusion. Precisely because the “fixed-frame” of nonmarket institutions, including the absolutist state, is not really fixed at all, but rather a social product, and because human society is embedded in a system far larger and more complex than itself, there simply are not any “commanding heights” from which the historical process can be organized and directed as if by God. This is the truth which is implicit in political economy and which Marx makes explicit during the second stage of capitalist development and which Lenin --himself a member of a mobilized service intelligentsia in the process of declaring independence form its sovereign--too easily forgot.

High Modern Science
Industrial/Competitive Capitalism
The transition from the first stage of capitalist development to the second involves changes at both the technological and the economic levels. On the one hand, the perfection of medieval mechanical technologies and their integration with a more sophisticated handling of combustion leads to the development of the steam engine, which vastly increased the energy available to the productive process. During the course of this period, the energy of combustion is harnessed every more effectively, a development which concludes with the development of internal combustion engines towards the end of the nineteenth century, and a new form of energy is accessed: that of electricity, the generation of which involves the use of combustion to turn turbines.

At the same time, the progress of primitive accumulation has separated a sufficient number of workers from the means of subsistence that labor power itself is effectively transformed into a commodity. These two developments combine to significantly undermine the “fixed frame” of nonmarket institutions against which commodities had hitherto moved. From this point onward the price of all commodities is determined in relationship to that of all other commodities. The environment fixed by the state increasingly appears as simply a formalization of the laws of the marketplace itself --the laws of property, contract, and torts-- or as a medium through which commodities flow --the medium of money. At first, up through about the middle of the century, cyclical crises notwithstanding, this new system seemed unambiguously progressive, an engine of growth of unprecedented proportions. Then, suddenly, first in England, later in regions which had developed more slowly, the internal contradictions of the system began to be apparent and it began apparent that there were, in fact, real limits to growth, a recognition which, we will see, had profound implications for the development of the sciences during this period.

At the political level, this is the period of the democratic revolutions. Where the absolutist state administered the emerging market economy for the benefit of a feudal aristocracy which was gradually, with greater or lesser effectiveness, adapting itself to the new circumstances of the market order, the new democratic states represented, on the one hand, the need on the part of the bourgeoisie for a new format of representation which would allow conflicts between the various factions of capital to be sorted out through negotiations rather than destructive military conflicts and, on the other hand, the growing power of the intelligentsia, the petty bourgeoisie, the peasantry, and the proletariat which had discovered that the state could be an instrument for reorganizing human society and which were anxious to make use of this power for their own ends. During the first part of this period the bourgeoisie relied on support from the popular classes in its struggle against the aristocracy; later it turns sharply against its former allies as they move towards independent political action and begin to question the market order.

Participation in political life, which increases throughout this period has a contradictory impact at the ideological level. On the one hand, the illusion of sovereignty persists. Participation in political life is a participation in an ongoing debate about how society ought to be organized, something which creates the impression that we can, in fact, organize it just anyway we please. Thus the development in this period of a strong doctrine of laissez-faire among the most advanced representatives of the bourgeoisie, who fear that it might be reorganized by either emerging bourgeois groups or the subaltern social classes in a manner which undermined their hegemony. At the same time, the growing power of the marketplace, which is the real organizer, imposes constraints on what can actually be accomplished. This, we will, see, is reflected in the growing pessimism of bourgeois thought, as well as the effective demise of utopian socialism among the working classes. 

At the ideological level, two dynamics dominate. On the one hand, the emergence of a fully capitalist social order, coupled with the technological, economic, and political advances of the period, make possible the development of what Lukacs calls a direct apologetic for capitalism. At the center of this polemic is the notion of “freedom.” The free exchange of commodities in the marketplace is linked ideologically with the free participation of individuals in political life and with the free exchange of ideas. If human beings are free to innovate, and to profit from their innovations, without interference from backward clerics or meddlesome bureaucrats, the argument goes, then innovate they will. The ideas that work will be conserved, those that do not will be discarded. This ideological linkage between the marketplace and freedom was a powerful asset to the bourgeoisie in its effort to enlist popular support for its struggle against the clergy and the feudal aristocracy. 

As the internal contradictions of capitalism become more apparent, and socialism becomes a threat, another, more complex and subtle ideological dynamic takes over --what Lukacs calls the indirect polemic. Here, rather than defending capitalism directly as a system which actually promotes human development, alternative systems are attacked as even worse and the contradictions of capitalism are attributed to the laws of nature physical, biological and, increasingly, psychological and social. The claim here is that socialism is either impossible or else not worth the effort because human misery is a result of the way the universe generally, and human beings in particular, are structured.

The interplay between the direct and indirect apologetic had, we will see, a profound impact on the development of science during this period. On the one hand, the period between the end of the eighteenth and the beginning of the twentieth century is, in may ways the golden age of scientific progress and what we might call scientific progressivism --the belief that progress in the sciences, understood as the extension of mathematical physics to all realms of inquiry, would lead to a complete explanation of the universe and would support the development of technologies which would realize humanity’s highest aspirations lead to resolution of most if not all of the planet’s problems. At the same time, it is precisely during this period that science begins to generate results --such as the second law of thermodynamics or Malthusian strictures on population growth-- which suggest that the prospects for human progress are, in fact, quite limited. Let us examine the interplay of these two dynamics in more detail.

High Modern Science
The High Tide of Scientific Progress
The starting point for science during the period of competitive industrial capitalism was, precisely, Hamiltonian dynamics. This approach to formalizing physical systems not only represented the completion of the Newtonian project, but actually defined the form of equation in which quite different physical phenomena, such as electromagnetic radiation, would eventually be described. We have already seen how Hamiltonian dynamics reflected the transition from mercantilism to competitive capitalism. The transformation of labor power into a commodity represented a significant step towards the dissolution of the fixed frame of nonmarket institutions, so that now every commodity was, ultimately, defined in terms of every other, just as in the Hamiltonian function the position and momentum of every particle is a function of position and motion of every other.

Since the Hamiltonian simply formalized the relationships between particles, and said nothing about the nature of the underlying forces embodied in those relationships, it follows that changing the nature of the underlying forces in question should do nothing to alter the form of the equations. This, precisely, is what scientists analyzing the nature of electricity and magnetism discovered during the course of the first half of the nineteenth century. The Fundamental Laws of Electromagnetism, developed by Gauss, Coulomb, and Faraday, and finally unified by James Clerk Maxwell in 1864 are of essentially the same form as the Hamiltonian equation. Let E be the electrical field and B the magnetic field,  the charge,  the permitivity constant, t time in seconds, and  the permeability constant. Then

E = 


xt

 x B = E/t + 0jc
The first law states that like charges repel and unlike charges attract as the inverse square of their separation. The second law states that there are no magnetic monpoles --”north” and “south” poles always go together. The third law states that any change in a magnetic field produces an electrical field at right angles to the direction of the change. The fourth law, similarly, states that a changing electrical field produces a magnetic field at right angles to the changes (Lerner 1991: 171). 

Discovery of these laws represented an enormous advance at both the scientific and the technological level. On the one hand, they showed that electrical and magnetic fields do not require a physical medium, but propagate in empty space like waves. The equations made it possible to calculate the speed of light and to show that electromagnetic changes propagate at precisely this speed, suggesting that light is in fact simply a form of electromagnetic radiation. On the other hand, the questions laid the groundwork for the development of new electrical technologies and explained more fully how those which had already been developed actually worked. By changing the current running through a magnetic field, for example, it turns out that it is possible to produce constantly changing magnetic fields, which in turn produce changing electrical fields, resulting in the emission of waves of electromagnetic radiation in which information can be encoded, something Heinrich Hertz would later use to produce radio waves. 

As it turns out, similar mathematical relations describe other sorts of physical systems as well, such as the motion of fluids.

Rivaling in importance the developments in electromagnetism, were those in chemistry. We have already noted that during the mercantilist period the use of quantitative methods laid the groundwork for the development of a chemistry which would ultimately be unified with mathematical physics. It was during the period of competitive/industrial capitalism that this approach finally began to bear fruit. Once again, it was the application of the Newtonian paradigm which drove research forward --in this case the assumption that matter consists of particles with various quantitative determinations. This lead to a revival of the atomic theory first advanced by Democritus and further developed, incorporating Pythagorean influences by Plato. The key figure in this regard was John Dalton, an English school teacher, who in 1808 published A New System of Chemical Philosophy. Dalton had noticed that some elements form more than one compound, and that when they do the ratios of the masses of the second element that combine with a fixed mass of the first can always be reduced to a whole number ratio. This suggested to him that the elements were in fact composed of tiny atoms. While the atoms of any given element are all identical to each other, those of different elements differ in at least some fundamental ways. Chemical compounds are combinations of different elements and any given compound is always composed not only of the same proportion of elements by mass --a point already noted by Joseph Proust-- but also of the same relative number of atoms. Chemical changes involve the recombination of atoms with each other in new ways; they do not involve changes in the atoms themselves. 

Now the most obvious ways in which the elements differ from each other is in their manifest properties --their appearance, but also the ways in which they react to each other. But it had also become apparent as a result of the empirical work of the last century, that the elements also differed from each other in at least one key quantitative determination: their atomic mass. This made it possible to theorize chemical interactions as interactions between particles defined by their differences in mass and thus reduce the qualitative changes we observe to their underlying quantitative determinations. This reduction of qualitative to quantitative difference was embodied first of all in the periodic table of elements, which was one of the key scientific discoveries of this period.

It is the identification of patterns among empirical properties which allowed the great chemists of the last century to group the elements together into the periodic table, certainly one of the most important achievements of the scientific revolution. This process proceeded slowly, and in starts, and, like Kepler's discovery of the empirical laws of motion benefited from more than one mistake. At first it was only local patterns that were noted. Johann Dobereiner (1829/1895), for example, discovered that if one grouped certain elements in triads according similar but gradually changing properties, one found that the atomic weight of the middle member of the group was, in fact, very close to the arithmetic mean of the two extreme members. The critical step towards development of a global view, however, was taken by John Newlands (1863) who argued that the elements were arranged according to some as yet undiscovered musical harmonic, so that certain properties recurred with every eighth element. Newlands was unaware of the noble gases, the existence of which disturbs his pattern, and in the end chemical organization turns out to have no more to do with music than planetary motion with the Platonic solids, but as with Kepler, Newlands love of harmony disciplined his mind to see patterns, even if the real form of organization turned out to be rather different that the one he expected to find. But it was Dmitri Mendeleev (1861) who finally put it all together, in large part because, also like Kepler, he was respectful enough of the empirical data to keep rearranging his table so that it actually described the real world, but confident enough of the power of correct theory to boldly claim that where there were gaps in his table, elements would eventually be discovered to fill them. Legend has it that the table came to him in a dream, after he had been playing solitaire!

It was the formal description chemical and electrical processes together which drove the key technological advances of the nineteenth century --and indeed many of those of the twentieth. On the one hand, understanding how electricity works made possible the development of electrical motors and the whole range of machinery which is drive by electrical motors, electrical lighting, radio and television, the telephone, the phonograph, the tape recorder, and the X-ray. Advances in chemistry, meanwhile, drove the development of the internal combustion engine and thus the automobile, more advanced locomotives, the airplane, and the rocket, as well as the vast array of pharmaceuticals, plastics, etc. which have so significant expanded the scope and intensity of human activity during the course of the past 150 years. Indeed, the importance of newer (information) technologies dependent on quantum mechanics notwithstanding, most of the technology we use on a day to day basis is still based on nineteenth century science. 

At the same time, even within these fields, which were the locus of such fantastic scientific progress, sharp contradictions remained. The development of the atomic theory and periodic table on the one hand and of electromagnetism on the other hand brought science right up to the brink of a unified theory of matter and energy. Chemical interactions, after all, turn out to be electromagnetic interactions ... This advance, however, eluded even such brilliant scientists as Maxwell. The reason was simple. Matter and energy were radically distinct. Matter was particulate, energy wave-like. Matter was fundamentally inert; energy set matter in motion and was the cause of all change. 

Behind this matter/energy dualism, which was, in reality simply a transformation of the earlier matter/form dualism which had crippled Aristotelian physics, was a deeper sociological dualism: that between capital on the one hand, and “land” or raw materials and labor on the other hand. Under competitive capitalism land and labor had been fully transformed into commodities --as had the products produced by labor. This was not, however, true for capital, which remained largely in the hands of individual families or privately held joint-stock companies. It was only with the transformation of capital into a commodity that the basis in experience would exist for development of a theory which unified matter and energy (quantum mechanics) and which, it turns out, is homologous with the pure theory of capital developed by the most advanced sectors of capital during the period of imperialism-finance capitalism (Hayek 1940, Tipler 1994).

Similarly, even though Maxwell’s theory of electromagnetism had implicitly eliminated the need for any medium through which electromagnetic radiation might be propagated, and even thought experiments continuously failed to find any evidence, direct or indirect, for such a medium, physicists during this period clung stubbornly to the notion of the luminiferous ether. The luminiferous ether, lineal descendant of Aristotle’s celestial ether or quintessence, was supposed to be a very fine, almost impalpable, and essentially unchanging (and therefore undetectable) but nonetheless material medium through which electromagnetic waves flowed. This ether was ultimately a reflex of the monetary system, understood as a fixed medium through which commodities flow without either affecting or being affected by them. The transformation of industrial into finance capital and the subordination of the monetary system to the global market in the coming period gradually undermined this idea, and created the basis for treating money as simply another commodity. This, in turn, created a basis in experience for rejection of the luminiferous ether in physical theory.

Emerging Contradictions
But if the period of competitive/industrial capitalism was the period during which humanity unleashed in new and powerful ways the energetic potential of matter, it was also a period in which we began to discover some of the fundamental limitations on the development of physical organization. Here developments in two closely related disciplines: thermodynamics and statistical mechanics are of particular importance. Thermodynamics emerged directly out of the struggle for technological innovation. Specifically, it was intimately bound up with the effort to improve the efficiency of heat engines and related technological problems. 

The first law of thermodynamics states very simply that energy, like matter, can be neither created nor destroyed; it can only change form. This conclusion, which we now regard as almost obvious, presupposed a number of prior advances. It was necessary, first of all, to recognize that heat was not a substance, but rather something that pertained to the state of a particular form of matter, an advance which was made by Benjamin Thompson (Count Rumford) while boring cannon for the Bavarian government. Up until this time it had been thought that heat was a substance known as caloric. As a substance was ground up, as happens in the boring of a cannon, its capacity to retain caloric was thought to degrade, with the result that the water which was used to cool the object heated and boiled away. Rumford, however, recognized that the water boiled even when the tools became so dull that they no longer cut. This meant that heat was being produced simply by the mechanical action of the boring process. Heat, in other words, was simply a form of energy which could be transferred from one body to another.

This meant, however, that there was a kind of equivalence relationship between heat and other forms of energy. Demonstration of this point fell to James Joule. Now the sort of energy with which scientists were most concerned was, of course, mechanical energy, the capacity to do work. Work, we will remember, is defined as the product of the magnitude of the force F applied to a particle and the distance s which the particle moves.
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Joule developed an apparatus in which falling weights turned paddles in water, gradually increasing its temperature, and showing that a given quantity of work would produce the same quantity of heat. Further experiment showed that it made no difference how the work was done or what sort of energy was involved in doing it. 

At this point in history, however, there was a very specific sort of apparatus which was being used to do work: the steam engine in which heat was used to cause the expansion of the gas in a closed cylinder in order to move a piston. A simple system such as this can be described by the following state variables:

Pressure p
Volume V
Temperature T
The work done by the expansion of the gas in such a system as a result of heat supplied by the environment can be described as 


[image: image3.wmf]ò

ò

=

=

=

=

=

pdV

dW

W

pdV

pAds

Fds

dW


where A is the area of a cylinder or piston. Now, there are many different ways in which such a system can be taken from any given initial state to any given final state. We might, for example, heat it at constant pressure to a given temperature and then change the pressure (and volume) at constant temperature, or we might first lower the pressure (and increase the volume) and then gradually raise the temperature at constant pressure. Each path involves a different flow of heat in to the system and results in a different quantity of work. Regardless of the path, however, it turns out that the change in the internal energy of the system U is always equal to the heat added minus the work done. This relation we call the first law of thermodynamics.
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The aim of all this research, of course, was to develop the most efficient heat engines possible. And it was here, for the first time, that humanity began to run up against definite physical limits to technological progress. The earliest engines were terribly inefficient, transforming into work only a small part of the heat energy applied to them. And, as Sadi Carnot pointed out (Carnot 1824) 

In spite of labor of all sorts expended on the steam engine ... its theory is very little advanced. 

Carnot set out to describe just what a perfectly efficient engine would be like. He noticed that

The production of motion in a steam engine is always accompanied by a circumstance which we should particularly notice. This circumstance is the passage of caloric from one body where the temperature is more or less elevated to another where it is lower ...

The motive power of heat is independent of the agents employed to develop it; its quantity is determined solely by the temperature of the bodies between which, in the final result, the transfer of caloric occurs.

The efficiency of an engine e is defined as
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where QH is the heat absorbed and QC is the heat delivered lost through exhaust. A perfectly efficient machine would be one in which all of the heat absorbed was transformed into work or mechanical energy. If such an engine could, furthermore, be coupled with one which ran in reverse, which would collect the heat created in the environment by the work done on it by the first engine, and transfer it back to the reservoir from which the first engine derived its energy, the result would be a machine which could do an infinite quantity of work with a finite about of energy.

What the second law of thermodynamics states is that it is in fact impossible to build an engine the efficiency of which is one. As Lord Kelvin put it

A transformation whose only final result is to transform into work heat extracted from a source that is at the same temperature throughout is impossible.

In the course of transforming heat into work, in other words, energy is inevitably dissipated, fixing a limit to the amount of work which can be done with any given quantity of energy.

We should note here that as in the case of Newtonian mechanics, thermodynamics does not actually provide tools for technological innovation. Rather it measures the gain from and limits to innovations which had already been achieved by others working in the practical sphere. 

The law can also be stated in terms of another quantity, known as entropy. The change in the entropy S of a system is defined as 
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Just what entropy is is not entirely clear and is a matter of ongoing debate. The earliest formulations, which derive from work on heat engines, suggest that it is a measure of the dissipation of energy. Later formulations, especially those associated with Boltzmann, suggest that it is a measure of disorder in the universe, something which has led many to speak of order as “negative entropy” or “negentropy.” That there should be relationship between energy dissipation and disorder does, in any case, make sense at least intuitively. Order involves a definite arrangement of the various parts of a system. Creating order, and sustaining it against degradation from the environment requires energy. If at least part of the energy which we expend trying to do work is dissipated then there is a limit to the amount of work which can be done and thus to the level of order which can be created. If, furthermore, we apply these concepts to the universe as a whole, we come up with somber conclusions indeed. At least part of the energy which the universe expends to do work and create order is also dissipated, and over an arbitrarily long period of time all of the available energy will be so dissipated, so that the universe gradually runs down, like a heat engine which has expended its fuel and gradually settles into thermal equilibrium or heat death, a state which came to be identified with maximum entropy or randomness (Helmholtz 1854/1961). 

The implications of this conclusion for the way in which people in the nineteenth century understood their world were earth-shattering. Much as the new mathematical physics had undermined Aristotelian teleology and the intellectual road to God associated with it, there had been no scientific results which really excluded the existence of God. Indeed, as we have seen, most mathematical physicists were also natural theologians. And even those who, like Laplace, rejected God as an hypothesis of which they had no need, saw themselves as laying the groundwork for a process of collective material progress which they expected would achieve the same aim as religion –divinization—but by different means. The second law of thermodynamics, however, undermined both of these ideological strategies. On the one hand, it revealed what could only be regarded as a flaw in the design of the universe. What sort of God would create a universe which was doomed to end in a cosmic heat death and absolute randomness?
 At the same time, the second law also undermined secular progressivism. No matter how ingenious we become, it suggested, we will eventually run up against limits to growth and things will gradually begin to disintegrate until there is nothing of interest left at all.

This recognition of the limits to technological progress and the attendant turn toward cosmological pessimism comes at a suspicious time in the process of capitalist development. It was just precisely in the middle of the nineteenth century that the process of transforming labor power into a commodity reach the point of critical mass in England and other advanced capitalist countries and that the internal contradictions of capitalism which Marx would soon analyze would come to the fore. Thermodynamics is, in this sense, the industrial capitalist science par excellence, at once rooted in and contributing to technological progress, while at the same time revealing fixed and apparently intransigent limits to growth. 

When we point this out of course, we have already moved into a realm which is quite different from that of dynamics. All of the interactions of dynamics are time-reversible: the processes which they describe can run forwards or backwards. Neither direction is privileged. Not so with thermodynamic processes. What the second law of thermodynamics implies is nothing less than an arrow of time. As work is done and energy dissipated irreversible changes in the structure of the universe take place. The supply of available energy is gradually depleted; the universe as a whole is gradually degraded. Unification of thermodynamics and dynamics thus turns out, as we will see, to be very difficult.

Thermodynamic limits were not, however, the only physical limits which were discovered during the nineteenth century. Two other results: the Poincaré Recurrence Theorem and the Markov Recurrence Theorem also had profound impact on the way in which people in mature capitalist societies understood the universe. As it turns out these results were in part at least a product of efforts to unify thermodynamics with Newtonian mechanics (or rather Hamiltonian dynamics) and thus to overcome the contradiction which we have just identified.

Thermodynamics describes physical systems macroscopically, in terms of abstract state variables: pressure, volume, temperature, heat, entropy, etc. From the standpoint of the established physical theory of the nineteenth century, however, all of these macroscopic concepts were, in principle, reducible to microscopic equivalents. Pressure, for example, is the average rate per unit area at which the molecules of a substance deliver momentum to the fluid of a manometer (pressure gauge) as they strike its service. Temperature is average kinetic energy of translation of the molecules of a substance. Heat is the total quantity of molecular motion. This means that it ought, in principle, be possible to translate the formalisms of thermodynamics into the “language” of mechanics. Since it is, of course impossible to measure and/or calculate the paths of the billions of molecules involved in even simple thermodynamic systems, these are represented in aggregate and treated using the methods of probability and statistics. Thus the term “statistical mechanics.”

The principal protagonist in this struggle was Ludwig Boltzmann. Boltzmann’s strategy was to identify a microscopic basis for the irreversibility of time. This meant, first of all, developing a microscopic equivalent for entropy. Reasoning that according to the second law of thermodynamics, the most probable distribution of particles was the equilibrium distribution --i.e. that with maximum entropy-- he associated the relative probability of any given distribution of particles in a system with that systems entropy. Let P be the probability of a given distribution, N the number of particles in the system, and Ni the various possible distributions. Then
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The entropy S is then defined as 
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and the negative entropy or information content H as 
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Now assume N objects distributed between two urns, labeled A and B respectively. At regular intervals one object is chosen at random from one urn and placed in the other. Before each transition there are k objects in urn A and N-k objects in urn B. After each transition, there are k+1 objects in urn A and N-(k+1) objects in urn B. The transition probabilities for this system are as follows:

for transition k--->k-1: k/N

for transition k--->k+1: 1-k/N

These probabilities depend only on the state of the system at the time of the transition and are independent of its past history. The result is what is known as a Markov chain, which evolves in accord with the above equation to a point where 
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or the entropy is maximized and information content minimized. 

In this way, Boltzmann was able to define a real irreversibility, but it was based not on the laws of nature, but rather on an subjective attempt to use present knowledge to predict future states of the system to predict. If Boltzmann was right, further more, all processes should appear to be irreversible, which is not really true.
Recognizing these difficulties, Boltzmann (1872) tried a second approach. Assume a population of molecules. Consider the evolution of the velocity distortion function
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as the sum of two effects; the free motion of particles, calculated in terms of classical dynamics and collisions, the frequency of which is proportional to the number of molecules taking part in the collisions. We can then define the negative entropy of information content 
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which, Boltzmann claimed, could be shown to decrease of time until it reached H=0. There are numerous numerical verifications for such a trend. Here irreversibility is no longer subjective; it has a real microcosmic basis. 

This was not, however, the end of the debate. Poincaré (1893) and Zermelo (1896) pointed out that Boltzmann had missed one crucial fact. According to classical dynamics, collisions which lead to velocity reversals
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imply a temporal reversibility 
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as well. Collisions of this sort occur within 10-6 seconds in even a dilute gas. New ensembles are formed, something like the earlier nonequilibrium configuration and H rises. Eventually Boltzmann was forced to conclude that the universe as a whole is already in thermal equilibrium and that only small regions depart from this state, gradually evolving back towards it. There are two arrows of time, one leading away from, the other back towards, equilibrium. The implication is, of course, that we live in on a small island of order and complex organization in a sea of chaos which will soon wash us way. The pessimism of this conclusion, coupled with what he regarded as his own failure to unify physics, led Boltzmann to commit suicide in 1906.

Boltzmann’s failure led many scientists to conclude that dynamics and thermodynamics were, in fact, simply incompatible --two radically distinct ways of looking at the universe. The effort to unify the disciplines had, however, demonstrated that the dynamic perspective is no more hopeful than the thermodynamic. This conclusion was implicit in Poincaré’s refutation of Boltzmann. Assume the first law of thermodynamics: that energy can neither be created nor destroyed. Assume as well that the phase space available to any system is finite and bounded. 
 Then over an infinite period of time, the system will return infinitely often to states arbitrarily close to its initial state as well as to all of the other state through which it evolves (Tipler 1994: 90-95). 

A similar result can be obtained by more purely probabilistic methods. Assume a system with three states, (1,2,3 )and a probability of 50% of making a transition from any one state to any other. There is thus a 50% chance that the system, when in state 1 will make the transition to state 2 and the same chance that it will make the transition to state 3. Let us assume that we transition to state 2. The second transition will then be either to 3 or to 1, with an equal chance of either. The chance that system will return to state 1 after two transitions is 50%. The third transition must be back to some previously occupied state, though it need not be to 1. The chance that it will be is again 50%, so that the chance of returning to 1 after three transitions is 25% and after two or three transitions is 75%. With each successive transition the probability of returning to state 1 increases, and over an infinity of transitions it increases to 1. This sort of recurrence is called Markov recurrence (Tipler 1994: 95-97). 

It is interesting to note that the sort of pessimism connected with these “eternal return” theorems is quite different from that associated with the discovery of the Second Law of Thermodynamics. The second law of thermodynamics represents a progressive impulse --that of building ever more efficient heat engines, and thus increasing infinitely the level of organization of the universe, running up against definite limits --limits which, we will see, were given cognitively by the structure of the social system --competitive capitalism-- in the context of which the effort was taking place. Thermodynamics represents the position of a progressive industrial bourgeoisie running up against the limits of its own class nature. The outlook of the revolutionary intelligentsia and proletariat at this point in history turns out, as we will see, not to be too different after all. The eternal return theorems, on the other hand, represent a fundamental assault on the idea of progress altogether --essentially an argument that the idea itself is incoherent at a fundamental physical level. It is little wonder that these recurrence theorems were in fact anticipated by Nietzsche, whose doctrine of the eternal return is, in fact, cast in physical terms, and is in fact close to if not convertible with the recurrence theorems cited above.

If the Universe may be conceived as a definite quantity of energy, as a definite number of centers of energy ... it follows that the Universe must go through a calculable number of combinations in the great game of chance which constitutes its existence. In infinity, at some moment or other, every possible combination must once have been realized; not only this, but it must once have been realized an infinite number of times (Nietzsche, 1889/1968: 1066).

This is the outlook not of an industrial but of a rentier bourgeoisie which has lost any illusion of being different or more progressive than preceding ruling classes --which has recognized that capitalism represents just another means of exploitation, and which has resigned itself to eventual extinction as another wave of predators replaces it. 

If the period of competitive capitalism was the period during which the internal contradictions of mathematical physics began to become obvious, it was also the period during which not only the general methods but also the larger paradigm was extended to other fields of inquiry in such a way as to begin to generate a global view of the world and at least the outlines of a unified theory. The key links in this regard took place in the disciplines of biology and political economy. We need to consider each of these fields in turn.

The key developments in biology, of course, were the beginnings of genetics and the development of evolutionary theory, especially in its Darwinian form. Both of these theories by themselves already represent at least a loose application of the paradigm of mathematical physics --and, more to the point, the ideological impact of the market order. In order to understand this, it is necessary to recall just where biological science had been in the preceding period. The seventeenth and eighteenth century, we will recall, had witnessed the application of a broadly mechanistic perspective to living systems. There had also been some significant progress in anatomy, progress which, thanks to the development of the microscope, had begun to be extended to the microscopic level. Most of this work was, however, not only purely descriptive, but it fell well short of anything like mathematical formalization. The great “theoretical” achievement of the period was Linneaus’ system of classification, but even Linneaus’ work was still largely qualitative. What genetic theory does is to take the principal qualitative determinations of organisms, what came to be called their phenotypes, and reduce them to certain atomic “characters” called genes which are passed on from generation to generation, but due to the dynamics of sexual reproduction can become dissociated from each other and thus recombine in new and interesting ways. The level of formalization here is still very low:

1) the additive classification of Linneaus gives way to a multiplicative scheme in which describes the way in which alleles from two parent organisms can combine to form distinct genotypes and

2) there is a rudimentary distinction made between the outward, qualitative appearance of organisms (phenotype) and their underlying structure, which is capable of being specified quantitatively (genotype).

The groundwork, however, has been laid, once the genetic material itself has been isolated, for biology to be reduced to chemistry and thus ultimately to physics.

The relationship between evolutionary theory and mathematical physics is rather more complex, and can be understood only by way of the related discipline of political economy. On the one hand, evolutionary theory generally (as opposed to Darwinism in particular) reflects the ideological impact of the enormous technological progress represented by the industrial revolution and the social transformation wrought by the democratic uprisings in France and elsewhere. By living rapid progress for the first time in over five thousand years human beings became capable of seeing progress in the larger structure of the natural world. It should thus come as no surprise that it was in the years immediately following the French revolution that geologists began to understand the cataclysmic history of the Earth or that it was just precisely as skeletons were being dug out of the closets of the European “aristocracy” that the bones of other large predators whose time had passed were also finally unearthed. 

Initially evolutionary theory took an unambiguously progressive, if not terribly sophisticated, form which had little or nothing to do with the larger paradigm of mathematical physics. Throughout the first two periods of capitalist development, and indeed right up to the discovery of DNA and thus of the chemical basis of life, a vitalist and teleological trend persisted in biology alongside the increasingly powerful mechanistic current. From the standpoint of this perspective, whatever might or might not be said about the teleological organization of the universe as a whole, it was precisely teleological ordering which defined living systems. Organisms were structured in such a way as to permit them to survive. As ecological conditions changed this required new behaviors, and new behaviors required new structures. Thus the claim, so often used to hold the early evolutionary theorists up to ridicule, that giraffes grew long necks because they had to reach high into the tree tops to find food. As we will see, this in fact the only way to explain why giraffes have long necks, and it necessarily involves teleological reasoning. Indeed, neo-Darwinists have difficulty avoiding such formulations themselves. The claim only becomes ridiculous when it is forced to become an account of the mechanism of evolution, i.e. to mimic the form of mechanistic theory and say that giraffes grew long necks by stretching them to reach food high in the tree-tops of the African savanna.

The critical link between this sort of evolutionary theory and Darwinism is the experience of the marketplace, and the development of a rudimentary theory of the market order. We have already seen that the first stage of capitalist development yielded the beginnings of a political economy which attempted to formalize mathematically the movement of commodities in the abstract space of the marketplace. We also noted that the persistence of a fixed frame of nonmarket relations meant that a sharp distinction remained between the market price, which was determined by supply and demand, and the natural price which was determined ultimately by labor. The period which we are now considering witnessed a contradictory development in the area of political economy as in the other domains of the sciences. On the one hand, labor is commodified and ceases to be part of the “fixed frame” of nonmarket institutions against the background of which commodities move. This makes it possible to develop a more nearly complete economic theory. There were, however, two ways in which this development might precede. One might focus on the actual process of production, a direction suggested by the enormous progress in the development of the forces of production wrought by the industrial revolution. Thus David Ricardo begins his Principles of Political Economy (1817) by claiming that 

The value of a commodity, or the quantity of any other commodity for which it will exchange, depends on the relative quantity of labor which is necessary for its production, and not on the greater or less compensation which is paid for that labor.

Recognition that it is labor which is the real source of all value eliminates the residual circularity which had marred the theory advanced by Adam Smith. The difficulty with this approach is that commodities do not in fact circulate at their values, but rather at prices which only roughly approximate their values, making it necessary to find some way to transform prices into values and vice-versa, a problem the solution which eluded Ricardo. It would was only Marx’s theory of the equalization of the rate of profit and the development of the theory of prices of production which would show the way beyond this impasse --a way which involved recognition of the exploitative character of capitalism, the reality of class struggle, and its role in the determination of economic phenomena. Ricardo’s approach represents the standpoint of the a progressive bourgeoisie, actively engaged in the production process, but rapidly running up against its own contradictory class character.

The revolutionary implications of Ricardo’s theory frightened the more backward elements of English capital --both the residual landowning classes, who met their definitive defeat during this period with the repeal of the Corn Laws and the establishment of free trade in grain, something which led to a collapse in ground rents, and the fully capitalist rentier strata which were only beginning to emerge. Thus, just as the progressive bourgeoisie begins to advance a nearly-complete labor theory of value, its more backward representatives begin to attack the idea of social progress as such. The key figure in this regard was Thomas Malthus (Malthus 1798), a clergyman who had become interested in the problem of population, and advanced the now familiar thesis that whereas population grows geometrically, agricultural production grows only arithmetically. The implication was that the planet was headed for a major demographic crisis and that wages should be suppressed in order to hold down the tendency of the working classes to reproduce. At the same time, in order to avoid underconsumption tendencies, it was also necessary to increase the proportion of the national income devoted to luxury consumption on the part of the landed elite (Mandel 1968: 294-5). This argument on behalf of unproductive consumption was linked eclectically with the claim that the interest which rentiers received on their capital was compensation for their abstinence from earlier consumption which was taken to be the precondition for the accumulation of capital as such. 

Darwinian evolutionary theory is simply a synthesis --or rather an internally unstable amalgam-- of progressive evolutionary theory and the Malthusian concept of demographic pressure. Whatever its merits as an account of the dynamics of population growth and food production at the end of the eighteenth century, the basic insight that populations could grow so rapidly as to exhaust the ecological niches which they inhabit seemed to be valid. At the same time, it was clear that it was in fact possible to develop new strategies for survival which accommodate these ecological changes. What Darwin’s theory suggests is that all organisms are constantly struggling to survive under conditions of scarcity. Those which are well adapted to their environments survive long enough to reproduce and pass their characteristics on to their descendants; those which are not die out, and their characteristics with them (Darwin 1859/1970). 

This theory represents a key link in the generation of a unified theory on the basis of the general paradigm of mathematical physics. On the one hand, once Darwinian evolutionary theory was joined with genetics, and genetics reduced to molecular biology, the road was open for an explanation of even the most complex biological phenomena --i.e. the evolution of increasingly complex forms of living systems-- in physical terms. Indeed, the concept of natural selection even informs properly physical theory. Physical and chemical processes, for example, tend to select for the lowest possible energy state, i.e. the state of thermodynamic equilibrium. On the other hand, Darwin provided a way in which bourgeois political economy could answer Marx without rejecting the notion of social progress altogether. What the market does is to provide an environment, a kind of social ecology, which selects for those practices which are most conducive to survival and prosperity, thus making it an agent of ongoing social progress (Hayek 1988). Complete development of such a theory, however, which reflects the standpoint of the investor deciding in which “practices” to invest, would have to await transformation of capital itself into a commodity something which was only beginning during this period.
 The tendency, rather, was towards a crude “Social Darwinism” which saw society generally and the market in particular, as a mechanism for selecting fit individuals. 

Even as it opened up the possibility of a unified theory, though, Darwinism introduced new contradictions. How, if the tendency of physical processes is towards equilibrium, does evolution take place at all? It is not sufficient here to point out that there is nothing in thermodynamic theory which says that local departures from equilibrium are impossible, as long as the total entropy of the universe increases; it is still necessary to explain those departures, and to do so without recourse to supernatural principles such as divine creation --though this was, in fact the answer of more than few nineteenth century scientists, and continues to be the default position of scientifically minded theologians. The problem is complicated by the fact that while many individual evolutionary steps which involve an increase in complexity and organization can in fact be shown to have enhanced survival, it remains true that very simple organisms such as viruses and bacteria have shown themselves far better able to survive and reproduce than complex systems like ourselves. Why, then, the global trend toward complexity? And what drives the process? It is one thing to point out that there is a natural selection for forms which have greater survival value; it is quite another thing to imagine that natural selection can actually innovate. Here the tendency is to fall back on random, purely mechanical interactions, something which recent studies have been shown fails to explain the frequency of innovations which contribute to survival. 

As we will see, these contradictions were not resolved, but only compounded, in the next period. 

Finally, before moving on to the period of imperialism and finance capitalism, it will be useful to say something about the development of dialectical and historical materialism, which first emerged in this period. In a very real sense, the scientific and philosophical work of Marx and Engels are every bit as much a reflection of the internal contradictions of competitive industrial capitalism as those of the bourgeois scientists we have been discussing. The difference is that whereas bourgeois science remains a prisoner of the marketplace and the categories which are its reflex, Marx is able to analyze the theoretical contradictions of bourgeois science --or at least of bourgeois economics-- as a reflex of the underlying social contradictions of the system itself, and thus to point the way toward their resolution. Thus Marx’s account of prices of production shows the way past the Kantian antinomies of Ricardo’s theory and derives price from value. 
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where P is the price of production, c constant capital (tools and raw materials), v variable capital (labor) and r the average rate of profit. Similarly, Marx’s crisis theory shows the way beyond Malthusian pessimism regarding the future and demonstrates that the limits to progress are not demographic but rather economic and that reorganization of the economic system will once again unleash the forces of social progress. Since it is labor (v) which creates value, and thus surplus value (s), the rate of profit 
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tends to decline as a society becomes more technologically advanced, and fixed capital formation (c) a higher percentage of total investment costs. The result is disinvestment and economic decline. This in turn leads to the reallocation of resources to low, wage, low technology activities, holding back the development of human capacities and setting into motion underconsumption tendencies which also lead to crisis. Only a breach with the market order and thus a radical suppression of the law of value can open up the road to unlimited progress.

At the same time, it is quite remarkable given their ability to see past the contradictions of bourgeois political economy, that neither Marx nor Engels was unable to see the internal contradictions of bourgeois science generally. Where Marx looked beyond the mere formalization of the movement of commodities in the abstract space of the market to explain the genesis of the commodity form itself, neither he nor Engels was able to see beyond the strategy of mathematical formalization generally to the need for a genuinely explanatory theory of the universe. Indeed, Engels stood firmly by the results of bourgeois mathematical physics and against the Hegelian project of a higher “philosophy of nature” even though this made the task of developing a dialectics of nature far more difficult. Marx and Engels wanted to see themselves as opening up a new continent for “modern” (i.e. mathematical-physical) science, much as Newton and Priestly and Darwin had done before them, not as mounting a critique a critique of mathematical physics as such.

The reasons for this failure are to be found in the ideological strategy of the bourgeoisie. We have already suggested that mathematical physics played a central role in the ideological strategy of the bourgeoisie. By undermining natural theology, it undermined the metaphysical foundations for any substantive doctrine of the Good in terms of which the market allocation of resources might be judged and an alternative allocation legitimated. We have also seen that the secular intelligentsia, which had never really recovered from the its struggle with the Catholic hierarchy, had its own reasons to be attracted to atheism. If there is no God then the claims of the clergy to intellectual leadership are null and void and the secular intelligentsia can, at the very least, look forward to emancipation from its status as a “handmaid” to theology and at best can aspire to power itself. If there is no God, in other words, then the secular intelligentsia, or at least that section of it which has grasped the “line of march, conditions, and ultimate general result” of the human historical process, represents in fact nothing less that the global leadership of the universe. If Marx and Engels failed to see through the contradictions of bourgeois science, it was because this “science” supported their atheism, and their atheism supported their resistance to clerical hegemony and the aspirations of their own class-fraction to global leadership. In the process of course they yielded unwittingly to the strategy of the bourgeoisie and undermined any possible basis for grounding their own moral claims against the marketplace. One of the central tasks of the next chapter will be to show that our own critique of mathematical physics is, in fact, simply the completion of Marx’s own critique of political economy --albeit a completion which had to await the completion of capitalism itself. 

Late Modern Science
Imperialism and Finance Capitalism

The capitalism which Marx analyzed and of which he discovered the organizing principle was not yet a complete capitalism; the political economy which he criticized was still the formal theory of an incomplete system. Our task in this section is to show just how a mature or complete capitalism differs from the capitalism which Marx analyzed, to show what difference that makes in the way mathematical physics developed. As we will see, this has implications for the critique of political economy itself. 
There have, to be sure, been many efforts to “update” Marx’s analysis to take into account developments since the middle of the nineteenth century. The most fundamental of these was Lenin’s theory of imperialism, which argued that during its highest stage, capitalism is characterized by 

1) a high level of concentration of capital, leading to the development of effective monopolies which dominate economic life,

2) the fusion of banking capital with industrial capital to create “finance capital” and a financial oligarchy,

3) the export of capital to regions where the organic composition of capital is lower and thus the average rate of profit is higher,

4) the formation of international monopolies which divide the world among themselves, and

5) an ongoing struggle among the principal capitalist powers over what has become a de facto division of the entire planet among themselves. (Lenin 1916/1971)

Lenin’s analysis of imperialism was set in the context of a larger strategic analysis of the conditions for the transition to socialism. Lenin and the other Bolsheviks recognized, to an extent that Marx and the Marxists of the Second International did not, the alienating impact of market relations on the whole population, including the working classes, who were not, for the most part, able to rise spontaneously to socialist consciousness, but rather required the conscious leadership of the most advanced elements of their class, organized in the Communist Party. Bogdanov, Lenin’s principal rival for leadership of the Bolsheviks, argued that the principal task of the party was educational, i.e. to actually raise the people to the level of socialist consciousness (Rowley 1987, Mansueto 1996). Lenin, on the other hand, took a more narrowly political approach, arguing that the party could seize power without actually raising the whole working class to the level of socialist consciousness by exercising leadership in the struggle against Imperialism. Imperialism, he pointed out, involved an alliance between international monopoly capital and semifeudal landed elites in the colonized countries --and by extension in the “weak links” of the imperialist chain” such as Russia, which held back the struggle for national liberation and national development in those countries. By standing as the most committed and effective advocates the democratic but not yet socialist aspirations of the masses of the colonized countries, communists could win their confidence and ultimately come to power at the head of a broad movement which they could then gradually lead in a socialist direction after they had seized the commanding heights of state power.

The power of Lenin’s analysis is measured by its strategic effectiveness. Clearly Lenin understood something very important about what was happening in the world at the beginning of the twentieth century, indeed about what was going to be happening in the world throughout most of the twentieth century. But just as clearly he missed something about the long-term evolution of capitalism, which ultimately proved itself capable of resisting what initially seemed like a very powerful strategy. Where did he go wrong?

The problem, I would like to suggest, is that Lenin inherited Marx’s still incomplete break with utopian socialism and “vulgar communism” which defined capitalism and socialism in terms of the ownership of the means of production. Marx’s great contribution was to transcend this error and recognize that it was the operation of market forces, and not ownership patterns per se which defined capitalism and which were holding back the development of human capacities (Marx 1844/1978).
 Even so, the only method of restricting the operation of market forces which was actually put forward was state ownership and management of the means of production. And there was a tendency to analyze changes in capitalism in terms of changes in ownership patterns (greater concentration, geographic shifts) rather than in terms of an increasing degree of marketization and commodification.

I would like to suggest, first of all, that the developments which Lenin identified were in fact simply phenomena of a deeper transition in capitalism, a transition which can hardly be said to be complete even today and which in fact cannot be completed for reasons which will be come clear very shortly. Specifically, imperialism as Lenin understood it was simply a stage along the way to the construction of a unified global market in which capital, due to the development of electronic information processing and telecommunications, coupled with the destruction of all political and ideological barriers, has become (almost) instantly mobile and is (almost) instantly reallocated to the most profitable activities. The concentration of capital which Lenin observed and the fusion of industrial with financial capital to create a new amalgam were simply the first stages of the process which have led to the dispossession of the entrepreneur and the privately held company. The export of capital to low wage, low technology regions in order to take advantage of higher rates of profit is simply a reflection of the increased stringency with which market criteria are applied, coupled of course with the pressure of the rising organic composition of capital on the rate of profit in the advanced industrial countries. The division of the planet by the principal imperialist powers is simply the first step in the creation of a unified global market  --including a unified global market in capital-- a process which ultimately culminates by exposing the fictitious nature of national sovereignty even in the imperialist centers. 

This kind of pure finance capitalism, in which entrepreneurs, managers, and workers are all fully subordinated to investors, who in turn behave in perfectly market-rational fashion, we call infokatallaxis, from the Greek katallaxis, which means exchange. In such a system, innovations are excludable only to the extent that they have not yet been reverse engineered, and monopoly rents on skill and innovation thus vanish in a time which converges on zero. This is the kind of hypercapitalist utopia promoted explicitly by people like Frank Tipler in a way which, we shall see in the next chapter, shows the link between the market order and mathematical physics rather neatly. (Tipler 1994).

Second, the tendency which Leninist theory identified towards the gradual merger of capitalism with the state apparatus, and which was apparent throughout the twentieth century in various forms (fascism, the welfare state) also represents a transitional phenomenon, partly generated by the need to ameliorate the internal contradictions of capitalism, and partly a response to pressure from the working classes, which may be dealt with either by repression (fascism) or by accommodation (the welfare state). The last two decades of the twentieth century, however, represented at the very least a modification of this tendency. The emergence of a global market has increasingly rendered the nation state a less and less effective instrument of policy. This has created particular difficulties for working class organizations already undermined by the pressures of marketization. . As workers are forced to sell more and more of their labor power, less and less is left over to invest in building and maintaining the structures of community life. Working class organizations of every kind begin to disintegrate, even as capital benefits from loose labor markets. Fewer and fewer workers learn to build and exercise power, and the prospect of organizing against capital becomes ever more difficult, as there are fewer and fewer existing networks and emerging leaders to work with. The dynamic of political disintegration has, however, also affected the bourgeoisie, which looks increasingly to international organizations insulated from democratic pressures, to serve as the principal instruments for its policy, and to the military power of the sole remaining global hegemon, the United States, to enforce its decrees, acting wherever possible under the cover of international sanctions in order to blunt criticism from opponents of such intervention on the home front. 

Third, contrary to the expectations of most Leninist theorists, both the direct and the indirect apologetics for capitalism remain very much alive. As we noted above, Lukacs, who first advanced this theory, believed that the direct apologetic for capitalism was an artifact of the rising bourgeoisie and had given way to the indirect apologetic after 1848, something which eventually culminated in the fascist irrationalism. And this was, indeed, the way things would have looked, especially from Europe, during the first part of the century. There has, however, since at least 1980, been a significant resurgence of ideological forms which argue quite directly for the superiority of capitalism on positive grounds, claiming that it is in fact an effective agent for the promotion of creativity and innovation (Hayek 1988). As we will see, both the direct and the indirect apologetics are intimately bound up with the development of mathematical physics in the twentieth century. 

The fact is that "infokatallaxis" is impossible, at least for human beings. First of all, so long as production actually involves the reorganization of physical, biological, and social matter, the instantaneous reallocation of capital is impossible. This is, of course, why finance capital aspires to the creation of a pure information economy, and attempts to retheorize all activities, from growing corn to making steel to cooking food as forms of information processing. One would in fact have to be at Tipler's Omega point in order to construct anything like a pure infokatallaxis. But even so, special relativity places definite limits on the speed with which even electronic information can be transmitted. Nothing can move faster than the speed of light. So it appears that even at Omega perfect markets are impossible. One is tempted to call infokatallaxis an angelic capitalism --but then angels, already being perfectly what they are, don't consume. 

But let us assume for a moment that such a system could be constructed. What would it be like? Far from being progressive, as Tipler and his allies contend, infokatallaxis, to the extent that it tends towards perfect equilibrium, in fact tends towards entropic death. When all capital has finally been allocated in an optimum fashion and the instantaneous exchange of all information has eliminated the possibility of monopoly rents on innovation, there will be no further reason to reallocate capital, and thus no investment in new research and development, and no further progress (Martens 1995). Our neoliberal visionaries in fact aspire to nothing more nor less than eternal death. When a society's vision of its own future becomes focused on paths which are physically impossible, and which, were they possible, would lead necessarily to the end of all interesting organization in the universe, then the structures which have organized the development of that society are clearly spent. Progress requires a break with those structures, and the creation of something radically new. In our case this means a break with the market system. 

Late Modern Science

The transformation of capital itself into a commodity, coupled with the increasingly rapid penetration of market relations into every sphere of life which results from this, had a profound impact on the development of mathematical physics. Two changes are of particular importance. First, the “fixed frame” of nonmarket institutions against which commodities move has now largely disappeared, and with it the fixed frame against which local motion takes place. Second, there is shift in focus on the part of capital from production to consumption. Capital during the period of industrial and competitive capitalism was above all productive capital, and focused primarily on extending productive capacity. Thus the persistence of labor theories of value. Thus the fact that even pessimistic theories, such as that of Malthus, focused on the question of whether or not production could keep up with population growth, mounting a very indirect argument for the allocation of resources to luxury consumption. In the new period of finance capitalism, on the other hand, the standpoint of capital is above all that of the investor or rentier interested in final consumption. Value from this point of view is determined not by contribution to material production but rather by a subjective “utility function.” These two developments together determined the two principal developments in fundamental physical theory during this period” i.e. relativity and quantum mechanics. We need now to consider each of these developments in turn. 

Relativity
The principal motive behind the development of relativity was the recognition that there is in fact no “fixed frame” against which motion could be measured. 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 "luminiferous aether," which penetrated all "ponderable matter" and through which moved waves of light and other forms of electromagnetic radiation. But the Michelson-Morely experiment (1887)
 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 is no way of determining absolute motion. 

Einstein’s theory of special relativity was essentially a response to this realization. What Einstein realized was that if there is no fixed frame of reference, and that if light travels at the same speed in all frames of reference, then the measurement of such basic physical quantities as distance, time, and even mass depend on one’s frame of reference. This is because measurement depends on signaling and if the speed of light is finite and fixed then instantaneous signaling is impossible. What we see “now” actually happened in the past, when the signals we receive were generated. This makes relatively little difference at speeds which do not approach that of light, but as speed increases, so do relativistic effects.

One particularly useful way of illustrated this result was developed by Sir Edmund Whittaker (Whittaker 1949). Let there be two rigid rods AB and DE of equal length, moving relative to each other at a speed close to that of light and with observers at the midpoints C and F of each respectively. Assume that signals are emitted from the midpoints of the rods at a time when the two rods are coincident with each other --i.e. side by side. When the signals arrive at the endpoints of their respective rods, the rods will have moved with respect to each other. The signals will appear to arrive at the endpoints of their own rods simultaneously. That is, the signal emitted from C will appear to the observer at C to arrive at A and B simultaneously; the same is true for the signal emitted from F. But the signal emitted from F will appear to the observer at C to arrive one end of rod DE before it arrives at the other end for the simple reason that one end will be closer to C than the other and the light from that end will arrive before the light from the other end. But our perception of just how long it takes light to reach the ends of the rods in question is bound up with the distance the light in question has to travel. Because they moving relative to AB at a speed close to that of light, the segments DF and FE appear to change in length, one getting shorter and the other longer. Similar transformations affect time --the so called “temporal dilation phenomenon” by which the time elapsed for a cosmonaut traveling at near light speed will be less than that which elapses for her earth-bound comrades-- and even mass. 

The absence of a fixed frame does not, however, mean that it is impossible to know from one frame what is happening in another. Rather, the uniformity of the speed of light makes it possible to transform the coordinates of one frame of reference into those of another. This is the so-called Lorentz transformation. Assume two different coordinate systems (w, x, y, z) and (w’, x’, y’, z’) each applying to frames of reference moving relatively to each other, such as those of the rigid rods described above. Then the two systems are related to each other as
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The comparable transformation for mass is Einstein’s familiar equation
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What this means is that distance can no longer be calculated using the three dimensional Pythagorean metric:
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We must rather use the four-dimensional Minkowski metric:
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where s is the distance, c is the speed of light,  is the proper time, t time, and x, y, and z distance along each of the “space-like” dimensions.

There have been numerous attempt to make sense out of these counter-intuitive results, and specifically to determine whether or not such time, length, and mass transformations are real or only apparent. Our approach to this question is governed by the social epistemology which we outlined in the introduction to this work and which we have been employing throughout. What does it mean to say that a scientific theory developed as much as a result of transformations in the social structure --in this case the transformation of capital into a commodity-- as of scientific research as such? What, specifically, does this mean in the case of special relativity? We are not, it must be remembered, claiming that special relativity or any other theory is purely ideological in the sense of being “nothing more than” a reflection of the social structure or “merely” an instrument of definite political interests. Rather, the underlying epistemology which we set forth at the beginning of this work suggests that what the structure of a society does is to make us connatural with certain forms, enabling us to abstract them from the data of the senses --while concealing other forms. While some vantage points may be superior, all convey real knowledge. 

Special relativity, however, presents us with some very difficult problems in this regard. It is quite one thing to say, for example, that mercantilism made it possible to look at the universe as if was a system of only externally related point particles with mass moving through absolute space over time, but that in reality the universe is something more than this, something which mercantilism obscured from most observers at the time. It is quite different to say that finance capitalism enables us to see that rods which are moving relatively to each other change length and that relativistic space travelers experience time dilation, but that there is a deeper perspective from which these things are not true. Either the rods change length or they don’t; either the relativistic space traveler ages less rapidly than her comrades at home or she doesn’t.

The solution to this problem lies in recognizing that special relativity, and the other theories which we will be considering in this section, do in fact know something more profound and fundamental about the structure of the universe than our imaginations can accommodate; thus the persistent tendency to generate paradoxes when we present the results of relativistic theory in nonmathematical --i.e. imaginative-- terms. But this greater depth is along the single dimension of formal abstraction. Special relativity represents a more fundamental grasp of the formal, quantitative relations in terms of which the structure of the universe is most compactly described than do earlier theories. But it also begins to run up against the limits of formalization, at least in so far as it can be carried out by animal intellects who always and only abstract from and return to images. It may be that we simply cannot purge the paradox from special relativity, or the other theories of twentieth century mathematical physics, because there is an underlying contradiction between our natural mode of knowing (which requires a turn to the image after abstraction) and the degree of formalization required by special relativity. An intellect which could resolve the paradox would not feel it in the first place because it would not know by abstraction from and return to images, but rather by direct intuition.

This solution may seem unsatisfying, especially if we focus on the problem of time-dilation during relativistic space travel. Won’t the paradox have to be resolved before we can engage in near-light speed travel? But it must remembered that special relativity also tells us that such travel, if not impossible, is in fact extremely unlikely. This is because as a mass is accelerated to the speed of light the same relativistic effects which produce time dilation also make the mass go to infinity, increasing the amount of fuel necessary for acceleration. This is, in fact, the argument used by most physicists to rule out the possibility that UFOs are extraterrestrial spacecraft from distant stars, even prior to examination of the evidence. The underlying science raises serious questions about the possibility, or at least the practicality, of such spacecraft. In this sense, special relativity may not only signal the limits of formal theory as a means of answering questions posed by animal intellects regarding the universe in which they live; it may also signal the limits of technological development driven by formal theory and mathematical physics.
 

This may seem like a very pessimistic conclusion, but this is true only if one assumes that formal theory and the technologies based on it represent our only or our best option --a conclusion which is entirely unwarranted. At the sociological level the equivalent attitude is despair because the problems of capitalism seem insuperable --and no option besides capitalism is even on the horizon. Resolution of the limitations and internal contradictions of mathematical physics and of the technological impasse that these limitations and contradictions have created, presupposes transcending both mathematical formalization and the form of social organization of which it is the organic ideology. Only a new science, which integrates transcendental as well as formal methods will be able to resolve the paradoxes within and the contradictions between the various theories of mathematical physics and to point the way to new technologies which do not flee matter for a purely informatic utopia, be that utopia angelic or demonic, but rather realize ever more fully its potential for complex, dynamic organization. And such a science, though we may plant its seeds, cannot mature in capitalist soil.

Special relativity created problems for the way in which physicists understood gravity, which presupposed an absolute space-time and the instantaneous propagation of gravitational effects throughout the universe –both prohibited by Einstein’s discoveries. The general theory of relativity is simply an attempt to revise Newton’s theory of universal gravitation in the light of these difficulties. Einstein’s key insight at the physical level was to recognize the equivalence of inertial and gravitational forces. Bodies behave in an accelerated frame of reference, that is, in just the same manner as they do in a rest frame which is subjected to gravitational forces (Harris 1964:53). In order to explain this idea, Einstein suggested the following thought experiment. Imagine a passenger in an elevator moving vertically up and down a very tall tower. If the elevator is at rest or moving at a constant speed, the passenger will find that objects dropped fall to the earth with the usual gravitational acceleration g, just as they do when s/he is on the surface of the earth. But should the elevator begin to accelerate, the behavior of gravitational forces begins to change. If the elevator accelerates upwards, the object will fall more rapidly; if the elevator accelerates downward, it will fall more slowly. Indeed, if the elevator enters free fall the object will appear to be entirely weightless. Now, let us assume that rather than dropping a ball to the floor, the passenger in the elevator (perhaps perturbed by the sudden changes in speed and direction, and by the fact that the lights have gone out as a result of Einstein’s gravitational shenanigans), shines a flashlight horizontally (parallel to the floor) across the elevator to the opposite wall. To the passenger the path of the light will appear horizontal, but to an outside observer the path of the light will appear curved, because by the time it hits the far wall the elevator will have moved and spot on the wall of the elevator which is “horizontally” across from the flashlight will have moved and will be at a different point along the height of the tower. Indeed, it would be difficult for the outside observer not to conclude that the light had mass and was subject to gravitation. 

What this suggested is that while locally, within a given frame of reference, space is flat and structured much as Euclid would have had us believe it was, on a larger global scale it is in fact curved. This curvature is introduced by the presence of various fields of force, such as acceleration or gravity.  Gravity, in other words, is a feature of the geometry of space-time. 

In order to see how this is formalized mathematically, we begin by describing motion in a Euclidean 3-space. The distance r between any two points is given by the Pythagorean metric
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and the shortest path between two points, called a geodesic, will be a straight line. Similarly, in a four-dimensional Minkowski space, the distance between two events will be given by
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and the geodesic will be a straight line. But imagine a curved space, such as the surface of a balloon. Within such a system the distance between two points will be affected by the curvature of the surface, making it necessary to introduce new term into the metric, the curvature parameter k. If we attempt to model the curvature of a three dimensional object such as a sphere or a hyperboloid in a four-dimensional Euclidean space, we find that the curvature K, called the Gaussian curvature, after the mathematician who first investigated the problem, is given by
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where R is the distance between the center of the object and its surface (i.e. the radius in the case of a sphere), and k is a parameter with value +1, 0, or -1, corresponding to the cases of a three-sphere, a flat three dimensional space, and a three-hyperboloid respectively. Rewriting the metric equation to take this parameter into account (and using spherical rather than orthogonal coordinates), we get the so called Robertson-Walker metric:
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where S is the cosmic scale factor, which represents the change in the distance between supergalaxies, and s the dimensionless ration R/S.

Now, recognizing the curvature of space-time, Einstein developed an equation which describes the action of gravity as a set of generally covariant tensor equations.
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where G is the gravitational constant, 
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 the force of gravity and 
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 a tensor describing the energy density, the pressure or momentum per unit area, energy flows, momentum density, and shear. 

The place of general relativity within the context of mathematical physics is rather ambiguous. In and of itself it represents a terribly important, but still very partial achievement. Specifically, it represent a very partial unification: i.e. of the geometry of space-time (special relativity) with the theory of universal gravitation. In this sense it simply repairs the internal tension introduced into physics by Einstein’s theory of special relativity, itself the result of the disintegration of the Newtonian space-time. At the same time, the development of general relativity made it possible for the first time to develop a mathematical model of the universe as a whole, giving the impression that relativity is the general theory par excellence. Indeed, the whole discipline of physical cosmology has been built up largely on the foundation of general relativity. 

The step from universal gravitation to physical cosmology, however, involved making a fundamental assumption about the nature of the universe: namely that it is a uniform gas without any significant internal structure. Making this assumption, it then became possible to solve Einstein’s equations and develop a model of the universe as a whole. The result was quite startling. Assuming that general relativity and a homogenous and isotropic distribution of matter, it follows that the universe is finite but unbounded. This means that if one heads out in a given direction one never reaches a cosmic wall or terminus, but simply returns after a very long but finite interval to the point from which one began. This is a consequence of the notion that gravity is simply a curvature in the structure of space time. 

Einstein found the notion of a finite but unbounded universe aesthetically appealing. He did not like some of the other implications of his theory, however, namely that the universe is a dynamic system, subject to expansion or contraction. In order to avoid these conclusions, he introduced a “cosmological constant,” which guaranteed that the universe would remain static. Soon, however, this assumption was discarded and the equations solved by the Russian mathematician Alexander Friedman (1921) for the case of an expanding universe:


[image: image31.wmf]r

p

G

S

kc

S

3

8

2

2

2

=

+

&
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Now it had long been known that the light from the so-called spiral nebulae was shifted slightly to the red end of the spectrum, and that the most likely explanation for this fact was that these nebulae were moving away from us, and that the light waves were thus subject to the same Doppler effect which made the whistle of a locomotive seem to get lower in pitch as its sped away. At roughly the same time, as a result of the work of Edwin Hubble, it became possible to measure accurately the distances to these nebulae, and it became apparent that they were outside our galaxy and most likely separate and distinct galaxies themselves. It also became apparent that the farther away they were, the more red shifted the light from their stars. The implication seemed unavoidable. These galaxies were rushing away from each other and the further away they were the more rapid their flight. From this it was concluded that the universe must indeed be expanding, as Friedman’s solution to Einstein’s equations suggested. A Belgian priest by the name of Georges-Henri Lemaître soon drew what seemed to him to be the obvious conclusion: that the universe had begun with the explosion of a primeval atom and was now expanding out into space, as both Freidman’s equations and Hubble’s observational evidence suggested. This line of argument gained support from James Jeans and Arthur Eddington, who attempted a synthesis of relativity and thermodynamics, arguing that entropy increased as matter was converted to energy and that the universe must therefore have had a definite beginning in time. 

Lemaître’s original formulation of what came to be known as the Big-Bang cosmology was encumbered by a number of rather obvious errors. He took cosmic rays to be radiation left over from the origin of the universe and he upheld an incorrect view of stellar evolution that involved the complete annihilation of matter. As a result the theory did not really gain much support beyond a narrow circle of general relativists until after the Second World War, when the development of nuclear fusion technology laid the groundwork for a more credible theory of stellar evolution --and provided a powerful analogy for the Big Bang itself. The destructive technologies of capitalism became a metaphor for cosmic creativity. Even so, the theory vied with the alternative steady state theory until the discovery of the cosmic microwave background in 1964 provided what most physicists still accept as empirical evidence for a primeval cosmic explosion. As a result, the Big Band theory became the accepted orthodoxy in physical cosmology and by the late 1970s it was essentially impossible to publish papers which called the theory into question. 

We will have an opportunity to examine both the further development of this theory and some of the tremendous challenges it faces --both internal contradictions and countervailing evidence-- after we have looked at the development of quantum mechanics, a basic understanding of which has become necessary to grasp the further evolution of physical cosmology. But it will be useful here to make at least a brief note regarding the basic assumption on which the whole edifice of the Big Bang theory, and indeed the whole enterprise of mathematical-physical cosmology has been based: i.e. the assumption of cosmic homogeneity and isotropy. While this assumption may well turn out to be true on the very largest scales, the history of astronomy over the past century has been the history of the discovery of structure at ever larger scales. When Einstein developed his first cosmological model in 1916 it was still assumed that stars were distributed evenly in space, though as early as the 1850s some astronomers had suggested that the spiral nebulae were in fact separate and distinct galaxies. Within a few short years after Einstein published his theory Hubble demonstrated that this was in fact true and that nearly all the stars in the universe are organized into together in these galaxies. More recently, since 1970, astronomers have discovered a whole hierarchy of structure above the galactic level. If it should turn out that the universe is not homogenous and isotropic at the largest scales, this would mean that Einstein’s fundamental cosmological claim --that the universe is finite and unbounded-- could turn out not to be true. The curvature of space cased by the presence of matter could be such that a universe which is spatially and/or temporally infinite (Lerner 1991: 130-131), a possibility which should not be ruled out. 

What is the social basis and political valence of relativistic cosmology? This is a difficult question because there are at least two distinct ideological trends which have become associated with this cosmology, what we might called the Einsteinian and Lemaîtrian trends. The first trend is focused on the attempt to grasp the universe through the simplest and most elegant mathematical models possible. Strongly motivated by aesthetic considerations, this trend represents in many ways a prolongation of the earliest impulses of mathematical physics --impulses which date back to the Pythagoreans-- into the present period. Generally speaking this trend has its base in state-funded scientific institutes --the academies of science or their nearest equivalents-- which provide a section of the intelligentsia with a vantage point which is at least formally outside the framework of the marketplace, but within the context of a society in which everything has been transformed into a commodity and the “fixed frame” of nonmarket institutions has largely disappeared. The result is an attempt to model the universe “as if” from outside on the basis of the very theory which says that there is no fixed frame of reference from which to do this. The whole enterprise of developing mathematical models of the universe --or indeed of numerous hypothetical universes-- and then leaving to others to see which, if any, actually correspond to reality makes sense in (and only in) such a milieu. The universes modeled are all in one way or another pure reflexes of a perfect market order --they are systems of mutually determining quantities. The theorist alone stands outside the system, assuming the place of God.

 Authentic general relativists --like Einstein himself-- have generally had a marked affinity for rationalism, especially rationalism of the Spinozist variety. They see their work as a search for cosmic order, but not necessarily for meaning or organization in a teleological sense. Indeed, the sense here is of having so transcended primitive anthropomorphism and the merely human standpoint that not only the ultimately meaningful universe of Aristotelian cosmology but also the cosmological pessimism of the nineteenth century seems ridiculous. General relativists are too developed, too enthralled by the pure mathematical beauty of their equations to be concerned with such petty issues as the fate of humanity, or even of life and intelligence generally, in the universe. Largely protected from the ravages of the market order, the general relativist can afford to ignore it.

At the same time, relativistic cosmology has attracted a whole periphery of thinkers --of whom Lemaître was the prototype-- for whom the Big Bang provides the scientific infrastructure for an essentially creationist metaphysics (Jaki 1988). These thinkers are drawn largely from the clergy and its intellectual periphery. For these thinkers, the Big Bang makes it possible to reconcile science and religion, without, however, having to transcend cosmological pessimism. If the universe had a beginning in time, then that beginning must be explained. Such an explanation, by its very nature, reaches back behind the point at which physical theory becomes valid and must by its very nature be metaphysical. At the same time, a universe which is finite and which appears to be headed for entropic heat death cannot inspire our ultimate loyalty. Big Bang cosmologies thus do not run the risk of grounding a pantheistic or semipantheistic metaphysics in the way the old Aristotelian physics had. The Big Bang gives us God without an ultimately meaningful universe, a God on whom we are radically dependent and who is the only possible object of our ultimate hope and concern. Big Bang cosmology, in other words, is very nearly the ideal cosmology from the stand point of the Augustinian reaction. 

Quantum Theory
The ideological-critical and philosophical problems presented by the theory of relativity pale by comparison with those presented by quantum theory, to which we must now turn. Quantum theory first emerged out of an effort to deal with a very specific empirical problem. In attempting to model the radiation emitted by a solid body heated to incandescence, Max Plank found that, assuming that energy transfer was continuous, Maxwell’s equations for electromagnetism, which otherwise worked so well, seemed to predict that the radiation levels would go to infinity as the wavelength of the radiation entered the ultraviolet range, something which they did not, in fact do. The only way to avoid this problem was to assume that, contrary to all expectation, energy transfer was in fact quantized. Energy was, in other words, transferred in discrete packets. Specifically energy transfer can be modeled as
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where E is energy, n an integer,  the frequency of the radiation, and h Planck’s constant, which has a value of 6.626*10-34 J sec.

It was only a small step from the notion that energy transfer is quantized, to the idea that electromagnetic radiation itself is quantized, and consists in particles known as photons, the energy of which can be modeled as 
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where  is the wavelength of the light in question. Since, according to the theory of special relativity, energy and matter are interchangeable
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it follows that photons necessarily have mass, which Louis de Broglie determined to be
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All of these developments would have seemed to point more or less straightforwardly toward a radically atomistic theory of matter in which every thing is ultimately composed of irreducible elementary particles which, in some mysterious way, also function as energy packets. Indeed, it was precisely this set of breakthroughs which made possible the triumph of the atomic model of matter. Already, during the early years of the twentieth century, working within the framework of Maxwell’s classic theory of electromagnetism, J.J. Thomson and Ernest Rutherford had determined that far from being irreducible bits of matter, Dalton’s “atoms” were in fact composed of smaller particles: negatively charged electrons and a positively charged nucleus. But this model presented grave difficulties for classical theory. The idea was that it was the electromagnetic attraction between the positive nucleus and the negatively charged electrons held the atom together, while the energy of the electrons revolving around the nucleus kept them from falling into it. The difficulty is that accelerating particles radiate energy, and the revolving electron, since it constantly changes direction also constantly accelerates. Stable atoms should thus be impossible. 

It was Niels Bohr who first attempted to resolve this contradiction. What Bohr did was to synthesize Rutherford’s earlier model of a nuclear atom in which negatively charged electrons move around a positively charged nucleus with the principle that energy transfer is quantum or discrete. Drawing on both Planck’s basic insight regarding energy transfer, and experimental evidence concerning the spectrum of the Hydrogen atom, which suggested that only certain electron energies were allowed, he suggested that the electron in hydrogen atom moves around the nucleus only in certain allowed circular orbits, or, what is the same thing, only at certain definite energy levels
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where n is an integer indicating the size of the orbit and Z the charge of the nucleus or the number of protons. This model showed how the hydrogen atom, at least, could be stable.

The Bohr model, however, turned out not to work for atoms larger than hydrogen. And some of the results of early quantum theory could be read in a way which called atomic theory itself radically into question. De Broglie’s equation, for example, could not only be solved to give the mass for a “particle” of light; it could also be solved to give the wavelength of what had previously considered to be purely particulate forms of matter such as the electron:
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Similarly, quantum formalisms seemed to imply, as Werner Heisenberg demonstrated, that it is in fact impossible to know with precision both the position and the momentum of an elementary particle. Stated formally:


[image: image39.wmf]p

4

)

(

*

h

mv

x

³

D

D


where x is the position of the particle and mv is its momentum. This so-called “uncertainty principle,” initially just a result of the use of noncommutative operators in formalizing certain problems in quantum mechanics, soon found experimental support. Assume an electron or photon source, a wall with two tiny slits, and screen on to which the “particles,” after passing through the slits, can be detected. Each “particle” may well pass through a particular slit and land in a particular place, but it is quite impossible to determine precisely the path of any given photon or electron. The overall distribution looks more like that of waves passing through interference. 

What this suggested was that matter and energy could not, in fact be understood as either purely particulate or as purely wavelike. Rather, its state had to be described by a 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.  in turn is obtained by solving the Schrodinger equation --something which can be done with accuracy only for the hydrogen atom:
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where H is the Hamiltonian operator expressing the total energy of the atom and E is the same quantity expressed in different terms, as the sum of electric potential of the atom (the electromagnetic relation between the nucleus and the electron) and the kinetic energy of the electron itself. Each which solves the equation is interpreted physically as one of the orbitals in which an electron might be located --or, more properly, which describes its state. 

The result was a model which was at once extraordinarily powerful, capable of describing, and even of offering partial explanations for the ways in which we actually observe matter to behave and deeply troubling, as it seemed to both to contradict other formalisms which also worked, and to generate paradoxes at the metaphysical level which have defied solution ever since. This is, indeed, the problem with quantum theory as a whole, which is fundamental to much advanced electronic technology, and therefore must have something to do with reality, but which also generates predictions which are clearly contrary to empirical evidence, formalisms which are in contradiction with relativity, and philosophical paradoxes which have effectively put an end to the role of mathematical physics as a rationalizing enterprise. Clearly this problem merits further analysis.

Let us begin by considering some of the successes of quantum theory. Clearly the most important of these is in the field of chemistry where, together with thermodynamics, it makes possible at least a partial explanation of the appearance and behavior of the various chemical elements and their interactions with each other. The first step in applying quantum theory to chemical interactions is to solve the Schrodinger equation. When we do this for the hydrogen atom, we find many wave functions which satisfy it, each of which is described by definite quantum numbers.

1) The principal quantum number n, which has integral values 1, 2, 3, ...; describes the size and energy of the orbital in question. The higher the value of n, the higher the energy of the electron in question. The maximum electron capacity of an energy level is given by 2n2.

2) The azimuthal or angular momentum quantum number l describes the shape of the orbital It may have integral values 0 ... n-1. Differently shaped orbitals are often referred to as sublevels, and designated by letters derived from the spectroscopic techniques which were originally used to identify them. 

s: l = 0

p: l = 1

d: l = 2

f: l = 3

3) The magnetic quantum number m describes the orientation of an orbital relative to other orbitals. The magnetic number may have integral values -l ... 0 ... + l
4). The electron spin quantum number s describes the behavior of the electron within its orbital. I has -1/2 or +1/2.

Now, an electron may not be in just any energy state. With a few exceptions, unless the electron is subject to some outside force which excites it, it will seek to occupy the lowest energy state possible. Put differently, as atoms get bigger, acquiring more protons and electrons, the electrons fill up the lowest energy states first. This is the aufbau or building up principle.

But what is the "lowest energy state possible?" In order to determine this we need to have reference to one additional result of quantum mechanics --the Pauli exclusion principle, which states that no two electrons within the same atom can have the same set of quantum numbers.
 This in turn implies Hun’s rule: the lowest energy configuration is the one having maximum number of unpaired electrons allowed by the Pauli exclusion principle in a particular set of degenerate orbitals. As the lower energy states, constrained by the Pauli exclusion principle, are filled up, electrons must move to the higher levels. 

The theory which we have outlined thus far essentially gives us the full range of possible electron states in a hydrogen atom, i.e. a relatively simple system of one proton and one electron, and tells us how systems of more than one proton and electron are built up, by filling the lowest energy states first. But application to atoms other than hydrogen is complicated by effect of intervening electrons, making it impossible to solve the Schrodinger equation precisely. Instead we must treat each electron separately, compensating for the electron correlation effect. If we do this we will be able to determine with some precision a wide range of values which affect the basic properties of the elements in question, including ionization energy and electron affinity. 

The ionization energy is the energy required to remove and electron from an atom, which is what happens when ionic bonds are formed, and also when an electric current is run through a substance. This energy is determined by a number of factors. The two most obvious are:

Zactual: the positive charge of the nucleus, which is determined by the number of protons, and

n: the principle quantum number, which describes the energy level of the electron in question.

The greater the nuclear charge, the more difficult it is to extract and electron. The greater the energy of the electron, the less the additional energy which must be added to extract it. But if there is more than one proton and electron involved, there are additional factors which must be considered. The first is the fact that the electrons at the lower or "inner" energy levels tend to "shield" the outer or valence electrons from some of the nuclear charge, but repelling it from the nucleus, thus reducing the additional energy which is necessary in order extract it. Electrons do not generally provide effective shielding for other electrons at the same energy level so the strength of the shielding effect will be very largely determined by the number of electrons at lower energy levels than the one for which we are attempting to determine the ionization energy.

Second, because the electron is not a particle, but rather a relation, it is not really possible to speak of it being "at" a given energy level in any rigorous sense. The values of all of the quantum numbers express probabilities. This means that even an electron at a high energy level might at some point be "found" at lower or even zero energy. When electrons drop to these lower energy states they lose the benefit of the shielding effect appropriate to electrons of their state, and it thus becomes more difficult to extract them. This is called the penetration effect. The relative tendency of electrons to fall to lower states, or strength of the penetration effect is, furthermore, determined by the "shape" of the orbital in question, which is given by quantum number l. In general, penetration is greater in the more or less spherical s orbitals, and declines as one moves to p, d, and f orbitals which have an increasing number of nodal planes from which the electron is excluded. 

Now, taking all of these factors together, it becomes possible to explain the differences in the ionization energies of the electrons in even very complex atoms, using the equation:
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where 

Zeff = Zactual - (electron repulsion effects)

We should also note that the penetration effect helps us to refine our prediction of just how the various energy levels of an atom will fill. If we know the ionization energy of an electron, as well as its energy level n, we can calculate Zeff. We can then compare this with the value we obtain by subtracting the number of core electrons from the number of protons in the atom in question. For example, if we are considering the single valence electron of a sodium atom, we would expect Zeff to be determined by the 11 protons and 10 core electrons, to give a value of 1; instead we find it to be 1.84. The additional attraction is the result of penetration by the valence electron in the 3s orbital. Similar calculations allow us to understand why the 4s orbital fills before the 3d orbital, etc. 

This same body of theory also allows us to explain the differences in the ability of atoms of various elements to attract electrons. This is measured by the electron affinity, or the energy change associated with the addition of an electron to an atom, considered, for purposes of uniformity, to be in a gaseous state. In general, electron affinity increases --i.e. more energy is released with the addition of an electron, as atomic number increases within a period, due to increasing nuclear charge. But slight changes in electron configurations can lead to break in this pattern. Carbon, for example, can add an electron to form a stable C- ion, whereas Nitrogen cannot form a stable N- ion. This is because the Nitrogen would have to add the electron to a 2p orbital which already contains an electron, and the nuclear charge is insufficient to overcome the additional repulsion effects, whereas Carbon can add an electron to an unoccupied 2p orbital. By the time we get to Oxygen, the nuclear charge has grown enough to overcome the repulsion effects sufficiently to allow addition of one electron --though not the two that would be expected given the many stable oxide compounds which form. It is only the attractive effects of the metal ions in the latter compounds which permit the formation of the required oxide ions. 

Similarly, we also expect that electron affinity will decrease as we go down a group, as the any electrons added will be at a greater distance from the positive charge of the nucleus. Generally this is the case, but there are exceptions. Fluorine, for example, has a lower electron affinity than Chlorine, something which is attributed to the small size of the 2p orbitals to which it adds electrons, increases repulsion effects. In the other halogens, on the contrary, with their larger orbitals, we find precisely the expected pattern.

We are now in a position to demonstrate the explanatory power of quantum theory with respect to the properties and interactions of chemical elements. It is, first of all, the quantum principle itself, i.e. the fact that energy exchange is quantized, which explains the fact that we have discrete elements and not a continuum of different forms of matter with a continuous transition in their properties. Since energy comes in little packets, such as electrons, any given atom can have only an integral number of electrons --1, 2 ,3, etc.  And it is the electrons which effectively determine the chemical properties of the elements. So there cannot be an element which is “between” Hydrogen and Helium in its properties because there cannot be an element with 1< Z < 2. But there is more. Knowing the ionization energies and electron affinity of a given element allows us to explain empirical properties such as reactivity, conductivity, and the ability to reflect light. When atoms react to form ionic compounds they give or receive electrons. Just how many electrons an atom is likely to give or receive in an ordinary chemical reaction is determined by the ionization energies of its electrons and by its electron affinity. Consider sodium, for example. Just why Sodium is able to give only one electron, and thus combine 1:1 with Chlorine, which can only receive one, is a mystery until we know that the ionization energy of its outermost, valence electron is 5.1 eV, whereas the ionization energy of the first core electron is 47.3 eV. The first is likely to come off in a chemical reaction, the others will require far more energy than is ordinarily available. Aluminum, on the other hand, has three electrons with relatively low ionization energies (6.0, 18.8, and 28.4 eV respectively), though its fourth ionization energy is a very high 120 eV. Aluminum will thus give up three electrons, and combine with Chlorine in a ration of 1:3. The different ionization energies of Aluminum's three valence, electrons, by the way, is determined by the fact that the first is in a 3p and the other two in a 3s orbital. The first electron in the 3s orbital probably comes off more easily because of repulsion effects. 

Similarly the fact that Oxygen and Chlorine do not generally give up electrons, and instead receive them, is determined by their higher ionization energies and electron affinities. Chlorine receives one, and oxygen two electrons, because of the way in which their electrons are configured in the highest energy levels.

Conductivity and reflectivity are both also directly related to ionization energy. When an electric current is applied to a substance, electrons flow through it. This is facilitated if the electrons of the substance in question are relatively loose, so that the atoms become bathed in a moving sea electrons. Light, striking the surface of an element with a low ionization energy makes the electrons of that element vibrate in harmony with it, giving off electromagnetic energy at the same frequency. This is why metals are so shiny. More detailed analysis can show why, for example, gold is yellowish and silver .. well, silver.

It would be possible to continue this discussion at still greater length, showing how quantum mechanics allows us to explain the various ways in which elements combine together into larger wholes called molecules with distinct properties, and why some of these molecules are prone to form still more complex combinations which eventually take on the properties of life. But this is not a text in chemistry and readers are referred to such texts for a more complete discussion. 

Chemistry is not the only discipline in which the application of quantum theory has led to advances. Indeed, our whole understanding of the subatomic structure of matter itself, as well as our understanding of three of four principle forces of nature, depend on the application of quantum mechanics. Here we can only sketch out briefly the development of what has come to be called the “standard model.” The first step in this process was the development of quantum electrodynamics, developed by Paul Dirac in 1928, which applied quantum theory to the problems of electromagnetism, while attempting to take into account some of the implications of special relativity. We do not need to explain the theory in detail here, but it is necessary to sketch out the basic approach. In order to accommodate the discovery that energy transfer is quantum, Dirac replaced Maxwell’s wave theory of electromagnetism with model in which electromagnetism is understood as a field across which forces are carried by point particles. The theory works remarkably well, making accurate predictions and proving itself extraordinarily useful in a wide range of technologies, including most contemporary electronic technologies. The difficulty is that the basic assumptions of the theory generate serious irrationalities. Electrical energy increases as distance decreases. If the electron is a point particle this means that it is infinitely small and that it is thus possible to be come infinitely close, so that the electron’s energy becomes infinite. This by itself contradicts observation, and it generates two other problems. Since like electrical charges repel, and there is nothing that we are aware of which could hold the electron together, it ought to explode. Second, since energy and mass are convertible, the electron should have infinite mass. But neither of these conclusions corresponds to observation. In order to contend with this problem, physicists developed the technique of “renormalization,” which has been used in all subsequent quantum mechanical theories. Essentially the infinities generated by the formalism are subtracted from the equations and observed quantities added in their place. When this is done the equations provide a good model of real physical systems --though they lose something of their theoretical elegance (Lerner 1991: 349). 

Even renormalization, however, cannot resolve the most fundamental problem with quantum electrodynamics. The theory predicts that what we had previously thought to be empty space or vacuum is in fact full of virtual particles which are continuously passing into and out of existence. The result is that the vacuum has an enormous energy density. But according to general relativity, energy, which is convertible with mass, curves space. If quantum electrodynamics is true, all of space should be curved into a sphere not more than a few kilometers across (Lerner 1991: 350). 

The further development of the “standard model” is essentially a story of extending quantum strategies to the description of the other fundamental forces --the weak and strong nuclear interactions and, much less successfully, gravity-- and the subsequent unification of the resulting theories. This process has only been partly driven by theoretical considerations. The development of particle accelerators as a result of efforts to test the resulting theories led to the “discovery” (or perhaps the manufacture) of a whole zoo of particles which themselves had to be explained. Thus, it was soon discovered that not only are the positively charged nuclei of atoms composed of varying numbers of protons and neutrons, but these protons and neutrons are themselves composed of still more fundamental particles known as quarks. These quarks are bound together in differing combinations by the strong nuclear force organized into eight “color” fields mediated by still another set of particles known as “gluons,” the operation of which is described by a theory known as “quantum chromodynamics” because it deals with “color fields.” 

Quantum chromodynamics has problems similar to those of quantum electrodynamics. Among other things, it predicts that protons have a finite lifetime of 1030 years, which means that, given the probabilistic nature of processes governed, like this one, by quantum mechanics, it should be possible to detect the decay of at least a few of them into pions and positrons. The experimental evidence, however, shows that this does not happen. 

Attempts to model the form of nuclear radiation known as decay, meanwhile, led to the discovery of still another force, the weak nuclear force, which was carried by neutrinos. This force is quite different from any of the others: its range is on the scale of the radius an atomic nucleus. The principle particle which it involves has a mass far smaller than the electron. Unification of the electromagnetic and weak interactions is made possible by posting the existence of still another sort of field: the Higgs field, filled with Higgs particles. In the absence of a Higgs field, electrons and neutrinos are identical; in the presence of such a field one or the other becomes massive, depending on the sort of Higgs particle which is present. As it happens electron Higgs fields dominate, something which is attributed to spontaneous (i.e. unexplained) symmetry breaking during the early stages of cosmic evolution. 

The standard model integrates this electroweak theory with quantum chromodynamics. Back in the mid-1970s, when the generation of theoretical physicists who currently dominate the academy was trained, it was assumed that it was only a matter of time before a way was found to fully unify these two theories. All one had to do was to define a unified field in which the various properties of the particles could be derived from their interactions, just as the properties of electrons and neutrinos had been derived from their interactions in the Higgs field. What happened is not so much that no such theory was forthcoming, but that many were, and it became extraordinarily difficult to decide among them. None of these theories, furthermore, actually explained why the basic physical parameters, such as the ratio between gravitational and electromagnetic interactions or between proton and electron masses are fixed the way they are, at levels which turn out to be fine-tuned for a universe which is capable of producing stars and thus life. Indeed, there are fully 20 parameters which have to be set “by hand” as it were if the standard model is to conform to real physical systems. And none of the theories explain interactions at what quantum theory suggests is actually the most fundamental scale of the universe: the Plank scale of roughly 10-33 cm (Smolin 1997: 47-74). 

These difficulties in turn led to the revival of an idea which had first emerged in the 1960s: string theory. String theory actually derives from an alternative to the standard model developed by Geoffrey Chew. Reasoning that it made no sense to continue looking for ever more fundamental particles, Chew developed a series of equations, the so called bootstrap equations, which attempted to model the properties of each particle in terms of its interactions with all the others. The result was a startling conclusion: these elementary particles were not actually particles (i.e. dimensionless points) but rather one-dimensional strings. The idea is that what physicists had been calling particles actually resulted from the vibrations of these cosmic strings. The early successes of the quark theory, coupled with the fact that the theory required a 25 dimensional space in order to be consistent with relativity and quantum mechanics meant that initially this idea was not very attractive to most physicists. But when it predicted yet another particle for which experimental evidence was eventually found, and when other attempts at unification began to break down, it started to attract new attention. It turned out, furthermore, than by fixing the length of the strings at precisely the Planck length, the theory could be made to generate a force with all the characteristics of gravity. The theory’s prospects were further improved when the development of “supersymmetry,” which eliminates the distinction between forces and particles in field theories and made it possible to reduce from 25 to 9 the number of dimensions necessary to make the theory consistent with relativity and quantum mechanics. This also generated a theory which specified almost uniquely the values of the basic physical parameters. Once again, mathematical physicists thought that they were on the verge of a final theory.

Once again they were disappointed. Attempts to reconcile the 9 dimensional space required by string theory and the three dimensional space we experience by curling up six of the dimensions so that the universe has a diameter of only the Planck length along these dimensions undermined the uniqueness of the theory. There turn out to be 10,000 different ways to do this, each of which results in a different set of basic physical laws. String theory, furthermore, for all its mathematical elegance, employs a concept of space which is more Newtonian than Einsteinian, so that it is not fully unified with special relativity, though this problem may eventually be solved. 

The result is nothing short of a major crisis in fundamental physics. On the one hand, the underlying quantum mechanical theory on which the entire standard model and its string-theoretical modifications are based emerged as a response to real conflicts between theory and experiment, and has produced verifiable predictions, at least some partial explanations (in the field of chemistry) and numerous technologies on which much (if not most) of the economic progress of this century has been based. At the same time, it is very difficult to regard quantum mechanics as a fundamental theory of matter, which is what it pretends to be. How are we to understand this paradox?

It is not only at the mathematical-physical and scientific levels, however, that quantum theory generates contradictions. The most fundamental problems of the theory can only be called metaphysical, in that they go the very core of our sense of what is real. We will recall that according to basic quantum theory the state of any system may be represented as a wave function  The question is just what this wave function represents at the physical level. The most straightforward approach, and that advocated by Schrodinger himself, is simply that it represents the relative probability of find an electron, or whatever other particle is under consideration, in a given state. The difficulty is that this presupposes that we are dealing with particles, or at least some other irreducible entity, which serves as a kind of material substratum for various states, a presupposition which quantum theory itself has gradually undermined. It also leaves unexplained why the state of something like a particle should be susceptible of only probabilistic description. 

Alternative strategies, however, are even less satisfactory. Heisenberg and Bohr, for example argued that the wave function is collapsed by the act of observation, so that the state of the system is actually determined by the observer. This approach, the so-called “Copenhagen Interpretation”  presents insuperable problems. Among other things it fails to account for the fact that scientists working on the same experiment inevitably collapse the wave function in the same way. This, in turn, has led Archibald Wheeler and others to suggest that the wave function is in fact collapsed by the whole community of observers over the whole history of the universe. But what if the various members of this community make different observations? Isn’t there a need for some Ultimate Observer who can coordinate all observations and reconcile them with each other?  Here we have returned to  Bishop Berkley, for whom the universe is ultimate just a system of ideas in the mind of God (Gardener 1978). At the physical level such an Ultimate Observer presupposes a closed universe terminating in a final singularity without any event horizons (Barrow and Tipler 1986: 458-472) --something even advocates of theory admit is unlikely.

What all of these approaches have in common is a subjective idealist metaphysics. What exists is what is observed. We will see shortly that this is no coincidence. Subjective idealism had a powerful influence in physics beginning with Mach in the late nineteenth century. Many of the founders of quantum theory, Heisenberg in particular, were drawn to extreme forms of subjectivism in the 1920s and 1930s (Lukacs 1953/1980). But this subjectivism is not just a philosophical preference imposed on the theory; it is intrinsic to the quantum problematic itself. This becomes apparent if we consider the principal alternative currently proposed to the Copenhagen Interpretation, namely the so-called Many Worlds theory (Everett 1957). According to this theory the wave function does not collapse at all and every one of the infinite number of possible quantum states of every possible system is in fact realized along an infinity of different world lines. Proponents of this view such as Frank Tipler argue that it does not violate the principle of economy (Occam’s Razor) because it simply enlarges our ontology (by allowing other “universes” or world lines) rather than requiring hidden variables which are inaccessible to observation or a complex of new physical laws to explain how observers can collapse a quantum wave function as do the statistical and Copenhagen interpretations respectively (Barrow and Tipler 1986: 495-496). The question, of course, is in just what sense the other universes exist, and here the subjectivism which is intrinsic to the quantum problematic reasserts itself. Tipler suggests that while all logically possible universes exist “mathematically” only those which are structured in such a way as to permit the evolution of observers can be said to exist physically. And since, as we will see, Tipler believes that all universes complex enough to evolve observers necessarily terminate in an omniscient, omnipotent Omega Point, i.e. in an Ultimate Observer, Tipler’s Many Worlds interpretation turns out to be indistinguishable from the Berkeleyan variant of the Copenhagen approach suggested by Gardener. 

In point of fact both the scientific and the metaphysical difficulties surrounding quantum theory derive from a failure to distinguish adequately between mathematical physics, explanatory science, metaphysics --and ideology. What quantum theory demonstrates, if nothing else, is the simultaneous usefulness and limitations of mathematical modeling. The theory arose out of an attempt to adequately model electromagnetic radiation, something which it does quite adequately, permitting the development of powerful new electronic technologies. In the process, by showing that energy transfer is always quantized, it showed why there are discrete elements rather than a continuum of properties, and made it possible to model the atomic and subatomic structure of matter well enough to explain most chemical processes --though as our discussion of covalent bonding indicates this explanation is not really complete. Where the theory really begins to break down, however, is when it is either forced (as in the case of quantum electrodynamics) is consciously mobilized (as in the case of the electroweak theory, quantum chromodynamics, the standard model, and unified field theories) either to actually say what things are (a question for science or metaphysics, not for mathematics) or to model nonelectromagetic processes. Thus, the irrationalities in quantum electrodynamics arise from the fact that the electron is treated as a point particle. Renormalization in this case is simply a matter of adjusting the equations to fit observation, and is not unlike what Kepler did when he surrendered his perfect spheres embedded in Platonic solids for the rather less elegant ellipse. It turns out that electrons can’t be modeled as points. The record of attempts to apply quantum mechanical approaches in other domains, however, is far less successful, and suggests that while certain basic principles may be applicable (e.g. the quantum nature of energy transfer), mathematical physics needs to be open to radically new approaches.

More to the point, it suggests that a final, unified theory of the universe may well be impossible, at least at the level of mathematical physics, for the simple reason that different physical interactions require incompatible formalizations. This should already be apparent from the fact that relativity and quantum mechanics are themselves incompatible, and not simply because the mathematicians have not yet figured out a way to formalize quantum processes which does not presuppose something like an absolute space. Rather, relativistic formalisms are continuous and quantum formalisms are discrete and to the extent that the theories are worth anything at all this suggests that the physical processes in question (gravity and electromagnetism) themselves actually work differently. 

Beyond this, however, the paradoxes generated by quantum mechanics raise important questions about the whole enterprise of making inferences from mathematical formalisms to physical processes, even when these inferences seem to be confirmed by experiment. Quantum mechanics began as an effort to model physical processes (electromagnetism) actually encountered in nature. But when it moved beyond this sphere to begin unlocking the secrets of the atomic nucleus, it did so using powerful machines to carry out experiments that were themselves designed on the basis of quantum mechanical assumptions. We cannot rule out the possibility that the “particle zoo” which physicists now labor so hard to explain is in fact simply an artifact of the experimental process. It is, in other words one thing to say that protons can be broken down into quarks whose interactions with each other can be modeled as an exchange of gluons; it is quite another thing to say that protons are “made out of” quarks. 

Perhaps the best way to understand quantum mechanics and indeed mathematical physics generally is the way Eudoxus, Ptolemy and his followers understood their own work. As it became necessary to posit an increasingly large number of spheres, eccentrics, and epicycles in order to model the motions of the heavenly bodies, they gave up any claim that they were modeling the structure of a physical system; rather they were providing peasants and navigators and priests and astrologers with a valuable tool for predicting the motions of the heavenly bodies, a tool which worked remarkably well. It was only those who attempted to turn Ptolemaic mathematical astronomy into an astrophysics who produced truly grotesque results.

This is, in fact how most working physicists and engineers actually use quantum mechanics and indeed the whole body of mathematical-physical theory. But we must remember that mathematical physics is linked to capitalism in complex ways; it is not only a  or  but also a metaphysics, or rather an antimetaphysical ideology which at once arises spontaneously from the market order and becomes an instrument in the conscious ideological strategy of the bourgeoisie. Specifically, quantum theory is the ideological reflex of a society in which all values have become purely subjective. Capital, having been transformed into a commodity, now takes the form primarily of money or finance capital, which might be realized in any number of ways. The way in which it is used depends on the decisions of millions of consumers, mediated through complex market mechanisms. Capital isn’t anything in particular; it is a bundle of possibilities which can become whatever the consumer wants it to become. In this way, quantum theory forms an integral part of the direct apologetic for capitalism by suggesting that the universe really is the way the capitalism leads us to spontaneously experience it to be.

But there is more. Eric Lerner (Lerner 1991), building on the work of Paul Forman (Forman 1971) has brilliantly demonstrated the links between emerging quantum theory and the irrationalist currents dominant in Weimar Germany. Heisenberg, it turns out, was a member of the rightist Freicorps which helped put down the revolution of 1919 and made a conscious decision to stay in Germany and support Hitler during the Second World War. Radical subjective idealism of the sort he upheld was, as Lukacs (Lukacs 1953/1980) central to the development of NAZI ideology. And by seeming to ground subjectivist irrationalism in rational science, Heisenberg and his associates helped give the NAZI worldview scientific credibility.

The mobilization of quantum theory to support a rightist agenda continues today, as we will see when we examine the work of Frank Tipler, who we have already mentioned, in more detail. Before we do this, however, we need to examine at least briefly developments in the biological and social sciences during the period of finance capitalism. Our aim here is not a complete discussion of these disciplines, but rather a demonstration that they are coherent with, and in fact represent an extension of developments in mathematical physics. 

The Application of Late Modern Physics in the Biological and Social Sciences
The fact that mathematical physics is in crisis, and is very far from a unified theory of even of purely physical systems, has not prevented it from fulfilling its ideological function, and specifically from creating the impression that we are only a few steps away from a unified theory of everything, biological and social systems included. We have already seen that the first steps in this direction were taken in late eighteenth and the nineteenth centuries, as it became increasingly apparent that biological processes could, at least in principle be reduced to chemical interactions and chemical interactions to physical changes. This reductionist agenda was further advanced in the twentieth century by two developments. The first of these we have already discussed, namely the quantum mechanical reduction of chemistry to electromagnetic interactions. The second development did not come until the 1950s and in fact represents the only real advance in fundamental theory in the postwar period: the discovery of DNA and the genetic code. This discovery made possible the development of a whole field of molecular biology which treats living organisms as physical systems and provides the key link in the reductionist agenda. 

What the discovery of DNA does is to provide a physical substratum on which natural selection acts, so that even population biology and ecology can be unified with the underlying physical theory. Living organisms are theorized as simply complex machines for reproducing DNA. The behaviors of living organisms, including any complex relationships they may develop with each other and with the complex system which constitutes their physical and biological environment, are at once products of and strategies for the reproduction of the underlying genetic code. Selection is for those sequences which generate morphologies and behaviors which lead to successful reproduction. 

From this standpoint economics becomes simply a highly specialized branch of ecology or population biology. Human technologies are simply the survival strategies of organisms with big brains, a high level of manual dexterity --and not much else that is worth anything for survival. Social institutions become ways of organizing resources for production, and ultimately for consumption and the reproduction of the underlying code. Sociology, in other words, including the sociology of culture, becomes merely a branch of economics, which is itself a branch of ecology, which is a branch of biology, which is a branch of chemistry, which is a branch of mathematical physics. 

It is interesting to note that each of these disciplines was, in fact, already developing along lines which would pave the way for this unification long before all of the pieces necessary for its completion were in place. Thus, there was a science of genetics which spoke of atomic “genes” which encode and reproduce biomorphology long before any such thing had been isolated at the biochemical level. This discipline was easily unified with the theory of natural selection to create the Neo-Darwinian synthesis which has dominated evolutionary theory throughout most of this century. Political economy, similarly, responded to Marx’s development of a complete and consistent labor theory of value, by retheorizing the discipline entirely, so that its formal object was no longer production, or the creation of wealth, but rather consumption --i.e. the survival and “utility” of the individual organism. Thus, according to the marginalist theory, capitalism is the optimal economic system not because it maximizes material production --Marx had already successfully shown that it does not do that-- but rather because allocates resources in the way which best satisfies (effective) demand. Prices are determined by the intensity of the last unsatisfied fragment of desire. Effective demand is, of course, rooted in the struggle of individual organisms to survive and reproduce. It becomes effective to the extent that the organisms in question have previously pursued effective strategies for survival and accumulated resources which they can bring to the marketplace in order to satisfy their (ever growing) desires. 

It is no wonder that the formalisms which have been developed by marginalist economic theory turn out to look very much like those of mathematical physics, and indeed of quantum theory generally. Indeed, the marginalist concept of capital turns out to be homologous with the quantum theoretical understanding of the state of a physical system. Just as the notion of the quantum state of a system, has nothing to do with actual organization, but rather with the possible ways the system might be subjectively perceived and relative probabilities associated with each of these possibilities, the marginalist concept of capital has nothing to do with an actual capacity to do anything, but rather with opportunities for consumption.

The datum usually called the “supply of capital” can thus be adequately described only in terms of the totality of all the alternative income streams between which the existence of a certain stock of non-permanent resources (together with the expected flow of input) enables us to choose ... Each of the constituent parts of the stick can be used in various ways, and in various combinations with other permanent and nonpermanent resources, to provide temporary income streams ... What we sacrifice in order to obtain an income stream of a particular shape is always the parts of the potential income streams of other time shapes which we might have had instead .... (Hayek 1941: 147)

... the only adequate description of the “supply of capital” is a complete enumeration of the range of possible output streams of different time shapes that can be produced from the existing resources (Hayek 1972: 222). 

As Frank Tipler has pointed out this notion of a list of possible income streams is essentially identical with the many worlds interpretation of the quantum wave function as an enumeration of all of the possible quantum states of the universe. 

The principal objection which might be raised against this notion of a unified theory which extends the underlying problematic of mathematical physics to the biological and social sciences is, of course, that it has difficulty accounting for the development within this period of a range of approaches to the social sciences which reject rather explicitly not only any attempt to reduce social organization to biology and physics, but which, in some cases, at least, even reject the possibility of a “nomothetic” science of human society which generates law-like predictive statements. Here it is necessary to distinguish between the various theoretical perspectives: dialectical and historical materialism, functionalism and structural-functionalism, interpretive sociology, psychoanalysis, etc. The first of these, which at least claims to break with the problematic of bourgeois science, we will hold to one side, and discuss it in the next chapter. 

Two theses have been put forward to explain the relationship between “sociology” and the principal discipline of bourgeois social science, i.e. marginalist political economy. The first was put forward by Swedish social theorist Goran Therborn (Therborn 1976). Therborn argues that Weberian or interpretive sociology was, in fact an attempt to “complete” marginalist economics by explaining the subjective meaning complexes which govern individual utility functions. Among other things, Weber attempts to explain the evolution of the historically unusual orientation towards the accumulation of capital which made industrialization possible --an effort which gave rise to his Protestant Ethic thesis. The larger problematic of interpretive sociology can, however, in principle support research into other meaning orientations as well, including those which are localized in specific time periods or subcultures. Durkheimian functionalism, on the other hand, he reads as a sort of utopian socialism not too different from that advanced by the young Marx in advance of his epistemological rupture with Hegel. 

The first of these claims has considerable merit. Weber was, in fact, trained as an economic historian and was influenced by marginalist economic theory. The logic of his early research does indeed make it appear to be an attempt to fill in a gap in existing social theory without calling into question the larger theoretical problematic. Therborn’s analysis of Weber, however, misses the subtext which runs through all of Weber’s work and which by the time of his late works, such as “Politics as a Vocation” have become dominant. For Weber social life was not fundamentally about consumption, but rather about power. Meaning orientations, or ideologies as we would call them, including in different ways both Protestant and secular ideologies of accumulation, and the ethic of consumption which seems to have replace both, serve to legitimate the rule of a particular social class; Marxism is an attempt to legitimate the struggle of a rising class for power. In one place, Weber even compares human society a kind of “war among the Gods,” i.e. between competing ideologies which legitimate different social interests. This aspect of Weber’s work cannot be theorized as an attempt to complete marginalist economic theory. 

Therborn’s second claim is more problematic. Durkheim was, indeed, a socialist, but his critique of capitalism and indeed his whole theoretical perspective is very different from that of even the young Marx. Durkheim’s theory traces its roots not to Hegel but rather to Comte, and through him to French traditionalism, which treated all knowledge as a product of revelation, mediated through social institutions. What Durkheim does is to secularize this theory by making collective effervescence, the intense solidarity experience in moments of revolutionary upheaval, rather than revelation, the source of new ideas. This is at once a powerful insight which, with some modification, can make an important contribution to epistemology, and a dangerous idea rich with the potential for fomenting irrationalism. 

It is for this reason that the second account of bourgeois sociology, namely that advanced by Lukacs in The Destruction of Reason (Lukacs 1953/1980) seems more adequate. For Lukacs, most bourgeois sociology is part of what he calls the indirect apologetic for capitalism. As we have suggested above, where the “direct apologetic,” of which political economy forms and integral part, defends capitalism as the optimal way of organizing society, the indirect apologetic defends it by arguing that it is no worse than the alternatives. Thus, Weber absorbs Marx’s insight that ideas are rooted in social reality and transforms it into an argument for a dark, radically relativistic vision in which social classes and other social actors struggle endlessly to legitimate their power. Within this context, however, authentic moral and metaphysical legitimation is impossible because ideas are merely instruments in the struggle for power. The claims of the proletariat are ultimately no more valid than those of the bourgeoisie; they are just  different. And bourgeois democracy, at least, has developed ways of containing the struggle for legitimate within the civil boundaries of the parliamentary process. Other thinkers, such as Freud can be read in the same way. Sure, capitalism makes us miserable, but so would socialism, because all civilization forces us to repress the erotic and aggressive drives the complete fulfillment of which would alone make us happy.

From this standpoint Durkheim still appears to be politically ambivalent. On the one hand Durkheim was able to focus on the critical problem of anomie in capitalist society, and in this sense goes further than Marxists such as Lukacs in pointing toward the real ideological strategy of capital. Without a doctrine which explains the ultimately meaningfulness of the universe, as we have argued, it is impossible to adequate ground an ethics and thus to advance a critique of the market allocation of resources. At the same time, Durkheim never really breaks out of the relativistic epistemology characteristic of bourgeois sociology. He identifies the social location at which and the social process by which new meanings are generated, but does not show how these meanings might be something more than social constructs --how they might actually be a window, however partial and historically conditioned, on the truth. It is not surprising that in the present period Durkheimian sociology and its Parsonian offspring have served as the basis for the resurgent traditionalist doctrine known as communitarianism. 

Ultimately it must be admitted, that in so far as bourgeois sociology represents a tactic of the indirect apologetic, and thus of capitalism on retreat, it is not surprising that it is not fully unified with the underlying problematic of mathematical physics, which is the ideology of a rising and expansive capitalism. The complete unification of sociology with mathematical physics had to await the postwar period and the development the new discipline of information theory. Originally a purely technical discipline dedicated to improving electronic information processing systems, information theory has developed into an architectonic discipline which attempts to unify all others --and transform them into branches of applied mathematical physics. In the following chapter we will see how information theoretical neoliberalism at once completes mathematical physics and brings it to an end. We will also see that attempts to resolve the crisis of mathematical physics at the level of a rationality which is still formal and which rejects teleological explanation can never work. 

�Leibniz presents an interesting exception in this regard, the partial and highly problematic character of which proves the rule. Leibniz --philosopher and advisor to monarchs, paragon of the state intelligentsia and an hereditary baron, was, above all, concerned with the problem of reconciling finalistic and mechanistic modes of thought. His doctrine, however, according to which autonomous monads all act harmoniously without ever really interacting, more nearly resembles Adam Smith’s doctrine of the invisible hand than it does than it does anything in the dialectical tradition. Ordering to an end is without knowledge; the philosopher is superfluous.


� I am referring, of course, to the way in which Hegel positions his “universal class” of bureaucrats, all trained in universities dominated by philosophers like himself, to play the leading role in shaping state policy (Hegel 1820/1942).


� This liberation from the religious authorities did, to be sure, often create room within the new mathematical physics for forms of spirituality which in the twelfth or thirteenth century would more likely have found a home in Aristotelian circles, but which in the sixteenth or seventeenth were more likely to express themselves in Platonic language. Perhaps the best example of this tendency was Kepler, who sought in his astronomic research the pure forms which would lead him to the mind of God, and who, incidentally had to defend his mother against charges of witchcraft. The reason for this shift is simple. The Augustinian reaction effectively drove the creative ferment associated with the resurgent cult of the Magna Mater underground and destroyed or marginalized the Radical Aristotelianism which was its organic philosophy. By the seventeenth century Aristotle had become merely a tool of the Catholic clergy and would thus hardly have been attractive to devotees of the Great Mother. The relative freedom of at least some of the Protestant lands, and the philosophical tools of the Platonic tradition, which the Augustinians had by this point abandoned in favor of nominalism, seemed far more attractive.


� For an argument that the ontological argument is in fact an (incorrect) mathematical argument, dependent on the (apparently unprovable) Zorn’s Lemma, see Mansueto 2002b.


� It is interesting to note in this regard the epistemological innovation introduced during this period by Dominican commentators on the work of Thomas Aquinas. Thomas had distinguished only three degrees of abstraction, the abstractio totius, which abstracted from individuals to their essential nature or definition, after the manner of a scientist who, studying individual rabbits concludes to what a rabbit is, the abstractio formae, which abstracted from the matter of a thing to its form, after the manner of a mathematician, and the separatio, which abstracted from both matter and form to Being as such. The Dominican commentators grouped these three sorts of abstraction together under the title of abstractio formalis, to be distinguished from the abstractio totalis. Each of the different degrees of formal abstraction was characteristic of a distinct science, each of which had its own distinct formal object, while total abstraction was simply the sort of rough classification which we use in everyday life. The result of this innovation was to guarantee the scientific status of Aristotelian physics, which they believed to be characterized by the abstractio totius, alongside the new mathematical physics which was gaining such prominence, and thus to save the scientific infrastructure of Aristotelian-Thomistic metaphysics --and of Thomistic theology. If our reading of the social basis and political valence of the disciplines in question is correct, this marks a recognition that the bourgeoisie had to be allowed entry into the ideological arena, albeit under the condition that they continue to recognize the hegemony of the clergy, represented in this case by the ruling or architectonic role of metaphysics in relationship to the arts and sciences. 


� As we have explained in previous chapters, there are theologies which are compatible with a high degree of cosmological pessimism, but they are not the theologies which were dominant during the early stages of capitalist development, in which inner worldly activity was seen as an integral part of God’s plan for the universe. Religion in the mid-nineteenth century thus begins a turn back to otherworldliness, a turn which is represented above all by Kierkegaard, and which is continued in our own century by theologians such as Barth and Rahner. 


� The phase space of a system is a 6N-dimensional abstract space which describes the position and momentum of every particle in the system. To say that the phase space is finite and bounded is to say that there are a finite number of locations available to the particles in the system and that there is a limit to their momentum --assumptions which would seem to apply to the universe as a whole provided it is conceived as a finite system of particles.


� What was needed, specifically, was something like the marginalist theory which abandoned the attempt to achieve an objective theory of value altogether and analyzed economic processes from the subjective standpoint of the investor. From this point of view, the “value of commodities is simply their “marginal utility,” i.e. the intensity of the last fragment of desire not satisfied. The idea here is simply that the intensity of people’s desires for particular commodities are reflected in their buy and sell decisions, which are then translated in aggregate into supply and demand. The supply and demand curves taken together then determine an “equilibrium price,” i.e. the price at which exactly as much of a particular commodity will be produced as can be sold. In so far as labor power itself has been commodified, this same theory can be applied to wages and as capital was commodified, it could be applied to capital as well, making possible a unified mathematical theory of prices which described the operation of a pure market economy. 





� This is not to say that excessive concentration of ownership cannot by itself constitute an obstacle to human development. But if it was the sole obstacle, it would be difficult to see why redistribution of land and capital to open up more opportunities for the expansion of the petty bourgeoisie, would not merit consideration at least on par with more traditionally socialist approaches to the resolving the contradictions of capitalism. It is the fact that the marketplace systematically destroys the petty bourgeoisie --and eventually, we will argue, even the entrepreneurial capitalist-- rendering them subservient to investors who evaluate their activities exclusively on the basis of profitability, which makes this option unworkable. 


� It might seem that with my focus on the marketplace rather than ownership, my position is close to that of dependency and world systems theory (Frank 1975, Wallerstein 1974), which define capitalism in terms of production for the market rather than in terms of the means of surplus extraction at the point of production. Nothing could be further from the truth. By failing to recognize the difference between the nonmarket means of surplus extraction which characterized mercantilism and which still characterize some parts of the Third World, and marketized surplus extraction by means of the wage relation, dependency theory in fact advances a less nuanced account of capitalist development than did Lenin and than do their contemporary adversaries, the so-called “mode of production” theorists (Laclau 1974). As a result they tend to misunderstand, even more radically than did Lenin, the reason why most successful revolutionary movements took place in the Third World throughout most of the twentieth century, rather than in the advanced capitalist countries as Marx expected. This greater revolutionary valence is due not to the fact that the superexploited Third World is in a perpetual revolutionary situation due to capitalist exploitation, nor is it due to the fact that these countries constitute the weak links in the imperialist chain, but rather to the fact that the lower degree of commodification and marketization means a lower degree of alienation and a greater capacity to develop the moral distance from the market order necessary to mount a critique (Lancaster 1987, Mansueto 1995, 2002a.)





� It is interesting to note, in this regard that already in 1883 the positivist philosopher Ernst Mach had published an historical-critical analysis of mechanics in which he rejected the notion of absolute Newtonian space on the ground that it is not observable. The notion that what makes something real is its observability, which would become a fundamental principle of quantum mechanics, is a reflex of the growing weight of consumption over production in the capitalist system and is evidence for the primacy of ideological over scientific factors in shaping the development of mathematical physics. 


� It is interesting to note that the principal attempt to argue for infinite progress on the basis of the two fundamental theories in mathematical physics --relativity and quantum mechanics-- namely Frank Tipler’s Omega Point theory (Tipler 1994), presupposes what amounts to a jettisoning of the body of our animal nature in favor of a purely informatic existence. We will analyze his angelic --or rather demonic-- vision of the future in the next chapter. More broadly, it seems likely that if the relativistic limits to near-light space travel should be overcome, the result would be transcendence of the limits of space and time so profound that quite apart from any “uploading” to a purely informatic existence, the meaning of body as locus and limit of material power would at the very least be utterly transformed, and the role of the imagination in knowing radically transcended.


� Mathematically this principle is formalized using a structure known as a Fock vector space. We will recall that a vector space is a set V of elements called vectors v, together with rules which give two vectors v and v' assign a third vector v+v' called their sum, and which, given a vector v and a number (real, complex) assigns a new vector written av, and called the scalar product of v, subject to the following conditions:





V is an abelian group under addition





The Distributive Law holds.





The Associative Law holds for Multiplication





There is an identity, namely 1 for scalar multiplication. (1v=b).





A vector space, in other words, is a set on which one can add and scale by numbers, satisfying all of the properties one would expect of these operations. 


Now, vector spaces can be used to describe states of systems of identical, noninteracting particles, so that taking linear combinations of vectors corresponds to taking superpositions of quantum states. One does this by taking the tensor product of two vector spaces for a two particle system, three vector spaces for a three vector system, etc. The resulting product space is called a Fock vector space. Now, there are two ways to formalize superpositions of states, symmetrically and antisymmetrically. The first kind of superposition corresponds to the particles known as bosons (pi-mesons, photons, gravitons), the second to fermions (neutrinos, electrons). What this means is that the formalization for an antisymmetric two particle system with both particles in the same state yields zero or "vanishes." It is thus impossible to have more than two particles in any given orbital. 
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