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exlstence of positrons which were later discovered experimentally by

Fermi. (1)

However there are a number of problems with quantum field theory. For
instance there are divergences in the theory and these prevent a consistent
mathematical formulation. (2) Also since there 1is no way of introducing
extended structures into relativistic field theory, particles are treated
as extentionless points, But this leads to infinite energles in calcula-
tion. These can be removed by a 'renormalization' procedure, but this

is both mathematically and physically ad hoc. Another problem is that

it is extremely difficult to find suitable expressions for the basic
observables position and momentum within the formalism and no adequate
argument has been presented for rejecting ihese as fundamental observables.
Finally there is no understanding of what 1s the significance of the
quantisation procedure. As C. Hooker notes: "We speak glibly of
quantisation representing the change from continuity to discreteness
without bothering to find out precisely where this change is made

mathematically and what the conceptual ramifications are likely to be." (3)

One of the main problems with the early versions of quantum field theory
is that the people who developed it were not interested in ontological
issues and did not make any attempt to comprehend the depth of the impact
of the differeﬁt formalisms on our conceptual descriptive forms. (4)

They tended to work with the concepts with which they were most familiar,

1) Hesse (1962) op. cit. p. 272f,
(2) Hooker (1974) op. cit. p. 273.
(3) 1bid., p. 274.

(4) Loc.cit.
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those of particle physics. For this reason the second quantised field
procedure which begins with a particle approach has always been more
prominent than the quantised field procedure which begins with the field.
This accounts for the blind acceptance of position and momentum which
really only have relevance in the atomist ontology, as the basic
concepts of observation. Taking the concepts of particle theory as
basic in which there is an assumption of discontinuity makeslit possible
to ignore the preblems this raises for field theory. The only way of
introducing discontinuity at a fundamental level into quantum field
theory which was exploited by the early theorists was by making use

of the 'normal modes' of a field produced by boundary conditions. (1)

Contempory field theorists such as Mendel Sachs are explicitly concerned
to develop a field ontology in opposition to particle theory. For this
reason they have attempted to come to terms with the need to revise

the concepts of observation and to show how a field can have discontinuities.
Sachs and Darryl Lelter among others have focussed on one of the main
sources of continuity in field theory, the principle of superposition.

In this, complexes of field distributions are freely superposable and

this is characterised mathematically by the use of linear equations. To
remove this source of continuity Sachs and Leiter are developing non-
linear field theories in terms of which it is possible to describe
particle like singularities. (2) These ideas are still in the process

of development.
A second source of continuity in field theory is the assumption of

(1) Loc.cit.

(2) Darryl Leiter "Can Atomic Processes be Described by Non-linear Wave
Mechanics in Space-time?" INT.J.THEORET.PHYS., Vol.3 1970 pp.205-231 and
Mendel Sachs "On the Nature of Light and the Problem of Matter" in Hooker
ed. Contempory Research in the Foundations and Philosophy of Quantum
Theory, Reidel, Dordrecht 1973, pp.346-368.
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continuous space-time. Heisenberg in 1938, and following him, Margenau
in 1950 have attempted to abandon this continuity and introduce a 'smallest
length' of 10-1 cms. into quantum mechanics called a hodon. (1)
Correspondingly there is introduced a smallest unit of time: the chronon.
Such an approach acknowledges the problem noted by Poincaré in the quote
at the beginning of this section that with the introduction of Planck's
constant the dynamics of the world can no longer be described-by
differential equations. To overcome this problem the dynamics can be
cast In the form of difference equations, but so far no workable formalism
has been developed along these lines. (2) Furthermore in the context

of field theory the introduction of such discreteness is just as ad hoc

as the normalization procedures which are ayoided by the discreteneas

assunmption.

Gilven this state of the debate between field theory and particle theory
in the context of quantum mechanics where there are reasons to support
both ontologies, but neither is capable of accommodating all features
of the domain, the obvious way out is to develop a quantum theory based
on the ontology of process philosophy. Such is suggested by the comment
made by Jammer in the concluding remarks to his THE CONCEPTUAL DEVELOPMENT
OF QUANTUM MECHANICS:

Contrarylto the Aristotelian physics of qualities and in contrast

to the Newtonian physics of primary properties, the language of

quantum mechanics is a language of interactions and not of attributes:
processes, and not properties, are the elements of its syntax. (3)

(1) Jammer (1969) op.cit. p. 186ff.
(2) Hooker (1974) op.cit. p. 275,
(3) Jammer (1969) op.cit. p. 381.
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In process philosophy any particular entity has both an autonomy

from its environment and is dependent on its environment. As suggested
in the last chapter, a particularrprocess is like an eddy in a stream,
which, like the ripple on a pond used in the analogy for fiéld theory,
does not have an existence independent of the stream. However unlike
the ripple, it is not simply a manifestation of the whole but has a
dynamics of its own. This accounts for a world having bothrfield—like
characteristics and particle-like characteristics. Such a process, being
a self-ordering activity can only be known through its power to affect
other processes and cannot be simply regarded as a thing to be known as
can an atom. The adoption of this ontology could then form the basis
for reconciling the quantum mechanics and relativity theory as it was

interpreted in the last section.

One attempt to interpret quantum mechanics in terms of process philosophy
has been made by Milit 6apek. He argues that the impossibility of
determining both the position and the momentum or the time and the energy
of a system together is an indication of the problematic nature of these
concepts and for the validity of process philosophy. In a world of
processes there can be no place for dimensionless points or durationless
instants. In support of this position he quotes the conclusion reached
by Zigmund Zawirski in 1934 in relation to time and energy:

If the instantaneous cut of the temporal flow according to

Heisenberg's formula leaves energy completely undetermined,

does this not prove that the universe needs a certain time to
take on precise forms? (1)

. »
While this approach accounts for discreteness of gpace and time, Capek

(1) Eapek (1961).0p.c1t. p. 239,
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rejects the atomic view of these., Such 'atoms' must be thought of as
being bounded by points and instants, reintroducing the concepts which
the atomistic view is designed to exclude. Furthermore relativity
theory precludes the separate atomisation of space and time. Rather,
the extensive process of becoming of the universe must be seen
pulsational and therefore not infinitely divisible. This indivisibility
is of the same order as the indivisibility of a note of musié; beyond

a certain level it ceases to be a note, though there are no insatants at

which a continucusly played note ends and another begins.

A more radical revision of quantum theory based on the ontology of process
philosophy is being developed by David Bohm and a group of physicists and math-
ematicians assoclated with him. Bohm argues that quantum theory in its
present form is incomplete, being a mere statistical algorithm which
provides no conceptual structure in terms of which the movement of
individual systems can be understood. (1) To overcome this, Bohm
proposes a theory of non-localized hidden variables which will show how
individual systems and the statistical ensemble represented by the
Schrgdinger wave function are related. This will then enable the
statistical nature of quantum phenomena and the apparent "collapse" of the
wave packet on measurement to be understood. According to Bohm, the
theory indicates that: "the probabilities are...the result of 'hidden'
variables (and not 'irreducible') and the 'collapse’ is due to a deter-
ministic process that satisfies a law that could in principle be studied

with regard to its order and structure of movement.” (2)

(1) D.Bohm and J.Bub "A Proposed Solution of the Measurement Problem in
Quantum Mechanics by a Hidden Variable Theory" in REVIEWS OF MODERN PHYSICS,
Vol. 38, 1966, p. 456f.

(2> Ibid., p. 464,
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This recourse to hidden variables in no way heralds a return to a
mechanistic conception of being. Bohm writes:
What we are suggesting...is that all matter is to be understood
as a relatively autonomous and constant set of forms built on
and carried by the universal and indivisible flux...Such material
forms have a certain subsistence, in the sense that under
appropriate conditions they can continue with a certain limited
possibility for stable existence. However they are not to be
regarded as substances, which would be completely stable,
permanent and not dependent on something deeper for their continued
existence. (1)
The equation of motion of the system in this theory is nonlocal and non-
linear. (2) This means that the change in the wave function at any
point depends on the values of the wave function at every other point.
The measuring apparatus is reflected in the equation of motion and the
measurement process is seen as a particular case of the coupling of large
scale and small scale levels. This means that the experimental arrange-
ment in which observations are made is taken as an undivided whole.
It is Bohm's aim to develop a concept of order which will "give primary
relevance to activity and wholeness in the sense of undivided movement." (3)
In this, discreteness will be seen to follow as a natural consequence.
What had been previously taken as primary concepts, namely particle,
trajectory, potential field etc. which are all dependent on the assumption

of continuous space and time as represented by Carteslan coordinates will

be seen as the secondary consequence of this more primitive order. (4)

(1) David Bohm "The Implicate or Enfolded Order: A New Order for Physics"
in MIND IN NATURE: ESSAYS ON THE INTERFACE OF SCIENCE AND PHILOSOPHY eds.
John B. Cobb Jr. and David Ray Griffin University Press of America,
Washington, 1978, p. 40.

(2) Bohm and Bub (1966) op.cit. p. 467.

(3) David Bohm, Basil J. Hiley and Allan E.G. Stuart "On a New Mode of
Description in Physics,"INT.J.THEOR.PHYS.- Vol. 3, 1970, p. 172.

(4) Loc.cit,
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Bohm has been at pains to develop an intuitive understanding of this
order and has coined the term 'implicate' order to describe it. (1)
Etymologically, the verb 'to implicate' means 'to fold inward', and so
"implicate order' is an enfolded order in which the total order is
contained in some implicit sense in each region of space and time.

The hologram illustrates this type of order. In this, coherent light
from a laser i1s passed through a halfesilvered mirror so that.part of
the beam goes directly onto the photographic plate. The other part is
reflected to illuminate a whole structure, and the light from this
illuminated structure is reflected down to the photographic plate. All
this is illustrated in the figure below. The light reflected from the
structure produces complex interxrference patterns with the undeflected

laser beam, and this is recorded by the photographic plate. If a laser
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beam is now shone through the photographic plate, the eye on the other

side will see the whole of the original structure in three dimensions, and
from a range of possible points of view as though one were looking through
a window. And if a small part of the photographic plate is i1lluminated,

we still see tﬁe whole structure, but with less sharply defined detail

and with a decreased range of possible points of view, as though one were

looking through a smaller window.
What is significant in this is that there is no one to one correspondence

L David Bohm "Quantum Theory as an Indication of a New Order in Physics.’
B. Implicate and Explicate Order in Physical Law', FOUNDATIONS OF PHYSICS
Vol. 3, 1973, pp. 139-168.
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between parts of the illuminated structure and what is recorded on the
photographic plate. Rather, each region in the photographic plate is
relevant to the whole structure, and each region of the structure is
relevant to the whole of the interference pattern on the plate. However
the plate 1s only a record of the interference pattern. It is the light
itselfwhich in its movement contains implicitly in.each region the order
of the whole illuminated structure. This is what is meant by implicate

order.

A further analogy which extends what is meant by implicate order is
provided by considering a viscous fluid which is being slowly stirred.
If drops of insoluble dye are now placed at regular intervals of time
and space in the fluid, these will disappear into the fluid, becoming
enfolded within it. If now the stirring is reversed the drops will
reappear one after the other and appear as an individual drop moving
along a path. Whole pictures could be enfolded this way. However the
implicate order which is made explicate by stirring in the opposite
direction 1s really dependent on the whole movement of the fluid as

determined by the mechanical stirring device.

On the basis of these analogies, the phenomena of quantum mechanies

become more comprehensible. Unlike the situation where one looks through

a lens and perceives various parts of an entity so that there is a one

to one correspondence between the parts of the observed object and the image
of this, it was shown in the account of Heisenberg's thought experiment

that such an analysis is impossible, and that the experimental arrangement

has to be regarded as a whole. Such indivisibility of the whole
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experimental arrangement in which the whole order is relevant in each
region of what is observed, is typical of the quantum domain. (1)

The analogy of the hologram provides a way of understanding the meaning
of this. The enfolded drop of dye used as an analogy enables one to
understand the role played by experimental arrangements.  The example of
the enfolded order appearing as a moving drop is very similar to what
happens in the quantum domaln where what is takem is a track éf an
elementary particle, The tracks in a recording device such as a
photographic emulsion or bubble chamber are a series of points rather
than a continuous track and it is necessary to describe movement
discontinuously in terms of quantum jumps. The dependence of this
track on the experimental arrangement indicates the necessity of viewing
this as dependent on the whole experimental arrangement rather than as
the autonomous motion of a localized particle. From this it can be seen
how quantum theory can be understecod in terms of the primacy of the
implicate order of the whole movement or activity with such explicate
order as particle.like behaviour being of secondary significance. The
explicate orders are those aspects of the implicate order which are

made relevant or 'relevated' by the different experimental arrangements.
It is not difficult to imagine two different types of order enfolded by
a fluid which could not be relevated at the same time thus providing an

analogy with the wave/particle duality of the quantum domain.

As useful as these analogies are to emphasise the spatial indivisibility
of the whole, they also suggest that the explicate orders are nothing but

manifestations of the whole. This 1s not what Bohm is arguing for.

(1) Ibid., p. 145.
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He merely wants to stress that: '"nothing is 'a law unto itself.'

At most, something may behave with a relative and limited degree of

autonomy, under certain conditions and in certain degrees of approximation.™ (1)

In a later paper Bohm suggested that the idea of relative autonomy could

be expressed more succinctly in terms of hierarchies of systems in which

each system is composed of many subsystems, while in turn it is a constituent
of various supersystems. (2) However this 1s not to imply that sub-
systems are independent of the systems and supersystems in which they
participate, since it must be seen as having only a limited degree of
autonomy from the whole of which it is part. The analysis into such

systems must be seen as a convenient abstraction which can serve as a

basis of description. On this view there can be no ultimate set of
subsystems nor an ultimate supersystem which constitutes the universe as

a whole, since this would deny the dependence of the subsystems on the
systems of which they are constituents, and the dependence of the supersystem
on the subsystems from which it is constituted. While each subsystem is
intimately dependent on the systems in which it participates, which in

turn depends on supersystems etc. ultimately merging with the unknown
totality of the universe as a whole, it 1is possible for this subsystem to

be made to stand out in relief against a background (including the observer)
which 1is not important for its function or behaviour. However since this
independence is dependent on the conditions, the whole is implicitly
present in every description. This conception of the world involves a

topological and topochronological view of space and time, consistent with

(1) Bohm (1973) op.cit. p. 154.
(2) D.J. Bohm and B.J. Hiley "On the Intuitive Understanding of Nonlocality
as Implied by Quantum Theory" in FOUNDATIONS OF PHYSICS Vol. 5, 1975,p.l101ff.
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the views expressed in the last section. As Bohm writes: "We have...
to start from nonlocality as the basic concept, and to obtain locality
as a speclal and limiting case, applicable when there is relative
functional independence of the various 'elements' appearing in our

description.” (1)

While these system concepts are useful for describing single body systems
in which there is a need to emphasize the dependence of the quantum
phenomena on the experimental arrangements, its usefulness is more fully
illustrated in the case of atoms. Bohm argues that "a quantum many-
body system cannot properly be analysed into independently existent parts,
with fixed and determinate dynamical relationships between each of the
parts. Rather, the "parts" are seen to be in an immediate connection, in
which their dynamical relationships depend, in an irreducible way, on the
state of the whole system... (and indeed on that of broader systems

in which they are contained, extending ultimately and in principle to the
entire universe)." (2) Bohm goes on to show how in a many-body system
the system gives rise to a 'many-body force' in which the interaction
between each pair of particles depends on all the other particles, and

so cannot be reduced to a sum of terms, one for each pair. (3)

Eapek's process interpretation of quantum theory emphasised the temporal
aspect of quantum phenomena, the pulsational nature of becoming,while Bohm
(1) Ibid., p. 105.

(2) Ibid., p. 95f.
(3) Ibid., p. 98.
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has focussed on spatial indivisibility and the limited autonomy of
relevated orders. The question arises as to what is the relationship
between these. While Eapek in his earlier work rejected Bohm's concern
with hidden variables, there is nothing inherently contradictory in
Eapek's and Bohm's interpretations, and Capek's ideas can be seen as
supplementing Bohm's analyses. While these two interpretations cannot
be simply added together, the auditory analogy developed in the last
chapter provides a basis for relating these two sets of ideas. Music
suggests both pulsational becoming and the primacy of indivisible space
with the order permeating the whole of space and localization developing
as a secondary phenomenon. Since music implies the active involvement
of the listener with only the ability to focus on different features

of a complex movement separately, the analogy also provides a way of
comprehending the importance of the experimental apparatus, of implicate
order and of Bohm's idea of 'relevation'. More importantly from the
point of view of Bohm's ideas, the auditory analogy avoids the tendency
to see everything as a manifestation of the whole. The notion of
individuality implied by music, that is, of individuality within a
continuity, supports the idea of the relative autonomy of the subsystems
defended by Bohm. Thus there would seem to be good reasons for taking
the auditory analogy as I developed it in the last chapter as basic for an

understanding of quantum phenomena.

This does not mean that it should displace the analogies developed by
Bohm, But Bohm's analogies should be understood as sub-analogies
important for their ability to elucidate different aspects of the total

phenomenon. Similarly if the theory is to be developed it is necessary
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to use mathematical analogies to further clarify and refine these ideas.

To devglop their theory, Bohm and his colleagues have been trying to

work out a new mathematical formalism in which discreteness, wholeness,
the role of the experimental apparatus and so on as described in terms

of this theory cén be seen to be basic. (1) Both the particle and the
field require local dynamical descriptions using differentiallequations
which give a deterministic account of the universe. This implies that
all aspects of the system can be observed simultaneously and interaction
during observation can be ignored. As we have seen, all this is
different in quantum theory where it is not possible to observe all
aspects of the system simultaneously, and the experimental apparatus has
to be treated as a whole. The incompatibility of different observations
is formalised in the Hilbert space formalism by means of the non-
commutation of operators. However in this approach, we are required to
specify the relationship of operators to the results of observations and
it has been assumed that we must start from classical concepts in
observation and then translate this into the formalism by a set of rules,
implying an unanalysable disjunction. In the new approach we begin
with an informal language which breaks away from classical concepts and
recognizes wholeness and discreteness, and then attempts to mathematically

formalize this language.

To go beyond the concepts of particle and field theories and to. take
discreteness as basic, involves the rejection of continuous co-ordinates,

as Poincaré originally suggested we must. To do this, a mathematical

(1) R.H. Atkin and Ted Bastin "A Homological Foundation for Scale Problems
in Physics® INT.J.OF THEOR.PHYS. Vol.3 1970 pp.449-466; David Bohm, Basil

J. Hiley and Allan E.G.Stuart, ibid. pp.171-183; B.J. Hiley "A Note on
Discreteness, Phase Space and Cohomology Theory" in Ted Bastin (1971)
op.cit, p. 181ff.; R.H. Atkin "Cohomology of Observations” ibid., p.191ff.;
David Bohm (1973) op.cit. Appendix pp.l155-167.
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description using cells 1s used. This form of description is provided

by homology and cohomology theory, a branch of algebraic topology. Phase
space is then conceived of as having a cellular structure in which the
cells, rather than being taken to imply a limitation on the simultaneous
specification of position and momentum, are taken as fundamental. This
introduces qualitative features into the description. Also, the shape

of the cell in phase space 1s inseparabley amalgamated with tﬁe experimental
conditions in such a way that analysis is no longer relevant, thus allowing
a place for the experimental apparatus in the mathematics of the theory.
The cells then describe structures associated with experimental conditions
rather than orders of point particles, point events or the like. The

implications of this approach are now being explored.

The prevailing formalism of quantum theory runs into difficulties with
distances less than 10-13CHL with high energy particles, and is incapable
of dealing with atoms more complex than helium. So quite apart from the
more basic difficulties of quantum mechanics discussed in this section,

it is necessary to go beyond the existing theory. While the theory

being developed by Bohm and his colleagues based on the ontology of
process philosophy is still in its formative stages and no final
conclusions have been reached, in view of the difficulties faced by
alternative approaches, it seems likely that it will be along thése lines
that a successful overcoming of the problems of quantum mechanics will

be achieved. This will then pave the way for a reconciliation of quantum

theory and relativity theory.
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THE UNIVERSE AS PROCESS

So far I have tried to justify process philosophy through an examination

of the theories concerned with the most macroscoplc and the most
microscopic features of the universe. My reason for focussing on these
theories was to show that it was not possible to conceive of the universe
as being a unified totality in which everything in it is simply a manifest-
ation of the whole, nor is it possible to view it as nothing but the
arrangements and interactions between elementary entities. However on

the ﬁicroscopic aspect of the unilverse I have not considered the

implications of elementary particle physics.

Elementary particle physics is concerned with the nature of strongly
interacting particles or hadrons. Protons ‘and neutrons are hadrons as
are most of the short lived particles which have been discovered over the
last thirty years. Recently evidence has supported the hypothesis that
these hadrons are composed of elementary entities called quarks, However
although this field of inquiry is still in a state of flux, there is no
reason to believe that quarks are any more able to serve as the elementary
building blocks of the universe in the materialist sense than can their
opposites, electrons. They are not immutable, since a proton and an
anti-proton can annihilate each other to produce nothing but gamma rays.
Also since the?e are probably at least six quarks and reason to believe
there are more, it is not clear that there is anything fundamengal or
simple about them. (1) And the stability of certain combinations of

these quarks would suggest that this can only be accounted for in terms

(1 Nicholas P. Samios '"Elementary Particles"in McGRAW HILL YEARBOOK OF
SCIENCE AND TECHNOLOGY 1978 p.-158ff.



487

of the whole ensemble which goes to make up a hadron in the same way
as a many body atom as understood by Bohm is characterised by a many-
body force which cannot be described in terms of the simple interactions

between pairs of constituents.

This 1is the sort of conclusion reached by one of the main theorists in

the field, Geoffrey Chew, who argued that explanations in terms of
elementary particles were unsatisfactory since there is always the problem
of explaining the last particle identified. For this reason one can
never get to the end of the road. Chew's alternative, the bootstrap
hypothesis, is to understand each entity on its own level by showing that
"the particles are as they are because this is the only way they could
be." (1) This must be an entirely different form of explanation than

is usual, as Chew points out: "By its very nature it cannot be formulated
through equations of motion in the time-honoured tradition as all previous
physical theories, because in principle there are no entities which

could conceivably appear in the equations of motion." (2) This accords

very well with process philosophy.

Having ruled out the possibility of explaining everything in terms of

either the whole universe or its most elementary constituents supports

the position of process philosophy according to which all processes in

the universe héve an equal ontological status. Molecules, crystals,
liquids and gases, rivers, oceans and geological formations, edﬂies,

clouds and climatic systems, clusters of galaxies, galaxies, stars and

(1) Cited in Toulmin (1972) op.cit. p.235 from G. Chew "Crisis in the
Elementary-Particle Concept" in PUBLICATIONS OF THE UNIVERSITY OF CALIFORNIA

RADIATION LABORATORY, no.17137, Berkeley, Calif, 1967.
(2) Loc.cit.
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and planetry systems, all must be understood primarily in their owm

terms, being irreducible either to their constituents or to environmental
parameters. Attention must be turned away from concern with the laws
governing the elements of the universe towards the existence of processes,
all of which must be accepted as worthy subjects of investigation in

their own right.

This means that science must be preeminently concerned with individuals
each of which, as an immanent cause of its own being contributes something
to the universe as a whole, Such individuals are not substances with
attributes, but self-ordering activities with some autonomy from their
environment. All the activity of an individual from its creation,
throughout its career to its destruction, ié an essential part of it.

The type of activity involved and the way an individual reacts to other
processes is a unique characteristic of the type of process it is, and
cannot be understood in terms of anything else. This individuality is
exemplified in the case of a crystal. A crystal maintains the activities
of its constituent atoms or molecules in such a way that these are arranged
in a fairly rigid structure. This structure is maintained with some
degree of independence from the environment, and it is by virtue of the
structure that the crystal can diffract light rays. This is an emergent
characteristic -of the crystal and cannot be regarded as simply a property

of the individual constituents.

Quite apart from those processes associated with life, there are enormous
variations in the types of processes in the universe. For instance a
solid maintains its shape and volume, a liquid retains its volume but not

its shape while a gas retains neither but has the power to resist
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compression which could eventually change the gas into a liquid. Some
processes are very stable such as light atoms, others such as very

heavy atoms endure for very short periods before disintegrating for
reasons independent of the environment. Some, like stars, have
tremendous powers to influence other processes while having very few
liabilities to being influenced. Neutrinos on the other hand have

almost no powers to influence anything. Some processes sucﬂ as crystals
are almost passive, only interacting with other processes when processes
which are agents, such as photons, rivers or geological processes, either
come into contact with it or bring other entities into contact. Also

processes can be in a state of equilibrium or evolving or dissolving.

One type of process which is extremely impoftant from the point of view

of process philosophy 1s the dissipative structures which develop in
thermodynamic situations which are far from equilibrium. (1) These
manifest more clearly than other types of processes the irreducibility

of the whole to the parts, and, while being common in the inanimate realm
they are absolutely essential to living processes. Molecules, gases,
liquids and crystals as I have discussed them can be interpreted in

terms of classical thermcdynamics as equilibrium orders, the sort which
appear in an isolated system after a sufficiently long period of time.
Such order is dominated by Boltzmann's ordering principle. However, where
a system 1s far enough from thermodynamic equilibrium processes develop
which are based on an entirely different principle: order through
fluctuation. If the whole system is large enough, then self-organizing
{1 Ilya Prigogine "Order Through Fluctuation: Self-Organization and
Social Systems' in EVOLUTION AND CONSCIOUSNESS: HUMAN SYSTEMS IN TRANSITION

Erich Jantsch and Conrad H. Waddington eds., Addison-Wesley, Reading,
Mass. 1976 describes these.
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processes or dissipative structures will develop through the amplification
of fluctuations in such a way as to establish their own boundaries. The
ordering involved can be a temporal organization as in the case of limit
cycles, stationary inhomogeneous structures, a spatio-temporal organization
in a wave form, localized structures or some multiple of these. (1)
Typical examples of such order are provided by hydrodynamics yhere patterns
of convection develop if there is an uneven heat distribution, or where

a laminar flow of fluid develops into a turbulent flow. Further studies
involving dissipative structures have been made by Ilya Prigogine and

his colleagues in the field of chemical kinetics. (2) In all these
cases, a large number of molecules manifest a coherent order over a large
period of time. (3) Studies of these phenomena are important because
they integrate the concept of structure or order into the framework of
theoretical physics. Also, dissipative structures, unlike equilibrium
structures whose states are uniquely determined by emvironmental
parameters, are involved in a cycle of activities and thus undergo state
transitions autonomously. This means that they must be regarded as
self-animating. This is the type of order involved in biological and
sociological phenomena, and their study in the physical realm provides a

bridge between the inanimate and the animate realms.

Every process, no matter how fundamental it may seem, is dependent on its

(1) Ibid., p. 98.

(2) Ilya Prigogine "Unity of Physical Laws and Levels of Description”

in INTERPRETATIONS OF LIFE AND MIND: ESSAYS AROUND THE PROBLEM OF
REDUCTION, Marjorie Grene ed. Routledge & Kegan Paul, London, 1971, pp.l-13.
(3) Ibid., p. 5.
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environment for its continued existence. This is even true of elementary
particles. When particles of very high energy collide, they are trans-
formed into other elementary particles. It is possible to conceive of
states of very high temperature, and such conditions may have existed in
the interior of stars, where the mean energy is so high that such changes
would take place continuously. (1) In this environment elementary
particles would have very little stability or autonomy. Thué a process,
being a self-ordering activity must be seen as existing only by virtue

of the environment with which it is in reciprocal interaction. The
balance of forces of the various background and substructural processes
which allows a process an even approximate independence from the infinite
diversity of the processes with which any process is in interaction must
be seen as only conditional. To further illustrate this, consider the
case of a certain liquid. In this, the intermolecular forces tending to
hold the molecules together are balanced by the random thermal motions
which tend to disrupt the entire system. In nature, the liquid always
exists in some environment which cannot fail to change with time. Given
long enough, this change will disrupt the balance of forces and change
the liquid into something else. This means that no process has complete
autonomy in its mode of being, since its basic characteristics must depend

on its relation to other processes and activities.

It is only possible tc understand the world by applying the concept
'thing', where this refers to an object, a quality, an event, a relationship,
a process or whatever. Since all that can be identified as a thing is

dependent on a process or processes which maintain themselves, and since

(1) David Bohm CAUSALITY AND CHANCE IN MODERN PHYSICS Routledge & Kegan
Paul, London, 1957, p. 59.
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all these are dependent upon their environment and substructure, what

is taken as a thing must be seen as an abstraction which is conceptually
separated from its infinite background. The concept of 'thing' must

be understood as only approximately applicable to what we find in certain
contexts, under suitable conditions, over a characteristic pericd of
time, and what is conceptualized as a thing is always less and in some
sense different from what is in the world, While it is necessary to
make such abstractions, this should not lead us to conceive of the

world as simply consisting of all the things in the world and their
relationships, since these "things' could not exist apart from the contexts
from which they have been abstracted. In particular, the interactions
between processes cannot be understood simply in terms of the external

relationships between things.

Having made this polnt it is possible to see the validity of the process
view of causality. The emphasis here is on the activity of the processes
and implies natural necessity rather than extrinsic causality or the logical
necessity of lawful behaviour. On the process view of causality,

processes can be seen as mﬁdifying or destroying each other in their inter-
actions, they can be seen as supervening causes, constraining their
constituents, or they can be seen as creative in the sense of gilving rise

to the conditions in which entlrely new processes arise. All this is
predicated on the assumption that each process is also an immanent cause

of its own being.

Considering first the case of interaction between processes, the point

being emphasised here is that processes must be seen as agents producing
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whatever effects take place. They are the efficient causes of the
modifications or dissclution of other processes with which they interact.
The way an individual process behaves will always be partly due to
extrinsic conditions, but will also be to some extent an immanent feature
of the process. This can be seen even in the case of the interactiocn
between billiard balls which is the paradigmatic example of extrinsic
causality. Where an object 1s seen as an ordered activity,-the motion

of this object must Ee seen as part of this order rather than as something
extrinsic to it. To be an object involves the maintenance of shape by
the process, and interactlon between billiard balls must then be seen as
the changing of one aspect of the order of each, their motion, as a
consequence of their belng shape maintaining processes. In the same way
wherever a process affects some other proceés, it must be seen as this
process, being an immanent cause of its own being, modifying or destroying

the other as part of its self-maintaining activity.

It is because the context within which interactions between procesgses

take place is ignored that supervening causality is so hard to comprehend.
When it is seen that the very existence as well as the particular nature
of a process can only be understood in relation to its environment, then
it can be seen that the ordering of the environment constrains the
particular process. This constraint on the particular process, since it
1s part of the environment of other processes, also constrains them. Along
these lines it can be seen how there can be hierarchical ordering with
higher levels constraining their constituents by providing the environment
within which they exist. For instance, a sugar crystal provides the
environment which constrains the activities of each individual molecule

to create the order which is the whole crystal. The molecule constralns the
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atoms and the atoms constrain the protons, neutrons and electrons.

In fact it is only in the context of the atom that the neutron is stable.
Outside this environment it has a half-life of only eighteen minutes.

It is because the whole provides the environment in which its constit-
uents are constrained, and this constraint, by reproducing the environment,
maintaing the whole, that all processes must be regarded as the immanent

cause of their own being.

A form of causality less often considered is that by which a new order
is created. In the materlalist view it is generally seen as simply

a matter of the constituents coming together, acting according to their
own laws, However this is again to ignore the context in which such
coming together takes place. New orders must be seen as emerging

from within fields which are favourable to their production, being more
a matter of an ordering within a field than simply an agglomeration

of constituents, This is perfectly evident in the case of dissipative
structures, but even in the case of equilibrium structures this can be
seen to be the case, Thus crystalization occurs within a saturated
solution through the emergence of a new order which, once begun,

imposes itself on the surrounding enviromment.

The emergence and destruction of order is the process of evolution.

In the nineteénth century the idea of evolution emerged in two conflicting
ways. The first was that involved with the development of life which
leads to the emergence of more and more complex types of order. The
second was associated with the second law of thermodynamics and describes

the tendency of every closed system to develop towards a state of
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maximum randomness. The first view led to the sort of philosophy
expounded by Bergson who wrote: "The more we study the nature of time,
the more we shall comprehend that duration means invention, the
creation of forms, the continual elaboration of the absolutely new." (1)
The second view led to the idea that the universe is dissolving into
progressive chaos. These two different types of evolution correspond
to different thermodynamic situations. Creation of structures can
occur "with specific non-linear kinetic laws of far~from-equilibrium
conditions.” (2) In this case energy exchanged between the system
and the outside world is converted into order. In the neighbourhood
of thermodynamic equilibrium there is a destruction of order. In both
cases, evolution takes place in the environment provided by a broader
process which maintains either the thermodynamic equilibrium or dis-

equilibrium.

This all provides further insight into the nature of the world understood
as a process of becoming, and the place of space and time in this, The
concept of evolution implied by thermodynamics suggests that the universe
is incomplete and the future full of potentiality. The irreversibility
of this process contrasts with the reversibility of time as understood
by classical mechanics. It has been suggested that elementary particles
are not local;zable and that they have a minimum duration. This means

that the process of extensive becoming is not infinitely divisible.

(1) Henri Bergson CREATIVE EVOLUTION tr. Arthur Mitchell (1911) Greenwood,
Westport 1975, p. 14,
(2) 1Ilya Prigogine (1971) op.cit, p. 2.
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But this is also true of all processes, and the higher level processes
discussed in this gection require a much longer duration to fully become
than do elementary particles. For instance the properties and powers
of an atom, such as spectral frequency and chemical reactivity arise
over the duration required for the electrons to orbit at least once,
which means that the atom cannot even be thought of as such in less than
this duration. In this way the process of becoming can be seen to

be multilinear. Where processes are such as to provide the environment
for other processes which have some autonomy from the environment, the
notion of locality and temporal order becomes significant, since the
sub-processes have a stable background against which these can be defined.
Consequently, along with the Swiss alchemist and physician Paracelsus,
we must say that there is a multiplicity of times. (1) There is a
cosmic time, a geological time, an evolutionary time, a multiplicity

of biological times, an atomic time and so on. To each of these there
corresponds a spatial order defined in terms of the potentiality for
interaction between the sub-processes constituting the procesgs which
definés the particular time. It is because of the multiplicity of
interlocking processes and levels of articulation of the process of
becoming of the universe as a whole that for practical purposes it is
possible to think of one universal space—-time. However it is necessary
to recognize this as an abstraction from the multiplicity or polyphonic

nature of the process of extensive becoming of the universe.

(1) J.T. Fraser, "The Interdisciplinary Study of Time" in INTERDISCIPLIN-
ARY PERSPECTIVES OF TIME: ANNALS OF THE NEW YORK ACADEMY OF SCIENCES
Vol. 138, Art.2, N.Y. 1967, p. 823f,
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REDUCTIONISM AND DETERMINISM

In the world as understood by process philosophy, there is no reason

to regard any particular type of process as having a higher ontological
status than any other. Each process must be understood on its own
level and cannot be explained away as simply the effect of other
processes. Also the world is not to be regarded as in any sense
determined but must be éeen as a creative advance into the future.

But reductionism and determinism have been closely identified with

science, and for this reason I will examine these issues more closely.

What gives weight to the reductionist position is the prevalence of
explanations of wholes in terms of their constituents. However
€.D, Broad pointed out that if we want a complete explanation of the
behaviour of any whole in terms of its parts:
we always need two independent kinds of information. (a) We
need to know how the parts would behave separately, and (b) we
need to know the law or laws according to which the behaviour
of the separate parts is compounded when they are acting together
in any proportion and arrangement..,.it i1s extremely important to
notice that these two bits of information are quite independent
of each other in every case. (1)
In the analysis of the relationship of wholes to their constituents in
terms of the notion of causality deriving from process philosophy it
was emphasised that this second bit of information 1s only provided by
focussing on the whole which provides the environment in which each of
the parts function. This was brought out by Bohm who argued that a
many body atom gives rise to a many body force which cannot be understood

(1) C.D. Broad THE MIND AND ITS PLACE IN NATURE Routledge & Kegan Paul,
London, 1925, p. 61.
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as the sum of interactions between pairs of sub-atomic particles. It
is also evident in the way that atoms are constrained within a crystal

by the whole process.

The illusion that an explanation of something in terms of its parts
justifies the conclusion that the whole is nothing but the parts, is
created by the way in which that which is tacitly understood can be
ignored. When an attempt is made to explain a comprehensive entity in
terms of its parts, it is necessary to already have some understanding

of the whole and how it provides the environment for the parts. Only

in this way can the parts be understood in relation to the whole in such
a manner that an explanation of the whole can be made. But in focussing
on the parts it is necessary to attend from the whole to the parts, and
then the whole is only tacitly understood. Because this understanding
of the whole is tacit, it can easily be denied and it 1s this which
creates the illusion that what exists are the parts and the laws governing

them, and that the whole has been explained away.

The other feature of science which has contributed to the acceptance of
ontological reductionism is the way experiments are usually conducted.
Normally an experimental situation is set up in which a simple cause-
effect relation can be isolated. In this way the causal agent can be
manipulated and the results investigated. But this leads to the context
within which this cause effect relation 1s isolated and which contains
those aspects of reality which cannot be so analysed, being 1gﬁored. It
is because of the prevalence of this form of experimental design that
such phenomena as the dissipative structures which develop in far from

thermodynamically equilibrium situations which are not amenable to such
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treatment have not been investigated until recently. These now provide

the clearest examples of phenomena which must be treated holistically.

Determinism derives from materialism and was originally proposed by
Leucipus.  When everything in the world isg conceived of as being
composed of inert matter in motion, then the only function of science
can be to formulate the laws of motion and interaction. However,
field theory which tries to explain everything in terms of fundamental

equations governing the totality of the universe, is also deterministic.

The two most obvious places where this deterministic conception of the
universe falls down are in the indeterminacy of quantum theory, and

in relativity theory where it was seen to be impossible for any observer

to know the universe as a totality. However these only provide miner
comfort for the anti-determinist as they stand. The indeterminacies

of quantum theory average out over macroscopic levels and the indeterminacy
implied by relativity theory can be construed as simply a limitation in

the possibility of observation. It 1s necessary to examine more closely

the ideas which give determinism its intuitive plausibility.

Firstly there is the question of what determinism means. Determinism
implies that the state of the world, both now, and as it will be, is
determined by something. Therefore 1f determinism is to be valid, there
must be a pla;sible candidate to f11l this role. It 1is often thought
that if every event has a cause, then the ultimate determinant'of the
whole universe is the first cause. However to say that every event has
a cause does not necessarily imply that events are determined by their

causes. An example which illustrates this point fairly clearly is the
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case of air moving over the smocth surface of water causing waves to
form. The air causes the waves but does not determine theilr nature.
This is because as soon as the surface of the water is disturbed, the
disturbances interact. This interaction then plays a major part in
determining the nature of the waves. Thus the waves are caused by

the movement of air but not determined by it.

A better candidate for the role of ultimate determinant is the laws
which are supposed to govern the universe. However from the point of
view of process philosophy, laws are not to be thought of as governing
anything, they are merely approximate descriptions of behaviour. As
such they simply point the way to genuine explanations in terms of

the nature of processes. In fact the most important function of laws
in science is to indicate the existence of some sort of order. They
are heuristic devices, and anyone formulating a law should be prepared
to attempt to show the nature of the process which lends itself to
being described in this way. This secondary place of laws can be
seen by looking at those already accepted in science and what status

they have,

In fact there are scarcely three fundamental laws, namely those of
gravitation (Newton's Law), light and electricity (Maxwell's Laws) and

the simplicify of these is only apparent. What they really do is express
how gravitation and electromagnetic radiation are a manifestation of

the universe as a whole and for this reason are intimately coﬁnected

with the geometry of space-time. It has already been argued that
contrary to the assumptions of field theory, individual processes act

to some extent on thelr own principles and are therefore not predictable

by these laws. The laws only apply statistically to a large number of
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isolated, independent, small processes in which the effect of individualicy

cancels out.

It is possible for emergent processes to give rise to behaviour which
can also be described in terms of laws. Examples of this are the laws
describing the behaviour of gases, and the laws of refraction and
diffraction assoclated with crystals. The possibility of there being
such laws arises with the existence of the corresponding processes

and they must always be understood as dependent on these processes.
Often determined efforts are made to reduce the laws describing higher
order processes to the fundamental laws. These have usually been
accepted as successful by everyone except those people involved in the
attempt, For example the attempt to reduce thermodynamic descriptions
to molecular dynamics by rigorous mathematical arguments has been nearly
successful but not quite. It is generally accepted that this is good
enough and it is thought by the proponents of reductionism that this

1s a classical case of a successful reduction. But as Howard Pattee
remarked: "This result is not trivial since 'not quite proved' in

mathematics is like 'not quite pregnant' in biology." (1)

These laws are only applicable in limited contexts, and it is not even
possible to describe these contexts in such a way that perfect predictions
could be made about the future. Science works with abstractions and the
laws associated with a theory are only applicable in ideally isclated

systems. Even where the world is most congenial to being understood in

(1) H.H. Pattee "The Problem of Biological Hierarchy" in TOWARDS A
THEORETICAL BIOLOGY 3 SKETCHES ed. C.H. Waddington, Uni. of Edinburgh
Press, Edin. 1970, p. 129.
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terms of such abstractions, where factors other than those specified

by the model can be most nearly ignored, there are always some extraneous
factors involved. For instance the planetry system which is successfully
treated as an exclusively mechanical phenomenon is affected by the
pressure exerted by sunlight and the light of the stars. Since such
independent contingencles in the enviromment will always influence the
context under cons;deration to some extent, any theory which can be
formulated will not be adequate to make predictions even in the context
for which it was formulated. The appearance of determination by law

in any context is only a reflection of the constructs used to understand

that context, not of the context itself.

All this reveals the general overestimation of the concept of law in
science and points to the real nature of the issue. The 'behind the
scenes' candidates for the role of determinants of the universe are the
entities in terms of which everything else is supposed to be reduced

to in explanation, whether these be the elementary particles of materialism
or the universe as a whole as in field theory. Determinism really
falls with reductionism. In a universe consisting of a multiplicity

of processes, each of which is an immanent cause of its own being and
contributes something to the universe as a whole.which is irreducible
to anything else, determinism has no meaning. The processes which make
up the univerée must be seen as actualizing the potentialities of the
future by creatively producing and expressing themselves while'in

constant interaction with each other.

It can be seen from this that determinism and predictability are two
separate issues. If it 1s possible to predict what will happen in the

future only by understanding all the individual processes in the universe
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and all their interactions, then it cannot be said that this is
determined since it must be seen as an expression of particular
individuals. There is nothing which can fulfil the role of the
ultimate determinant. But even the idea that the universe is predict-
able must be rejected, and this also for other reasons than those
discussed in relation to quantum theory and relativity theory. The
universe 1s constantly creating novel processes, and since each of
these is explicable only in its own terms, neither their creation nor

their behaviour can be understood in advance.
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MATHEMATICS AND PROCESS PHILOSOPHY

The progress of science has been so clearly associated with mathematics
that to ignore the achievements deriving from the mathematical treatment
of ideas 1s simply a failure to come to terms with the reality of science.
However the way in which mathematics is important to science is open

to question. It is generally assumed that quantification is important
to enable predictions to be made, but it has already been afgued in
Chapter II that the role of predictions in science has been overempha-
sized. Rather, it 1s being suggested that the real importance of
mathematics lies in refining the concepts deriving from an analogy or
metaphor so as to allow more precise statements to be made from which

a broader range of significant inferences may be drawn in a clear and
coherent way. For this reason it can be expected that different
ontologies will involve different sorts of mathematics and that there
will be an intimate connection between ontologies, conceptual structures
and the mathematics. This has already been suggested in the discussion
of quantum theory. To illuminate this relation I will show some of the
developments in science which reveal such a relationship, and then go

on to consider what sort of mathematics is likely to be appropriate for

process philosophy.

Mathematics has a special place in the ontology of formism deriving
from the Ancient Greeks and dominating in the Middle Ages since it
derives ultimately from the Pythagorean belief that the world is number
and measure. By this is meant that the world imitates or participates
in mathematical forms, and these forms imply an aesthetic and moral

perfection. For instance harmonious music is characterized by simple
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ratios of the length of the string or windpipe. This perfection of
form was thought to be least on the surface of the earth and to increase
progressively towards the heavens where heavenly bodies expressed the
perfection of their nature by moving in the most perfect of geometrical
figures: the circle. To retain this conception of perfect order in
the face of disconfirming evidence, Ptolemaic epicycles were postulated.
It was only with Kepler that the central place given to the circle

was questicned.

With the replacement of formism by materialism, attention shifted away
from considerations of proportion, harmony and perfect form to the
representation of the movement of matter according to fixed laws. This
was given precise mathematical form by Descartes with the invention of
co-ordinates in which position through time could be plotted and
represented algebraically. This allowed the development of calculus
through which Newton was able to clarify the nature of acceleration.

The calculus, which enables a prediction to be made of a system at any
time given a knowledge of the state of the system at any other time, has
been the basis of materialism ever since, and it is by means of this that
most of the inferences about the nature of the universe have been drawn

by materialists.

The basic ideas of field theory, like those of materialism, were worked
out witﬁout the aid of mathematics. This task was performed by Faraday,
whose work was then given mathematical form by Maxwell, This'involved
the use of partial differential equations analogous to those used for
the understanding of fluids. The important difference between this

mathematics and that assoclated with materialism is that attention is
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focussed on the entire space or some delimited portion of it without

a blas to certain small regions, the "particles' which had been taken

by the materialists as the seat of action. (1) On the field view,
physical action is present in all points of space. 1In a 'vector field'

a certain vector 1s associated with every point in space, changing
continuously as we move from point to point. This conceptualization is
entirely in harmony with the geometrical program of Gauss, gince "field
strength' can be replaced by the 'metrical tenmsor' which exists at every
point of space and which may be measured from point to point by a
triangulation, beginning with small regions, then gradually extending

to larger and larger regions of space. While Maxwell had assumed
Cartesian coordinates as the basis of his differential calculus, the
formulae of tensor analysis opened the way to a formulation of the
equations of field physics in the curvilinear coordinates of Riemann. (2)
This then provided the basis of the extension of field theory in Einstein's

general theory of relativity.

It is possible to offer some speculations on the basis of this brief
history of the relationships between mathematics, scientific theory and
ontology about the direction these developments have taken. It seems
fairly clear that the developments have been in the direction of the
rejection of what had been presupposed by adopting a more ggneral form

of matheﬁatics. It had been assumed before Kepler that if the motion

(1) Cornelius Lanczos SPACE THROUGH THE AGES: THE EVOLUTION OF GEOMETRICAL
IDEAS FROM PYTHAGORAS TO HILBERT AND EINSTEIN, Academic Press, London,

1970, p. 130.
(2) 1Ibid., p. 148.
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of the planets were to be made intelligible in mathematical terms,

they must be seen in terms of circular paths. With the new mathematics
based on Cartesian coordinates, Newton showed that an ellipse could

be made just as mathematically intelligible as a circle. Similarly,
before the development of field theory, it was assumed that change could
only be'understood in terms of motion of an entity, and this assumption
was embodied in the mathematics. Maxwell's mathematics avoided this
assumption. Then.Gauss defined space in such a way that alternatives
to Euclid's geometry could be developed, so overthrowing the assumption
that Euclid's geometry simply described the world the way it really

is. In each case, a certain type of order was assumed to be basic

and it was expected that the world could be understood in terms of this,
and later developments showed this to be a particular manifestation of

a more basic order.

In the light of this, it is possible to get some idea about the mathema—
tics that might be appropriate for process philoscphy. Process
philosophy as presented here defines order in terms of similar differences
and takes no order for granted, nor does it assume that any particular
type of order is more basic than any other. The appropriate mathematics
should therefore be such as to assume the least order so that the existence
of order can be described in terms of it. For instance the existence of
an ordered space-time must be something which is seen to be.produced
rather than simply assumed, as also must the existence of.any stability
within this. The branch of mathematics which assumes the least order

is topology, and the mathematical formalization of ideas deriving from
process philosophy, namely catastrophe theory and homology and cohomology

theory, are both developments of topology.
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Catastrophe theory has been developed by René Thom to formalize our
understanding of the genesis, stability and destruction of forms in
the realms of the universe in between the totality and sub-atomic
processes. (1) The seriousness with which he takes these forms
derives from his Heraclitean starting point in which since flux is taken
as basic, the existence of any order at all needs to be explained. He
writes: "all the basic intuitive ideas of morphogenesis can be found
in Heraclitus: all that I have done is to place these in a geometric
and dynamic framework..." (2) His view of the world is outlined
in the statement of the programme of his book:
...it 1s indisputable that our universe is not chaos. We
perceive beings, objects, things to which we give names. These
beings or things are forms or structures endowed with a degree
of stability; they take up some part of space and last for some
period of time...Next we must concede that the universe we see is
a ceaseless creation, evolution, and destruction of forms... (3)

The task Thom sets himself is to develop the mathematical concepts which

can account for this succession of form.

Thom describes these forms as 'structurally stable islands' which are
represented mathematically as attractors in multidimensional space. The
creation or destruction of these islands of stability, that is, morpho-
genesis can then be represented by showing the disappearance of the
attractors representing the original islands of stability as they are
captured by the attractors representing the final forms. Such an

occurrence is called a catastrophe. It is possible to represent the

(1) René& Thom STRUCTURAL STABILITY ARD MORPHOGENESIS: AN OUTLINE OF A
GENERAL THEORY OF MODELS (1972) trx. D.H. Fowler, W.A.Benjamin, Reading,
Mass. 1975. :

(2) 1Ibid., p. 10.

(3) 1Ibid., p. 1.
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path of development or chreod of a form, and also how such chreods can

be in hierarchical relatiomship. (1)

An important feature of this mathematics is that it comes to terms

with the fact that there are boundaries in the world. Boundaries

impiy a discontinuity, and since most mathematics used in science so

far has been based on the differential calculus which presupposes
continuity, problems in science where boundaries are important are

simply ignored. However it is not the ekistence of discontinuity as

such which is most important, It 1s that the existence of discontinuities
implies that continuity is not something to be taken for granted but

is something which is maintained, and can disintegrate.

The qualitative models based on this matﬁematics cannot be experimentally
controlled in the sense of ylelding experimentally verifiable predictions.
All an experiment can do is to confirm the stability of a particular form.
At the limits of stabilify of a form there is an indeterminate zone which
is by definition unstable, thus making individual predictions impossible.
However this qualitative mathematics is more basic than any quantitative
mathematics for two reasons. Firstly, quantitative models are only
applicable within a field of structural stability. Thus scilence is
divided into a number of fields within which quantitative mathematical
methods may be used. In other words, quantitative models must be
isolated before an effective experimental situation can be set up.
Qualitative models are required to isolate the fields. Secoﬁdly, only

qualitative models can show the limits of quantitativve models. In

(1) Ibid., p. 114ff.
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this way, Thom's mathematics reveals why the quantitative laws of those
few fields which have been understood in terms of quantitative models,

cannot be taken to explain everything in the universa. (1)

However catastrophe theory is a development of differential topology and
it is essentially involved in describing how discontinuities result from
continuous changes. This presupposes that there is something which

can be regarded as continuous, It 15 algebraic topology which should
be taken as basic, As pointed out earlier, homology and cohomology
theory is being used in quantum mechanics to describe a discrete space-
time. In homology one starts with cells called simplexes as primitive
and fun&amental terms. (2) It is possible to introduce the notion

of an abstract simplex which is not related to any manifold. These
can then be used as the starting point from which a discrete space-time
Structure can be described. The space~time continuum can then be seen

as something generated by the discrete order.

(1) 1Ibdid., p. 322.
(2) B.J. Hiley (1971) op.cit. p. 187.
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CONCLUSION

In this chapter I have tried to show that developments in physical
science can best be understood in terms of process philosophy. The
universe must be seen as a creative process of becoming involving a
multiplicity of processes in various relationships, each maintaining
itself with some autonomy from its environment and making an irreducible
contribution to the universe as a whole. This universe can be partly
understood on an analogy of a stream in which eddiesg are continually
forming, developing and dissolving into their environment. However
this analogy must eventually be seen to be inadequate in that it
implies some substratum which changes and it fails to make fully
intelligible the nature of becoming. This can only be grasped by
means of an auditory analogy, which as Eapek has pointed out, also
enables us to comprehend the apparently anomolous features of modern
physics:
In the concrete and attentively analysed awareness of the polyphonic
structures the following traits, which remain unintelligible and
even absurd within the visual scheme of classical physics, become
intuitively clear: _
The incompleteness of becoming and its pulsational character;
The compatibility of the emergence of novelty with the causal
influence of the past;
The individuality of events within the continuity of the flux;
The fictitious character of instantaneous cuts and, consequently,
the impossibility of instantaneous space; -
The replacement of the relation of Juxtaposition or co-

instantaneity of points by that of co-becoming or contemporaneity
of the causal tubes. (1)

The various theories discussed were seen to throw light on different

(1) Capek (1961) op.cit. p. 377f.



512

categories of process philosophy. Relativity theory gave some content
to the category of activity and revealed how space and time only become
features of the world with the introduction of order into this activity.
Quantum theory indicated the inadequacy of field theory and dissipative
structures in particular revealed the immanent nature of causality and
the autonomy of emergent processes. Relativity theory, especially the
general theory, quantum theory, thermodynamics and an examination of
processes in general also threw light onto the nature of becoming and
time, revealing becoming's pulsatiomal multilinearity, and the dependence
of the concept of time on the hierarchical nature of this multilinearity
of the process of becoming. However this chapter should not be seen

as simply interpreting a finished body of knowledge and it is not

meant to offer final explamations of anytﬁing. Physics 1is in a state
of flux, and it is just as important to establish some order within

this by pointing the way to overcoming problems within theories or to
reconciling theories as it is to interpret the more established aspects
of science. Having justified process philosophy to this extent, and

in particular to have shown its superiority to materialism and field
theory in attempts to understand the physical world, I will now try to
show how on this ontology the qﬁergence of life and mind into the world

can be seen to be intelligible.





