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Whitehead and the Limitations of Science

Richard Feist

I. Whitehead and Kant

If one reads to the end of the Critique of Pure Reason, one finds that Kant concludes with a section entitled, “The History of Pure Reason.” Here he argues that modern metaphysics is to a great extent the attempt to “de-theologize” issues that are essentially theological.
 This misguided attempt, Kant writes, has resulted in a number of failed metaphysical systems. I suggest that Whitehead follows the spirit of Kant’s view when he remarks in the opening passages of Process and Reality that the history of European thought is “…littered with metaphysical systems, abandoned and unreconciled.”
 Whitehead, like Kant, does not think that the metaphysical project per se should be abandoned, although he seriously differs with Kant concerning the direction metaphysics must take.


I suppose that were Kant to have witnessed the successes of science in the nineteenth and twentieth centuries, he might have stated that the sciences were continually “de-metaphysicalizing” issues that are essentially metaphysical. (This is particularly the case for space and time.) On this note, Whitehead would agree. Whitehead and Kant share a similar problem: what to do with space and time after Newtonian science and Humean philosophy? However, they offer very different solutions; this difference turns on their reception of Hume’s analysis of the nature of empirical experience. Whitehead also has the considerable difficulty of addressing the foundations of science after the appearance of Einstein’s relativistic mechanics.
 

If we look at what constitutes the basis of Newtonian science, we find not science, but metaphysics, as expressed in the famous musings of Newton’s Scholium on space and time. One may object to the term “musings,” citing that in his clash with Leibniz over the ontological status of space and time, Newton marshaled several arguments for the existence of an absolute spatio-temporal framework.
 Such efforts notwithstanding, it remains that case that Newton states without argument that this structure bears certain properties. The point is that this absolute spatio-temporal structure was not a directly experiential entity; rather, it was some kind of structure that was related to experience. Ontologically, this structure was different from that of the empirical objects within it. Newton refers to space as the sensorium of God.
 


Kant agreed to a certain degree with Newton. But based on his acceptance of Hume’s analysis of experience itself, Kant argued that this absolute structure could not be directly inferred from empirical experience. The result is that this structure was understood as a priori; it was not part of the noumenal world; it simply structured our experiences of that world and the result being that mind was cut off from experiencing the noumenal world.
 Therefore, the bifurcation of experience and the world is (theoretically) complete.


It is currently in fashion to read Whitehead as though he is a type of Kantian, although this approach distorts Whitehead’s thought. C.I. Lewis states this point succinctly:
The bifurcation of nature into a phenomenal appearance in mind and an object which is inferred as the cause of it, or constructed from immediate data by the necessities of mind in thinking an object, is wholly unacceptable to Whitehead.

Whitehead himself spends much time attacking theories of the bifurcation of nature. For instance, using atoms in order to do science but maintaining that atoms are merely conceptual devices is anathema to Whitehead. Consider the following remark:

Do away with this elaborate machinery of a conceptual nature which consists of assertions about things that don’t exist in order to convey truths about things which do exist.

Essentially, Whitehead stresses that we are not to employ fictions in order articulate truths.


Now Whitehead agrees to a certain extent with Newton as well. Given that Whitehead’s ultimate, “creativity,” if left unfettered, would produce at best a chaos; and since the world is not chaotic, creativity must be limited.
 The first limitation upon creativity is the primordial nature of God. This, Whitehead tells us, is the condition of the possibility of the metaphysical interrelatedness of actual entities. It permits the possibility of intersubjective experience resulting in the community of actual entities.
 However, for there to be an actual world, the interrelatedness of these actual entities must be expressed through extensive relations. Thus, there must be another limitation on creativity. Whitehead calls this second limitation the “extensive continuum.” Whitehead writes:

Extension, apart from its spatialization and temporalization, is that general scheme of relationships providing the capacity that many objects can be welded into the real unity of one experience.

The bare extensive continuum can be thought of as a topological manifold upon which various particularizations could occur, such as dimensionality, metricizability and so on.
 Now, because Whitehead demands that a system of metaphysics have coherent metaphysical principles, the primordial nature of God and the extensive continuum cannot be unrelated.
  Indeed, they are related in terms of both being “limitations of creativity.” So, like Newton, Whitehead ultimately relates God to space and time. An even closer identification between God and the actual world (which must be expressed via particularizations of the extensive continuum) can be made in terms of Whitehead’s insistence that God is an actual entity. He is not to be excluded from the metaphysical principles of the system. “He is to be their chief exemplification”
 Thus, Whitehead’s demand that actual entities are dipolar, consisting of both mental and physical prehensions, must also be reflected in the internal, dualistic structure of God. God’s mental prehensions of the eternal objects form his primordial nature. God’s physical prehensions of concresced actual entities – the actual world -- form his consequent nature. Therefore, the actual world is the sensorium of God.


But I would like to go beyond this highly abstract or metaphysical structural similarity between the thought of Newton and Whitehead to show that there is a strong resemblance concerning actual science as well. Consider how science demetaphysicalized Newton’s musings. Two main developments contributed to this: the physics of relativity theory and the philosophy of geometric conventionalism. The former shook the foundations of Newton’s spatio-temporal view by subjecting particular aspects of its structure to criticism and measurement. The latter attacked by claiming that various types of geometric structure could be thought of as underlying physical theory and that the only reason for choosing one structure over another was simply pragmatic, i.e., simplicity.


Whitehead resists the tide of demetaphysicalization and simultaneously embraces the new developments in physics, such as relativity theory. One view that he is dead set against, however, is geometrical conventionalism. Such a position is a clear instance of bifurcation in that the theory contains conventions (fictions) that enable to express some kind of truths about the universe.

II. Whitehead and Newton

The story that I wish to tell here is how Whitehead ends up with a modified Newtonian picture of science, which incorporates the Minkowskian space-time framework. I begin with the basic metaphysical picture that underpins Newtonian physics, namely, that view which emerges from his Scholium on space and time.

I. Absolute, true and mathematical time, of itself, and from its own nature, flows equably without relation to anything external, and by another name is called duration: relative, apparent, and common time, is some sensible and external (whether accurate or unequable) measure of duration by the means of motion, which is commonly used instead of true time; such as an hour, a day, a month, a year.

II. Absolute space, in its own nature, without relation to anything external, remains always similar and unmovable. Relative space is some movable dimension or measure of the absolute spaces; which our senses determine by its position to bodies; and which is commonly taken for immovable space; such is the dimension of a subterraneous, an aerial, or celestial space, determined by its position in respect of the earth. Absolute and relative space are the same in figure and magnitude; but they do not remain always numerically the same. For if the earth, for instance, moves, a space of our air, which relatively and in respect of the earth remains always the same, will at one time be one part of the absolute space into which the air passes; at another time it will be another part of the same, and so, absolutely 

understood, it will be continually changed.

Basically, this spatio-temporal framework looks as follows. (Please note that for purposes of illustration I have had to suppress one spatial dimension in order to include the axis for time.)







time





planes of 



simultaneity





  space













space

On this manifold, simultaneity (S) is an equivalence relation. If Sxy holds, for any distinct space-time points x and y, then, the following hold:

Syx – reflexivity

Sxx – symmetry

If we include a third variable for space-time points, z, then we have the following:

If Sxy and Syz then Sxz – transitivity

The simultaneity relationship divides the space-time manifold into unique planes of simultaneity.
 But this manifold has other properties as well. Space and time are neutral; they are akin to a container for the objects and events. So it follows that gravity, an event within the container, is understood to be an impressed force that simply propagates through the structure. Space-time points are fixed and are externally related to each other as well. Finally, Newton’s laws will hold in any inertial frame. In other words, there is no mechanical experiment that will pick out which inertial frame is absolutely at rest and which are absolutely in motion. This relativity to inertial frames for Newton’s laws is the classical principle of relativity, or Galilean Relativity.


In Process and Reality, Whitehead is at great pains to illustrate just how much his metaphysics relates to the systems of the past. Consider the following remark:

When we further consider how to adjust Newton’s other descriptions to the organic theory [i.e. Whitehead’s philosophical view], the surprising fact emerges that we must identify the atomized quantum of extension correlative to an actual entity, with Newton’s absolute space and absolute duration. Newton’s proof that motion does not apply to absolute place, which in its nature is immovable, also holds. Thus an actual entity never moves: it is where it is and what it is.


I would also like to stress that this is not merely an analogy between Whitehead and Newton, for Whitehead shares Newton’s view that a uniform and independent spatio-temporal structure must form the basis of all scientific inquiry. Now, this demand for a uniform background structure is not simply asserted by Whitehead. He claims that our science not only requires a uniform background structure but that our experience exhibits such a structure. To back up his claim regarding the giveness of a uniform background structure, Whitehead performs what he calls an “extensive abstraction” upon the originally given in experience. This is a highly technical and controversial procedure, but the main point is that Whitehead argues that this basic geometric structure is not conventional, but actually given. Whitehead writes:

Of course the point of the definition [of straight lines by the method of extensive abstraction] is to demonstrate that the extensive continuum [the uniform background geometric structure] apart from the particular activities into which it is atomized, includes in its systematic structure the relationships of regions [spacetime points] the relationships expressed by straight lines. These relationships are there for perception.

And again:

The bare mathematical potentialities of the extensive continuum require an additional content in order to assume the role of real objects for the subject. This content is supplied by the eternal objects termed sense data.

Because the Galilean Transformations are inadequate for electromagnetic theory, Einstein proposed a new set of transformations. Essentially, they extend the principle of relativity to include electromagnetic phenomena as well. These new transformations have become known as the Lorentz transformations, which are the set of transformations connected with Einstein’s special theory of relativity just as the Galilean transformations are the set of transformations connected to Newton’s mechanics.

III. Whitehead, Minkowski and Einstein

When Einstein published his theory of special relativity in 1905, he formulated it in terms of the motions of particles.
 Originally people held that this theory had dispensed with the absolute framework of space and time. This, however, is not quite correct. Rather, Einstein’s theory had led to replacing Newton’s absolute space and time container with an absolute space-time container. Minkowski (a former professor of Einstein’s) explicitly recognized this in his 1908 geometric formulation of special relativity’s underlying space-time structure.
 Let us consider what Minkowski’s opening remarks concerning this structure.

The views of space and time which I wish to lay before you have sprung from the soil of experimental physics, and therein lies their strength. They are radical. Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows, and only a kind of union of the two will preserve an independent reality.

Note that there is a spirit and a letter here. The spirit is that appearances are particularizations of a higher unity. Whitehead embraces this and extends it to the domain of metaphysics. Indeed, he must: not extending it would violate the ontological principle.
 The letter is that space and time are particularizations of a specific space-time structure. For Minkowski, this space-time structure is an absolute; it is not an actualized possibility. In other words, it is an a-historical structure of the universe. Moreover, this space-time structure, like Newton’s, is independent of the objects within it. The key point is that physics and geometry in Minkowski’s picture are, like that of Newton’s, separated. Indeed, this view is also maintained by Whitehead, who states that based on his analysis of knowledge:

…I deduce that our experience requires and exhibits a basis of uniformity, and that in the case of nature this basis exhibits itself as the uniformity of spatio-temporal relations. This conclusion entirely cuts away the casual heterogeneity of Einstein’s later theory. It is this uniformity which is essential to my outlook, and not the Euclidean geometry which I adopt as lending itself to the simplest exposition of the facts of nature. I should be very willing to believe that each permanent space is either uniformly elliptic or uniformly hyperbolic if any observations are more simply explained by such a hypothesis.

With this in mind, Whitehead then expresses his adherence to the traditional separation of physics and geometry.

It is inherent in my theory [i.e. Whitehead’s scientific theory of relativity] to maintain the old division between physics and geometry. Physics is the science of the contingent relations of nature and geometry expresses its uniform relatedness.

Let us now further consider Minkowski’s views.

Let x,y,z be rectangular co-ordinates for space and let t denote time. The objects of our perception invariably include places and times in combination. Nobody has ever noticed a place except at a time, or a time except at a place… A point of space at a point of time, that is a system of values x,y,z,t, I will call a world-point. The multiplicity of all thinkable x,y,z,t systems of values we will christen the world.

So far this is very much like Newton’s space-time. Both space-time frameworks are four-dimensional manifolds of events (3 spatial dimensions & 1 temporal). However, the most prominent feature of Newtonian space-time, the unique divisibility of it into simultaneity planes, is not present in Minkowskian space-time. Here each inertial frame possesses a unique simultaneity plane. In other words, simultaneity is relative to the inertial frame in question and so “simultaneity” is no longer an equivalence relation on the manifold.


Most relevant to my purposes here is the “double light cone structure” of Minkowskian space-time. A simple representation of this structure concerning a single space-time point is as follows:
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The straight lines forming the cones represent light rays. These represent the fastest possible trajectories in the space-time.
 The point P, then, can only be causally affected by events within its “backward light cone” and it, in turn, can only causally affect those events within its forward light cone. Every point in the space-time manifold has its own, unique light-cone. Every point then, defines its own, unique causal past, causal future and present.

After sketching his view of one of the modes of perception, Presentational Immediacy, Whitehead claims that he has made some metaphysical presuppositions. The following is the relevant one to my discussion.
Curiously enough, even at this early stage of metaphysical discussion, the influence of the ‘relativity theory’ of modern physics is important. According to the classical ‘uniquely serial’ view of time, two contemporary actual entities define the same actual world. [They share the same simultaneity plane and so have a shared causal past] According to the modern view no two actual entities define the same actual world. [Each actual entity has its unique light cone and therefore a unique causal past.] Actual entities are called ‘contemporary’ when neither belongs to the ‘given’ actual world as defined by the other.

This acceptance of the Minkowskian structure immediately presents a problem for the metaphysics of Process and Reality. By definition contemporary actual entities do not occupy each other’s actual world; hence, the notion of mutual prehensions is vacuous.
 For actual entity A to prehend actual entity B, B must be within the actual world or causal past of A. Thus, B has already concresced and so cannot prehend A.

Whitehead does not address this difficulty within Process and Reality, although he does in Adventures of Ideas. This is an example of what Whitehead himself says about the relationship between the texts Science and The Modern World, Process and Reality, and Adventures in Ideas. They 

…are an endeavour to express a way of understanding the nature of things, and to point out how that way of understanding is illustrated by a survey of the mutations of human experience. Each book can be read separately; but they supplement each other’s omissions or compressions. 

Regarding the relationship between contemporary actual entities, Whitehead refrains from using mutual prehensions and employs the term “indirect immanence.”

There is thus a certain indirect immanence of contemporary occasions in each other. For if A and B be contemporaries, and C be in the past of both of them, then A and B are each in sense immanent in C, in the way in which the future can be immanent in its past. But C is objectively immortal in both A and B. Thus, in this indirect sense, A is immanent in B, and B is immanent in A. But the objective immortality of A does not operate in B, nor does that of B operate in A. As individual complete actualities, A is shrouded from B, and B is shrouded from A.

The point that I wish to stress here is that the basic lightcone structure of Minkowskian space-time is built right into the foundations of Whitehead’s metaphysics, a foundational principle that he did not abandon.


Now, let us relate this to Whitehead’s earlier remarks regarding the separation of physics and geometry. This will set the stage for his clash with Einstein and ultimately what I think is a deep problem for Whitehead’s entire metaphysical project.


The Minkowskian light cone structure is embedded in the Minkowskian flat space-time. Intuitively, this is where the light cones are all lined up throughout the entire space-time manifold. This consistent lining up of the cones is an example of uniformity.


Whitehead has insisted that space-time be uniform. But, he admits that uniformity can occur in various ways. For instance, the space-time could be curved. Intuitively, the cones might all be tipped in a particular direction. But, by uniformity, all the cones would have to be tipped in the same fashion. In sum, the space-time must have a uniform curvature.

III. The Clash With Einstein

Einstein asserted that the uniform background structure of special relativity, the flat Minkowskian framework, must be abandoned. The General Theory of relativity holds that space-time is not necessarily uniform. The simple way to think of this is that space-time is warped or bent by the presence of matter. So gravity is not regarded as a force, but a particular warping of space-time itself. This is not simply an interpretation of Einstein’s relativity theory; rather, it is built into the foundations of the mathematical expression of the theory itself. Consider the following description of Einstein’s general theory of relativity:

The entire content of general relativity may be summarized as follows: Spacetime is a manifold M on which there is defined a Lorentz metric gab. The curvature of gab is related to the matter distribution by Einstein’s equation.

Einstein’s equation is: Rab –1/2Rgab = 8πTab
The left side of this equation defines the way in which the flat space-time is bent; the right side of the equation expresses the way in which matter is distributed throughout space-time. So, there is a relationship between the bending of space-time and the matter distributed throughout it. More intuitively: the light cones can all be tipped in various ways depending on the distribution of matter throughout the universe. Since matter is not evenly distributed, occurring in clumps like planets, stars and galaxies, the tipping of the light cones will vary from place to place. Uniformity is certainly possible, although it is by no means necessary.

For Einstein, gravity is not a force. It is simply the expression of space-time curvature. When, for example, the earth revolves about the sun, the latter exerts no force upon the former. The earth simply follows tracks or grooves (geodesics) in the curved space-time around the sun.

For Whitehead, gravity is a force. It expresses real causal relationships in the physically contingent world. In Process and Reality Whitehead refers to gravity as a physical field and defines it as:

…the interweaving of the individual peculiarities of actual occasions upon the background of systematic geometry. This systematic geometry expresses the most general ‘substantial form’ inherited throughout the vast cosmic society which constitutes the primary real potentiality conditioning concrescence.

Whitehead stresses that if you wish to call the “physical field” “space,” then space in this sense is variably curved. Nonetheless, for purposes of measurement, one must have a uniform background, “…measurement presupposes a structure yielding definite stretches which, in some sense inherent in the structure, match each other.”
 Having no uniform background in that “real” space is variably curved, Whitehead claims leads to the following problem.

I cannot understand what meaning can be assigned to the distance of the sun from Sirius if the very nature of space depends upon casual intervening objects which we know nothing about. Unless we start with some knowledge of a systematically related structure of space-time we are dependent upon the contingent relations of bodies which we have not examined and cannot prejudge.

In sum, the clash with Einstein turns on the status of measurement. The status of measurement became, arguably, the dominant problem in the philosophy of science in the twentieth century. It is far beyond the scope of this paper to try to resolve this issue in either thinker’s favour. But, I want to stress that this issue relates one I have made regarding the de-metaphysicalization of topics that are essentially metaphysical. Einstein has, roughly put, thoroughly physicalized the nature and origin of the space-time framework.
 For Whitehead, the origins of the space-time framework has to be accounted for within a metaphysical framework. This, of course, follows from the ontological principle.

IV. An Incoherence in Whitehead’s Thought?

The final issue to examine here is whether Whitehead’s views regarding this structure are coherent. The issues are complex, but I hold that the problem itself can be clearly stated. After his discussion of the extensive continuum, Whitehead turns to his taxonomy of actual entities.
 Again, Whitehead stresses that the actual space-time structure of the world is but a particularization of the extensive continuum. As mentioned, this extensive continuum can be thought of as a topological manifold. This concurs with Whitehead’s comments that the extensive continuum in itself has no shapes, no dimensionality and no intrinsic metric. One of the most basic societies in our epoch is that constituted by “electronic occasions.” The laws governing these entities must in turn be rooted in the transmission of complex eternal objects between these occasions. However, as Whitehead says:
…the arbitrary factors in the order of nature are not confined to the electromagnetic laws. There are the four dimensions of the spatio-temporal continuum, the geometrical axioms, even the mere dimensional character of the continuum – apart from the particular number of dimensions – and the fact of measurability.

But this order, that is the geometric structure of reality, is not perfectly stable since

…there is not any perfect attainment of an ideal order whereby the infinite endurance of a society is secured.

All particularizations of the extensive continuum are ultimately temporal.

Thus a system of ‘laws’ determining reproduction in some portion of the universe gradually rises into dominance; it has its stage of endurance, and passes out of existence with the decay of the society from which it emanates.

So Whitehead’s problem is this. From his remarks it follows that the underlying geometric order can change. From what I understand here, this geometric order could be different in different parts of the universe and at different times of the history of the actual world. If this is correct, then Whitehead’s view that the space-time manifold, regardless of its geometry, must be uniform, clashes with his insistence that there be no absolute orders.


Is this a fundamental incoherency in Whitehead’s metaphysics? At this point, I suggest it is. Nonetheless, given the breadth and depth of Whitehead’s thought, I highly doubt that he himself would not have seen at least the appearance of such a problem. But, to try and solve this question is beyond the scope of this paper.
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