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The insight that there must be some primordial stuff or ultimaæ srbstrate that is the origin of all
that is obs€rvable in the physical world came long ago to gifted individuals in different parts of the
world, including what today are China, India, Egypt and the lands that border the Aegean Sea
There are some indications that the insight might wen have appered in those different lands at
roughly the same time- If this hrrns out to be the case, whatever gains our consensus
must not gloss over the universality of the insight, for the questions r€garding the existence and
definition of the ultirnate substratum have remained with us wer since and cmtinue to garner the
interest of many among the philosophically or metaphysically inclined" This has been heightened
by many of the surprises ryrung by recexrt and contemporary scientific work and thoughl

But evsr at the level of such introductory remarks, there already is a danger that we might fall
victim to one of the following two miscurceptions: first, that the ancients were looking for what
we would call a physical account of the origin of material reality; and, second, that when a
philosopher like fhatss asserted that water was the origin of all 'hings, he was giving primacy to
bne of the four physical elements recognizdby the Presocnfics. On the contary, the ancients did
not distinguish benveen mat€riâl and spiritual reality, nu between themselves and nature as a
whole. Às is well known, the world iiewed mythôpoetcally teems with life, so that natural
phenomena such as floods, volcanoes and droughts are seen as manifestations of more

divine or quasidivine presences. The aneients did not reason from observed events
ûo their gods, but rather saw in the fmmer confirmation of the latter. Hence they could only
conoeive the ultimate substrate in divine terms.

When we turn b Thales, we must not therefore take his proclamation that wats is the origin of
all things ûoo literally. As the Frankforts wrot€ in the conclusion to the book The Intelleaual
Adwrurre of Ancien Man,

[w]hen Thales proclaims wat€r to be the first cause [and some other hesocratics made
analogous proclamationsl, . . . then we need not be astonished that commentators in a
positivistic age unwittingly rcad familiar connotations into the quasi-nat€rialist doctrines of the
Ionians and regarded these earliest philosophers as the first scientists. No bias could more
insidiously disfigure the greatness of the Ionian achievement. The rnaærialist interpretation of
their teachings takes for granted what was ûo be discovered only as a result of the labors of
these ancienrthinkers - the distinction between the objective and the subjective. And only on
the basis of this rlisrinctisr is scientific ùought possibla

In acural fact the lonians moved in a curious borderland. They forefelt the possibility of
establishing an inælligible coherenoe in the phenomenal world; yet they were still under the
ryell of an undissolvedrelationstrip betrvear man and nature.l

This spell seems well on the way to casting itself over us oncÊ more. For the objectile is
curiously merging with the subjective at many of the borderlands of contemporary natural science.
This has atso cast aside any lingering doubt that ûre "positivistic age" has passed Not only are rile
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free to look at natwe with a freshness that echoes Presocratic naïvité, but the emergent scientific
picture forces us ûo do so, albeit with the hindsight of a vastly emiched knowleilge of natural
minutae, their intelrclationships and the laws that govern them. A spiral of scientific progress has
led us right back to contemplate the same plateau that enchanæd the Presocratics, but fronr-a higher
vantage point and with far more powerfrrl eyes - at least in the literal sense.

But let us briefly return to Thales and his immediate successor Anaximander. It is sometimes
said that whereas Thales appears to have limited himself to choosing one from amongst the four
basic elements that were commonly taken to be the fundamental material base in anCient Greek
thought, Anaximander argued that this could not be the case. Anaximander reasoned that since the
four elements chatgg into one another, there has to be something morc primary underlying them.
He reached the startling conclusion that the substrate frrom which all matter is formed mrist iiself be
without limit, boundless, indefinite or infinite (all of which are acceptable translations for the
Grækwudapeiron).

We have just seen that it is wrong to think of Thales as just having "chosen" one of the four
material elemerrts as the originating force. It follows that it is mistaken to think of Anaximander as
having deduced the apiron from argument against any such choice. Now there is no doubt that
Anaximander thought in radically new terms compared to any of his p'redecessors. However, the
idea of an originating force that transcended any particular phenomenon or element was labrt in the
mythology and protophilosophy that he had inheriæd. There was already thebehef in Olæanos, a
cosmic ocean that surrounded the wodd and flowed back into itself, hence without beginnins and
without end, and the source of all rivers and seas, all emergent dry land, and the sui thatinust
traverse it in the night before it rises again. While Okeanos is a body of water, it was not seen by
anyone, nor could it be seen given that it encompasses the world. It always lay over the horizori.
Thales transformed Okeanos from a god without cult to "watetr", a more- abstract but still
quasi4ivine substance that inherently possessed originating pow€rs. Anaximander was to push
that abstraction further, detaching the originating power from any image or other positive
representation. It was the boundless or infinite pure and simple, withôut beginning or erid, from
which all things come and into which they all pass, which rules and encompasses them all. The
apeironlay beyond any horizon.2

From then on, ideas about the ultimate substrate swung to and fro betrveen one or more of the
four elements and more abstract conceptions that would not have been possible without
Anaximander. Aqong the latter, \thagoras, Parmenides and Plato respeciively mentioned
number, Being and Forms as being the origin of all obseruable phenomena Given itsmaterialistic
grounding, one of the most unexpected outcomes of modern nâtural science is that those abstract
mdtranscendenr ancierft ideas seem more relevant and accurate than their materialistic counterparts,
if we interpret them with an open mind and a little imaginatior.

But provided that we interpret what follows with the greatest care and keep in mind that
something of great imporance is being deliberately left out for the moment, it is with Aristotle that
thought about the ultimaæ substratum reâched its peak in ancient Greece, a development that would
only be matched by Plotinus when the Roman empire was at its zenith. Aristotle, like
Anaximander conveniently reduced to his (namely Aristotle's) framaaork, reasoned that if we
continue to analyze matter in the direction of the most fundamenal level, we would have to reach
something called "prime mattetr" that undedies all things and is not underliain by any. So that prime
matter may become anything observable, it may not have any of the particular qualities thàt we
encounter in the phenomena. As Aristotle put it:

By [prime] matter I mean that which in itself is neither a particular thing nor of a certain
qudity nor assigned to any otler of the categories by which being is deærmined. For there is
something of which each of these is predicated, [namely a substancel, [whose] being is
different from that ofeach ofthe predicates; [and it is the] predicates other than substance that
are predicated of substance, while substance is predicated of matter. Therefore the ultimaæ
substratum is of itself neither a particular thing nor of a particular quantity nor otherwise
positively characterized.3
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While we can not dwell on such things here, what distinguishes ArisOtle s account from
Anaximander is the introduction of the cmc€pt "substance" and the gouping of the various things
that can be predicated of substances into the other nine categories of being (of which substance is
the most important). It is against this backdrop that one can further ap'preciate the need for the
ultimate substrate to be non-material, an abstÉct laæncy that is modified according to an infinit€
variety of naùral conditions. Furthermore, Aristotle introduced the distinctim between potentiality
and aénratity, having observed that all substances must have definite constihrents and causes fù
them to become what they are rather than something else. An acorn is potentially an oak tree, a
dolphin embryo an adult dolphin and bricks, wood and cement a house.a Noting that acorns,
dolphin embryos and houses must themselves have been respectively brought into being by oak
trees, adult dolphins and a combination of the idea of a house and the skills of a builder, Aristotle
concluded that the actuality must somehov/ be there along with what is mere potentiality ftom the
very beginning so that the potential may be actr;.a.li?r;d. He states cleady in the Metaphysics that
actuality is both logically and chronologically prior to poùentiality.s In still more abstract t€rms,
form is prior to matter, and in general, form must be there along with the material substratum so
that the latter is &nsformed into the physical and biological phenomena of the obserrmble universe.

While the poæntiality/actuality and matter/form dynamic will subsequently prove to be an
ingenious intellectual device fo,r a more complet€ metaphysical grasp of the world, Aristotle's
framework helped sepnate matter from form and unwittingly made it easier for modem think€rs to
become materialists (despite the total lack of support that materialism would find in his
philosophy).6 Besides, to rcturn to something that was left hanging in the comparison between
Aristotle and his Presocratic predecessors, his framework made him fail to see that whilst the
Prewratics seemed to be talking about a material substratum, they were not talking about matter in
the Aristotelian sense at all, for the sirnple reason that they did not have a concept of matter to work
with, nor one of form. In philosophers like Anaximander, matter and form, to speak
anachronistically, were combined. The positivistic misreading of the Presocratics began with
Aristotle!

\#e shall presently see that in order to p'roperly assess the conce.ption of matter that best fits the
contemporary scientific outlook, what is næded is an approach that combines the analytical
sophistication of an Aristotle with the dynamism and comprehensiveness of an Anaximan&r. We
need to think of an abstract material substratum in combination with some notion of form, yet
somehow the two si&s must not be k€pt too ftr apart.

It should be clear from the foregoing that the ancient Greek discussion of the ultimate
substratum and how it relates to all that exists in the universe was so intense and sophisticaæd that
one could devote a large book-length work to it. But it is now time to turn to some of whaf nanrral
science has recently brought to our atlention and then see just how evocative it is of the i&as of
Anaximander, $thagoras, Plato, Aristotle and Plotinus (of whom more will be said later). That
twentieth century science has lelded a legitimate vantâge point for a fundamental metaphysical
question posed by the ancient Greeks has been recognized by Heisenberg in a lecture delivered O a
Grek audience on the third of June in 196,4:

If I endavor today to take up some of the old problems concerning the structure of matter
and the conce,pt of natural law, it is because the develo'pment of atomic physics in our own day
has radically altered our whole outlook on nature and the sftrcture of matter. It is perhaps not
an imp'ro'per exaggeration to maintain that some of the old problems have quiæ recently found a
clear and frnal solution. So it is permissible today to speak about this new and perhaps
conclusiveanswer b questions that were formulaæd here thousands of yeæs ago.7

It is perhaps an exagge,ration to declare the solution physigs bas foyn{ to th9 p'r_oblem gf what
matter is to be frnal. Bufphysics p'rovides stnong evidence in hvour of what Arisotle had in mind
when he used the expression "prime mattetr." A great many observations of what happens when
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collisions take place between ele.g.re1$ry particles at sufficiently high levels of energy shows that
all-such particles at srome point will eithd ôhange into other partôtesir be annihilatedlieavine oniv
radiation behind. These changes are observed whatever tËe particles, however r*af. Èut"foeiÉ
dictates that there must be a substratum underlying those chânges. l\ioteouer, sinè att tinàiî
matter can be converted into or annihilate one ânother, the sublfiatum itself cannot be a kind of
matter. If the substratum is not itself made up of any particles, what could it be? The mosi
economical answer is that the substratum must be someihing that potentially assumes all forms of
matter. The substratum in itself can not yet be anything thatls definitety asc-riUeA to matter. It can
not have any of the properties that matter has. In shon. it must be purê poæntialiw.8 Heisenbers
expressed this as follows. based on his famously intimate knowlédge ôf ttre study of collisioni
between particles:

_ .W" ""1t 
say that all particles are made of the same fundamental substance, which can be

designated energ.y or matter; or we can put things as follows: the basic substance ""nergy;
becomes by assuming the form of an elementary particle.e

V/e shall return to the idea of describing the substratum as "energy". For the moment, let us
consider some other ways that the study of matter forces us to posit tf,ê exisænce of a subs'trarum
that can not be described in familiar mâærial terms and may rèsist any material cnaracte.izaiiôn
whatsoev€r. In the course of a lecture delivered at the Smithionian, Phittip Anderson gane a;i"iâ
example of an ambiguity that is not resolved unless the number oi particles involved ii
computationally infini1s.t0 The ambiguity concerns whether a solid turns out to be a conductor or
an insulator..-Nothing tells us that a "lump" of matter, if it is composed of relatively small nuàUe"
of atoms, will be one 01 the other. oniy when a huge numbei are available *itt ttre"e uJ ile
possibility of the formation of what is kndwn as a "free Fermi liquid", which consists of etectroni
freed when matter condenses into a solid under certain specifieà conditions. A mechanism thæ
entirely obeys the laws of quantum mechanics, including tire Pauli exclusion principle, woula then
dictate that the electrons have a high kinetic energy. Since their mass is minimal,'thii ^"*r ift"i
they_ move very quickly. We thus have a coiàuctor. On the other hand, another HnA of
coldensation.process_may trap those electrons, so tJnt thsmal energy is needed to free them. In
this case. we have an insulator.

The idea that there is nothing inherent in matter that causes a maærial to be either a conductor or
an insulator is an old one. It goes back to Michael Faraday, who was always willing to deiv
conventional wisdom in his efforts to unify physical phenomena and back dp nis cfaims witÉ
clevelly. pesigne{ experiments. Faraday thbrigtit that the only thing that deæimines wtrethei i
material is a conductor or an insulator is the foice that is needéd to ùscharge currenL The more
g]osely-pagkgd the "particles", thegreater t}re force, the closer we are to thË range ofinsutaiors.
He asserted thlt any materid could be tumed into a conductor if the particles packà within irwàre
subJected to a fbrce of sufficient strength and that conduction and iniulation were therefore locaæd
along the same property continuum.l I Although we now know that there is one condition under
whlch lnsulators can not be turned into conductoqg. nqrygly at 0oK, Faraday's reasoning is
esssentially -1ou1d-r It shows how macroscopically differênt phenomena, îtren anaty?eà
microscopically, fall under the same continuum.
. The reasoning-of Farqday and the experimental evidence adduced by Anderson demonstrate

that matter in itself is neither a conductor nor an insulator. The ambiguitv betrveen the two is onlv
resolved when a great many particles are condensed into a solid, so m-any"that their number iswha:t
Ande_rsort terms "computationally infinite." Even then, the process of ôondensation must oosi 

"certain thermodynamic threshold so that we end up with eithâ a conductor or an insulator.
The quqqtion now presents itself: What is- matter before it turns into a conductor or 3n

rnsulator'/-.Clearl-y i! must be. something that can potentially become both. We have just seen the
broad outlines of what decides the issue; but note that ali along, matûer was endolied with the
suppleness that would permit it to sway with the developméntal winds. In general, for a
substatum to take on emergent properties, it must be such that it can potentially acqùire At of tttose
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properties. Moreover. it must have that potafalfum the beginning. No doubt the "matter" of
conductors and insulators is not the same as the "matter' of the elementary particles; the latûer is
more fundamental and forms the former. But we can &rive our definition of the "matter" of the
elementary particles by analogy. lrVhatever the ultimate substratum may be, it must have the
suppleness to become all elementary particles known to us Furthermore it must, from the very
beginning, be the kind of thing that can form materials such as conducûors or insulators.

The same reasoning applies for other macroscopic properties of metals, such as malleability,
ductility, luster or hardness. Gold and quicksilver are both metals composed of exactly the same
kinds of elementary particles following exactly the same physiochemical combinatory principles,
with only the number of particles differing for each. Moreover, the number could hardly differ
less since they occur consecutively in the periodic table of elements (respectively numbered 79 and
80). Yet one shines far more brightly than the other and can be drawn into thin wires, whilst
mercury is a poisonous fluid at room tempan$ure" Such a marked difference in properties c:m not
be accounted for by their different crystâl structures (gold is cubic whereas mercury is
rhombohedral); for other elements possess similar crystal structurcs but again have markedly
different properties (neon fm example has a cubic crystal structure).

Clearly the elementary particles can not be idÊntical in the manner that their,usual presentatiqr
suggests, nor en they be seen in simple aggregate tÊrms when they combire to form heavy metals
such as gold and mercury. There must be something about them, or underlying them, tlnt the
periodic table fails to represent, which allows for the emergence of two levels of otherwise
inexplicable macroscopic differenti*iqr: first, the more general level of crystal structure, of which
there are nine; and second, the more particular level at which neighbouring elements display
characteristic individual prop€rties that may be in shary contrast.

Back in the third century, Plotinus was struck with the problem of how to explain such
macrosoopic differcnces. In the course of qiticizing the atomic theory of mafier, he asserted that

lt]here are no atoms; all body is divisible endlessly; besides, neither the continuity nor the
ductility of corpueal things is explicable apart fum Mind . . . which crmnot be made up of
atoms; and, again, out of atoms creation would produce nothing but atoms: a creative power
could produce nothing ftom a material derroid of continuity.l2

Plotinus'terminology might seem arcane to us, but that ought not diminish our recognition of
the sturming depth of his thought. His whole body of work serves, among many othér things, as a
reminder that an honest look at nature can not be compatible with the dogma that there are basic
constituents which, left to their own devices, somehow come together to form larger entities that
manifest greatly varying properties. Ow theoretical and experimental apparatus presently allow us
an eN/en more honest look at natwe. And we can see, if we ae free to do so, that gold and mercury
can not simply become what they are ttrough the fortuitous combination of a fixed number of sets
of identical constituent parts. We need not worry about w*rat Plotinus meant by 'Mind', nor by his
introduction of creation. Instead, we c:m concentrate on what he said about "continuity" and
transpose it to oru discussion: Something about matter that eventually makes it ductile or dull must
already be there given that these can never be attained additively. There must be something activgly
present rn the substratum to serve as a vehicle for the breathtaking variety of emergent prop€rties
that we actually encount€r amongst the elements (a vehicle without which we are forced to posit a
tnanscendent agency that acts on that substratum in archetypal ways). Metaphysical clarity about
this problem may be impossible to come by, but it is helpful at this point to keep in mind the idea
of a substratu m tll,eit as such has no definite pro'perties yet possesses a kind of dynamic suppleness
and an almost boundless potential ûo assume a great diversity of material forms. In this spirit, let
usconsider some more material metamorphoses.

On the surface, it looks as though the macromolecules that are the backbone of biological
phenomena can be reduced ûo complex combinations of a few atoms such as carbon, oxyg-en,
hydrogen and nitrogen. In this sen-e, one is æmpæd to claim that such atoms, and a very few
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others (like sulfin, phosphorus and iron), are the building blocts of life. They are the "matter" of
life. But observe what happens when we follow those'building blocks" tf,rough the different
stages of molecular complexity:

- A methane molecule consists of four hydrogen atoms bonded with a cenhal carbon atom to
form a tetrahedral structure that is familiar to all those who have taken an introductorv course in
college chemistry. The symbols of the formula CHa suggest that the hy&ogen atom in a methane
ryolecule is exactly the same as a hydrogen atom on its own (or in a hydrrogen molecule). It is not.
The charge distribution is different according to whether the atom is on its own or in a methane
molecule. In the latter case, it experiences the f,reld influences of the other three hydrogen atoms
and that of caôon. The geometry of the structure is due to the mutual influences of five atomic
fields subject to the relevant quantum mechanical laws that determine the tetrahedral configuration
of minimum energy.

A similar argqment can be made for the symbol C that is used for carbon as we proceed
upwards through the methane (or alkane) series of hydrocaôons. Consider the first five àlkanes,
namely methane, ethane, Propme, butane and pentane, for which the respective formulae are CHa,
C"H6, C3Hs, C+Hro, and C5H1". The laws governing the formation of these molecules dictate
that the carbon atoms always be in the center, usually forming a chain such that the carùon atom at
either end is surrounded by three hydrogen atoms while those carbon atoms in between are
surrouded by gnly two. This is so because all the bonds in those molecules are single covalent
bonds: One pair of electrons is shared by neighbouring atoms, each of which providés one atom
for sharing. The physics of hydrogen and caôon atoms respectively rules that they reach stability
when two or eight electons surround their nuclei.l3 If we were to compare ethane with propane,
we would notice that the first has two carbon aûoms at the center whilst the seoond has three. Thus
propane has one carbon atom at the very center that is under the field influence of two
neighbouring carbon atoms, one to each side. This is not the case for ethane, where each carbon
atom has just one more to one side. Even within the p'ropane molecule, the two "side" carbons
have only one carbon atom neighbouring them whereas they both neighbour the central carbon
atom. In each of these three cases, whether inter- or intramolecular, the carbon atom is not exactly
the same, because the field influences of the neighbouring cabon abms are different dependng o;
how many there a{e and the geometry of their afiangement. Thus the symbol C does not mean
exactly the $ame thing when applied to carbon in all alkanes and even within the same alkane
whenever the molecule in question conatins three or more carbon atoms (a similar algument can be
constructed for all other series ofhvdrocarbons. and so on).

It gets worse. If we w€re to cônsider butane or pentâne, we must not only worry about the
symmetry relations that cover the carbon atoms, but also the manner in which tùe struôture of the
molecule could be changed considerably without any alteration ûo the atomic composition with
regard to number or kind. Those new molecules are called isomers. For instance, instead of the
standard butane molecule in which the four carbon atoms are arranged in a chain, we could have
one in which there is a central carbon atom surrounded by a hycFogen atom and three carbon
atoms, each of which is in turn surrounded by three hydrogen atoms. One can readily see how
symmtery relations render that central carbon atom subject to quite different field influènces than
those of the other three caôon atoms and those that it itself had in the original co'nfiguration. An
isomer of pentane illustrates this change more neatly still, for in it, thè carbon atôm becomes
entirely surrounded with (four) carbon atoms each of which is surrounded with tlnee of the twelve
hydrogen atoms that compose the molecule. As it happens, pentane is amenable to trvo different
kinds of perfect structural symmetries, each of which gives rise to different cumulative field
influences on the various carbon atoms involved. Morerover, the changes mentioned here are
significant, for although the number and kind of atoms remain the same for either butane or
pentane and their respective isomers, the properties change. For instance, butane and isobutane do
not have the same boiling point or ignition threshold (in the case of esters, an easily observable
p1operly like smell changes). All this is glossed over when the same symbol is used for carbon
throughout and again when the same symbol is used for a molecule throughout all the isomeric
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transformations that are possible for it (although different names are used for those compounds,
which is unavoidable given that important p'roperties are not the same).

To complete ou inspection of the transformations experienced by the simple compo,nents of the
alkane series as we advance towards the higher membrs, something must be said about the
carbon-carbon bond itself. Iæaving the isomers aside for now, we rnay consider ethane, propane,
butane and pentane as follows: Ethane has one carbon-carbon bond, propane has two, butane
three with one in the middle, and pentane four with two on the inside and another two on tle
outside. If we think in terms of a "stretch" for each of these bonds and reflect on the same
symmetry considerations that helped us above to notice different field influences on different
carbon atoms, we will conclude that the "stretch" is also different for each of the four compounds
and that from butane onwards, there is more than one kind of carbon-caôon "stretch" witltin e:rch
molecule (one has but to observe the "pull" of neighbouring carbon atoms on one another and
notice how it changes through all the structural transformartions that have been mentioned). Thus
the bond itself, also represented by the same symbol (C-C for a single covalent carbon-carbon
bond, C=C for double), is not exactly the same either. The notion of nstretch" will figure again as
we further analyze the subtle tranformations of matter that rcmain hidden from the standard
symbolic representation.

- There are other kinds of structural transformations that preserve the number and kind of
atoms in a molecule. T'hese transformations add another dimension to our analvsis of the
discrepancy between symbols that remain constant and that which the symbol signifies'The latær,
as we have s€en, is not always the same. Suppose we were to consider the case of cysteine, an
amino acid that is a component of nearly all proteins. The chemical formula for cysteine is
HSCH'CH(NH")COOH, rvhich may be compressed into QHTNSO'. lùy'hen represented in two
dimensions, the geomerry of this molecule appears as a sequence of atoms linked in a chain, in a
sequence that repeats the sequence of the symbols given in the extended formula above. As can be
observed, there is a sulfur atom near one end of the chain, and a hydrogen atom at the other.
Sulfur is negatively charged whilst hydrogen is positive. Opposites attract, and so a weak
hydrogen bond can form betrveen the two ends of the chain. The structure then waxes cyclical.
The chemical reactivity of cysteine changes substantially depending on whether the structure is
chainlike or cyclical. Yet the elemental symbols for both structures are exactly the same. These
are not the only possibilities for cysteine. As it happens, there :re many other geometrical
possibilities for it inærmediate between the fully streûched-out chain and the cyclical form. This is-so 

because all but one of the thirteen bonds in a cysteine molecule are singie bonds that have a
rotational freedom of 360 degrees. In effect, this allows the formatioriof any intermediate
structure along a continuum between the two extremes that have been considered. The continuum
of geometric possibilities provides the cysteine rnolecule as a whole with the adaptability that
allows it to attain a variety of stability points.

To appreciate the complexity of the computations involved in measuring the suppleness of a
cysteine molecule, one must be able to simultaneuosly track the manner in which energy varies
relative to the angle of rotation for each of tlre twelve single covalort bonds. Moreover, in ord€r to
measure the influences on the individual atoms that compose cysteine, for example hydrogen or
caôon, each "stretch" between two neighbouring atoms must be imagined as a spring-like
mechanism with a constant analogous to the proprotionality constant in Hooke's law (which staæs
that the stress on a solid substance is directly proportional to the strain applieq provided the stress
is less than the elastic limit of the substance). The mechanics of the molecule are then studied as a
l4-body problem! From a mechanical point of view, the complexity of the molecule therefore
increases ata staggering rate. A great mimy app,roximations ar€ nec.essary in order to obtain results
that agree with those of spectrosco'py or quantum mechanics. Oltly with such results do we have a
quantitative assessment of the peculiarities of hydrogen, carbon, nitnogen, oxygen and sulfur in the
cqrtext of a cysteine molecule.
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- The mechanical study of a cysteine molecule allows us ûo visualize it as an entity composed of
fourteen elements vibrating at thirteen different frequencies (because of the "springs" that represent
the bonds) with its sections free to rotate in countless different ways. The overall patterns of
motion can thus be pictured as an elaborate dance. Yet this dance is quite simple when contrasted
with that of the much larger molecules of which amino acids like cysteine are but the constituent
parts. Such a larger molecule could be a protein or RNA or DNA. The movement of cysteine
becomes a dance within a dance, and so there is a higher order of complexity relative to which
atoms like hydrogen or carbon are again different from what they would be by themselves or
within a relatively simple compound such as an alkane or amino acid. This defines yet another
level of subtle transformations for those atoms, another way that the symbols we use to represent
them are misleading.

The maqomolecular "dance", for its parL takes on the aspect of time-relationships that form the
basis for cellular behaviour. By the time we get to the level of a cell, the molecular mechanics are
for all intents and purposes infinitely complicated. We have enetered the domain where the dance
becomes life. The levels of complexity from amino acid to cell have been compressed here for
simplicity's sake. For example, nothing has been said about the nucleic acid bases that compose
RNA or DNA, and which themselves are measurably different in this context from what they are
on their own. But we should have a clear idea by now of the many ways that the atoms that
compose the macromolecules that are the backbone of life diverge from what they are on their own
on the way towards increasingly complex contexts, of how little the symbols we use fo'r them
suggest those divergences, and some of the latter's significance on the physical, chemical and
biochemical planes.la

Some of the foregoing constitutes a partial view of the range of physical and chemical states
that we refq to by the symbol H or C. The metamorphoses that have been illustrated show that it
is misleading for us to think of the hydrogen or carbon atom as a building block, for this popular
metaphor conjures images of unchanging elements ag$egated into ever more complex structures.
Some have modified that metaphor by emphasizing the relational component of the so-called
building blocks. This is not good enough. There is something within the atoms that changes
along with their molecular context. If we are to persist with the metaphorof building blocks, then
these must have a suppleness that is in flagrant contradiction with the logic of the word "block".
We need a new metaphor, one that captures the sense in which an atom like hydrogen has the sort
of structural elasticity that would allow it to change according to its molecular context. Hydrogen
already is potentially atl that it becomes throughout its various metamorphoses. It already has
whatever it takes to take on a physical, chemical or biochemical aspect. In some non-trivial sense,
those aspects must be incorporated into the definition of hydrogen. In that defrnition, the physical,
the chemical and the biochemical are inærtwined. We do not then have an element. cefiainlv not in
a strict sense, but an envelope of possibitities whose realization is determined by several Énds of
molecular configurations.

With the concept "envelope of possibilities" and the illustrations that brought it forth, we are
able to go further than we could following the discussion of macroscopic properties such as
conduction, insulation, ductility and luster. There we were able to extract a preliminary sense of
the suppleness of whatever it is that gives rise to material phenomena, or the substratum. Vy'e
could at least claim that there had to be something other than seemingly identical particles, either
along or interwoven with them, which accounts for marked macroscopic differences. But here, in
our examination of the metamorphoses of atoms like hydrogen or carbon, we have in our
possession a detailed example of that 'something exfa" changing according to its molecular
context. We can actually "see" the envelope of possibilities unfold as the molecular configuration
gains in complexity in the transition towards the biological domain. This establishes the existence
of something akin to the continuity that Plotinus thought ought to be at work in matter in the fint
place to account for the fact of unity despite great complexity (the various constituents are
integmted into a whole and do not simply fall apart as they must if we confined ourselves to the
mechanistic picture of aggregation). The preexisting envelope allows the particles to shape
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themselves in a manner that makes greatrr complexity (or higher unity) possible. This envelope is
revealed as we observe the changes that the particles undergo on the way to the biological. It could
also be said that there are layers of information packed into particles and made manifest in the
extraordinary rnorphological elasticity elicited by many kinds and levels of molecular
configurations. We stnll presently come across some more examples that will explode the notion
of a particle altogether and strongly suggest that as an envelope ofpossibility, a particle is bettef
thought of as a virtual slice of a seamless informational continuum. To anticipate a little, we may
call up the quantum mechanical image of a particle such as a photon or elecEon as existing in a
range of infinite pathways. For it seems that the geometric "haze" surrounding particles contains
prt of the secret of their morphological elasticity. But only a part, for there is another side to the
story.

And so we turn to the molecular configurations themselves. Is th€re any other point of view
from which we can consider the various levels of molecular complexity such that their
configurations play yet another role in our effcts to define matter? It turns out that there is. The
answer suggests itself as we examine how many configurations there are to choose from at a given
level. If we rcturn ûo our example and once more begin with the case of methane, it tums out t}tat
thene is only one configuration to choose from given the five atomic fields and the relevant
quantum mechanical laws. But as we move &per into the domain of macromolecules, the
determinations for their configrrations are far from such simplicity. The choices of configuration
for a given number of atoms that are to form larger macromolecules can be so numerous as to be
continuous. Already for cysteine, a relatively simple molæule, we saw that there is a continuum of
possible corfigurations between ttre chain-like or cyclical stnrctu€s. Even a set conf,iguration mav
not have a determined function, for a chain of nucleic acid bases (adenine. guanine, cytosine and
thymine/uracil) means different things according to the contexl Hoy are the configurations for
maromolecules then chosen when there are so many possibilities? If we are talking about cells,
then we must introduce three extraneous notions: form, the historical selection of forms up to that
point, and the environment specific ûo the cell, which we may call an "ecornenl"l5 Form, history
and ecom€nt combine to choose an appo'priaæ configuration for a cellultr macrornohcule.

In the language that we have been using here, t! e "matter" of a macronolecule must somehow
be so supple that it is susceptible to being shaped by forms that do not yet exist according to its
specific future surroundings and the history leading up to that future event (which narrows down
thepoolofpossibilities). Thisisnotjusttrueofthemolecularcomponents,norevenoftheatoms
thaf form them, but of whatever undedies those atoms. For the substratum itself must be able to
form atoms that would later conform with the requirements for highly complex forms to function
appropriaæly in an ecoment that has its own history. If we take this insight to its logical
conclusion, we may ass€rt that the substratum from the very beginning must be such that it can
acquire the form of human beings and all derivative forms, indeed the form of the entire universe.
Relative to all forms that it would acquire, the substratum or "prime mattetr" must have unlimited
suppleness. It mus! as Anaximander thought, be boundless or infinite; and remembering that he,
unlilæ Aristotlg did not have the conceptual distinction between matter and form at his fingertips, it
turns out that Anaximander's thought is more suitable for our purposes. For according to the
foregoing illustration, it will not do to spea.k of prime matter in isolation from form, since the two
turnbut to be intermingled. In some sense, matter (prime or otherwise) already "knows" the form
that it would acquirel and such reasoning can be caried through eve,ry level of complexity right up
to that of human beings and the universe as a whole.

rrty'e have snrmbled upon the foundation for the age-old doctrine that holds the macrocosm to be
contained or reflecæd in the microcosm. A late develo'pment of that doctrine was laid out in the
philosophy of Iæibniz. What concerns us here can be skeæhed as follows: The world primarily
èonsists of incorporeal, indestructible, indivisible substances called monads. Since læibniz
believed the world to be a plenurn, he thought that dl monads act on one another, indeed that
everything in the world is interconnecied. Each monad represents its point of view of the whole
universe.l6 lnthe Mondology,he makes tlre distinction between an object and knowledge of an
object urd then asserts that monads are only limited with regard to the latter. They do have a non*
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trivial representation of and relation to the whole nevertheless.lT Inthe Discoune on Metaphysics,
Iæibniz makes the more abstract clairn that every substance (or monad) "is like an entire w<fia-and
that "the universe is multiplied in some sort as many times as there are subshnces."rs

I-eibniz' vision does not seem quite so laughàble when sketched in the comDany of reænt
scientific thinking. Such thinking does not permit us to literally assert that the'maôrocosm is
contained in the microcosm (and it is doubtrul tltrat I-eibniz meant this literally anyway). But it does
permit us to posit a nontrivial link between the macrocosm and the micrôcos':m: "ttre humblest
speck of matter, to the eltent lhat prime matter undedies it, and in that prime matter is in a sate
amenable to the assumption of.all possible forms, including those of huriran beings and the entire
universe, must in some non-trivial sense be informed by the totality of forms _ étse trow does it
have such boundless morphological supplenessy'om the outset? How can prime matter faiitô
have (or be interwoven wi$ or receptivé to) some kind of p'rescience of the entire pano,rama of
evolutionarlr emerg€nces if it would acqutg all the forms it has actually assumed ttriougtro"t ttrà
ages and shape the tiniest constituents accordingly?

These last remarks can not-be intergeted to mean that the forms of all things and of the
universe as a whole are literally preserit in the substratum before they come inio being. Nà
homunculus theory_is being reproduced for the entire universe.l9 What has been proposed-so far
is the following: (1) There is a lot more to material "constituents" than what is àoiurea Uv tfre
qtetaPhol "building blocks". (2) This "something extra" rendetrs the constituents môtrotosi"qaltv
elastic with legar.d to a great many different maierial situations and must for that veiy rea-son É
dynamic (otherwise- how it can it have the simultaneoas potential to become many things?). (3j
The.examples that have been given sugggst that the constituents are best seen ai enuàtofes'o'f
possibilities lhat ar9 open to a seamless inlormational continuum. (4) These envelopes contilthe
"seeds" for the various configurations that matter would assume ù wetl as fo'r the environmene
(or ecoments) that would determinethose conlgurations.2o (5) The entire process must be driven
by_what I have elsewhere described in ærms of an infinite gradient in combination with an infiniæ
co.nere.1gg that seem presentin.nature (the gradient accounting for the limitless energetic and/or
other differences that are available.forthe gèneration ofhigher-levels oforganization fre poæntial
coherence of which again seems limitless, thus suggesting that there is no limit to the côherence
that can be drawn out of nature in the process of complex unfoldings;.2t

[æt us leave such abstract questions for the moment and return to what some contemuruv
physicists hav-e beel saying. It may be possible to repres€dlt the suppleness of matter to a èærtaiit
dgg*9, even though prime matter mighf have to remain elusive. We trave earlier spoken in terms
of an "envelope of possibilities," Jhis conc€,pt was intended to capture the fact *raipartictes travi
turned out not to be elements in the strict sense,,nor building blocks in any logicai sense of the
term, but envelop intertwined physical, chemical and biochernical possibifitieithat are realized
according.to the ultimate molecular configuration and in the proper surroundings. \rye can now
illustrate. the conc€pt "envelope of pgssibiliÉes" at the level of physics through the"use of some wLtt
lnown theories and experimental findings. Moreover, we will-be able to-concreti ze b a ceûain
degrge what was mentioned earlier about particles as "virtual slices of a seamless informational
continuum."

At the turn of the century, the atom was thought to have a structure that repeats that of the solar
system in miniature: electrôns in fixed orbits around a nucleus that was latà found to consisi of
protons and neutrons (which, crucially, are bound together by mesic fields, yet another indication
that at no level do we find matter constituted as a mere aggregag.22 But eiectromagnetic thecy
predicted that in such a structure, the electrons would rapiâly bse the energy that thefmust radiatÉ
when in orbit and would consequently spiral into the nucleus. The discov-éa of qua;dzed enersv
Ievels simply affumed that no such lossés occurred, but did not really explaiir the phenomenon."it
was finally put forward that those levels are quantized and electrons are'free to môve within them
without loss because of the wave nature of particles. This causes standing wave patterns to form
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around the nucleus, into which the electron wave happens to fit. The transition of electrons from
one energy level to another then corresponds with a shift in that pattern.æ

The nèw model of the atom presents us with a complex of waves that prescribes an internal
quantum dynamics for which the phenomenon of resonance in music seems,to be an appropriate
metaphor. 

- 
We no longer have before us a structure in the "hard" sense, but a far more fllid

envefope that, preciselybecause of its fluidity, allows not only fixed patterns ûo emerge tlat dgfine
the chùacteristics that'have been made manifest in the arrangement known as the periodic table of
elements, but also exceptions that are the basis of, for instance, the macroscopic behaviour of
metals.

Thomas Young's famous two-slit experiment has served as a model for analogous experiments
performed on electrons or photons. These have led to results that have deepened our conception of
the suppleness of matter, for it bears on the identity of elementary particles smaller than atoms.
Three sets of results concern us here and will be briefly recapitulated. First, if a beam of electrons
or photons is fued from a source towards a screen in which two slits have been opened, and they
continue towards a second parallel screen that registers their impact, an interference pattsrn appeârs
that confrrms the wave-like nature of matter. Second, if the intensity of the beam is reduced such
that only a single elecfion or photon is fired at a time, the second screen ndiurally registers aseries
of specks that seem to be random at first, but with time reveals those fragmerrts to be part of none
other than the same kind of interfenence pattern that was witnessed when a far more intense beam
was fired at it. Third, if one slit is blocked but the same process is otherwise maintained, the
interference pattern is &stroyed How is this possible?

It looks as though each electron or photon "knows" whether one or both slits are open and
depending on this either forms what turns out to be part of the interference pattern characteristic of
wâves or-fails to do so. But how could something like that have knowledge? The uncertainty
principle provides a clue, for it has helped reveal that electrons and like entities do not move along
à dlstinct path in space. They can not be said to travel along a path that contiquously joins the
po'ints at which they are detected as would be the case with macroscopjc bodies. Thus it is Solglt
that each electron or photon is in possession of an infinite number of (virtual) paths all of which
contribute to its behaviour. Each is an envelope of countless possible movements, so that it is able
to detect the shape of the relevant region of space, however large (It could be the size of the whole
universe). Henê it will have the capacity to detect how many slits are open and will behave
accordingly.2a We thus come to see an electron or photon as an envelope of (quantum) dynamical
possibililiés that, as a bundle of infinite virtual movements, is able to measure out its (spatial)
domain and reflect the latter's features in its own shape or aspect. Hence the particle carries
information about the whole region of space that affects it.

Just as one can think of an electron or photon in terms of the totality of movements that are
possible for it, so can one think of the wave function for such an entity as a totâlity of parts into
wtrictr it splits depending on the circumstances. One of these parts represents the entity in its
prticle aspect and enablés us to speak of an indepe:rdent reality. All-parts together are called the
quantum potential fcr that entity. Mechanics can thus be seen as an abstraction.from the quantum

iotential, whereby it is coltapsed into a single component, namely that whigh represents-the
èorresponding entity as a particle. As we have seen in the foregoing analysis of the results of the
two-slit experiment, the wâve function must carry information about the whole region of space that
affects the particle. Since several particles may oæupy that space. say a gram-mole, then the

quantum potential within that region is the sum of all the parts of the wave functions for 103
darticles iln ttnee dimensions. Wittrin that same region, we may then define a quantum.field, so
ihat quantum mechanics becomes a study of the diverse quantizatio-ns of that field.

lVittr ttre introduction of the quantum potential and quantum field into our discussion, we are
offered another glimpse at the su6stratum. Its measurable face is given in the quantum potential,
itself of an uniÀagiirable order of complexity even for a small region of space (such as that
occupied by a gram-mole of particles). And we have yet to include such phenomena as non-
locality 1or non-separability) and non-linearity. The quantum poæntial allows qqantized matter to
form iuch a fine ând sophisticated dynamic'mesh that the minutest features of the surrounding
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spirce c:rn be detecteq reflected in the consequent behaviour of matter, and p,resumably transmitted
as information, Anlt y9t we remain at least one degree rymoved *om lne nàt tuppte.Ésr ôiÀattii
slnce the Cylntu1n freld underlies the quantum potential and the latter reflects ority tfre measurable
features of the former according to iircreasinlly clever mathematical analogieÉ tnut trâre 

-U"e"

contrived to wring out those minutae and âiscover that they ar_e somet'im"t gon"-"à ty
symmetries, which has in turn paved the way for further discoveriès.2s

David Bohm has called the substratum-that some take to be the quantum field the implicate
order.26 Given that the gravitational freld is one of the four known màifestations of the sôsffate
field, and that it extends throughout the universe, Bohm has seen it fit to extend the notions ôf
quantum polential and quantum field to the universe as a whole. The observable material universe
is then a collapsib.le component of the universal quantum potential, itself the measurable aspect of
the underlying universal quantum field or implicaæ order.'He has pictured the universe at ;lipplài

9n t9p of a vast sea of fiery energy.r' Photons. electrons and the whole of matter unfold aotrl'*à
fold back into that "sea." The fun-<lamental or implicate order, he continues. then stands related tà
matter as meaning to words.lT

Eminent physicists like Bernard d'Espagnat have criticized Bohm because the latter's theorv
does not accommodate the phenomenon of consciousness adequately,2s and provides for an
infinity of qgtentially measurable events that have not been accouàted for.2e However, one must
bear ln mlnd that d'Espagnat is certainly not averse to characterizing the subsnatum in non-material
and even non-physical termsJo He goes so far as to say that the esoteric language typical of
PTW pA.m-yth is more promising in our effqts !o pongy what he calls veiled ràaliry.t( but tke
Bohm, he believes that there is a 

-sea 
of immateriatity thât underlies all measurable phenomena

George Farre is-more understated in his choice of eipression for the substratum, wtiictr tre catti
radiant energy.3? In his view, radiant energy condenses into the quantum phenomena such as
charge that compose the intrinsic properties of matter.33 

-

We may beg to differ with one or more of those physicists on one or more counts. But there
feTS. tP be no escape from two enlergent ideas: theeitraordinary suppleness of matter, *A tfrà
rnerlaDle nature ot the substratum that Aristotle called "prime matter." If the substratum is indeed
one, and many respectable hypotheses converge at such an insight, and if it can be said tô
encompass the meaning of measurable phenomena, then there is soire non-trivial sense in wtrictr
the meaning of the whole-is pr-esent in the smallest measurable pixt.34 This sense becomes
manifest as we track cascades of emergent ry{ter up the ladder of èomplexity and finOoui tfrat
from the very beginning,-the smalleit entities hab the potential to ànter certain molecular
configurations and laær perform certain functions and still laier find out what these are.

.. Meanwhile, what we. have gqlne.g is a partial and provisional concrete representation of the"seamless continuum of information" that rlvas men-tioried earlier, and how whàt we àt p"ni"f*
are related to it. We may.now think in terms of envelopes of countless quantum dyïamical
possibilities-(or 'paths" of virtual motion) on the surface of-and underlain by d universat"q;nd;
lleld or a still more abstract "implicate order." A simpler picture is provideô by Farre's girtrait of
radjgt en$8.Y condensing into quantum phenomenâ suôh as charge. But eien witrr'trre moË
ambitious Bohmian vision, d'Espàgnat's criticism notwithsianding, ie would still fail to aicôuni
fo: something that is manifestly-there as we saw in our earlier eximples. Were we jg ;";;ilth;
idea.of an- implicate order and the claim that it stands related to matier as meaning 19 ù;d", ;;
would still be at a loss to account for the macroscopic properties of things such as rietals andéven
less able to explain the kind of information that beconies èmbodied in riacromolecules and livinp
organisms. T" nT9 to go beyond an all-purpose claim that the meaning of material ptr.norn"niii
contarned rn the ultimate substrate and produce a more active principlè that accounis for matter's
morphological elasticity and the coherence of the structures and^ surroundings into whid ii
metamorphoses.

Our first hint comes fr.9m $e physicists themselves, for they tell us that something latent in the
substratum becomes manifest firsi ai abstract symmetries (on tlie assumption ttnt ttreie themseivËi
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do not constitute the most primitive level) and then in various geometric configurations. Thus there
are latent forms within the implicate order some of which at least can be described by higher order
geometries. Some physicists suggest that the substratum also condenses into strings that have the
itructural regularities that allow them ûo be carriers of information and thus shape increasingly
elaboraæ forms to generate more complex phenomena such as cells.3s In a similar spirit, the
metaphor of indestructible humps traversing the universe called "solitons" is put forward to
account for the relationship between the (smallest) parts and the whole as well as the structural
regularity of the parts.ro

Those geometrical or quasigeometrical approaches to the substratum that many contemporary
physicists favour have an ap'pealing crystalline aspect. They also happen to vindicate the Platonic
vision to an amazing degree as they place it within an entirely new perspective. For it was Plato,
following the $thagoreans, who saw ultimate reality in geometric t€rms and thus producæd his
theory of Forms. According to this tnaditional interpretation of Platonisln, the key to alf visibile

lies in some higher geometrical order that transcends them. But is that what he really
believed?

A few contemptrary scholars are at last beginning to int€rpret the theory of Forms in a manner
more faithful to what might have inspired it. For surely Plato's gifts were such that he could not
have founded his whole philosophy on something that later generations would so easily regard as
ridiculous. For one thing, the Forms could not have been archetypes in the liùeral sense. To
render tlrem in abstract mathematical terms is a ste,p in the right direction. But geometry alone, at
whatever level, rings hollow. It does not even account adequately for the quantum dynamical
suppleness of matter. \Ye are still lacking an active principle compatible with the genesis and
fqmation of observable phenomena (all fte rnore so in our day mw that morphological suppleness
and organizational coherènce have become so richly illustraæd). Thus, argues John Dillon,

[i]t seems ùo me possible that what lPlâûol envisaged, but was not prepared to be specific
aboul was not so much a series of discrete Forms. whether of abstract ethical or mathematical
concepts, nâfirrat kinds, or anything alse, but rather a malrix of formulae, of a mathematical
nature, which, when projecæd on the Receptacle (however we are to understand that - perhaps
the principle of extension), will produce, primadly the basic triangles, and secondarily physical
objects of all sorts.37

We may notice the striking similarity between Plato s rnetaphysics ætd the worldview of many
contemporary physicists, who think in terms of a substratum defined in highly abstract
mathematical terms which condenses into pæticles that then form the physical objects that we
actually encounter. However, we need to go further than this picture allows, and Plato sets us on
our wây. The idea of a mærix of formulae, especially if the meaning-oJ'formula' w€qe ngt
collapsèd into its mathematical dimension, helps us; but not enough. Dillon's interpretation is
given in tlre course of an essay on Plotinus, and it is in the latter's work that an qctiye Plncrplg
tnrly comes b light. Plotinus, we may recall, demanded an explanation for the continuity observed
in the world (and connected this with the continuity underlying it). \ile may transpose this into a
demand for a more holistic conce,ption of form that is consistent with the latent capacity of nature to
form beings srrch as cells and higher organisms, especially that these requireincreasingly elaborate
ecorænts to shape and sustain them. If the "matrix of formulae" of which Ditlon speaks were seen
to include holisdc segments, it can then inform the long condensation path of the substratum (or
evolutionary hisOry), and of course it would have the potentid to do so from the outset. For we
have seen that some of the milestones along thatpa*r are in some sense laid out before theprocess
of material unfolding is underway. The unfolding then heads inexorably towards providing
constituents sttaped such that they might be gthered into beings striking in their complexity and
coherence. In a process that must begin with the holistic segments within the "matrix of
formuraen, we have the rudiments for an active principle as well as a contemporary understanding
of what must have spurred Plato and Plotinus to speak of "archetypes". The continuity and
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wholeness of the universe itself would then suggest that the entire matrix must be regarded
holistically. This would render Plotinus'Mind not quiæ so outlandish to our minds.

Whatever slant we choose to p{t9! what has just beerr said, something in its spirit would be
necessary to provide the active principle without which the substratum would remâin fiozen in a
web of highly abstract geometries (which some imagine to be the absolute zero state of the
universe). And so, with the archetypal metaphysics of Plato and Plotinus recast in suitable
contemporary terms and its dynamic potential fully brought out, the seamless informational
continuum is seen for what it is, as truly inFoRMational, enfolding the key, mathematical or
otherwise, to emergent forms.

NOTES
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apeimn.
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f9r th9 sa\e ofglarity since there is no room here for an exegesis ofthis passge.
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!. tb!d-, 1049b: I to 1050a: 23,for example in Ackrill 329-331.
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Pauli Exclusion Principle, which states that no two electons can have the same quantum state if
{ey a.e t9 be at the same energy level, has been entirely borne out by what we knôw about all the
elements in the periodic table, and can not be attribuæd to any force. The Pauli Exclusion Prirrciple
is a rule that deeply determines the structure of the periodié tabte of elements and yet there isho
yay to.accoul! for it phy-sically. At a seminar at the Krasnow Institute at George Mason
I{niversity on March 24,1997, Harold Morowitz called it a "noetic principle." The impfcations of
his reflections deserve lengthy consideration in a separate worh
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14. I owe much of the information conveyed in this section to Jerry LR Chandler, a pnofessional
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