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Preface 

Currently accepted ideas and results based on them in elementary particle 
physics and cosmology are. exciting for some, frustrating for others, and incom­

prehensible to many who sense the excitement but don't know quite how to join 

in the game. The group represented by these proceedings share some mix of all 

three attitudes in varying proportions. Some of us think we ·are on the track 

of new physics, or even new philosophy, while others are skeptical. We are not 

trying to conceal these internal probl_ems from the reader. Rather, we ask him 
to share our perplexity - along with our excitement. 

The Alternative Natural Philosophy Association was founded in 1979 by 
Noyes, Kilmister and Bastin - who were immediately joined by Parker-Rhodes 

and Amson. The first four of us met at Kilmister's "Red Tiles Cottage" for 

our first international meeting (ANPA 1). ANPA 2-8(1980-86) have-been held 

(ANPA 8 only prospectively next month as of this writing) at King's College 
Cambridge each summer. The purposes of the organization have remained the 

same: " ... to consider coherent models based on a minimal number of assump­
tions to bring together major areas of thought and experience within a scientific 
phi1osophy alternative to the prevailing scientific attitude. " A more complete 

statement closes this volume. 

The original, and still the central, focus of our research stems from the dis­

covery of the combinatorial hierarchy- i.e. the terminating sequence 3, 10, 137, 
2127 - 1 + 136 ~ 1. 7 x 1038 - which has numerical connection to the scale con­

stants of physics. But as the number of ANPA members expands other ideas are 

also entering our discussions, as I hope this volume will make clear. The original 
organizational structure changes this year to an elective presidency, as indicated 

at the dose of the volume. 

The consensus at ANPA 7 was that much convergence had occurred and 
that every effort should be made to get out a "Proceedings". Since no one else 
was forthcoming, I made the mistake of volunteering to. take the responsibility 

of editing them. The result is presented here. As I present my own views on 
the current ~tatus of our research in the first paper, and have had so much 
trouble getting that together as to leave no time· for an "objective" survey of 
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other contributions, you will have to turn to the other authors for alternative 

viewpoints. I do try to _put red flags at the appropriate ·points in my own t.ext 

· where I know of objedions to my views either inside or outside ANPA. 

For the (I hope many, but I fear few) readers who pick up this volume with­

out preparation, I apologize for this brief preface and urge them to turn to my 

paper. where the excitement is spelled out in more detaiL So far as I can see, 

this re~earch is approaching critical mass and may soon provide an alternative 

approach to the physical investigation of experience. Alt'hough we have dung to. 

discrete mathematics and operational standards in the construction of physical 

concepts with a tenaciousness that is not customary, we believe we are now dose 

to the cutting edge of research in both elementary particle physics and cosmolQ 

ogy. The differences between our framework and accepted ideas left to us after 

many applications of Occam's Razor might conceivably lead to new physics, or 

even new philosophy. 

Pierre Noyes, Stanford 

June, 1986 
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1. ·aN THE CONSTRUCTION OF R·ELATIVISTIC . . * . 
QUANTUM. THEORY: A Progress R·eport 

H. PIERRE NOYES 

Stanford Linear Accelerator Genter 
Stanford University, Stanford, Californ·£a, 94 305 

ABSTRACT 

We construct the particulate states of quantum physics using a recursive com~ 
puter program that incorporates non-determinism by means of locally arbitrary 
choices. Quantum numbers and coupling constants arise from· the construction 
via the unique 4 -level combinatorial hierarchy. The construction defines indivis-:­
ible quantum events with the requisite supraluminal correlations, yet does not 
allow supraluminal communication. Measurement criteria incorporate c, li and 
m, or (not" and") G, connected to laboratory events via finite particle number 
scattering theory· and the counter paradigm. The resulting theory is discrete 
throughout, contains no infinities, and, as far as we have develop~d it, is in 
agreement with quantum mechanical and cosmological fact. 

* Work supported by the Department of Energy, contract DE- A C 0 3-7 6 SF 00 515. 
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1.1 INTRODUCTION 

Although a successful challenge to the experimental predictions of quantum 

mechanics has yet to be mounted, and subtle features such as the supraluminal' 
correlations without supraluminal signaling implied by Aspect's 111 and other 

EPR-Bohm type experiments have. been demonstrated, for some physicists a 

conceptual unease continues to persist. I present here .my current attempt to 

meet this problem. 

What framework do I accept for physics? I believe that most practicing 

physicists would agree with me that physics is an empirical science. Physics 
in historical practice has rested on quantitative measurement·, or at least on 

«operational procedures" which lead. to "replicable" results. Here I wiH insis~ on 
the stricter standard that the results· of experiment be reduced to "counting", 

taking due account of the (again specified) expected range of uncertainty. I 
cannot accept the concept "infinit.e" (or "infinitesimal") as valid in physics; for 

us finite beings (physicists or no) this great renunciation is (in my opinion) the 
first step toward acquiring kriow]edge. Quantum mechanics brought this issue 

to the fore for physicists; it had been raised for chemists by Dalton and Prout 

long before, and for philosophers and mathematicians by Democritus and Zeno 

in antiquity. 

For me, any formulation of quantum mechanics as we know it must contain 

the idea that quantum events are unique and indivisible. In contrast, classical 

physics is scale invar£ant; any arbitrarily chosen standards of mass, length and 
time- or any three experimentally independent combinations of those unit stan­

dards will suffice. There is in it no place for unique events; the "microscopic" 
laws are "time reversal invariant". Events (which in classical physics are always 

in principle decomposable into "microscopic" substructure} acquire what unique­

~ess they possess due to the imposition of boundary conditions by the analysis of 

the physicist, or their embedding in a large-number "statislical" background, or 

their relation to a "cosmological time", or ... Modern physics removes the scale 
invariance of classical physics by recognizing a limiting velocity, a qua~tized unit 
of action (and angular momentum!), and quantized masses. Experimentally the 
only stable (lifetime > 1033 years) "elementary" mass values are those of the pro­

ton mp and the electron me in the ratio :; = 1836.1515 ± 0.0005, again stable 
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within the state.d standard deviation; (According ~o current standard cosmolo­
gies the stable nuclei that could have at least as long "lifetimes" ( eg. H e4 ) are 
only about 1015 yearn old, or less; whether proton.s have an "age" is less clear.) 

In my approach, I adopt from classical physics the dynamical definition of 
mass ratios from· Newton's third law as articulated by Mach, but generalized to 
recognize the limiting velocity by using mass invariance (EJ2-(p·p)c 2 = m2 c4 ) and· 

3-momentum conservation (:Bp_anitial = :ErJ'ina4 ). Experimen~l contradict.ion of 
this assumption would be of immediate practical interest for those int~rested in 
the exploration of the solar system and beyond! The so far undefined energy (E) 
in this equation is a global quantity. As Wick saw in the late 30's 1

:l
1 the easiest 

way to make a compelling argument for Yukawa's finite range meson theory 
of nuclear forces 131 is to insist on (relativistic) 3-momentum conservation, but 
allow energy fluctuations consistent with Heisenberg's energy-time uncertainty 
principle and Einstein's mass-energy equivalence. This is also a basic principle 
underlying Heisenberg's and Chew's S-Matrix theory. 

There is already a well known conceptual puzzle at this stage in our discus­
sion. H we fasten on macroscopic (gravitational) rather than microscopic (partic­
ulate) phenomena as basic, the fundamental mass unit we would choose would be 
the "Planck mass" Mrt<mck = ~ ~ Vl. 7 X 1038m1) rather than the proton 
mass. Contemporary physics meets this problem by using the "equivalence prin­
ciple". The postulated equivalence of microscopic ("inertial" or 3-momentum 
conserving) mass ratios and macroscopic ("gravitational") mass ratios allows 
gravitation, and (perhaps) all other "interactions" along with it, to be "geo­
metricized". But this need not be the only route to "supergravity", or whatever 
catch phrase becomes current when this paper appears. In my opinion, one of the 
strengths of the approach to physics developed here is that our theory can have 
only one type of mass, and that the first· approximations to both .Atiplanck/mv 
and rnp/me are calculated. 

Once one accepts quantum events as basic, and the limiting velocity as well 
established experimentally, the"supraluminal correlations" 111 predicted - but for 
some people not explained .. by quantum mechanics also cry out for conceptual 
clarity and a deeper insight. I do not believe that this can be achieved by first 
developing the full technical apparatus of quantum mechanics and then presenting 
these startling results as a deductive consequence. Etter, McGoveran, Manthey, 
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Gefwert and 11
' 1 believe that the· issue ·can indeed be clarified by invoking a 

minimal set· of postulates that do not depend on the idea of space-time, let alone 
quantum mechanics. What follows in this ·paper is consistent with that point of 

view, and with earlier papers. 

Another aspect of contemporary physics that I would like to see emerge at an 

early stage is that our "universe" start out as simply as possible and evolve by a 

finite number of steps through recognizable stages into the complex situation that 

we encounter as we now explore it. When I started on this research I was at least 
open to the possibility that the universe we are exploring is "indefinitely exten~ 

sible" in both "space" and "time". That we find great simplicity as we retrodict 

the past on the cosmological scale, could {as Bastin has often emphasized) simply 

be a consequence of impoverished data, - i.e. of the successive disappearance of 
relevant observable points of reference as we e:dend our horizons. I do not think 

this problem arises in acute form while retrodicting the last 15 billion years. I 

have been greatly impressed during the course of my own professional career by 

the convergence of seemingly disparate and very detailed measurements to a rea­
sonably consistent "time scale" of that length. The past was d£fferent from the 

present in the probable range and type of configurations that occurred, but there 

is no indication as yet that the elementary poss·t'b·ilit·Z:es were significantly different 

(except, possibly, during the very early stages). In the current paper, the very 
early stages of the evolution are simpler and not just different. For those who are 

more comfortable with a universe that has no beginning and no end John Amson 

provides a nested hierarchy which can be explored (past +--+future; small+--+ large) 

so far as information is available {CONTRIBUTION BY John Amson entitled 
"Bi-Orobourous"- a Recursive Hierarchy Construction). So far as I can see, the· 

consequences when this point of view is articulated in the. current practice of 

physics are likely to be practically indistinguishable from those of the approach 
developed here. 

To the best of my knowledge we can retrodict the universe backward in time 
for only about fifteen billion yearn. There is an tllevent horizon" and a preferred 
coordinate system defined by the radiation that broke away from the matter 
when the cosmic fireball became optically thin; within the event horizon there are 

particles whose baryon and lepton number add up to approximately the square 
of 2127 + 136. Our construction yields all of these observed features as stable 
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consequences of the construction independent of the details·. That the 'theory 
developed here has a starting point and achieves ev<;>lving complexity possessing· 
dynamic and heritable stability in the presence of a: "ra~dom" backg~ound of 
quantum events, is for me a satisfactory result. The "universe" we construct in 
this paper will go on increasing in complexity in the future, and hence contains 

indefinitely .._?tensib~e possibilities. This theory has_ a ~xed past, an event horizon, 
and yet anf1 indefimtely extendable (though uncertam) future. It :may be that 
I have found what I was looking for, but I can assure the reader that the steps 
along th.e way were taken for more immediate reasons, = so far as I am aware. 

In this current attempt to meet these basic requirements when reconstructing 
quantum theory I have made use of many ideas and techniques conceived and 
developed by other people 15

'
61 

• In the series of papers on "Concept of Order" 17 
.sl 

Bastin and Kilmister presented reasons why distinct "events" should relate to a 
basic algebraic structure connected to "3+ 1 space". By 1966 this :research, to 
which Amson, Bastin, Kilmister, Parker-Rhodes and Pask had an contributed, 
had led 191 to the dosed 4-level combinatorial hierarchy with the cumulative car­
dinals 3, 10, 137, 2127 + 136 ~ 1. 7 X 1038 • 

The work on the combinatorial hierarchy did not face directly the statistical 
aspect of quantum mechanics, which I have already indicated I see as fundamen­
tal. I therefore start my technical discussion in Chapter 2 by calling on more 
recent work by Manthey and McGoveran to spell out what current computer 
practice means by "non-determinism" and "arbitrary choice". As the names of 
Amson and Pask will indicate, the earlier work had also made use of concepts 
used in computer science, but before the nondeterminism born of asynchronous 
communication over a shared memory had come to the fore. I turned that way 
because Gefwert demanded that anything that laid claim the description "con­
structive physics" had. to be computable. Fortunately the l'xpert I :irst turned 

. to was Manthey; the result was PROGRAM UNIVERSE. 

Our use of a computer simulation to model the theory is sometimes misun­
derstood .. I do not think of the universe as a "big computer in the sky". What 
the coding does fo:f·m~ is to keep us ho~est; if we can show that the program is 
indeed computable,· then we have protected ourselves from making all sorts of 
logical errors. A computer simulation is a specific type of ·"model". Hit succeeds, 
all that we can say is that, within current experimental error, we have succeeded 
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in isolating those asp.ects o~ experience which act in a manner :isomorphic to the 
action of our model. When the program fails, then we will have isolated a situ$ 

ation from which we might learn some new ph:rsics, or possibly something that 
goes beyond physics. There can well be things in heaven and earth that are not 
contained in this philosophy. I trust it is clear that I am not a reductio~ist or a 

mechanist. Materialism is a separate issue, which will not be discussed here. 

PROGRAM UNIVERSE, a peculiarly simple algorithm, automatically dev~l-

ops some representation of the hierarchy, necessarily specifies unique, correlated, 
global events and provides address ensembles· for these events labeled by the fixed 
elements (eventually connected to quantum numbers, masses and coupling con~ 
stants) provided by the combinatorial hierarchy. The t.echnical details are given 
in Chapter 2 where we provide a specific construction of the four level hierar­
chy and t.he address ensembles; the coding for this construction is given as the 
CONTRIBUTION from Mike Manthey. 

In order to meet our objective of constructing a quantum mechanical physical 

theory, we must somehow relate the structure we now have in hand to measure­
ments of mass, length and time in the ordinary sense. We do this in Chapter 
3 by noting that quantum events "fire counters" and allow velocities, momenta 
and energy to be measured by well known techniques to an accuracy only lim­
ited by available budget (or space and time available to conduct meaningful 

experiments). As in Heisenberg's and Chew's S-Matrix philosophy, momentum 
measurements, and the momentum space formulation of quantum mechanics are 
a strategically useful place to connect theory to experiment. We make this more 

than usually explicit by starting from a "counter paradigm" which relates the bit 
string universe to laboratory measurement. We find that the relativistic version 
of the "wave-particle dualism" emerges with little effort. We also discover that 

some fundamental cosmological observations find a ready explanation within this 
simple framework, independent of the details by means of which it is articulated. 

The next step, spelled out in Chapter 4, is to construct from the strings 
and events provided by PROGRAM UNIVERSE a relativistic quantum scatter­
ing theory which, via the counter paradigm, conserves quantum numbers and 
3-momenta in a manner consistent with laborat.ory experience. The basic idea 
in this scattering theory is to use Faddeev-Yakubovsky equations for the dynam-

. ics rather than a Hamiltonian, or Lagrangian or analytic S-Matrix formulation. 
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Probably the ·most significant· step taken since _ANPA 7 is the· derivation of the 
"propagator". for the scattering theory directly from the bit string u!liverse via t~e 
counter paradigm. We give a more detailed explanation here than was ·possible 
• (10) 
m our conference report . 

In Chapter ~ we return: to the four level hierarchy labels and connect them 

to the conserved quantum numbers in the standard model for quarks and lep­
tons. Briefly, level 1 describes the simplest neutrinos, level 2 describes electrons, 

po~itrons and the associated electromagnetic quanta, while level 3 gives us two 
flavors of quarks and the associated gluons related to each other in a color octet. 
This pattern will repeat until the possibilities close off at the Planck mass, but . 

the coupling between suc.cessive generations will be weak because of the c~mbi­

natorial explosion in possibilities. Thus we can anticipate that the Kobiyashi­

Maskawa mixing angles will indeed be small. The count of quantum ~umbers 
is correct, and the quantitative or qualitative results so far achieved produce no 
glaring contradictions. 

For completeness we repeat in Chapter 6 the Parker-Rhodes calculation of 
m11 /me as it looks from the present context. The question of whether the result 
will be stable when we compute the correction to the fine structure constant and 
the "recoil corrections" is still unanswered. 

We will discuss in the concluding section what it might mean if this qualitative­
quantitative success persists up to a point where a definite quantitative conflict 

with experiment counter-indicates the acceptance of the theory. 

1.2 GENERATING AND DISCRIMINATING BASIS STATES; 
EVENTS 

The first problem we must face in constructing our theory is where the "ran­

dom" aspect of quantum mechanics enters. As one will see in the CONTRIBU­
TION from Kilmister, he allows his generation and discrimination operations to 

be 'interleaved in an order which is not explicitly specified. The route we follow 

below, which depends on the explicit use of a "pseudo-random number generator" 
in the computer program, is in my opinion a specific articulation of Kilmister's 
more general discussion. In his· CONTRIBUTION Bastin discusses, among other 
things, the idea of "inexact matching" which he and Kilmister have explored; 
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this might also end up in something that ·could be shown to be equivalent to my 

appr'oach, but has as yet not been articulated far enough to settle the issue. 

The method of actually writing down a computer program forced Manthey 

and me to tackle the "randomness" issue head on. For Manthey, the non~ 
determinism born of asynchronous communication over a shared memory - one 

basic problem in concurrent programming - is viewed as at least analagous to 

the nonQdeterminism encountered in quantum mechanics 111 ' 1 ~ 1 
• Thus the basic 

coding for the routine which retur~s either a zero or a one with "equal prior 

probability" (and whose output is symbolized below by "R") as given in the 

CONTRIBUTION from Mike Manthey starts from two memory locations which 

flip a bit backward and forward on one time interval; one bit is read whenever the 

(asynchronous) operation of the main program calls up this routine. However, 

when Manthey and I had ~ccasion to need this routine for an EPR computer 

simulation we are working on, he fell back on the standard (pseudo)-"random 

number generator" available on his local computer. I turn to another expert for 

discussion of this issue. 

The term McGoveran prefers to use when talking about what is often called 

"randomness" is "arbitrary choice". By this he means "not due to any finite, 

locally specifiable algorithm"; of course in standard practice, the local operation 

of the computer is deterministic (if it is working properly), so this means calling 

on some number generated in a larger system not under local control. In the 

same termininology, he would "define" random as "not due to any finite, local 

or global algorithm". Since we have no operational way to meet this require­

ment1 the concept of "random" is, strictly speaking, meaningless in our context; 

we must content ourselves with the currently available pseud~random number 

generators for our simulations. McGoveran's basic thinking on this was spelled 

I 1131 • t f K'l . I . out recent y m response o a query rom 1 m1ster. quote: 

"I think that we must insist on computability to the detriment of randomness 

for a number of reasons, each of which I have previously discussed. This position 

does no harm to the power of the model since, as proved by Shannon (1965), -an 

infinite state machine with a random element can be replaced by an infinite state 

machine (infinite being "constructively infinite"), and as I demonstrated (1984 

· ANPA West Proceedings), there wiH always be a method 'for constructing certain 

repeating binary inputs which a given finite state machine with finite memory 
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can not distinguish from 'random' binary inputs. 

"In some sense, randomness is a local phenomenon. So long as a 'generator' 
is available which has significantly more states. than the 'detector', there will be 
a possibility of generatillg strings which are random from the d~tector's point-of­
view. Similarly, given a string which passes all.computable tests for randomness 

. . 
of a fixed complexity (i.e.- by a finite state machine with m possible states), 
it will be possible to construct a finfte state machine with n > > m possible 
states which produces that string. In algebraic terms: there exists a computable 
function g (pseudo-random number generator) for each finite cl~s of computable 
functions /i such that, whenever the range Rg of g is sufficiently large compared 
to the union of the domains of fi (call this D), it is impossible to prove that G 
is computable based on the /;.. In pictures: 

~1111 rt: S 1ATE"' 

lf,.CflfN 

(C sees some outputs of G as random; G sees no outputs of C as random. The 
computational cost of detecting the orderliness of all G's output is too great for 

C.J 
"Because we have neither the means for specifying what we mean by random­

ness, nor for detecting it in a finite system, and we can be certain that a means 
exists for constructing ANY sequence, I have insisted that we have no ·need for 
the concept of randomness, replacing it with 'arbitrary'. We implicitly recog­
nize an as-yet-unspecified 'finite computable function' as the source of 'arbitrary' 
strings. 

"So long as we are blind to the nature of a deterministic system, the effect 
is the same locally as having "random. choice". Furthermore, true randomness 
implies infinities (an infinite state machine is required for generating random 
output -i.e. undecidable output). I think we need consisten~y here and so deny 
randomness in favor of parsimony." 

Now that we have spelled out how, in practice we can select either of our two 
symbols 0, 1 with what is dose enough in practice to "equal prior probability" in 
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the frequency theory sense of probability, we can understand the bask arbitrary 

choice from which the algorithm called PROGRAM UNIVERSE s.tarts. But the 

generation of the strings in this universe and the discrimination between them 

require considerably more background if the _algorithm is to be followed. 

The basic elements with which the hierarchy work started are ordered strings 

of the symbols o, 1 of the form sa(Nu) = ( ..... , b:, .... )NfJ where Nu is the integer 

specifying the number of symbols in ("length" of) t·he string, n is the usual integer 

ordering parameter n E 1, 2, 3, ... , Nu, and Nf E 0, 1. We will discover below that 

when our construction has proceeded far enough we can specify the label a in 

terms of the sequence of symbols in the NL positions n E 1, 2, 3, ... , NL < Nu. 
For those who wish the integers themselves to be constructed, one can follow 

Gefwert's approach in terms of primitive recursive functions 114
'
151 

, or follow 

Kilmister's foundational discussion in his CONTRIBUTION. where in a sense 

they come to us along with the hierarchy itself. If we define the null string 

ON = (0, 0, .. ~, O)N, the operation ED which tells us whether two strings are the 

same or different (and hence discn:minates between them) gives S11 ED su =ON" 

when they are the same and has two equivalent definitions: 

whether they are the same or different. For the first definition the operation 

+2 is addition (mod 2), or symmetric difference, or exclusive "or", the symbols 

are bits and the operation is the standard XOR of computer practice. For the 

second definition the symbols are integers and we can define operations such as 

k('(N) = :E~= 1 b~ which gives us the number of "1" 'sin the string. This fruitful 

ambiguity was first noted by Kilmister and myself; we refer to either operation 

as discrims'nation in order to preserve the generalization that goes beyond XOR. 
The anti-null string is symbolized by 1N = (1, 1, .... , l)N, allowing us to define 

the "bar operation" Sa(N) = 1N EBS"(N) which interchanges •o'"s and "1" 'sin 

a string. 

By 1980 Kilmister 1161 realized that the discrimination operation by itself 

would not suffice for the theory, since it gives us no clue as to how the strings arise 

in the first place. He therefore introduced a generation operation by modifying 

a construction of the integers used by Conway (originally due to von Neumann), 

and found out how to go on to arrive at the discrimination operation using this 
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approach.· The final(?) version of his approach (which wa.s sketch~q. out at ANPA 

7 and completed· since) is given as Kilmister's CONTRIBUTION. In this way, or 

by using discriminate closure and the matrix mapping due to Parker-Rhodesl!>l 1171 

or the set-theoretic derivation due to John Amson I Ul one arrives at the Ufu'qut, 4-

Jevel combinatorial hierarchy with the cumulative cardinals 3, 10, 137, 2127 + 136 ~ 

1.7x1038 • 

As .Kilmister and I soon realized, once one has introduced the generation 

operation, there is nothing to stop ·it from generating additional elements even 

when the full hi~ra.rchy has dosed off. In terms of the bit-string representations 

·used in my work, this means that the first bits· in the string can be put into 

1-1 correspondence with any representation of the hierarchy, and that as we 

go on cranking out new elements of still greater length there will come to be 

many strings with the same label. Kilmister and I called the portion· of the 

string beyond the label the address and thus arrived at the idea of labeled address 
ensembles. These come to play the role in our theory of quantum state vectors, 

but tl1ere are subtle differences from the conventional quantum mechanics which 

we will discuss at the appropriate point. 

When Christoffer Gefwert heard of our work, he saw that constructive math­

ematics could offer the appropriate philosophical framework in which to achieve 

consistency, and suggested to me that if we were indeed trying to create a "con­

structive physics" I it would have to be expressible as a computer program. This 

encourage·d me to re-establish contact with Michael Manthey and led to the first 

version of PROGRAM UNIVERSE 1191 
• Since we did not see any simple way to 

code up Kilmister's generation-discrhriination construction, we decided to gener­

ate strings in the simplest way we could think of. What we now have is simply 

described. H there are SU strings in a universe of length Nu, it is allowed to 

evolve in only two ways. Two strings are picked arbitrarily and discriminated. If 
the resulting string is not already in the universe, it is adjoined; the number of 

strings goes up by one. H the string is already in the universe, an arbitrary bit. 

is selected for each string and concatenated with that string; the length of the 

strings goes up by one. This second operation is called TICK. 

We generate the strings according to the flow chart: 
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\ Figure l.The flow chart for Program Universe. 

r 
'I 

s 
D 

e 

e 

e 

s 

e 

) 

' ) 

r 
r 
t 

PROGRAM UNIVERSE 

1'\0. STHI:\GS = SU 

LC:\GTH = Nu 
ELEI\1£!\T U[i] 

i c 1, 2 •.... ,5u 

R => 0,1 (FLIP BIT) 

PICK:= SOr\1E U[i] p = 1/SU 

TICK u := u 11 n 
S=lf',;E!)S 

!upj:=H U[2] := R su := 2 i\u:· tj 

TIC I\ 

tJ := u II n S1 := PlCI\. U := U u S12 

~r := l':t' + 1 su := su + l 
I' 

,. 
S2 :=PICK 

~ s12 := s. $ s2 

~~~~~~~-~ 'IIJ S12 : OJ',; - {CAl': BE 

LABELED} 

-t 
yt'S no .._ ___ 

S 12 in U'.' 
l·Hio 5J.?JA3 

16 



}i'or those who prefer explicit. coding, this is provided by Manthey in his CON­

TRIBUTION. The. program is initiated by the arbitrary choice of two dist,inct. 

bits: R := 0 or 1, R = 1 EJ) R . . Entering at P /C K, .we take. S 1. := P /C K; S2 := 

PICK;Sn := 81 E9 82. IfS12·= ONu, we recurse to picking 82 until we pass 

th~s test.- [A still simpler alternative, which occurred to me in writing this paper,· 

would be to allow the null string to. occur as on~ of the elements in the univer~e. · 

So far a's I can see, this would not ~ffed the running of the main program, this 

change might require a Jittle care, and perhaps some change in the coding when 

we turn below to the extraction of t'he hierarchy from the results of a run of the 

program.J The program then asks if S1 2 is already in the universe. If it is riot it is 

adjoined, U := UUS12, SU := SU.+ 1, and t.he program returns toP /C K. If S 12 

is already in the universe, we go to our third, and last, arbitrary operation called 

T JC K. This simply adjoins a ·bit (via· R), arbitrarily chosen for each string, to 

the growing end of each string, U := UIIR, N := N + 1, and the program returns 

to P JC K; here «II" denotes string concatenation. 

What may not ·be obvious is that TICK results either from a 9-event which 

guarantees that at string length Nu the universe contains three strings. cone 

strained by S''EIJS1'E9Sc = ONu or a 4-event constrained by S'1 E9S"mSctF>S(' =ON, 

that these are the only ways events happen in the bit string universe is ilJustrated 

in Figure 2. 
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In the case of 3-events the universe just before ( N -1 )lit TI9K contained'three 

strings constrained by 8~ m 8~ ED 8~ 2 = 0 N-1 which 'were replaced by ~·1 -:-. s~ II t 1, 

8~llt2 and 8bllt12 respectively as a consequence of that TICK. B~fore th~ Nth 

TICK St and 82 are picked and 812 generated by discrimination. Clearly, if 

t12 = t1 EB t2 then 812 is already in the universe, and the program will proceed to 
carry through the Nth tick. However it can· also happen that when two strings 

are picked the S12 generated by discrimination is not already in the universe, 

and hence will be adjoined to it. Eventually however (if the program ~oes not 

encounter some circumstance t~at produces a 3-event first) it will pick two strings 
83 and S.t (which could even be a second pick of 8 1 and S2 ) such that 83 EB S4 = 
S1 ED S2; clearly this will then lead to the Nth TICK as· a 4-event. 

In the original version of PROGRAM UNIVERSE, I was hung up with the 
idea that only 4-events should occur, because energy and 3-momentum .cannot in 

general be conserved in 3-events (a fact familiar to particle scattering data ana­
lysts). I therefore went to some elaboration to insure this, and only later stripped 

down the program to the present form. Once I had done this, James Lindesay 
then saw that 3-events could also occur by the mechanism just described. As we 
will see below both are needed in the scattering theory, so this fact turned out to 

be extremely fortunate. This is only one of many instances in the course of this 
research where the attempt to arrive at simpler formulations has had profound 
consequences. 

It is important to keep in mind both here and in what follows that the actual 
structure of the memory and the specific strings in it generated by our computer 
simulation are not to be thought of as modeling "real" elements in the w'orld. 

We are not allowed to access them directly, even conceptually, when it comes 

to interpretation. The string length, whether a specific. event is a 3-event or a 
4-event and how many other combinations of strings satisfy the event constraint 

at that TICK are hidden from us. We can only talk about them as structural 
constraints and in terms of statistical arguments. Contact· with experiment can 

only be made indirectly via the counter paradigm. This "simulates" in another 
sense what actually goes on in the laboratory. We can never know "what it is" 

. that initiates the chain of happenings which leads to .the firing of a counter. All 
we can do is to use the connections provided by theory and experiment by means 
of some more or less successful type of analogical thinking to refine and improve 
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the statistical behavior of our counters, or more sophisticated detectors. 

f 
> · In order. to see that this program also ·leads to some representation of the 

combinatorial hierarchy and to the label-addtess schema, we must first discuss .· 

the idea of discriminate closure, originally due to John Amson. Given two distinct 

(linearly independent or l.i.) non-null strings a, b, the set {a, b, a E9 b} closes 

under discrimination. Observing that the singleton sets {a}, .{ b} are dosed, we 

see that two l.i. · strings generate three discriminately closed subsets (DCsS's). 

Given a third l.i. string c, we can generate {c}, {b,c,bec}, {c,a,cea}, and 

{a, b, c, a e b, be c, c e a, a e be c} as well. In fact, given j l.i. strings, we can 

generate 2i - 1 DCsS's because this is the number of ways we can choose j 

distinct things one, two, ... up to j at a time. This allows us to construct the 

combinatorial hierarchyl91 by generating the sequence (2 => 22 - 1 = 3), (3 => 

23 - 1 = 7), (7 => 27 - 1 = 127), (127 => 2127 - 1 ~ 1.7 X 1038 ) provided that we 

can find some "stop rule" that terminates the construction. 

The original stop rule was due to Parker-Rhodes. He saw that if the DCsS's 

at one level, treated as sets of vectors, could be mapped by non-singular (so as not 

to map onto zero) square matrices having uniquely those vectors as eigenvectors, 

and if these mapping matrices were themselves linearly independent, they could 

be rearranged as vectors and used as a basis for the next level. In this way 

the first sequence is mapped by the second sequence (2 ~ 22 = 4), {4 ~ 42 = 
16), {16 ~ 162 = 256), {256 ~ 2562 ). The process terminates because there are 

only 2562 = 65, 536 = 6.5536 x 104 l.i. matrices available to map the fourth level, 

which are many too few to map the 2127 - 1 = 1.7016 ... x 1038 DCsS's of that 

level. This (unique) hierarchy is exhibited in Table 1. 

20 



Table 1 
The combinatorial hierarchy 

l B(l + 1) = H(l) H(l) = 2B(tl.- 1 M(l+ 1) =.(M(l)J2 G(l) = Ej= 11I(j) 
'hierarchy 

level (o) 2 . (2) 

1 2 3 4 3 
2 3 7 16 10 
3 7 127 256 137 
4 127 2127- 1 (256) 2 2127 - 1 + 137 

Level 5 cannot be constructed because M(4) < H(4) 

Although this argument proves the necessity of the termination (which is no 

mystery in the sense that an exponential sequence must cross a power sequence 

at some. finite term), it did not establish the existenc-e of the hierarchy.· This was 
first done by me by creating explicit constructions of the mapping matricesl 171 
and later more elegantly by Kilmister1

:wJ • That the termination, and indeed 

the combinatorial hierarchy itself, is a much more fundamental object that the 

apparently ad hoc mapping procedure which first led to it can be seen either 

by Kilmister's latest derivation as included here or by the very different way 

Parker-Rhodes now gets it out of his Theory of /ndist£nguishables 1211 
; a useful 

discussion of that theory is provided by him as his CONTRIBUTION. 

The method Manthey and I use to construct the hierarchy is much simpler; 

in fad some might call it "simple-minded". We claim that aU we have to do is to 

demonstrate explicitly (i.e. by providing the coding) that any run of PROGRAM 

UNIVERSE contains (if we enter the program at appropriate points during the 

sequence) all we need to extract some representation of the J,](•rarchy and the label 

address scheme from the computer memory without affecting the running of the 

program. The obvious intervention point exists where a new string is generated, 

as indicated on the flow chart (Figure 1) by the box [ CAN BE LABELED J. 
The subtlety here is that if we assign the label ito the string U(i) as a pointer to 

the spot in memory ~here that string is stored, this pointer can be left unaltered 

from then on. It is of course simply the integer value of SU + 1 at the "time" in 
the simulation [sequential step in the execution of that run of the program] when 

that memory ·slot was first needed. Of course we must take cate in setting up the 
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memory that all memory slots are of length Nmaz > Nu, i.e. can accommodate 
the longest string we can encounter during the (necessarily finite) 'time our budget 
will allow us to run the program. Then, each time we TICK, the bits which were · 

r (j) present at that point in the sequential execution of the program when the slot liJ 
was first assigned will remain unaltered; only the growing head of the string will 
change. Thus if the ·strings i, j, k .... labeled by these slots are linearly independent 
at the time when 'the latest one is assigned, they will remain linearly independent 

'from then on. 

:7 
Once this is understood the coding Manthey and I give for our labeling routine 

should be easy to follow. We take the first two linearly independent strings 
and call these the basis vectors for level 1. The next vector which is linearly 

independent of these two starts the basis array for level 2, which doses when we 
have 3 bases vectors linearly independent of each other and of the basis f()r Ievell, 

and so on until we have found exactly 2 + 3 + 7 + 127 linearly independent strings. 
The string length when this happens is then the label length NL; it :remains fixed 
from then on. During this part of the construction we may have encountered 
strings which were not linearly independent of the others, which up to now we 

could safely ignore. Now we make one mamouth search through the memory and 
assign each of these strings to one of the four levels of the hierarchy; it is easy 

to see that this assignment (if made sequentially passing through level 1 to level 
4) has to be unique. From now on when we generate a new string, we look at 

the first NL bits and see if they correspond to any label already in memory. If 
so (since the address part of the string must differ) we assign the address to the 
address ensemble carrying that label. If the new string also has a new label, we 
simply find (by upward sequential search as before) what level of the hierarchy 

it belongs to and start a new labeled address ensemble. Because of discriminate 

closure, we must eventually generate 2127 + 136 distinct labels, organized in the 
four levels of the hierarchy. Once this happens, the label set cannot change, and 

the parameters i for these labels will retain an invariant significance no matter 
how long we continue to TICK. We emphasize once more that what specific 
representation of the hierarchy we generate in this way i~ irrelevant. 

Each event results in a TICK, which increases the complexity of the universe 
in an irreversible way. Our theory has an ordering parameter (Nu) which is 
conceptually closer to the "time" in general :relativistic cosmologies than to the 
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"reversible" time qf special relativity. The arbitrary elements·· in the algorithm 
that generates events preclude unique "retrodiction", while the finite complexity 
parameters (S U, Nu) prevent a combinat.orial explosion in statisticalretrodiction. 
In this sense we have a fixed·_ though only. partially retrodictable - past and 
a necessarily unknown future of finite, but arbitrarily increasing, complexity. 
Only structural characteristics of the system, rather than the bit strings used 
in computer simulations of pieces of our theory, are available for epistemological 

· correlations with experience. 

What. was not realized when this program was created was that this simple 
algorithm provides us with precisely the min~mal elements needed to construct 
a finite particle number scattering theory. The increase in the number of strings 
in the universe by the creation of ~ovel strings from discrimination is o'ur re­
placement for the "particle creation" of quantum field theory. It is not the same, 
because it is both finite and irreversible; it also changes the "state space". The 
creation of novel strings by increasing .the string length (TICK) implies an "ex­
clusion principle"; if a string (state) already exists, the attempt to fill it leads to 
an "event", and a universe of increased complexity. Note that the string length 
Nu is simply the number of events that have occurred since the start up of the 
universe; this order parameter is irreversible and monotonically increasing like 
the cosmological "time" of conventional theories. Our events are unique, indivis­
ible and global, in the computer sense; consequently events cannot he localized, 
and will be "supraluminally" correlated. 

1.3 THE COUNTER PARADIGM; THE COSMIC FRAME 

To make contact with physics we must now relate our bit string universe 
to the laboratory measurement of mass, length and time or three independent 
dimensional standards which can be related to these measurements. Laboratory 
practice in elementary particle physics is to use "counter" experiments or their 
equivalent for velocity measurement, momentum conservation for mass ratio mea­
surement, and to find some phenomenon that brings in Planck's constant for the 
third connection (charge via e2 /lie, Compton scattering, deBroglie wave inter­
ference, black body radiation, photo-effect, ... ). The inter-relationships between 
these measurements provide tight standards of self-consistency, and numerical 
values for the fundamental constants which in the end are more important than 



the comparisons·with the s.tandard meter, kilogram and second. Thus all we need 
do in principl~ is to make .contact with three aspects of our theory in such a way 
that these connections follow. 

As Heisenberg realized long ago, one of the easiest ways to.make contact with 
macroscopic laboratory physics is through particulate momentum measurement, 
for exampl~ the firing of two counters a distance L apart with a time interval 
T, and identifying the "p.article" which naively speaking "fires the counters" by 
measuring its mass (eg by momentum conservation in a scattering from a particle 
of known mass). Since the counters can, in principle, be placed as far apart as 
we like the velocity V = L/T can be measured io as high precision as ou:r budget 
allows. Empirically all such velocities are less than or indistinguishable from the 
limiting velocity c, and ·the momentum P and energy E are related to the mass 

m by P = mf3c/v'1- {32 and E = mc2 /v'l- [32 (or E2 - p2 c2 = m2 c4 ) where 
{3 = V / c~ Thus if the basic quantum mechanics used is written in momentum 
space, and all physical quantities can be computed from the momentum space 
scattering theory, then contact with laboratory measurement is about as direct as 
possible. This is sometimes called the S-Matrix philosophy, and is adopted here. 
From this point of view, the representation of quantum mechanics in space-tirne 
is then obtained by Fourier transformation, and has only a formal significance, 
particularly for short distances where direct measurement with rods and clocks 
is impossible. Hence if we can show that our bit string universe supports a mo­
mentum space scattering theory of the same structure as conventional relativistic 
quantum mechanics (or at least in dose enough correspondence to that structure 
so as not to be in conflict with experiment), our interpretive job has been done 
for us by Heisenberg and Chew. We develop this scattering theory in the next 
chapter, but still find it instructive to go as far as we can in interpretation without 
invoking that formal apparatus. 

The means used to connect the bit string universe to the practice of particle 
physics is to assume that 

any elementary event, under circumstances which it is the task of the ex­
perimental physicist to investigate, can lead to the jir1:ng of a counter. 

The typical laboratory situation we envisage is that in which one of a beam of 
particles of some known type (which eventually we will have to connect to some 
label a in the bit string universe) enters and fires a macroscopic counter, and 
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. . 
at time T later a counter a distance L from the first which is serisi.tive to the 
same type of particles also fires. Ignoring the practic.al details which will occur 
to the experimentalist, and the many sophisticat_ed steps he will have to take "to 

convince hi~·colleagues that neither firing was ~spurious", we foll.ow conventional 
practice and say that this sequence of happenings means that a partiCle of .type 
a· has been. shown to have a velocity v = LjT, and until somethin.g else happens 

will (if it carries a .conserved quantum number such as charge or baryon number) 

continue to have that velocity in the geometrical direction defined by the first 
two counters. This assumption can be checked by adding counters do~n stream 

and checking that indeed (within uncertainties of measurement and corrected for 

energy loss in the counters) the expected velocity is again measured. We call this 
the "counter paradigm". 

The first step in connecting the counter paradigm to the bit string universe 

is to assume that the first firing is connected to some unique event involving 
label a and that N TICK's later there was a second event involving the same 
label connected to the second firing. Further we assume that for some relevant 

portion (to be spelled out in detail later) of the address ensemble with this label 
the average number of ones added by these TICK's was< ka(N) >·=< r;~ 1 b? > 
allowing us to define a parameter pa = 2 <k"(Z)>-N. Since -1 < {3'' < +1 we 

identify it with a velocity measured in units of the limiting velocity c, and connect 
it to the experiment by requiring that pa = vj c = L/ cT. Following Stein 1121 we 
interpret this ensemble of strings of length N as a biased random walk in which 

a 1 represents a step in the positive and a 0 a step in the negative direction. 

Since we now know how to relate sub-ensembles of bit strings to velocities 
in laboratory events, the question naturally arises as to what coordinate system 

the full ensembles generated by PROGRAM UNIVERSE !der to. Fortunately 
this is an easy question to answer. We now know that the solar system is moving 
at approximately 600 km/sec with respect to the coordinate system in which the 
2. 7° K background :radiation is at rest; we also have mea8ured the direction of this 

motion with respect to the distant galaxies. But the statistical method by which 
the strings are generated guarantees that on average they wi1l have as many zeros 
as ones, defining uniquely a zero velocity frame with respect to which non-null 
velocities have significance. Clearly this must be identified with the empirically 

known "cosmic" zero velocity frame. Further there are two strings, lN,,and ON,,, 
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whiCh describe· two states in which ~orresponding labels, lNr. and ONL' have had 
the limiting velocity in opposite directions from the start. Thus we have an 
event horizon, t.o which we cannot assign any .further content even after we have 

constructed our vers·ion of .3+ 1 "spa~e"; 'the event horizon must b.e isotropic. 
Of course within that event horizon we could still be receiving signals from the 

remnants of collections of events which can be expected to be isotropic only in 
a statistical sense. We find it very satisfactory that these observed cosm·oiogical 

features emerge so readily from our interpretation of the model. 

Now that we have confidence that the 3.ddress strings do indeed specify dis­
crete velocity states in general and not just in the laboratory, we next note that 

once the hierarchy has closed off at level 4, the set of available labels is fixed 

and simply keeps on reproducing itself in subsequent events. Thus labels have 
an t'nvariant significance no matter how many subsequent TICK's occur, and can 

be used to identify both quantum numbers and elementary particle masses. Of 
course it will then become the task of the theory to compute the ratios of these 

masses to m11 (or to Mrtnnck)· The problem is to make this assignment in such a 
way as to guarantee both quantum number conservation and 3-momentum con­

servation between connected events. Just how to do this is not obvious, and I have 
made several false starts on the problem, from each of which I learned something. 
The key turned out to lie in the parallel development of a finite particle number 
relativistic quantum scattering theory 123

-
311 which I hope will one day be con­

sidered as a candidate to replace both quantum field theory and S-Matrix theory 
as the theory of choice for practical problems in relativistic quantum mechanics. 

That, of course, lies in some very uncertain future. Fortunately the development 
has proceeded far enough to give the essential clues as to how to connect the bit 
string universe to at least one version of relativistic quantum mechanics. 

We now spell out in more detail precisely how the counter paradigm is used 

to connect the firing of two laboratory counters as described above to two events 
in the bit string universe. These two events will involve some label La of length 
NL. We assume that the address string Aa is of length NA = Nu- NL when 
the first firing occurs and of length N A + N when the second firing occurs. The 
laboratory velocity V = f3c is then to be computed from the bit string model by 

f3a = (2k(1 
/ N) -1 where for a single string ka = E~~'t~+l b~. As we have already 

discussed, we are not allowed to access the computer memory directly, so our 
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knowledge is not this precise. The macroscopic size of the c~unters l:J.L and 'finite · 
time resolu~ion l:J.T necessarily require us to consider di~cuss all strings in th~ bit 
string universe in some range {3± ll.f:J 12 where 4/3 -:- (L+ ll.L} I c(T -ll.T)- Ll cT. 
We will see in the next chapter that this "wave packet" description is essential 
for the calculation of the "propagator" in the scattering theory. 

Before I fastened on the counter paradigm as the correct point of contact 
between the theory and experiment, I tried to make use of Stein'sl221 "derivation" 
of the Lorentz transformation and the uncertainty principle. He assumed that the 
basic "objects" underling what we call particles are ensembles of biased random 
walks of N steps of length l with. a probability p .of taking a step in the positive 
direction and q = 1 - p in the negative direction, and hence the probability 
distribution N!lp!q! for the most probable position of the peak. To relate this 
to the velocity of the "particle" take p = !(1 + f3) and q = !(1- f3), where f3c 
is indeed the velocity of the most probable position. From the fact that the 

standard deviation from the peak is VNiJq = V ~ ( 1 - f32 ) Stein then arrives 

at the Lorentz transformation, and by taking l = hlmc gets the uncertainty 
principle as well. 

Once I had the counter paradigm in mind, I took over Stein's "random walk" 
idea by assuming that the 1 's in the N A + 1 --. N A + N portion of the address 
strings represented steps in the positive (first firing to second} direction between 
the counters and the O's steps in the opposite direction. The definition of f3 
remains the same, and by taking the step length as l = he IE the velocity of 
the most probable position and the momentum are correctly related to the en­
ergy. Further the velocity of each step is the deBroglie "phase velocity". H we 
make up "wave packets" from these discrete "velocity states", it is easy to show 
that the most probable position still moves with the. mean velocity and that the 
"coherence length" which determines interference phenomena based on these pe­
riodicities is indeed 138

'
391 the deBroglie wavelength..\= hlp.· Our discrete theory 

therefore relates momentum measurement to interference phenomena and the 
"wave-particle dualism" in much the same way that it is done by following the 
S-Matrix philosophy. 

We now have li, c, and mlmv related to measurement in a precise way. In the 
next chapter we complete this part of the argument by showing that we· can in­
deed construct a scattering theory with 3-momentum and quantum number con-
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~ · servation in events using the strings of program universe. But our identification 
~ of address strings with velocity states already allows a number of cosmological 

connections between our theory and experimental fact to be made independent 
l of the technical details of the scattering theory. As was spelled out above, we 

have the cosmological event. horizon and its isotropy, an~. the identification .of 
the coordinate system in which the theory is constructed with that coordinate 
system in which the 2. 7° K cosmic background radiation is at rest .. 

1.4 SCATTERING THEORY; CONSERVATION LAWS 

We must now proceed to show that the events discussed above can be in­

terpreted as supporting conservation laws that will be preserved by all relevant 
TICK-connected happenings. This will be done by invoking a. new multi-particle 
relativistic quantum mechanical scattering theory123 - 371. The basic idea. in this 
scattering theory is to use Faddeev-Yakubovskyequations for the dynamics rather 
than a Hamiltonian, or Lagrangian or analytic S-Matrix formulation. The basic 
input to the h'near integral equations is then a two-particle scattering amplitude 
with one or more spectators. Because neither particle from the scattering pair 
is allowed to scatter again with its partner until something else has happened, 
there can be no "self-energy-loops" or infinities such as occur in field theory. 
Because the equations are linear, the solutions are unique, in contrast to the 
non-linear ambiguities that occur in the analytic S-Matrix theory. Because of 
the algebraic structure of the equations probability flux is conserved for those 
degrees of freedom which are induded. 

The basic theory allows any finite number of distinguishable particles. For­
tunately we will not have to explore the combinatorial explosion that results in 
the standard Faddeev-Yakubovsky theory when one tries to go from N to N + 1 
with N > 4 because elementary events in PROGRAM UNIVERSE can involve at 
most four distinct strings. The 4-process has two cases: {3,1) three particles can 
coalesce to one (or one dissociate to three) with the fourth particle as a spectator; 
(2,2) two particles can scatter, and the scattering of the second pair can be the 
spectator. The 3-process allows one pair to scatter with the third particle as a 
spectator; adding a spectator to this process will lead to. one of the two previous 
possibilities on the first iteration. 
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The Faddeev (3-partide) theory ha.S three input processes: a + b f--4 a + 
b, c ·spectator; b + c +:4 b + c, a spectator; c + a +,4 c + a, b spectator. But 
when "crossing" is considered 1' 01 the dynamics have to describe as well the anti-
· particles a, b, c with no change in the dynamical degrees of freedom. In quantum 
field theory or S-Matrix theory, any particulate state with velocity v and quantum . . ~ . 
number(s) Q(s) must enter the theory in such a way thc:tt no prediction of the 
theory is altered by changing the (conventional and arbitrary) choic~ of sign of the 
quantum numbers and choice of reference direction for velocities to -y_, -Q( 11 ) and 
inverting the coordinates (parity operation); the relative sign between velocities 
and quantum numbers is significant. Since for any labeled address A a, Ail = 

1Nu-Nr. E9Aa, {3(1. = -pa, all we need do to insure this ruleis to require that 
for any quantum number we define using the (unique) label string for label a 

(a E.l, 2, ... , 2127 + 136)) Qli = -Q(&i all rules used below meet this requirement. 
Then any 3-event can be viewed as a two particle amplitude 

a~ -a · 
b ~ ..__a E9 b = a E9 b--+ --+ b; c = a E9 b spectator 

or the velocity reversed equivalent; note that we cannot distinguish this locally 
from any cyclic or anti-cyclic permutation on a, b, c. In terms of the scatter­
ing theory we have developedl23 - 371 the basic scattering process starts from a 
collision between a particle and an anti-particle with opposite velocities, which 
is isomorphic to the bit-string 3-event described by Eqn. ( 4.1) if we look at is 
as a+ b _....__ a+ b. Because the distinction between the symbols 0 and 1 does 
not depend on which is which (a point brought home forcefully by John Am­
son's discussion of the Bi-Orobourous included here, the masses of particle and 
antiparticle must be the same. Consequently the basic process has zero total 
momentum, which is consistent with the assumption made abov~ that the con­
struction refers to the. zero momentum frame. The extension to 4 ev«mts, taking 
proper account of the two cases, is immediate: 

(3,1): aebec--+d=d..-aEDbEDc; d=aE9bEDcspectator (4.2) 

(2, 2): a E9 b--+ (ab) = (ab) ..-a ED b; (cd) =a E9 b spectator (4.3) 

Since our basic process is what is called in high energy physics "anelastic" 
(2 in, 2 out but not necessarily the same two), it would appear that there are· 
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only two degrees of freedom -.energy and scattering angle or the manifestly c~ 
variant Mandelstam variables. Actually this iB true so far as the coupled integral 
equations go, but the coupling between the three Faddeev channels necessarily 
brings in a third dynamical degree of freedom. If we take these three degrees 

.of freedom to be the magnitudes of the three momenta Pa, p,; Pc, 3-momentum 
conservation guarantees that the vector triangle formed by them closes, so the 

magnitudes fix the internal angles. One vector in the plane of the triangle then 
can be used to relate the scattering triangle to spa~e-fixed (laboratory) axes, pro­
viding 3 kinematic degrees of freedom. Since 3-momentum is conserved the plane 

of the triangle is fixed, as is the total 3-momentum in any arbitrary laboratory 
frame; total 3-momentum provides 3 more k~nematic degrees of freedom. Since 

the particles are "on mass shell"' (E2- p2 =. m 2 with c = 1), 9 of the 12 degrees 
of freedom are needed only to relate the fundamental dynamics to the manifestly 

-4 ... -

covariant description in terms of the 4-vectors ka, ktn kc. A similar analysis shows 
how the Faddeev-Yakubovsky dynamics used in the 4-partide equations in the 
zero momentum frame, again under the assumption of 3-momentum conserva­
tion, suffices to provide all that is needed for the interpretation of the results in 

terms of standard relativistic kinematics. 

Now that we know where we are headed, we can try to conned this theory 
up to the events in the bit string universe. The scattering theory uses single 
particle basis states with energy, momentum, mass and velocity connected (with 

{P = (V /c) 2 and c = 1) by 

(4.4) 

Calling these states lma, f3a >= Ia >, the single particle mass Ma, velocity na' 
momentum pa and energy Ea operators have these states as eigenvectors: 

pala >= maf3a Ia >· Eala >= ma . ja > (4.6) v 1 - {3~ ' v 1 - {3~ 

So far the connection to the bit strings of specified address length thought of as 
states is immediate if we make the identification sa(Nu) = La(NL)IIA<'(Nu-
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NL) = Ia >. All values of the parameters· compatible with the constraints ·ex­

pres~ed in Eq·n. (4.4) are all<?wed .in the conventional scattering theory. Bit 

string d.ynamics is more specific. Only the discrete velocity eigenv~lues {311 = 
2 Eg~~;.• b~ ~ 1 are allowed. Here N1 and N2 are ~he string ieng_ths of the uni-

. verse when the two events of interest in defining the velocity state space occurred; 

of course NL < Nt < N2 < Nr;. 
. . 

There is an interesting convergence between the basis st~tes the bit string 

universe generates automatically and the "light cone quantization" stat~s which 

Pauli and Brodsky 1411 find peculiarly ·appropriate to simplify the qu.antum field 

theory problem. They introduce a finite momentum cutoff A and discretize the 

problem by using a finite q_uantization length L {the old trick of periodic bound­

ary conditions). In the Introduction to their second paper Pauli and Brodsky 

call the parameters L and A "artificial", which indeed they are in their con­

text of trying to discretize a "continuum" theory; for us t~o related finite pa­

rameters are necessary. Our theory has a finite momentum cutoff: the small­

est finite mass particle recoiling from the rest of the universe. The maximum 

invariant energy we can discuss in our theory is, so far as we can see now, 

Muc 2 = (2 127 + 136)MPI<&nckc2 = (2 127 + 136)2mpc2 . Working out the connection 

to the maximum finite values for N we can discuss consistently in our framework 

would get us into a discussion the issues raised by Amson's Bi-Ourobourous, so 

we defer it to ANPA 8 or later. We see no likelihood of finding direct experimen­

tal <;onfirmation of our finite philosophy by exploring that limit experimentally. 

· Both for the Pauli-Brodsky approach and for ours the momentum cutoff is set 

by the computing budget rather than more fundamental considerations. 

· Fortunately the minimum resolution we can achieve sets practical limits that 

are simpler to discuss, and which are directly related to the states Pauli and 

Brodsky use. They relate their invariant 4-momentum M to their "harmonic 

resolution" K by requiring, as we do, zero center-of-m~s momentum (cf. p. 1999, 

Ref 41). Their unit of length is ..\0 = h/ M c which is the same as the step length 

lin our random walk. Hence their harmonic resolution K = L/ ..\a = L/l. = N, 
that is the number of steps taken .in the random walk, or the number of bits 

in the relevant portion of the address strings. As they say "One must conclude, 

that the wave fu,pction of a particle in one spac~ and <we time dimension depends 

on the .... value of the harmonic r~solution K". This ~hoUld make<' .lear that 
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we can map our results onto theirs ··or visa versa, and find out the equivaient of 
their Lagrangian, creation and destruction operators, etc. ·in our context - or 

. visa versa. The details remain a problem for future research. 

There is a difficulty in their apprQach in· going to 3+ 1 space since one needs 

two basic operators in addition to the invariant four momentum and the harmonic 

resolution. But, as Pauli and Brodsky assure me ·the obvious high energy part ide 

physics choice of M, 1'11, P .1, Lz works very well. Our problem is different in that 
there is nothing in the definition of· "event" which insures that 3-momentum 

will be conserved, a fact which Kilmister pointed out rather forcefully at ANPA 

7. Hence it is not obvious how to put these single particle states together to 

describe a 3-event or a 4-event. Actually this is a difficulty in any quantum 

theory, not just ours. The quantum framework is in fact more general than the 
3-momentum conservation which (so far) is always observed. Non-relativistic 

quantum mechanics meets this problem by requiring that any interaction used 
either conserve 3-momentum, or be an approximation in a system where some 

large mass is allowed to take up arbitrary amounts of momentum. In quantum 
field theory the problem is met by assuming certain symmetries in the space of 
description and the allowed interactions, which lead to 3-momentum conservation 

for observable processes. "Vacuum fluctuations" (or disconnected graphs) which 
violate various conservation laws can still occur; they correspond to the events in 
our t.heory which we also wish to exclude~ H one takes the symmetries as more 

fundamental, then momentum conservation can be "derived"; however, I would 
claim that the symmetries were introduced in the first place in order to insure 

this result. From a logical point of view momentum conservation is an added 
postulate. 

S-Matrix theory starts from physically observable processes, and hence im­

poses momentum conservation from the start. The finite particle number scat­
tering theory I am modeling simply requires 3-momentum conservation for all 

driving terms in the integral equations, and the structure of the equations guar­
antees that this propagates through the solutions. I claim we have at least as 
much right to restrict the interpretation of the bit string theory to those con­
nected events which conserve 3-momentum when w·e discuss physical predictions 

as does any other quantum theory. 

Actually the recent work by McGoveran and Etter141 puts us on still firmer 
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ground in ma.ki~g this restriction. The basic fact about a discret'e ·topology is 
that distance cannot be defined until ordering relations, which define ~ttributes 
of the resulting p~tially ordered sets, are imposed on the initially !.'~distinguish­
able finite elements~ Once this is done, the "distance" depe~ds on the number 
discrete ways in which .the information· content of two different col.lections differs 
with respect to each attribute. Thus the metric, and the rate of information 
transfer, is attribute-dependent. Consequently there will be va,riou~. "limiting 
velocities", the one which refers to all attributes being the minimum o'r these 
maximum allowed velocities. In the physical case, this is clearly the veloCity of 
light and is the maximum rate at which information (i.e. anything with phys­
ic_al efficacy 'in· producing change) can be transferred. However correlations (or 
in computer terminology syn~hronization) can occur supraluminally. This is our 
basic explanation of the EPR effect. With regard to the point under discus .. 
sion, since 3-momentum conservation is one of the known attribut.es of physical 
effects, we are dearly justified in requiring this of the events that enter our scat­
tering theory. Our bit string universe is then richer that the physical portion we 
discussion this paper, - a point worth pursuing in the future. 

A second difficulty which emerges is that even though we restrict ourselves 
to (eg for 3-events) those strings for which 

(4.8) 

we will not have all the richness of Euclidean geometry. We can of course define 
our angles in the triangle implied by 3-momentum conservation [which will close 
if Eqn. (4.8) is imposed) by p~ = p~ + p~ + 2PaPbcosOab, but the digitization of 
the momenta (via the digitization of the velocities) will allow only certain an­
gles to occur. This, of course, is familiar in the old "vector model" for quantum 
mechanical angular momentum; it is sometimes still called :space quantization". 
One loose end that still needs to be tied up is the connection of angular mo­
mentum quantization in units of h to the h we have already introduced via our 
random walk. We obviously cannot introduce Planck's constant twice. In a met­
ric space restricted to commensurable lengths Phythagoras' Theorem does not 
always hold. McGovera.n has pointed out that when we try to dose triangJes in a 
discrete space the restriction to integer values is one way that non-commutativity 
can enter a discrete topology. So all of this should work out in the long run. If 
it doesn't we are in serious trouble. 



.. 1 I 

s We nail down the 3-momentum conservation law by allowing only those la-

beled address ens~mbles for which it holds to provide dynamical connection be­

tween TICK - separated events The next step is to show that there are conser-

r vation laws arising from the labels which can stay in step. with the kinematics. 

This is considerably easier. A 3-eyent requires that La (JJ Lh tB Lc = ONL = OL and 

hence that La ED Lb ED c = lN L · lL cyclic on a, b, c, where £?1. = 1L (JJ La. If we 

define the quantum number operators for some attribute x by Q~la >= q~ia >. 
and require that 

(4.9) 

and that q0, = -q1h quantum number conservation in 3-events .follows immedi­

ately. Further, velocities and particle-antiparticle status reverse together, as in 

usual in the Feynman rules. We defer the discussion of "spin" to the next chapter. 

Probably the most significant step taken since ANPA 7 is the derivation of 

the "propagator" for the scattering theory directly from the bit string universe 

via the counter paradigm. The breakthrough was achieved last fall in collabo­

ration with Mike Manthey, who got me out of the rut of a "binomial theorem" 

connection between TICK-separated events I had failed to make work. In the 

scattering theory, the connection between events is provided by the "propaga­

tor" E'-i -io±. Here +(-) re~~r· to "incoming" ("outgoing") boundary conditions, 
and are all that rem~ins in the "stationary state" scattering formalism to record 

the "time dependence" of the wave function in the Schroedinger representation. · 

The unitarity of the S-Matrix S = 1 +iT, that is sts = 1 or the corresponding 

restriction on the scattering amplitude T, is then all that is needed to insure 

flux conservation, detailed balance and time reversal invariance in the conven­

tional formalism. This is the formal expression of the Wick-Yuka.wa mechanism, 

which attributes quantum dynamics to the "off-shell" scatterings at short dis­

tance which conserve 3-momentum but allow the energy fluctuations consistent 

with the Heisenberg energy-time uncertainty principle and the Einstein mass­

energy relation. In words, the propagator is the probability amplitude for having 

the energy E' in an intermediate state in the scattering process when one starts 

from energy E for the incoming state. Since only ·the value at the singularity 

survives in the end (i.e. "asymptotically", or to use more physical language, 

in connections between numbers that can be measured in the laboratory), the 

normalization of this singularity can be fixed by the unitarity (flux conservation) 
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requirement, a·nd need· not con~ern us. The scattering equ~tions are simply the 

suntover all the possibilities allowed by the conservation laws with this weighting. 

To obtain the statistical connection between events, we start from our counter 

·paradigm, and note that because of the macroscopic size of laboratory counters, 

there will always be some uncertainty tl/3 in measured velocities,. reflected in our 

integers ka by Ilk- 4N ll{J. A m·easurement which gives a value of (3 outside this 

interval will have to be interpreted as a result of some scattering tha·t occurred 

among the TICK's that separate the event (firing of the exit counter in the 

counter telescope that measures the initial value of f3 = {30 to. accuracy L).f3) 
which defines the problem and the event· which terminates the "free particle 

propagation"; we must exclude such observable scatterings from consi~eration. 

What we are interested in is the probability distribution of finding two values 

k, k8 within this allowed interval, and how this correlated probability changes as 
we tick away. H k = k' it is dear that when we start both lie in the interval of 

integral length 2.6.k .about the central value k0 = ~ ( 1 +Po). When k -:f k1 the 
interval in which both can lie will be smaller, and will be given by 

l(k + .6.k)- (k'- ll.k)J = 2.6.k- (k'- k) (4.10) 

when k' > k or by 2tlk + (k'- k) in the other case. Consequently the correlated 

probability of encountering both k and k' in the "window" defined by the velocity 

resolution, normalized to unity when they are the same, is f(k, k') = ~~Z!:~:=~:, 
where the positive sign corresponds to k' > k. The correlated probability of 

finding two values kr, kt after T ticks in an event with the same labels and same 

1. · · f(k.,.,k~) . Th' . 1 'f k' . k d k' k I h k' ..../- k norma 1zat10n 18 /(k,k') • IS IS 1 = an T = T· I owever, w en r , 
a little· algebra allows us to write this ratio as 

1 ± 2(.6k-.6k.,.) + 4.6kl'lkf 
(k 1 -k) (k'-k) 4.11 

l :r: 2(6k-6k.,.) + 4Llkllkf 
I (k'-k) (k'-k) 

H the second measurement has the same velocity resolution ll.fJ as the first, since 

T > 0 we have that llkr < ll.k. Thus, if we start with some specified sp.read 

of events corresponding to laboratory boundary conditions, and tick away, the 

fraction of connected events we need consider dimini~hes in the manner illust.rated 
m 
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e Figure 3: The connection between the address strings in tick-separated events 

:. resulting from an initial uncertainty in velocity measuremen.t. 
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Consequently if we ask for the correlated probability of finding the. valt1e {3' . 

starting from the value f3 we have proved that in the sharp resolution limit this 
is 1 if f3 = /3' and ±0 otherwise. That is we have shown that in our. theory a. free 

· particle propagates with ·constant velocity with overwhelming probability - our 
version of Newton's first law. 

Were it not for the ±, the propagator would simply be a 6-function, and 

since we are requiring 3-momentum conservation the theory would -reduce to 
relativistic "p·oi~t particle" scattering kinematics. But the lip-1it we have. derived 
approaches 0 with a.sign that depends on which velocity is greater, which In turn 

depends on the choice of positive direction in our laboratory coordinate system, 

and hence in terms of the general description on whether the state is incoming 
or outgoing. In order to preserve this critical distinction in the limit, instead of 

something proportional to a 6-function we must write the propagator as 

P(/3, f3') = lim [ -iry . J 

"'~ o± /3'- f3- "'"' 
( 4.12) 

where the limit is to be taken after summing over the allowed possibilities. Thus 
we find that the complexity of the wave function, and the propagator needed 

for scattering theory, can actually be derived from our interpretation of the bit 
strings. As already noted, the actual normalization of the propagator depends 

on the normalization of states, so we can use the conventional <;hoice (E'-.i=fiO+) 

just as well. 

What I like best about this derivation is that the macroscopic dimensions of 

the counters enter explicitly into the structure we need, just as "wave packets" 
have to be brought in for careful discussion of fundamental problems in standard 

quantum theory. It is also very s'atisfactory that the dkhotomic choices at the 
lattice connections arising from TICK are strongly reminiscent of Finkelstein's 

"space-time-code" checkerboard. Scattering theory is one way to connect the 
imaginary time dependence in the Schroedinger equation of the conventional 
treatment to the discrete time scale we have to use to describe our time evolution. 

For consistency, this must also connect to the complex representation of angular 
momentum, and non-commutativity. As mentioned above McGoveran has some 
profound ideas here that are crying out to be explored. 

37 

I 



Now that we have the propagator for a free pa.rti~le, it is easy to write down 
the. basic. two-particle scattering operators as poles in the invariant two-particle.4- · 

momentum which- occur whe~ the two particles coalesce to form a "bound state" 

of the mass appropriate to the resultin·g label and clothe this with 3-momentum 

conservation. We now have derived all the ingredients needed for the scattering 

theory. Since we have on hand a preliminary description of the theory1 371 _we 
repeat here the portion relevant to this paper. 

Fortunately the "zero range scattering theory" developed in a non-relativistic 
contextl281 allows scattering amplitudes to be inserted in Faddeev equations with­

out specifying their relation to the non-invariant concept of "potential energy 

distribution". The model then reduces to the k'inemah'c requirement that the "el­

ementary" (or input) two-particle amplitude for meson-nucleon scattering have 
a pole when the invariant four-momentum of this pair is equal to the nucleon 

mass. As has been noted many timesf25 ) the use of Faddeev dynamics guar­

antees unitarity without ever producing the self-energy infinities caused by the 

quantum field theory formalism. Clearly our general philosophical framework is 
that of S-Matrix theory, although we part company from the usual approaches to 

that theory by restricting ourselves to finite particle sectors. The second. critical 

physical input is that 3-momentum be conserved in each elementary scattering. 

All particles are "on-shell"; only the energy of the system as a whole is allowed 
to fluctuate within the limits provided by the uncertainty principle. Again this 

is hardly new; Wick used this idea long agol21 to provide physical insight into 

Yukawa'si31 meson theory. Putting this together with the requirement that ob­

servable probabilities be conserved specifies a minimal theory, as we now show. 

Although the two-nucleon one meson system described by four-vectors has 

twelve degrees of freedom, our mass shell requirement (k)2 = k·k = i~ -~·~ = m2 

reduces these to 9, and total 3-momentum conservation to 6. We restrict the 

Faddeev treatment (which would include the kinematic equivalent of particle 

. "creation" and "destruction") by assuming that we start and end with a "bound 
pair" plus a free particle, and hence need only consider the residues of the double 
poles in the Faddeev amplitudes. Under these circumstances, 3-momentum con­

servation fixes the scattering plane in the external (and then laboratory) frame 

and reduces the dynamical (internal) degrees of freedom to 3. The remaining 3 

simply allow the result of solving our dynamical equations to be related to exter-
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nal, and via the total 3-momentum to laboratory, coordinates: In general there . 
will he nine "elastic and rearrangement" amplitudes (for example if we have a 
nucleon ·and an anti-nucleon, there will be a pole at 'the inass of the me~on), 
but our "confined quantum" assumptlon130•311 reduces these to fo~r. Finally, 
the ·o-function on spectator momentum reduces the 3degrees of freed~m to two 
dynamical degrees of freedom for each Faddeev channel ( of c~~rse care must ~e . 

exercised because the Faddeev description is "overcomplete"); ~e take these to 
. . . 

be the magnitude of the momentum and the scattering angle, as in nonrelativistic 
potential scattering, or a single vector variable p with the understanding that the 

azimuthal angle (or magnetic quantum number} is an "ignorable coordi~ate". 

There is a further non-trivial kinematic fact which simplifies our result. We 

use the Goldberger-Watson 1421 propagator R01(z) = £ 1 + t 2 + E,., '- z where 

Ei = .JPt + m?, i E 1, 2 and €/A = Jq2 + Jl2. Since we are in the zero momentum 

frame, this is related to the invariantS= {k1 + k2 + k,.,)2 = (Et + €2 + E1,)
2 by 

Ro(z) = (VS-z)- 1 Here p1 ,p2 ,qrefer to the "internal" coordinates where all 
three particles are ~"free". But th-; "external" coordinates refer to a partic1e of 

mass ma and "bound state" of mass P,a, with the invariant Sa,.= ( Ea + E1,J2 or 
, l . 

E = ! . IS"+ ma -~&a because p2 = £ 2 - m 2 = e2 - 11
2 The model requires the •• 2 V "'a 2\j'i/': 11 a a J.& 4 ru· 

driving terms to have a pole at si~& = (ki + kl')'l = m? = (Ei + €1') 2
- PJ where 

we have used the fact that p1 + p2 + q = 0. Hence {for equal mass nucleons) 
Si 14 ~m? = (VS-Ej)2 -EJ = ~(Vts -2Ej), and the pole also occurs at S = 4£]. 
Finally, we note that on shell, S = si = s j = 4€] and p2 = (p0 )2, so the pole 
also occurs w~en the two momenta are equal. This allows us to write the driving 
terms as 

g2o3(p- Po) 
p2 - (p0)2 - i, 

[In this treatment we are using the continuum approximation] 

( 4.13) 

. Now that our space and the operators in it are defined, we can start from the 

Faddeev: decomposition of the three body transition operator 

T (3)- 't"'. • ~.~ MIJ - L..la,JEa,,.,,., (4.14) 

where the Faddeev operatorn Mu are defined by the operator equations· 

(4.15) 
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The 8-function in the driving terms reduces the corresponding integral equa~ 
tions immediately- to coupled equ.ations. in two variables. Fl.lrther, since we are· 
concerned here only with the {2,2} sector, and hence with the residues of the 

· double poles, which in a non~relativistic cont.ext would be called "elastic and 

rearrangement amplitudes"' we can define 

( 4.16) 

For the 3-nucleon paper we are relying on here, we· assumed two nucleons and 
one meson·with no direct nucleon-nucleon scattering,and calJed the four surviving 

amplitudes Kii· 

The final result for the nucleon-nucleon amplitude in this (scalar) model is 
then that 

( 4.17) 

where 

{4.18) 

and 

{4.19) 

If the "bound state" is required to contain exactly one particle and one meson,· 
three particle unitarity fixes a unique constant value for the coupling constant1271. 
However, as has been discussed in connection with the "reduced width" (also the 
residue of a "bound state" pole) in the non-relativistic theory 1431 it is possible 
to treat the residue as a measure of how much of the state is "composite" and 

· how much "elementary"; the density matrix derivation given in the reference 
is due to Lindesay. In the case at hand, since the Kij satisfy coupled channel 
Lippmann-Schwinger equations, their unitarity and that of the T constructed 
from them is immediate, and is independent of the value of g2

, making this, as 
well as the meson mass available as adjustable _parameters for use in low energy 

40 



i. •,. 

I 

· phenomenology. In ·fact the equations in the non-relativistic region correspond 

to an ordinary and exchange "Yukawa potential" or for n~gligible meson ma..9s 
and g2 = e2 ·to the usual coulomb potential. Thus we finally have made contact 
with both Rutherford Scattering and the Schroedinger equation for the hydrogen 
atom starting from bit strings! 

. 1.5 THE STANDARD MODEL OF QUARKS AND LEPTONS; 
COSMOLOGY 

·. We saw in the last section that our quantum numbers are to be defined in 
·such a way that they reverse sign under the "bar" operation S(' = lu ED S 1

' = 

1L lilA e La II A a, as do the velocities in the address part of the string. Hence for 
each string we can single out o~e quantum number which defines the .relative sign 

between velocities and quantum numbers, and hence d~fines a "direction" in the 
space of quantum numbers which is correlated with the directions in ordinary 
space. This obviously is "helidty" which can be directed either along or a·gainst 

the direction of particle motion. Putting this together with the 3-momentum 

conservation we have already assured, the fact that this does not reverse sign 
when the coordinates are reflected makes this a "pseudo-vector" or "spin", and we 

must assume that it is to be measured in units of 4n if we are to make contact with 
well known experimental facts. As already noted, one remaining foundational 
problem is to connect up the unit with the "orbital angular momentum" from 
our definitions of 3.;.momentum and the lengths that occur in our random walks 

. l/ {deBroglie phase and group wavelengths using h rather than h as the unit with 
f these dimensions). In what follows we will assume that this can be done without 

encountering difficult problems. 

Once we have identified the necessity for one quantum number in each label 
being interpretable as "spin•, or more precisely "helicity", {including of course 
the possibility of the value 0 for some strings), the interpretation of Level 1 is 

essentially forced on us. The dichotomous spin state with no other structure is 
the "two component neutrino• familiar since the parity non-conserving theory of 

weak interactions was created by Lee and Yang, and demonstrated experimentally 

by Wu. A simple way to represent this~~ for a two-bit representation (bt,b2),is 

to take h:c .. {b 1 - b2 ) 4n, as~ shown in Table 2a. 
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Table 2 
Conserved Quantum Numbers 

2a. Level J, 

String qo = b1- b2 
(bl 'b2) 

~~ ~~· +1 
~t 

~~ ~~ 
0 
0 

2b. Levels 2 and 3. 

String ql ~ 92 93 
(btb2b3b4) bt - b2 + b3- b4 bl + b'l- 63- b4 bl - b2 - b3 + b-4 

!1 1 1 0! +1 +1 -1 
0001 -1 -1 +1 

(1 1 0 1} -1 +1 +1 
(0 0 1 0) +1 -1 -1 

(1 1 0 0) 0 +2 0 
{00 11) 0 -2 0 

!1 1 1 ll 0 0 0 
0000 0 0 0 

(0 1 1 1) -1 -1 -1 
(1 0 0 0) +1 +1 +1 

(1 0 1 t) +1 -1 +1 
(0 1 0 0) -1 +1 -1 

!1 0 1 0! +2 0 0 
0 1 0 1 -2 0 0 

!1 0 0 1) 0 0 +2 
0 1 1 0) 0 0 -2 
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Then, if we adopt the usual convention that the electron ·neutrino is "left handed" 
' ' . 

and has negative helicity relative to the positive direction of motion,· .we have 

(for massless neutrinos) ~e = (01) lilA and ~i! = (tO) lilA. There are only two 
states because (thanks to invariance under the bar .operation) for intermediate 
state's. a neutrino moving the positive .direction is indistinguishabl~·fr~-ni an ~~ti: 
ne~tri~~ ~~;i~g i~ th·e- n~i~tive·. di~~ctio~. O~i;, in the iah~~atory; where we 

ca.~ use macroscopic "rigid bodies" to establish directions, c~n we measure both 
parameters. 

Having an obvious interpretation of the basis states for Level 1, the inter-
"__, .... ""' ' 

pretation of Level 2 is almost as straightforward. We use the representation 

(bb b2 , b3 , b4), which allows three quantum numbers which meet our restrictions 

to be defined: q1 = b1- b2 + b3- b4, q2 = b1 + b2- b3- b4, q3 = b1- b2 + b3- b4. 
These are exhibited explicitly in Table 2b. Since Level 2 only has three linearly 
independent· basis vectors, we require b1 = b2 , which arises naturally from the 
mapping matrix construction of the hierarchy, as we have discussed in detail in 
previous work. Under this restriction q1 = -q3 , so there are only two indepen-

\ dent quantum numbers. The obvious choice is to identify q1 as lepton number I (or electric charge) and q;;., heli~ity in units of !li, which leads to the particle 
\ identifications in Table 3. The graphical representation of these numbers given 

in Figure 4. may be more informative. We defer discussion of the "Coulomb 
interaction"called C until we have made the Level 3 assignments. 

For level 3 we use one four-bit string allowing all 16 possibilities concate­
nated with a second for-bit string resembling level 2 and hence having only 8 

possibilities. The first has four basis vectors and the second three, making up 
the required 7. Together we have 128 possibilities, or if we subtract the null 
string, the usual hierarchy 127. Assuming for the moment that the second 4-bit 
string is (1111) or (0000)- which we will see shortly is a QCD (quantum du0n 
modyna.mics) color singlet - we have in fact the 16 states which can be formed 
from two distinguishable fermions and antiferrnions .. These are dearly the nuM 
deons with the associated pseudoscalar and vector (since a fe:rmion~antife.rmion 
pair has odd parity) mesons. The identifications are spelled out in Table 3. 
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Table 3 
Particle identifications for Level~ 2 and 3 

String Level. 2 Level 3 (color singlet) 

(1 1 1 0) + 
e+! n+t 

(0 0 0 1) - n 1 e -t -2 

(1 1 0 1) e+! fi+! 
:1 

(o o 1 o) e+' n_t 
-I l 

(1 1 0 0) 1+1 
0 P+t,W+1 

(0 0 1 1) /-1 
0 P-uW-t 

(1 1 1 1) c 0 0 1r ,po,Wo 
(0 0 0 0) (C) . ( 1r0, pg, wo) 

(0 1 1 1) P-t 
(1 0 0 0) P+! 2 

(1 0 1 1) P-! 
2 

(0 1 0 0) P+! 
2 

(1 0 1 0) do 
(0 1 0 1) do 

(1 0 0 1) + + 1r 'Po 
(o 1 1 o) 1r-,p"O 
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Figure 4. ·Level 2 quantum numbers represented as strings. 
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To make this into quantum.chromodyna~ica, we need only note that the lev~l. 
2 quantum numbers also define. an SU3 octe_t, as is shown in Table 4 in "terms of 
I, U and V -spin; again Figure 4 illustrates the relation~hips. 

Table 4 
The SU3 octet· for "I, U, V spin" 

(bubt2btJbu) 
STRING: 1110 

0010 
1100 
1111 
0000 

0011 
1101 

0001 

2/z = b11 + b12- b13- bu 
2U21 = -2bu + b12 + 2bt3- b14 

2Vz = -bu + 2bt2 + b13- 2b14 

2/;e 

+1 
-1 
+2 
0 
0 

-2 
+1 
-1 

2U1l 2V8 = 2(111 + Uz)] 
+1 +2. 
+2 +1 

. -1 +1 
0 0 

. 0 0 

+1 -1 
-2 -1 

-1 -2 

For color we could take red = {0001), anti-red = (1110); yellow= (0010), anti­
yellow =(1101); blue = (1100), anti-blue= (0011). Then three colors or three 
anti-colors give the color singlet ( 1111), as do the appropriate combinations of 
color and anti-color. The three basis strings so constructed concatenated with 
the four already discussed give us two distinguishable colored quark and the 
associated gluons. Since a ED a ED a =a, three colored quarks (or anti-quarks) add 
to give a color singlet and yield the spin and helicity states of a nucleons and 
anti-nuCleons as we have just shown. Speculatively, since the scattering theory 
em·ployed allows three states of the same mass to combine to single state of that 
mass, we can take both the quark and the nucleon mass ·to be the same; this 
would mean that quark structure would only appear at the 3 Gev level, which is 
desirable if nuclear physics is to continue to use mesons and nucleons as a first 

approximation. 
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Clearly we n6w have the quantum numbers for the first' generation of quarks 
. and leptons .familiar from the standard. model. Because· of the closure p~op~r­
. ties of the hie.rarchy it ~ obvious that we .will get higher generations simply by· 
duplicating the structure we already have as many time~ as we need to get to 
2127 + 136 quantum states. We see that level4 gives us a com binatoriaJ explosion 
of higher generations with the same structure, but. only weakly coupled because 
of the large number of combinatorial possibilities. 

This is all very satisfactory until we ask (a) how to interpret the level one 
closure ( 11 }0 A (or ( 00) 1A) and {b) how to extend this interpretation to label 
strings of length L, which our PROGRAM UNIVERSE construction forces us to 

do. This problem has riot been faced in previous discussions, and the conclusions 
reached for purpos$J~ of this report are .frankly specul.ative. The problem is to 
get the coupling betweenlevels and generations right. The speculative idea starts 
with the conjecture that the labellL = {11)L/2 is simply the universal Newtonian 
gravitational interaction which couples to any pair of labels with probability 
[2 127 + 136J- 1 But then, so far as level 1 labels go, it is indistinguishable from 
( 11). To go on, the analagous level 1 - level 2 cross level coupling would be 
the unit helicity Z 0 with unit helicity extensions to the. W ±. The 1-2-3 cross 
level coupling would be (as before) the coulomb interaction, with care taken 
so that the neutrinos carry no charge. As we have noted before, our theory is 
analagous to doing QED in the "coulomb gauge", so the spin-flip 1±1 which come 
along are down in probability by 1/137. Including these must correct our first 
approximation a= 1/137 toward the observed value, but all strong as wen as weak 
interactions will enter the calculation of the correction. Thus the mixing between 
generations cannot be ignored a priori. Conventional theories are now struggling 

~ith the problem of how best to combine weak-electromagnetic unification with 
the standard model, the generation structure, and gravitation in some sort of 
"super-unification" scheme. So the problem we hit in our own theory lies dose 
to the cutting edge of conventional physics, as promised. 

I' 
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The cosmological implications of our theory are also interesting. ·We have 

already noted that our fir~t approximation gives us Newtonian gravitation, so a 

"flat space" cosmology can also be ~nticipated. Our "big bang" - like .that in an . 

early version o(Park~r-Rhode~' Theory of lndish'ngv:t'shables starts out "cold" in 

that we have to generate the labels first and only begin to develop "heat" after 

the basis vectors close and we begin to accl1:mulate addressed label ensembles. 

Since the initial scatterings can take place in ~ (1. 7 X 1038 ) 2 ·ways, and baryon 

number and .lepton number appear to be very well conserved in our scheme, 

this initial condition gives approximately the baryon number and lepton number 

of the universe within ~he (rather broad - but all "flat space") obse~ational 
limits. Since the initial address strings are short, they correspond to very high 

velocities and the resulting temperature will be extremely high. Even though 

we start. "cold" we get a cosmic fireball early on. Once the average temperature 

falls (due to the expanding event horizon) down to the Tev range now being 

explored by particle accelerators our cosmology will develop much like others. 

The question which lies open is whether our rather unusual boundary condition 

wiH have consequences at variance with more conventional models in such a way 

as to lead to feasible observational tests. Only the uncertain future can decide. 
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1.6. THE MASS SCALE 

[This section is quoted from SLAC-PUB-3566, "A discrete foundation for 
Physics and -Experience (January, 1985).] 

What is· still missing in our fundamental theory are the mass r~tios of the 
particles relative to our standard mp identified by hciGm~ :;::: 2127 + 136. Here 

we adapt a calculation of Parker-Rhodes 14411 based on his alternative, but closely. 
related, approach to the problem of constructing a fundamental theory. He con­
fronts the problem of indish'nguishabil~'ty, which in modern science goes back at · 
least to Gibbs, but poses the problem in the logical (static) framework of how 
we can make sense of the idea that there are two (or more) thil)gs which are 
indistinguishable other than by the cardinal number for the assemblage without 

introducing either "space" or "time" as primitive notions. Clearly his starting 
point is distinct from the c~>:n~~ruc~ive program, and the "fixed past - uncertain 
future" implicit in our growing universe with randomly selected bit strings. 

We have seen above that, for a system at rest in the coordinate system de­
fined internally by < f3 >= 0 or externally by zero velocity with respect to the 
background radiation, the minimal fundamental length is hlm,c, inside which 

1
\ length ~e have no way of giving experimental n1eaning to the concept of length 

without external coupling 121. We have also seen that our scattering theory has, 
for zero mass coulomb photons, a macroscopic limit in· Rutherford scattering, 
a non-relativistic limit in Bohr's theory of the Hydrogen atom, a continuum 
approximation in deBroglie's wave theory provided by continuum interpolation 
using Fourier analysis, and hence the usual formalism for the macroscopic e2 I r 

"potential" up to 0(11137) spin-dependent corrections or relativistic corrections 
of the same order (either of which corrections -relativistic spin(Dirac) or rela­
tivistic motion (Sommerfeld) - account quantitatively for the empi.dcal hydro­
gen fine-structure to that order). We have also seen that our momentum-space 
S-matrix theory has (within our digital restrictions) the usual properties of ro­
tational and Lorentz invariance in 3 + 1 momentum-energy space, and hence by 
our interpretive paradigms in 3-space. 

We therefore can assert that outside a radius of hl2mpc, the energy associated 
with the (minimally three) partons connected to an electron, the electrostatic 
energy of an electron can be calculated statistically from < e2 I r > with three 

49 



degrees of freedom and r > (hl2mvc )y, y > 1. Since the conservation laws we have. 
already established require charge conservation, the electrostatic energy must be 
calculated from the charge separation outside this radius with charges ex and 
e(l- x), so < e2 >= e2 < x(i _:.. x) >. At first glance x can have any value, but 
in any statistical calculation the charge conservation we have already established 
requires that these cancel outside of the interval 0 < x < 1. We have seen that the 
leptons are massless until they are coupled to hadrons at l~v;er3_-ofthe-·hi~~~~~by ;· 
(witn,~·a.s·the first approximation, e2 /he .. lli37). Hence, in this approximation, 

we can equate mec2 with < e2 lr >, and arrive at the first Parker-Rhodes formula 

13711" 
mp I me = ( ) I ; 0 < x < 1; 0 < ( 1 I y) < 1 

<X 1- X >< 1 y > 

From here on in, the only point to discuss· is the weighting factors used in 
calculating the expe~tation values, since we now have from our S-matrix theory 
the same number of degrees of freedom (three) as Parker-Rhodes arrives at by 
a different argument based on the Theory of lndistinguishables. For the (lly) 
weighting factor this is almost trivial; our carefully constructed derivation of 
the Coulomb law and the symmetries of 3-space imply that P(lly) = 1IY· For 
x(l- x) the two-vertex structure of ourS-matrix theory requires one such factor 
at each vertex in any statistical calculation: P(x(l- x)) = x2(1- x) 2 • The 
calculation for three degrees of freedom is then straightforward, and has been 
published several timesl5 •6 •10•17•38•391. 145

-
471 

• The result is < lly >= 415, < 
x(1-x) >= (3114)11+(217}+(217)2], leading immediately to the second Parker­
Rhodes formula 

mv/me = 1377rl[(3l14)[1 + {217) + (217)2](415)] = 1836.151497 ... 

in comparison with the experimental value of 1836.1515 ± 0.0005. Although this 
:result has been published and presented many times, we know of no published 
challenge to the calculation . 

. The success of this calculation encourages us to believe that the seven basi~ 11 

vectors of level3 will lead to a first approximation for mv / m1T ~ 7 with corrections ,

1

/ 

of order 117, but this has yet to be demonstrated. , 
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·1. 7 CONGL USJONS ·. 

We have tried to show in this paper that a complete reconstruction of rel­
ativisti<> quantum mechanics, elementary particle ·physics and cosmology can be 
based .on a simple computer algorithm organized to exploit the closure properties 
of the combinatorial hierarchy and known basic principles of modern physics. 
Some people found the initial success in 1966 already impressive;_ others called it 
nume~ology. By now there are a number of quantitative and qualitative successes 
to our credit and no known failures. In the language of high energy physics, it 
may not yet be convincing as an "experiment", but it is begining to look like the 
basis for a reasonable "research proposal". 

The question remains - first asked me at Joensuu - what it will mean if the 
results are close to experiment, but can be shown to be in quantitative disagree-

- ment in a way that no fundamental remedy seems likely to fix. We will assume 
that a reasonable amount of effort has gone into minor tinkering with the fun­
damentals - they are so rigid that this gives very little scope. I expect this to 
be the case some day, hop.efully soon. That I anticipate dose agreement with 
experiment once the scattering calculations are carried out rests on the overde­
termination Chew has already shown to exist between the structure of scattering 
theory, unitarity and "crossing". The theory has "bootstrap" properties, a finite 
and convergent equivalent of "renormalization", and once we get the quantum 
number assignments nailed down, willhave tQ (if Chew is correct come close to 
experimental results. . Our advantage over his theory is that our equations are 
linear allowing unique answers for any finite number of particulate degrees of 
freedom. So what if we are wrong? I would claim that any theory must contain 
the minimal elements we have used, and so must also fail unless additional basic 
principles are added. So a. "failure", if we have done our job properly will either 
point to an ar~'in which to look for new physics (eg. e~tension of the present 

ff'>~ .. 

three (MLT) dimensional concepts [to 7??]) or even a way tq look beyond physics. 
This is, as I .see it, the most one should ask of any model or theory or philosophy. 
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2~ A FINAL FOUND.ATIONALDISCUSSION? 

Clive W. Kilmister 
Chelsea-Kings, University of London 

2.1 INTRODUCTION 

My aim is to derive the Parker-Rhodes construction described in·1491 from the 

acknowledged properties of quantum mechanics. Wheeler has said 1501 "Quantum 
theory presents us with the strangest object in all of physics, an entity which has 
no localization in space and time, the elementary quantum phenomenon ... all the 
information we acquire we get, directly or indirectly, from elementary quantum 
phenomena." This is my starting point. It characterizes quantum mechanics in 
this way: 

(i) there must be elementary quantum events, our only source of knowledge, 
not localized in space or time, 

(ii) we cannot get outside this sequence of quantum events, no matter how 
much this is at variance with the dassical picture of things. 

But since the theory is not to be simply meaningless sequences of such events, 
the sequences must organize themselves in some way to produce higher order 
events, and these in turn likewise. This means that the system must have such 
levels and so the mathematical features are 

(a) the system must be one with levels, 

(b) new features arise and so the mathematical formulation must allow the 
entry of new symbols. 

Classical mathematics does not fit very well with either feature but especially not 
with (b). Indeed such a creative feature suggests intuitionism and I have flirted 
with that in the past, but it turns out not to be necessary to go so far. Rather to 
adopt an intuitionistic stance has traces of simply taking what is to hand instead 
of looking for exactly what is needed. 

2.2 GENERATION AND DISCRIMINATION. 

Let us begin with (b) above .. New entities arise. How can this be? There 
must be some generation process, G, and as each new entity is created it must 
receive a Jabel. We may use as a set of labels the symbols 0, 1, 2, 3, ... but these 
are not, of course, the cardinal numbers~ On the other hand they can be read as 
ordinal numbers, and if, as we shall see is appropriate, we consider 0 as in a special 
category, we can read the symbol m as labeling the mth element produced, either 
by the generation operation or internally inside the mathematical system. This 
notation emphasizes, what is dear from the generation idea, that the resultant 
system will be either finite of enumerable. 
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An important question is begged in the .preceding paragraph. When an entity· 
is produced, by whatever means, how can we be sure that it is a new one? In 
one. sense it must be, because it differs from all the other entities in its stage of 
production; but to regard. the entities in that way is to produce a system with . 
n·o structure at all. Rather we must have a notion of equivalence between two 
examples of an entity, so that each potentially new element must be checked to 
see if it is equivalent. to one which has occurred before. At this point it is again 
necessary to take note of the continuing generation; for it means that we cannot 
simply ask whether the new element is or is not the member of some given set. 
This set would be that of the already generated el.ements and so is not "given" -
whatever that means for the classic~lmathem:atician-.but is continually changing. 

A device which avoids this (it may not be the only possible way to proceed) 
is to use the nineteenth century idea of a function, that is, a rule which gives a 
value for each value of the argument. It must not be assumed that any ideas of 
domain or range are implied by the use of the word "function"; there is simply 
a rule. This rule is then constrained to be such that the values of the function 
for elements equivalent to already generated elements lie in a fixed set which is 
disjoint from the set of values for truly new elements. This condition goes some 
way to determining the rule, as will become clear later. Such an operation will 
be called discrimination, D. A "run" of the. system will consist of a sequence of 
G's and D's. The sequence is arbitrary, but if an ensemble of runs is considered 
it is possible to introduce the ideas of probability. This is not considered in this 
paper. 

2.3 THE SIMPLE CASE 

The simple case in which one compares the "new" element with a single 
known one determines much of ~he structure. Let u be t'he known element, and x 
a potentially new one. Denote the function by f(u, x) so as to include reference 
to the known element. Denote the fixed set of elements which are values of the 
function when u, x are equivalent by Z. Since we are specifying an equivalence 
relation, we must have: 

(i) f(x, x) E Z for all x, 

(ii) If f(x, y) E Z, then J(y, x) E Z; 
(iii) H f(x, y) E Z and f(y, z) E Z then also f(x, z) E Z. · .. 
There is an obvious equivalence relation between such functions f, which 

holds when they do exactly the same job. That is, one defines /,I* to be equiv­
alent if, whenever f(x, y) E Z, then also /"' (x, y) E Z"'. It is then straightforward 
to prove: 

THEOREM 1. 
Each eq~ivalence class off's contains an elemen~, g say, which is such that 

(a) The Z for g has one element, say 0. 

{b) g(x, x) = 0 for all x. 
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(c) g(x,y) = g(y,x). · 
-{d) g(g(x, y), z) _:_ g(x; g(y, z)). 

It will be noticed that each of (b), (c), (d) are specializations of the conditions, (i), 
(ii),. (iii). But since these conditions on g are exactly those of commutativity and 
associativity in a field of characteristic two, it is convenient to use the notation 
X+ y for g(x, y). The proof of the theorem may easUy he worked out by the 
reader, as far as- (b) and (c) are concerne_d. The final _step is accomplished by 
what I call "Conway's trick" because it is used (in a somew_hat different context) 
in his book. 1511 This is to take as the value of x + y: . · 

· x + y- min z (f(z, x' + y) =F 0, f(z, x + y') ;i: _O) 

for all x' < x and all y' < y 

Here f is a member of the equivalence class which has already been chosen to 
satisfy (b) and (c). It is then easy to see that 0 + 0 = 0, and indeed 0 + x __: 0. 
So 1 + 1 cannot be the same as 1 + 0 = 1, but can be 0. Then 1 + 2 cannot be 
1 or 0 or 2 so must be a new element 3. Of course, 1 + 3 = 1 + 1 + 2 = 2 and 
so the set ( 1, 2, 3) is "discriminately closed" ( that is, any two different elements 
x, y are such that x + y is in the set). If now the generation process throws up 
a new element, it will be labeled 4, and 4 + 1 = 5, 4 + 2 = 6,4 + 3 = 7 and the 
set ( 1, 2, 3, 4, 5, 6, 7) is again evidently closed. It is dear that in general every 
discriminate]y closed set is of order 2r - 1, for some integer r. Correspondingly, 
if the set is not yet closed: 

THEOREM£. 
At every stage the system can be embedded in a d£scriminately closed one of 

finite s£ze 2r - 1. 

Thus the numbers 3, 7, 15, 31, 63, ... are going to be of importance in describing 
quantum mechanical systems. 

A useful change of notation is provided by: 
THEOREM9. 
The system of theorem£ has an injection into V,./Z2,· where V,. is the vector 

space of r dimensions, and z2 is the field of two elements. 

The proof of this is easy as soon as one realizes that the injection in question 
can be taken in the form that the element k, where k = pqr ... s in the scale of 2, 
is mapped onto the vector (s, ... , r, q, p)t. Thus 5 = 101 and so is mapped onto 
{1,0, t)t, whilst 11 = 1011 and so. is mapped onto (1, l,O,l)t. It is of course 
important to bear in mind that the dimension of the space Vr is not fixed but 
Increases. 
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2.4 THE GENERAL CA.SE 

The case considered in Chapter 3 gives a guide to the general case. Here 
our conce·rn is whether a new eleme·nt x belongs to a set S = ( u1 , u.2 , u3 , ... ) of 
already generated ones. We use the same trick of defining a function f(S, x) 
which vanishes if and only if one of the terms ui + x vanishes. Because of the 
asymmetry it is more convenient to use 'the notation of characteristic functions 
and write · 

f(S,x) Fs(x) 

H we define an addition operation between characteristic functions by the obvious 
induction: · · 

F(x) + G(x) = (F + G}(x) 

for all x (in play up to the point at which the definition is being made), then it is 
easy to see that this operation has exactly similar properties to the discrimination 
operation, so that the set of characteristic functions is itself a discrimination 
system. 

We next make a similar definition of equivalence between characteristic func­
tions to the one made in the last section .. That is, we define F, F* to be equivalent 
if, whenever F(x) = 0, then also F"' (x) = 0 and visa versa. Amongst a set of 
equivalent F's it is obvious that there will be some of the special form 

F(u1, u2, ... , x) = h(u1 + x, u2 + x, ... ) 

· where h is a. function which vanishes if and on]y if one of its arguments vanishes. 
(Such F's will in fact be those with the property that the non-zero values of 
F(ttt,tt2 1 ... ,x), when xis not one of the ui, depend only on then variables u 1 + 
x, u2 + x, ... , u,. + x.) Of course one defines two such functions h, h* as equivalent 
just when the corresponding F, F* are equivalent. Then, by an argument that 
closely parallels that for theorem 1, we can prove 

THEOREM4. 
Every equivalence class of h 's conta·£r&s a particular one with the properties: 
(a) h(x1, x2, ... xn)dependtl only on the set (x1 , x2, ... xn), so is invariant under 

permutations of the arguments; 
(b) h(x1, h(x2, x3)) = h(h(x1 , x2), x3); with obvious generalizations to more 

arguments; 

(c) h(x1, x2 + x3) = h{xt, x2) + h(x1, x3). 

Here again the proof relies on Conways's trick; but the proof is more intricate 
than before. Conway uses a least number principle applied to h(x', y) + h(x, yl) + 
h(x', yl) to define h(x, y), where as before x1 and yfare any smaller elements than 
x, y. But since (b) , (c) are simply the associative rule and distribution over 
addition, it is intuitively simpler (though· more complicated to work in practice) 
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to define h(x, y) = xy as the. least element not forbidden, taking account the 
commutative and ass·ociative rules and distributivity over addition. For example, 
Ox= 0 and lx = x are s·traightf6rward. Then ·22 cannot be .0 or 2; could it be 1? 
No, because if it w~re, then 2 · 2 = 1 = 2(3 + 1) = 2 · 3 + 2, so that 2 · 3 = 3 which 

· will in due cours~ be forbidden sine~ 1 · 3 = 3. So 2 · 2.is in fad 3 (and it is easy 
to see that this is not forbidden).· 

. The set (1, 2, 3) is now closed again (2: 3 = l); when 4 is introduced, the 
distributive law alone allows the completion of the table up to 7 X 7 in the following . . ' . 
way: 

4 · 1 = 4; let 4 · 2 =a, 4 · 4 = b, so that 4 · 3 __;a+ 4, 4 · 5 = b + 4, 4 · 6 =a+ b, 
4 · 7 =a+ b + 4 and so on for 5 + 2 etc. From these results it is easy .to see that 
the values 0, 1, 2, 3, 4, 5, 6, 7 are forbidden for a, the values 0, 1, 2, 3, 4, 5 forb and 
the values 4, 6 for a+ b .. the least solution of these conditions is a = 8, b = 6, 

but the table does not give a closed set. Now the associative law allows the rest 
of the table up to 15 · 15 to be filled in which gives a dosed set of size 15. In 
the same way the next closed set of size. 255 arises; and the general conclusion 
is that amongst the numbers 2"- 1 which have already been noticed as being of 
importance in quantum mechanics those particular ones with r = 2" will be of 
particular importance. 

I call the sequence of discrimination systems isolated here the discn:mination 
fields, 4> 1 , <1>2, 4>3 , ••• where the number of elements of <Pi is 2..,, where s = 2i. Be­
cause they are fields it is convenient to include the zero element when speaking 
of them; strictly speaking, the discrimination system corresponding to a dis­
crimination field has one element fewer. It is appropriate to note here that the 
addition and multiplication operations have a different status here. The addition 
is discrimination, and the operation at one level induces a corresponding one at 
the next higher one. But the multiplication is then imposed on a discrimination 
system of appropriate size; If the system is not of the size of one of. the discrim­
ination fields, it can be embedded in a larger system which is. The exact way 
in which the numbers mentioned here are important will become clearer in the 
next section. · 

2.5 THE LADDER CONSTRUCTION 

The set of all characteristic functions on a set S, as remarked above, forms a 
discrimination system. If S is itself a discrimination system together with its zero 
and so has s = 2" elements, the number of characteristic functions. is evidently 
the number of w~ys of specifying s·lndependent elements of s, i.e. 8 11 -1 = zra -1 . 
(subtracti.ng one for the omission of the zero) and· so has the dimension rs = r · 2" 
Thus for r = 1, 2, 3, 4, ... , rs = 2, 8, 24, 64, ... . But this discrimination system is 
redundant, since it includes a number of representatives of each equivalence class 
which corresponds to the set of objects at the level of S. There are obviously 
28 

- 1 equivalence classes (a sequence of s choices of zero or non-z.ero) so that, if 
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there were single f(>presentatives of each of these which'form<'d a. di~niminat.<'lY. 
closed set, .then it would have rnaxima.l dinwnsion 3 by t.ht>on'm ;3. In fact, thi.s . 
lS so: 

THEOREM 5. 
One can choose one· representatt've from each; equa:vn.lence cla,;~s to form a 

discn·m,·naiely closed set of dimens'ion S. 

It is easy to prove this by considering (for example) the discriminate closure of the 
set of s functions F, where. Fi(x) · ni#dai + x), where S = { a1 }.. In partirubr, 
if S is a discrimination field, so that r = 2, 4, 8, ... the numbers 4, 16,256, .. : are 
the dimensionality of cert.a.in discrimination gystems,. and it is this which gives 
them their importance. 

Returning to the considerations of Chapter 1, it. is now clear that levels ex­
ist in the present con8truction. Any set of elements can be specified in two 
ways: either in terms of the individuals in the set or as the functions charac-· 
terizing the set at the next level. So we now extend the notion of generation 
and discrimination by including under the generation process G the formation of 
characteristic functions, and under D t.he mult.iple discriminations performed by 
these functions. A run of the system wiJI now allow the self-organization of the 
sequences of elementary quantum events into higher order event.s, as mentioned 
in Chapter 1. The foJJowing ladder construction exhibits one way in which this 
self-organization proceeds; this way is a kind of enve)ope as it were, of possible 
runs of the system. 

A sequence of levels is called a ladder in the following case: 

(a) The foot consists of .k1 elements; 

(b) 'the first rung consists of the k2 = 2k 1 - 1 characteristic .functions, a 
discrimination system of dimen~ion k1 , and the discriminate closure of these can 
be embedded in the discrimination field <I>i. 

(c) The next rung consists of the k3 = 2k2 - 1 characteristic functions of 
this new system, a discrimination system of dimension k2 , and the discriminate 
closure of these can be embedded in. the field <I>i+ 1, and so on. Then one can prove: 

THEOREM6. 
Threre is only one now. .. tr£vg'tliladder ('£.e. having rrw~e tJ;(m two steps}, that in 

wh't'ch kt = 2 and i = 1, and this terminates at t!P4 , giva'ng rise to sets of functions 
of Slize 3, 7, 127,2127 - 1 (~ 1.7 X 1038 ). 

The proof that this is the only non-t.rivial one is straightforward, by exhibiting 
the shortness of other candidates. But the proof that the longer ladder exists 
is less easy because of the .need to show the embedding. However, there is no 
need to give the proof here, as there is a different version of the const.rnction, the 
original one due to Parker-Rhodes, which is equivalent and for which the proof 
has been given. 
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To introduce this, nntice that, for·~ particular setS it can never be the case 
that 

Fc:;x + Fsy = F.~(x + y), 

but 

THEOREM 7. 

If and only tf S i," discriminately closed, the equivalence class of ch.aractert'Jtic 
functions for S contains a membe·r F for which F(x) + F(y) = F(x + y) .. 

In the corresponding vector space picture such an F is represented by a square 
matrix, atHl the addition defined between functions becomes ordinary matrix ad­
dition. In the original construction1 by Parker-Rhodes the sets considered are 
derived from those described by consistently replacing each set by its discriminate 
clof>ure. It is evident from the ladder construction that the Parker-Rhodes version 
(called the Hierarchy construdio.n) is isomorphic to.it. Then for Parker-Rhodes 
the matrix specifying a discriminately closed subset is taken as that leaving un­
changed all the elements of the subset, i.e. having .them as eigenvectors. These 
Parker-Rhodes matrices simply differ from those constr11cted here by the addi­
tion of the unit matrix. In the Parker-Rhodes construction one chooses linearly 
independent functions which then in their turn have as additive closure another 
discriminat.ely closed subset .. The final st.ages of this version of this construction 
are then to find 27 - 1 = 127 linearly independent operators in 256 dimensions 
and finally 1.7 x 1038 in 65536. The last case cannot giv{' ri!::e to linearly ind{'pen­
d('nt operators so that this construction stops there and suggests the importance 
of the numbers 3, 10,137, 1.7 X lOJ 8 (which arise as the cumulative totals of ele­
ments) in quantum mechanics. In fact a well known argument identifies 137 as 
the maximum number of charged particles (electrons) which can be packed in a 
region determined by Compton wavelength wit.hout producing so much energy as 
to. allow pair creation which would render the number indeterminate. A similar 
argument. identifies 1.7 x 1038 as a maximum number of gravitating particles. 

The Hierarchy const.ruction is, in many ways, a more convenient one to handle 
mathematically. The advantage of the ladder construction is t.hat it removes 
t.he dependence on linearit.y of functions, a condition which is very difficult to 
u nd~rstand physically. 
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3. A SYSTEMS-THEORETIC CRITIQUE 

of PROCESS-HIERARCHY MODELS 
Ted Bastin 

Pond Meadow, West Wickham, Cambridgeshire,. GBl 6RY 

Abstract 

The possible range of 'process' or sequential or computing models which 
use the combinatorial hierarchy is considered from the point of view of general 
systems theory. General principles which must govern any interpretation are 

· discussed, and it is recognized as inevitable that there will be confusion between 
those who start from the principles which sequential models have to conform to 
whether or not they ever get to physics as we are familiar with it, and those 
who make short cuts to real physical problems because it is necessary to think 
at that level too. The most notorious sources of confusion are listed and offered 
as appropriate objects of philosophical clarification. Some thoughts on where the 
wave-function might come from if we are taking the safe but vague road conclude 
the paper. · 

OJ hierarchies, why some be abo!t'shed and some retained. 
(Edward VI Prayer Book) 
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3.1 INTRODUCTION 

All of the models which have adopted a process, or sequential, view of the 
interpretation of the hierarchy algorithms (roughly everything except that of 

1 
P<uker-Rhodes) fall into the domain of what has been called general. systems 

\ theory. lJ.,i~J!~~.--~b~t ·Qtir .~~~~~ing ~~ o_ne funcd~numtal. dilf~rence from _"'hat 
... \. '9~1Jallrc .. go~.s ~nge,L the ll.~m~. 9f.&yste:ms Jh~ory, f<?r _in .. the latt~r it i~ usmill}r: 

j ~~~~!!l.t(l."t_h.<!L29_eJM ~n ~~isting .substratum ()f material whkh C;,l!t_he· p1Jslted 
1 ~~ll:g J>~lled abQ!)t ·l:>y thce forces which are under investigation, whereas for our 
I o~Jl~erpiise::·it)§ of the essence that whatever the r-ules of the syst·em turn out to I b~j~js jhey w~ich prqvide the S.!l!>stratum. In spite of this major difference I 

believe it to be useful to bring tQ bear on our problems the most general thinking 
from the area of systems theory -that we can find. 

At a recent meeting on self-organization at Cumberland Lodge 1521 (May 
1985) I discussed the hierarchy theory with the intention of showing that a lot of 
it was at least very natural, and at best actually entailed by the general principles 
of systems theory. I hoped to get the views of the conference. In particular, I 
started from the position that in any system there must be what we call the 'pri­
mal division' between two interacting but quasi-independent subsystems. Please 
imagine the Venn diagrams. I then developed this position slightly by pointing 
out that for the case in which I was interested where the total system was the 
constructive potential of the universe itself, it would always be the case that the 
most natural interpretation of the primal division was between the part of the 
universe known to us and the part about which we could only make inferences 
of different degrees of certainty from what happened on the boundary between 
the two systems. This much has always seemed to be the point from which any 

,\ systems approach has to set out, and it follows .that if -we thiT!kjn .sy~1~ms ,t_errns .. 
£ ~h.~~ ... ~.~ <l:!'~-~~~ivg .. ~xi~w_of-the,uniV.£rse-:in::~icJClli~.'!~i-~~-:g~e~_QJ!I)iJ!ir~.1~X!~.~-··:-·~ 
,. <!P91lJJh~.9P1Y~:t~~ hM t<Lhenpart·of·aur basiC.:~h~ocy.~.J w1ll say In anticipation 

'\ of what I shall argue in detail later that the computer models that have been 
formulated by us recently have often been difficult to follow because they have 
not made it clear where they stand on the primal division in its epistemological 
interpretation - even to the extent that one gets the feeling that the proponents 
of the models would prefer not to have to think that way at all. However I have 
found that the more one tries . to make the division go away the more it comes 
insistently back through a variety of back doors in the manner that logically basic 
constraints have. . 

I :requested the audience at the self-organization conference for comment on 
my starting position - and got it. E.R.Zimrnermann1 maintained that the posi~ 
tion from which I wished to start was inadequate to define separable subsystems, 
and that to give meaning to the separation of subsystems one had to define an 
environment for two or more subsystems to be put· into. I think that Zimmer~ 
mann conceded my main point - possibly thinking it too obvious to be worth 
making (namely that there had to be separation of subsystems). I replied to 
him by entirely agreeing on the need for an explicitly provided environment, but 

65 



contended that our aim of providing the material subst"ratum for the systems .. 
forced us to make logical provision in a way that had not. formerly been seen 
to be necessary for the earlier stage at which one could not make a·· distinction 
between other sys.tems and an environment. There was just the system of which 
we are a part in some way, and the unknown bey~:md. . 

It will be obvious that my starting point pres.upp(!ses that our basic theory 
must include an account of how our knowledge is obtained. I contend that so 
much is entailed by the adoption of any process model. It would follow that the 

. intuitions of the founders of the quantum theory about the great change that 
was implicit in the new epistemology appropriate to t·he quantum theo.ry, were 
right by our reckoning, though the use made of that intuition in the mathematics 
remains inadmissible (and, needless to say because it has been said in these 
meetings so ~any times) cannot be saved by what is usually called measurement 
theory. 

3.2 FOUR PHILOSOPHICAL PROBLEMS 

Profound theories create philosophical puzzles.· It .seems that the ageless 
metaphysical or ontological categorizations can only be lived with in the crys­
tallized forms which seem always to be appropriate to the scientific framework 
which is just on the way out. In this situation my recommendation _;.. at any rate 
for most of us - is not a lot of detached philosophizing, but a Jot of attention 
as a matter of amendment of the theory itself to those points in which there is 
philosophical perplexity. The history of conventional quantum theory provides 
an excellent example. There has always remained philosophical perplexity over 
the part played by. measurement, and this meant that the theory was still not 
satisfactory. 

I find four points at which there has been philosophical perplexity in the 
process forms of the hierarchy theory: 

l.Levels. In any way one may try to imagine the hierarchy algebra as gov­
erning process, one has at every point in the sequence to decide (or accept) that 
one is operating at some level, and it follows that this decision (or acceptance) 
must have physical interpretation. It is true that some like presentations of the 

· algebra which apply whatever level is chosen, but as soon as one has to algorith­
metize probabilistic choices one has in effect to make level decisions. Noyes took 
the decisive way of insisting that algorithms representing process define levels. 
He correctly saw it a necessary concommitent of the sequential interpretation. I 
had myself produced a completely sequential model using computing realization 
which was published in 1974

1531 
, and later on I shall be talking about the possi­

ble variety of computing models at which point I shall refer again to that work. 
However I was rather tentative about it - lacking the courage of my conviction 
in the face ·of the then tacitly held common position that the hierarchy algorithm 
must somehow describe the static structure of space and time and then deriva­
tively base dynamics as had then been the pattern in general relativity. Anyway 
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. it was left to Noyes to take the bull by the horns, and everyone is now a processist 
EPR (except Parker-Rhodes). · · 

2. Con.,truchon. The main thing that has perplexed us all, EPR, arises di­
rectly out of the ·problem of giving meaning to working at a given level. You recall 
that we had to go processist because no sense at all could be given to working at 
a given level in a static general-relativity-like picture. So far so· good, but then 
how did all the· darting about between levels happen? Who was responsible for 
it; or did it happen automatically though perhaps at random? In pa,rticula.r , did 
all the jnteresting level construction happen at some big bang after which things 
just ticked over, or does it keep happening at each new particle pr·ocess? Worse, 
is it all anything to do with conscious activity - is there a subjective element? 
Indeed, does the construction - the· generation of the successive levels whether 
once-for-aU or repeated with reiteration and change - represent the process of 
a conscious investigation? Kilmister supposed it did in his work on the logic of 
construction. Of course he was concerned with logical necessity in the first place, 
but insofar as he thought about interpretation he thought that, I think. It is 
now accepted, EPR, that the hierarchy algebra is logically incomplete without a 
constructive operation distinct from discrimination, and my belief is that all pos­
sible such processes will be as good as isomorphic with the device from Conway 
which Kilmister originally used to exemplify it. However what interpretation we 
are to give it I regard as still very much a live issue. 

3.Mea,surement (or observation). As far as this paper is concerned, measure­
ment or observation are merely the names we give to our recognition that we 
have to be on one side of the primal division. We think of ourselves as just part 
of the subsystem, and of any consciousness we may have of what is going on 
as being irrelevant to the framework of physical law we discover. Of course this 
assumption is not incompatible with our directing things so as to get information 
in an efficient way, but it differs radically from conventional theory in not having 
to make the structure of theory depend upon a distinction between measured and 
non-measured events. This position is consistent with what I have been taking 
to be implied in the phrase 'participant observer'. It does however pre-empt a 
certain range of views about measurement at the expense of some traditional 
positions. In particular it is sometimes argued that the very possibility of mea­
suring things in a real world requires that there be three basic units or kinds of 
dimensional magnitude. The classical ones are mass, length and time, but there 
could be equivalent quantum-specified ones. 

Now. we know that in the hierarchy model we interpret coupling constants in 
tenns of ratios of atomic and cosmological constants, and that there are sufficient 
of these identifications to determine the number of independent units at three. It 

. ·bas to be the Cat\e that the classical account of 't·he dimensionality necessary for 
measurement is a deduction from the hierarchy model,.'whether or not we have 
a satisfactory ~lternative to the correspondence principle. Any other view would 
require some sort of pre-arranged harmony which would be unacceptable. In any 
case the derivation of the dimensionality is a major success of the theory. 

It is true that I claim to get this consequence about the units from general 
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considerations about systems, whereas I am using a ·result from the hierarchy 
which ·is a very special system. ·However I would say that I am really only taking 
a short cut. The coupling constants have got to be our way into physics if we 
adopt any process model whatever, as ~ecame increasingly evident from a long 
scrutiny of the logical place occupied by those constants in modern physics which 
Noyes and I conducted s9me time back, and I am going to assume the results of 
that work without further comment. 

4. Completeness. To ·my knowledge the term 'co~pleteness' first appeared in 
physics with Einstein's criticism of the new quantum theory, and it ha.s been 
in evidence in ANPA discussions recently. All I think I can say about its use 
is that it indicates a desire to have everything in the way of common sense 
interpretation that the classical physicists assumed - that there is a stage that 
has to be reached, in fact, at which one is.saying one is doing real physics. These 
issues are so complex that in what I shall have to say I shall be taking a socratic 
stance and asking what people's demands are over this completeness, and then -
particularly in the context of the appraisal of the range of possible models allowed 
by general systems considerations which I shall be undertaking - consider how 
far they can be met (if they can be met at all). In the discussions that have led 
us, corporately to where we now stand, one very important position has been 
established, and that is that the world described by the hierarchy algebra is not 
- in the first place at any rate- a classical world but the different world of high 
energies from which, as is acknowledged on all sides, we have some hard thinking 
to do to find the correct replacement for the correspondence principle. I see a 
dialogue which would be very valuable taking place in which Noyes offers for 
scrutiny what he sees as the demands of completeness in that new sphere, and 
where others of us consider (a) whether the ways he has chosen to satisfy the 
demands are the only possible ones and (b) if not, what arguments would we give 
for alternatives we might suggest. 

3.3 THE MINIMAL MODEL 

It seems from systems-theoretic considerations that the following set of char­
acteristics are necessary for all models. I shall consider whether they are sufficient 
separately. I shall be very grateful for comment on this crucial stage in my ar­
gument. 

1. An initial set of elements is scanned and some sense is given for the result 
of this scan to be consistent or inconsistent with the empirical situation which 
the model is put forward to describe or explain. It is usl,lal for the elements 
to be treated indifferently by the operation of the model since otherwise implicit 
assumptions have to be made and the aim is usually to have all such assumptions 
following from the properties of the model and not imposed upon it. However 
this requirement is not logically necessary. 

2. The scan is capahle of being repeated with different results, and a numer­
ical measure derived. This measure is interpreted probabalistically. There are 
great advantages in building up a world picture in which t.he probabilistic values 
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are· not far from integral value21 assigned by the model. Thi~ last rt>quirement 
again· is not logically neces~ary, but it does seem necessary to t>m ploy a pr~>ba­
bilistic mode of getting a· manifold with the right properti~s to rt>prf'srnt phygical 
measurement. I should be grateful for comment and discussion on thiR point al~o. 

3. There must be a change from frequency representation to occupancy rep­
resentation. This requirement seems to be the most basic way to. express the fact 
that the structure of the model ha.S to change to represent what has been learned 
from the empirical background. The dedur.tive potential of this requir('ment has 
not been realized in our discussions. It would be ·too much to say that from it 
one may deduce our particular combinatorial model with its unique hierarchical 
structure. However it is not too much to say that my argument isolates it as the 
natural place to start. 

4. Occupancy requires the distinction between label strings and operational. 
strings. Without the hierarchy principle of increasing complexity this provision 
would be artificial. With labeling there is scope for representation of a history, 
memory or part of the model universe. · 

5. All sets are finite. This is automaticalJy ensured in the hierarchy mode), 
but it is a more general requirement which follows from. the assumption that one 
is investigating an unknown background. If the sets are not known to be finite 
one cannot assign frequencies. 

6. Any model wiH have to proceed in a sequence of scans at each of which 
the occupancies and the labels are updated. It seems inevitable to interpret the 
individual scan as some sort of int(>raction at the primal division. In some sense 
it has to be an observation if we are interpreting the general system as having to 
do with the world of physics, but of course our special approach imposes on us 
great specificity at this point, and I am unable to avoid saying that each scan is 
a scattering process, or perhaps part of a scattering process. 

7. Finally I recur to my discussion with Zimmermann and to his principles 
about the environment having to be specified before one can introduce subsystems 
separate from the part of the primal division from which one starts. I actually do 
acknowledge the correctness of what he says, but I do not think we have yet got 
to the stage at which we can satisfy him in our model, though I do think we are 
now finding ourselves up against the difficu]ties which result from our not having 
a complete grasp of this next step. A great deal of what rest. J have to say will be 
related to this matter. The problem in the context of curr,.nt physi·.:s has been 
the subject of current discussions at our meetings - particuJarly with Aerts and 
his discussion of 'the one and the many' and how quantum theory has not got 
its own method of defining multiplicity except· by appeal - explicit or implicit -
to classical physics. · 
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3 .. 4 MODE-LS WITH MINIMAL INTERPRETATION EXEM­
PLIFYING THE PRJNCIP.LES OF THE MINIMAL MODEL 

3: 5 THF, BARE MODEL. 

Tn the 1974 paper to which I have already referred 2 , I produced a model 
to be implemented on a computer which had all the properties listed in. the 
la.8t. section for the minimal model and with very little physical interpretation 
except that the coupling constants had to emerge in something like the correct 
relation to idealized scattering processes. As with Noyes'. models strings were 
obtained from the vasty deep by random processes subject to weighting by what 
had· happened in past scans. Labels were used in a way consistent with the 
hierarchy treatment of occupancy. Only strings at the right level were selected 
by the random selection procedure, and therefore there was no problem about 
what level one was working at. There was no universal time. The model was 
not complete in any of the senses that anyone is likely to give to that tenn 
and I certainly regarded it at that time as being desirable to show as clearly as 
possib]e that completeness is not logically necessary. I would have regarded (and 
still regard) many of the forms of completeness which people do require -though 
probably not all - as in fact unobtainable. The reason why I did not pursue the 
construction of models at that time was partly because no one el~e took it up, but 
more because I was worried by the looming and immense problem of taking the 
first steps in dynamics without any solution to the one and the many problem. 
I used at that and later times to say that I was only able to give a picture of a 
unjverse under the aspect of a single particle process. 

3.6 NOYES' MODEL. 

Noyes again has all the properties of the minimal model, and I hope that my 
argument wiJl be of some use to him in giving reasons for his choice of computer 
procedures. When it comes to interpretation Noyes is in the same position as 
I to claim the advantages of the definite point of contact with experiment of 
the specific hierarchy model via the coupling constants, and can claim the same 
theoretical superiority over other models because of the natural inherence of the 
use of labels in the way the hierarchy describes increases in complexity. Noyes 
would certainly wish to go further and claim that he has done much to meet the 
requirement of Zimmermann that there be an environment and the possibility 
of independent subsystems. (AduaHy I do not know quote what he would say· 
about this since what he defines is the 'off-shell kinematics' of quantum field 
theory and not a fully classical situation). I shaH come back to this question 
since it is dearly a vital one. 

Noyes' technique to reach a universality which transcends particular interac­
tions between the known structure and the unknown background is to stipulate 
'tick' which increases string length universally. I do not think this is objection­
able but I find difficulty in understanding how to imagine the construction process 
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which it effects. I have to stick to one statement of Noyes on the subject, and 
for this I choose his abstracts for the Abbreviat.t-d Summer School (held the day 
before ANPA 7). He says: 111 To construct a nt.w theory we start from arbitrary 
choice between two symbols ... " and so on. I should have thought that if he 
wished to avoid an uncontrollable sort of subjectivism he would have thought it 
irrt>levant what theories have been or were being constructed to the actual prop­
erties of the physical world, and that the construction had to he of some thin~. 
Of course the activity of the person constructing theories has to be represented 
in t'he model, but then we should naturally expect to see that actually done. 

The 'things' that offer themselves for construction are· the univef8e, and the 
scattering processes respectively. There may be other possibilitit>s, but I don't 

. know how they would be handled. The hierarchy model really entails that both he 
taken together since the contact with physics via the coupling constants imposes 
constraints on cosmological as well as atomic quantities. However, one would 
have to be very careful in expounding the topic to avoid suggesting that one 
could identify the construction with the big bang in t'he crudely realist sense that 
the term usually attracts. Noyes gets out of the problem by insisting that he 
is dealing with a specifically quantum mechanical set of concepts all the time, 
and that the progress toward a fully intuitive dynamics identifiable with classical 
physics is a long road. I certainly want to understand this position since the 
negative asped of it is certainly right at least. However, though I have sweated 
blood to hold the parts of the argument together in my mind I have not been 

ll able to, and it is always the obscurity about what the construction represents 
~ that is the sticking point. What I myself think is that the model as we have it 
'\ simply has not yet got the logical facilities which are needed for the· task. Both 

Pask and Manthey have said that the ideas of concurrent computing are the way 
through but we have no model before us which in-:orporates this solution 

I make two observations: ( 1) There is no actual necessity that any given the­
ory must be capable of succeeding in the representation of classical multiplicity. 
Quantum theory fails at this point as we, collectively, spend a good deal of effort 
pointing out. (2) We get enormous benefit and profundity from the way that the 
hierarchy increases complexity of description by changing levels {and we get t,he 
advantage of a real representation of how scattering processes are theoretica1ly 
linked) but this makes it the more important not to bulldoze the barrier into 
classical pluralism. I think this means - among other things~· that we have to 
make the scattering processes really primitive and cannot construct them from a 
pre-existing dynamics- at least one that has any tendency to slither into classical 
dynamics while you are not looking. This goes particularly for velocity. I say all 
this tentatively: I may get reassuring answers, but I cannot know until what I 
will describe as my mental block over the construction is removed. 
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~L 7 A M 0 D f~ L BAS f~ D 0 N SIMILARITY 

I have always wanted to exploit to the full the fact that the most secure con.: 
nection we have with experiment is the values of some dimenRionless constants of 
nature. I have taken thiR estimate of the right approach to indicate that whatever 
theoretical constructions have been used to arrive at the values of those constants 
are the best guides in gettin~ towards a way of representing and- ideally- calcu­
lating a wider range of physical magnitudes. It is vital for us to remember at all 
time that whereas in the usual physical theories there is an infinity of numbers 
any of which could, in principle, be the result of a measurement and the problems 
only begin with the question of which - if any - we calculate, our situation is 
very different. We actually have to propose a meaning for measurements which 
are not those of the basic scale constants. This is why I have taken the line 
that the OJH'rationalist device of .giving experimental meaning to the concepts of 
theory by identifying them with a particular measurement process is not auto­
matically admissible. This is because the primary identification has set the type 
of measurement procedure, and all subsequent must be consistent. In particular, 
it is important to be sure about the 'counter paradigm'. It follows from my ar­
gument that since measurement is counting the most important measurements 
will employ counting techniques, and this position is fortunately consistent with 
the way we see modern physics going in its universal reference back all the time 
to scattering processes. However it would be a fundamental error to think that 
we could wave a wand over scattering processes and that suddenly at this point 
in our development we were doing physics in the proper 'complete' sense for the 
first time. The reasons: (a} it is impossible because we can't use our operational 
criterion in two ways which we have not demonstrated to be equivalent and we 
have used it for counting and cannot get supplementary support from the Bridg­
man form, (b) it shortcuts the real work and the insights to be gained therefrom 
(we have had a major advance from McGoveran in his recursive analysis of di­
mensionali-ty recently, and this is very much part of the real work), (c) when the 
'real work' has been done nothing remains to be done in the way of identification. 

The vital step in hierarchy models is in one form or another the assumption 
of equal prior probabilities for the background processes which generate the hi-

:~~~~~;~~~~Q~~;~~t~~e~u~~e~n1~~~S.;,9~r~~i'~-·-?/ni~~i1l~atrrli:~~;&1~it11~~:s~ffi~~·-· ·· · 
a:~~ ... <!Jlqw~-~ .IJ·:r.··:.~~-f.~ti!i:c~~ii~;···:w·e·ca.n get ·to''our''helovea··consfanta.··· IIi this last 

'sentence I have ridden roughshod over several sensitive points that have been 
much in discussion. However I have no desire to be philistine, nor in fact any 
need. ts~.!lJE!!4,~!I'!R!X,t~~t~~~e _r_i~ht.l'Va)' ~-() pr()c~ed in. the, a?s~l1c~of~J1~"v.J~.ge, 
of_ ~h~, Q.f!£.~g!.Q!!!l.a .H3,tQ.Jr~-~t.,~~e finxte ~e~s_ of.~ll~or~ti~()J~y,~JI2~~~J~O~~.·.~~~,~.ht.tes 
{n:d£1f.eren.tly. (bther people have dHTerent ways of saying it.) I believe,. too, t at 
t11;·sa~m-e principle has to be invoked even when the.logi~al underpinning provi~ed 
by Kilmister is used. Now .as ~ understand. the sttuatiOn absol.ute~y e~erythmg 
depends upon this idea of mdtfference. It 1s not that other distnbutiOns may 
not occur; probably they do aU the time; but by de~nit~on they are no.t part 
of physics. At least they do not become part of physiCs m any automatic way 
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.. without out explaining how we can extend the principle of indifference t.o include· 
them. . . 

Kilmister, Amson and I ~ried not long ago to develop an idea which we called 
'inexact matching' to break out of our prison. The effort produced no immediate 
success, but it may be useful to recall it. First, the standard way suggested 
by systems theory is that of concurrent computing. Pa..qk suggested this. years 
batk, and it has been extensively discussed in our present ambience by Manthey. 
We thought that concurrent computing was too like a counsel 9f despair. It 
was safe iri t~e sense that one could create independent starting points of the 
sort demanded by our ordinary intuition of the physical world (the separable 
subsystems in an environment of my earlier discussion) but how as one to get in 
any dynamics except by arbitrary fiat? We thought that if we could 'fuzz out' 
the values of the constantS which had an interpretation over a finite domain in 
the neighborhood of their discrete values so as to have a set of the right meaRure 

.we might be able to apply the dynamical ideas that went with the interpretation 
over a range of values that 'inexactly matched' the discrete value. This suggestion 
requires one to have a definition of degree of similarity of strings, and Kilmister 
and Amson explored some of the combinatorial possibilities for obtaining such 
a definition - obtaining a distance relation in this way. However the distance 
relation has not so far shown itself adequate to the needs of scattering theory. 

The model I now tentatively propose makes a change from the ideas I have 
just been referring back to, while keeping the notion of inexact matching- or 
at any rate the idea of estimating the similarity of strings - with a numerical · 
measure. The change depends upon a different view of the possibilities of in­
terpretation of strings, and in this change I have of course been affected by the 
Californian work on string universe models. It is convenient to say that the ear­
lier work on similarity of strings allowed an interpretation only for the ends of the 
strings. That is to say for the event horizon corresponding to each string. This 
way of speaking needs clarification, I know, but I wiJI hope for the moment that 
it conveys some meaning in view of the fact that the boundedness of the length of 
strings is what determines th.e scale constants, and that it is these which receive 
a conventional cladding in terms of event horizons. 

Consider a number j (j finite) of strings which are related by being similar. 
I call this a yealm· (pronounced to rhyme with 'realm' or in some parts of the 

)[ countryhyelluhm). Idt isfanharrl ay of parall~l-aligned stra(wsdwhh~se fends hare furth~r 
1 apart t an t e en 8 o. t e ongest constituent straw an t ere ore t e name lS 

t. better than 'sheaf'). The yealm is the working unit of the thatcher. A yealm 
~ · can be subdivided and the part8 are also yeahns. A yealm can be transforme.d 
!! by parallel sliding of the straws. 
~~ Two strings p, q will be said to have similarity Spq = l if they have a segment 
f of length l in common. It will obviously be necessary to place a lower bound lo 
i\ on the admissibl~ range of values that l can take, and when the value of lo is 
1 specified, the number of yealrns is determined. · 

The next question obviously is how the segments are located, and informa­
tion about them stored. I think the answer must lie in a process. of running 



.1 ·I 

along the ~t.ring~ to .their end!'~ and being (reflected' back at the event horizon. 
Of cour~e WP <tlready ha:ve the necessary theoretical apparatus for the expansion 
and sub~Pfltlt'nt contraction of the Rtring segment under scrutiny in the hierarchy. 
construction itself, and it is clearly at this point that we fine the general principle 

. qf.-JilL~~crl'.§j,y~~~"-~~iW.~~iR&.JY.hi~h.~.~~ ; §~.~"~~i~riefJ(): ·fi~·· mti V'erstflty-~necessary~·in ·a y s~ 
terns rl(':-;ign com ing .. ln ~ However ther.e is a more.no.veTasp·ea·~·=Tiie~-evenflioriz·o·n 
which )s essential for the search procedure has· ~o be what I will call a local event 
honzon. We see all the complexity of the world as having as its paradigm case the 
global event horizon - every piece of complexity, be it local field, local particle 
distribution, chair or·table. The global event horizon ari~es out of our presump­
tion of indifferent treatment. U that is··not what is actually in the background 
then we find something· ·else, and it shows up as multitudinous complexity. (I 
note in passing that we have no reason ·-a priori to think that the complexity wi)l 
be law abiding. In fact the law-abi<;Ji~g complexity is by observation a special 
case, and we have a further task in finding out in what. the law-abidingness of 
physics resides.) 

The model as described so far could easily be made a complete algorithm in 
the computing sense. I have just stopped at the point at which it is no. longer 
dear which of many a]gorithmic courses is the right one, and I hope for comments 
at thi!' early stage. The clarity of having the algorithm fi lied out is offset by the 
reader's feeling that arbitrary choices are being made. The Californian models 
seem to me to be dictated too much by the analogy of classical particle dynamics 
at the stage at which they meet this arbitrariness, but that may only be a personal 
problem, and in any case as I have already made dear I already recognize the 
importance of getting to something which enables us to think and talk physics. 

The model I have described has not yet got to the point of being able to 
speak of independent systems. We are still stuck with our own system and the 
unknown .. However the introduction of similarity measm.-es was meant to make 
the bridge. We start with two yealms characterized by two similarity measures 
(sets of pairwise similarities) and wit.h n·umbers specifying their respective .. event 
horizons. This gives us two nodal points in a primordial spatial relation. Since 
the specificatlon~fs~n'ot~·itrUfe~Jfierarch'fslfiicture-ifpro-v1d"e~finelepen<lErirce .. tfiltfe~'""~ 
cla.~sitat-sertse (as 'is required· if 'spatial''islo have its usual mea.ning)~The··two 
nodes define a wave function, and this introduction of the wave function concept. 
is appropriately fun~amental: it is the bridge into the physical world as otdinarily 
understood. 

What I have been saying has overtones which remind U8 of Bohm'e implicate 
order and its connection with explicitly ordered things. Nearer to home in the 
sense of having a lot of structure is Alison Watson's metaphor of the meaning of a 
'vertical' description of the world with lhe"ordlnary 'horizontal' spatio-temporal 
description. 

It may be that all this is nearer to Noy~s' model than at first sight appears. 
However at the moment I feel his· choice of detailed algorithmic form owes too 
much to the analogy wit.h particle dynamics of a classical snrt particularly over 
the introduction of independence. of subsystems, and 1 associate this trend in 
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some 8ort of way with the difficulty I have over the interpretat.ion which might 
allow the independence to be slipped in unnoticed. . . 

A further remark: I would,expect to be able to introduce an Ur-energy very 
early on at the point at which one is forced to introduce a parameterto1iffiit the 
l.ength of string segments to define the similarity function. It would make sen~e to 
have this length correspond to the available energy in whatever scat.tering process 
was imagined to generate the yealm. With a lot of energy one could sustain very 
vague similarities. Again. there would be a )oweRt available energy corresponding 
to the univers.al or bounding event horizon (zero point energy of coun~e). I aJ~o 
notice that in this model one would find the origin of dimensionality in the 
'vertical' description if one accepted the vertical account of dimensionality. This 
would go along with Noyes too; as also would the primitive alloc.ation of quantum 
numbers. 
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4. AGNOSIA 

A Philo8ophical Apolog·ia for /NDIST/NGU/SHABLES 

. ·by A.F.Parker-Rhodes, Ph.D 
33 Apthorpe St, Fulborn, Cambridgeshire CBl 5EY 

As an introduction to my topic, I propose to offer a brief historical prelude. 
Somewhere around 1962 I hit upon a series of numbers of which Ted Bastin· 
noticed that the last two (the generating procedure could not produce more than 
four) were dose to two well-known physical constants , the reciprocals of the 
fine-structure constant and of the gravitation coupling constant. He drew the 
attent.ion of Clive Kilmister at King's College London, and John Amson at St 
Andrewg, to this series, and these two began to work on the algebraic formulation 
of the series, whose self-terminating property intrigued the mathematicians as 
much as the contents of the series did the physicists. I aJ~o worked on the problem, 
albeit divergently, having noticed that it might be based also, and perhaps more 
profoundly, on "indistinguishables". At a meet.ing where I expounded the germs 
of this idea, there was a student who drew attention to the lack of mathematical 
rigour in my exposition; this set me to try and correct the deficiency. The work 
took some years, and Jed me much further from orthodox mathematics than I 
had expected. Nevertheless, it eventually reached a form in which I could hope 
to publish it. Pierre Noyes of Stanford University, who had meanwhile initiated 
the setting up of the Alternative Natural Philosophy Association to further the 
work, gave valuable assistance in the final stages, and was instrumental in getting 
it accepted by Jaako Hintikka, general editor of the Synthese series published by 
Reidel of Dordre.cht in 1981. 1541 

The approach through indistinguishables has been viewed with suspicion, on 
philosophical grounds, by physicists in ANPA; for these entities are not physical 
objects,. and it has been customary to look only to physical things to explain 
physical phenomena. I challenged this position; but it must be done at length if 
it is to persuade the opposition. 
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4.1 PHILOSOPHY· 

HeraClitus and Quantum Mecha.niu 

Heraclitus, whm~e work survives only in fra.g~enta.ry quotations by other writ­
ers, was odd-man-:out among the early Greek· philosophers. For a start,· h~ was 
the only one who was al~o a king- not that the title in the Ephf'sus.ofhis ~ay car­
ried either power or honour- but it might account for his misanthropic cont('mpt 
for almost everyone else (except Bias of Priene) which shows up repeatedly in 
his sayings. His opinion on the nature of things is summed up in the well-kno·wn 
two-word sentence -panta rhei everything is in flux. His choiCe for the archt, the 
original material from· which all else was evolved, was the ever-flickering fire; but 
he had no intelligible account' of how the staider constituents of the world came 
from it. 

Although a.U othen~ among the Greek8 looked for a more stable foundation, 
current fashion now tends to favour the Ephesian king rather than his op.ponents. 
Quantum mechanics for example finds nothing amiss in having some 200 "ele­
mentary particles" perpetuaiJy changing into each other, some of them so fleeting 
as to persist for barely seconds, though occasionally detectable because their im­
mense speed carries them a measurable distance in that time . Heraclitus would 
surely have been delighted by the idea of so rapid a "flux". But there are a few 
stable, or nearly-stable particles; protons, if not actually everlasting, outlive t.he 
present age of the universe by an enormous factor; electrons, neutrinos, photons, 
and gravitons seem to be indestructible so long as they are left alone. And there 
are some laws of nature and 'universal constants' which most physicists assume to 
be immutable. But they offer explanations for the changes which are the general 
norm, and feel no urge towards - or no hope of - explaining the immutables. 
The explanations of change are so successful, that the non-explanation of the 
changeless doesn't worry them. 

. Heraclitus considered ceaseless change to be so obvious a property of things 
.that it didn't need to be explained. And as there was nothing else, in his philos­
ophy, there was nothing to be explained - only morals to be drawn. We still need 
the morals, certainly, but we also need explanations and quantitatively reliable 
ones too. 

Parmenidee - an Alternative Natural Philosophy 

As I have said, Heraclitus was almost alo~e in his enthusiasm for ceaseless 
change. The most way·out of the opposite view was Parmenides. He has too 
oHen been treated, among the ancient philosophers, in parody, as holding that 
all motion is illusory. But we have to remember that the Greeks generally re­
garded explanatory principles as more 'real' than what they explained - like 
the Indians, whom some think they may have got it from - and that 'motion' 
was often used metaphorically for 'change' in general. So when Parmenides said 
that nothing ever really moves, he perhaps really meant that explanations (if 
correct) never change; or that changeable notions explain nothing. Sounds like 
common sense -.but Parmenides, or his expositors, did go beyond present-day 
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tolerance in interpreting their metaphors literally. Anyway, one suspect~ that he 
was provocatively outspoken, if only with the aim of making others think. r-

Stephen Toulmin, in ~recent article.
1551 

, has made a case for the thesis ·t'hat 
the Parmenidean era is now over. Newton was a Parinenidean, (as indeed was 
J~instein, but Toulmin doesn't say so), inasmuch as he believed in immutable laws 
of nature, but their purpose was pl,'ecisely to describe and explain c.hange, or at 
least motion (though in Newton's case., not without occasional help from God). 
Nowadays, however, we insist on expl.aining physicaJ phenomena in strictly phys­
ical terms, whose unchangeableness is never more than an unsupported guess. 
This is to rely entirely on causal explanations , a position I haye argued against 
elsewhere. To explaJn some effect by_~p~i~t_iJ1gtojts cause, can never be more than 
a step alont(altTnfriilte--reg-ression, or on~ more sflofat a vidous circle: Whifls 
hee·dea·is· fo}~ii!p g~tQfJfj.{system concerned altogetlier and find eXplanations 
b·y·unaerslanding its ground~plan. -we maythen.see without arg·ument tfiat the 

. only way from A to B is via. P, or whatever. 
The well-known principle associated wiih the name of le Chatelier is in~truc- · 

tive in this context. It states that in chemical reactions whatever changes occur 
tend to counteract or reverse the situation which conditions them. Thus dilution 
q[jL~itL\lJiotL t~nq~J()J~romo'te. diss_~.ciation. of the .. sol 'tit.~; ~.~~()thermi(re3,ctToiiS~" 
<!I:~ prqmoted .. by heating; and. so' on.'>Ir is an example .of ·an exphination that. 
serves to help control the phenomena explained, and that stems from an attitude 
of mind which was foreign to the ancient philosophers. What it explains is one 
af'pect of Heraclitus' ceaseless flux, and it is t.o that extent anti-Parmenidean. 

The principle however is also arguing against causal explanation. It says in 
effect that chemical causes tend to self-destruct, - what we now call negative 
feedback. It is, in the grammar of explanation, what self-contradiction is in 
mathematics - just as positive feedback parallels tautology. Both can be useful 
in technology, and those who use technology don't need to know why it works 
or how to explain it. But those whose aim is to develop and expand technology 
need de('per understanding of a scientific kind; and at least some of us should 
be thinking towards ultimate .explanations. This is a meaningless term for those 
who deal in vicious circles and infinite regressions - and not those alone. What 
sort of explanation could be called 'ultimate' ? 

The Whole Problem 
Anyway, the use of'the term 'ultimate' inevitably collides with a host of preju­

dkes. lt smacks of intellect~al hubris, from. which we sho'uld not expect anyth'ing 
other than humiliating discredit. It further implies; if narrowly interpreted, a 
reliance on the strategy of reductionism, which is coming increasingly into dis- . 
favour. But worst of all, an ultimate explanation ought surely to be a complete 
explanation, and as such invite a philosophical account of the whole content of 
actual or potential experience. 

Kant was, they say, the first to call in .question t~e philosophical validity 
of statemrnts concerning the totality of existence. H1s doubts, although ex­
pressed in philosophical arguments, may have been founded on the mere feeling 
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that such statements overpa.sse~ the limits of human compet·enn·. Al.though not 
subservient, as many of his contemporaries were, to theology, he may not have 
wished to contradict the opinion that God could not be fully. known. Wha.tever · ' 
the motiv("s or merits of the argument, it was followed by a Jong slow decli~1e in 
the breadth of philosophic vi~ion. In· the following two centuries. there took place 
an accelerating abdication, on the part' of the more respectable philosophers, of 
the one topic· in which their discipline might aspire to a legitimate lead~r~hip 
role. Not looking beyond mere parts or aspects of totality, they were 'in competi­
tion with scientists, who were increasingly better equipped and better informed 
about their specialities, and often disregarded their admonitions- but still made· 
progress. 

The time has come for this depressing abdication of leade~hip, through which 
narrow specialists win all the top prizes, to be reversed, and a return made to 
priorities w·hich have guided philm~ophical speculation, with few remiRsions in 
ali the world's civilizations. There is urgent need today to face the totality of 
things with courage and, if possible, with understanding .. Admitted1y this is to 
espou~e an unlimited programme, towards which we can. as yet make only strictly · 
limited advances. Though 1 shaH propound an 'explanation' with a plam~ihle 
appearance of 'ultimacy', it wiH not explain very much. One st.ep up - more 
like half a step-. is all that I can promise. Beyond there remain several frontiers 
opposing reductionist explanation, where there is genuine novelty to be accounted 

~for within any successful description adequate to the whole of experience. All I 
~~do is to lift the carpet of causality, and show you the floor beneath. 

Information and Causality 

Physics, in its usual and proper l!lense, is concerned with causa] rt']ationships. 
To reduce causality to anything else may therefore be seen as misplaced reduc­
tionism. But if it is merely a question of translat.ing causal language into another· 
idiom and back again ( bijectively , as the mathematicians say ), there is no real 
reductionism involved . I JDAi!':~~i.n:_l..ILex.efoi~Jh~<!t.~,ny causal. re}ation can be ac- .. · 
~,1!':.~!-~lr".r!:s.t~-~.~~~-"!~J.I-,.!~,~~r,~-~~~~~~-~!~~H.<l~,~, .notw~thslanaTn't(tKa~''J>fli'!o~opfiifallf--
mformatJon ongmates m IHology , not phys1cs. Like many orgamsms 1t Js capable 
of adaptation. If an event A is said to he among the causes (strictly , necessary 
causes) of another event B, it is ~mplied that to know that A has oe<:urred is at 
least relevant to the probability that B will also occur (or have occurred). Thus 
"A is a cause of B" is equivalent to •(A has occurred) increases the probability of 
(B will occur)". This translation into information-language can be made for any 

~\state":Ient ~nvolving ~au~ality, and vice ~ersa. In .fact,, altho~gh it acqu·ires a ":ew 
~ non-bwlog1cal meanmg m the process, mformattqn 1s a vahd way of expressmg 
~~causality. 

Two corollaries follow from this idea. One is that we should expect, and not 
be astonished at, the relevance of probability to causal relations. And the other, 
distinct though related, is that whereas causal language tends to suggest deter­
minism, information-language carries no such associations. The high incidence of 
'randomness' as a physical concept translates quite simply into the non-existence 
of what might have been rel{'vant information on a system. 
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We may further take into account the.wellQknown principle that "information" 
also has a renection in physi~s in the shape of "negentropy" and indeed its relatioit 
to causality b('ars this out. Le Chatelier's principle, .for exa~ple, can be seen as· fb 

an application to chemistry of the Second Law of Thermodynamics, that in a 
· closed system entropy must increase if anything at all happens, and information 

therefore decreases . In othe·~ words,· "causes self-destruct". This connection (if 
not the whole cause-information-entropy triangle) is of course well-known; Jess so 
is the notion that the universal expansion against the pull of gravity prevents the 
treatment of the universe, in its earlier stag~.s, a.s a 'closed' system. There may be 
a time whf'n the total information actual1y increases .. Might it then be that, at the 
big bang, the total information action available was simply zero? The postulation 
of any other value would itself constitute information, there~y contradicting itself 
before anything followed, unless the value given were (vacuously.) its own. 

More precisely, Jet T 0 be the initial information postulated, and let 1(10 = t) 
be the inform at. ion involved in postulating it I which c.annot. be less than t. But 
/(/0 = t) = I(t) which is the ~umber of steps i:n the optimum seaJich strategy 

·- logarithmic ranging ~ needed to reach the target t ((j),$sumed integra!) from 
a presumptive va)ue p, (normally p = 1, but here we are assuming p = 0); if 
It- p+ 11 = 2x (with x integra1) 1 J(t) = log2lt- p + 1j, equal tot if t = 0 or 1 and 
p = 0, but greater for all larger values oft. For thesew then, J( lo = t) = /( t) > t, so 
that one needs initially m more bits to specify the initial quantity of information 
than the quantity being specified 1 which includes the specification. We then have 
a contradiction, unless / 0 = t ::::; 1. 

Tl_l_e Inchoative 

The science of physics rests upon a foundation including several kinds of 
statements , which have hitherto seemed to most physicists logically independent. 
There are, for example, (1) the 'law of mass action', or, Jtwre precisely, statistical 
thermodynamics; {2) a battery of laws (perhaps soon to be unified in a GUT) 
involving as parameters both dimensionless ratios and dimensional constants; 
(3) a long list of 'elementary' particles, to which the elegant theory of SU-groups 
has begun to lend a vague analogy to the Periodic Table; (4) the Uncertainty 
Principle; and no doubt others. Of these (1) is an immediate consequence of 
zero information, and (4) at least involves the concept of information. But (2), 
postulating things eternalJy so, is indelibly Parmenidean, apparently entailing 
certain quantity of information at all times and places. As for (3), the less said 
the better. · · - '~ 

. If we therefore follow up the resu1t demonstrated in the previous section, we 
shall have to either explain (2) away, or else :reduce it to a tautology which even 
Parmenides would have jibbed at. I shall take the case where In = 0 as the simpler 
to start with; that is, the universe start,s with no information at ~II, Now any 
hypoth~sis if it is to have any consequences, must contain information; if not, it 
is· either a tautology or a contradiction, and in either case leads now here. But the 
hypothesis, that there exists an entity X such that X .contains no inforrnat~o~ does 
carry information; for it asserts a non-vacuous attnbute of X ,. and a d1stmctly 
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unu~ua) one. My hypothesis is therefore that there exists sornt>t.hing that I call 
the Inchoative, whose only property is .that it contains no information. It is not 
'that we know ·nothing about it, but'.there i~ not.hing to know. It is tempting t.o 
think of it~ exjsting in the BBB area, before the Big Rang, which is nomH'IJst>; 
it is timeles~, like God - and d~void of all other attributes. That being SO) it 
may be futile to start asking spedfi~ question about it. But if one answer implies 
infotJ11ation and the other doesn't, the latter must be accepted; and if both are 
informed (or both not) ·we must keep ~oth branches alive. . . 

So, is the Inchoative a One. or. a Many? in other words, does it have parts, or · 
not? Either would tell us something, but their disjunction is suitably vacuous.- I 
shall start with the "many". But how many ? Any specified finite number, or 
range of numbers, carries information, so it must be infinite; not a specified order 
of infinity, of course, but haven't we a]ready· committed information by excluding 
finite numbers? No, because all these are allowed for through the existence of 
finite subsets. • At leasi a denumerable infinity" is an acceptable answer ... Is 

~~Lj·~»!Y~:!f!7,"tJ~;~t"·~~~~B~la~·~~n°frl~1~i~ff;t~Ti~~!c1~~1ai:c;[~t%~n of~~~~,. 
Inchoative as one whole, and would in any case involve information in identifying 
each 'part'; therefore all the parts must ~e indistinguishable from each other. 

We thus arrive at a characterization of the Inchoative, defined merely by its 
•agnosia" -its want of all knowable particularities- as a single whole consisting 
of an infinity, at least denumerable, of indistinguishab]e parts. Does that sound 
like a claim to "knowledge~'~? Well, I haven't defined <knowledge' up to now, so 
I can still assert that this sentence doesn't count as knowledge. It is how one 
disclaims knowledge, a prolix interpretation of 'agnosia'. But there remains a 
more important question: 

Is it True? 

And, if it is, what does it mean? As so onen happens in this work, care at 
each step provides answers for questions one has not yet thought of. In this case, 
we found two possible answers to the quantity of information initially available: 
zero, assumed hitherto, but also one hit. The latter is not enough to discredit 
any part of the preceding 'apophatic theorem', except the one-many dichotomy, 
but it is enough for an answer to .the question, "Does the Inchoative exist ?" So , 
having dodged the one-many question, we are free to assunH• that the Inchoative 
- that is, an e.ntity defined by agnosia - does exist. · Ttl-ls is important, be­
cause it answen those who might object, with good reason, that nothing follows 
from nothing. What follows is logically entailed by the thesis that the Inchoative 
exists - a foundation as exiguous as that of the columns of Coventry cathedral, 
and as sufficient. But still, what does it mean, the 'existence' of something like 
this? It certainly doesn't mean that one can say "look , there it is !" It is a 
stric~ly non-physical entity, a mentefad, not in the now accepted sense 'real'. 
In the quantum mechanical jargon, it doesn't "feel" either space or time, and is 
therefore unchangeable, and 'real' in the ancient's sense. It is , some will say, 
a. piece of rank metaphysics, and the charge, whatever it is worth, is true. But 
physics, I maintain, cannot be justified by forever cha.c;ing its own tail; it must 
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. ,he~a_e_a_te.d" .. ~jJJ:L.dignit,y":u P.QD."~~L~~J!l~~"~'iRlLPJ.h.~.rJJ~-~~nJ~~~u I ...: ·a. f 0 ~ n d at ion w h 'j s,h 
cannot be denied. Of course, one ctn deny that the Inchoative exists (as I sus-
pect mo~t memhe~ of ANPA still do) -~ a No is as good as a Yes- but. t.hen 
nothing follows, and your physical theory has to start a bit higher up. You have 
to ignore the difference between indistinguishability and distinction, and assume 
that whatever things are not identical are d_istinguishable , which in ~ few but 
irrefutable instances is demonstrably not' the case (I refer. to the vacancies of 
arrayed measurements) and probably' many things wh'ich would have been theo­
rems will have the status of axioms. The losses are perhaps aesthetic rather than 
practical; but practicality is not what is wrong with co~ven_ti~nal physics. For 

. these reasons I think I am justified in calling for.more attention in ANPA to the 
metaphysical underpinnings of physical theory. On these grounds I r~'tommend 
the thesis that the Inchoative exists, and the slender, obscure and consequen­
tial theory which follows from it . 'fh_~_J_nc~<:>-~tive is , .?.1'1~~ f1!_iBhL§~Y-~-R~¥JQ .. 
nothing at all as you can get and still lteep talking:---u_s existence, if it explains 

. ;fnftllini·, is-·surely a~prime-c«indidate ·ror·bein~fan 'ultimate' explanatio,n. In 
fact, it appears, it explains quite a Jot, and even predicts a few things hi'therto 
unobserved (or observed if at all by the wrong people). It might thus be the 
occasion for a considerable rethink. · 

4.2 THEORY 

Triparitous Mathematics 

In the phrase, "The Inchoative is an infinite coJJocation of indistinguishable 
parts", the term 'Indistinguishable' is used in contrast with both 'identical' and 
'distinct'. A number of authors have entertained a notion of such a relationship 

· and given various definitions under various names for it. The possible definitions 
are probably finite in number, and though it is important that the definition I 
use should exactly suit its usage in the above phrase, I cannot be sure that it 
(or its equivalent) has not been used before, and I apologize to any successful 
claimant for not acknowledging priority. 

M:Y~<!~finitiQnj~tJken ~lh~t ~~"Q.,thit:tK!t it,I~-. indistinguishable.,if.they ___ c;Q~~ri~l!.~~-.. 

£f~~i:i:~i-~-~.i~iirh~1 .. iiei·~~~s1~:;!r~!~"·N1rgt~·-t£~ ·~~t1h:-.~t-~i\i;~s~fK~i~t-~ 
at,every.Junprotecteq) ()CCli'Q'~Il~~. The second clause implies that though one 
can tell them together one can't tell them apart, though the first a tell" doesn't 
"count" since _counting involves labeling each item serially implying that when 
you come across a twin j of an i you have already counted,you say "has been 
counted" -which will lead to a wrong result. One can however tell how many 
items are in such a class by finding the smaJJest set into which it can be mapped. 

I have used the term "triparitous mathematics" 'to include all mathematical 
theories which allow for the intermediate parity-relation of "twinship" between 
"identity" and "distinction", defined as above. Actually, there· are six parity­
relations, not three,· since simple negation of any of them is ambiguous. "dis­
tinct" means either twins or identicals, "bipar" means either identical or distinct, 
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and "cardinant" (=non-identical) is eitht>r distinct or twins Wherea..q hiparitous 
·mathematics is often presented as founded on Set theory, tripant.ous. theories 
are derived from analogous entities called Sorts. ·In a "perfect Sort", any two 
members are t.wins (I use "twins" for the mathematical relation between entities 
which are "indistinguishable" or 111ibs") and whatever its cardinal its ordinal is 1 
because twins can't be ordered; in an "ordinable" Sort, a1l of whose members .are 
distinct, the cardinal and ordinal are equal; in a "mixed" Sort of cardinal n, the 
ordinal o satisfies l < o ~ n, and equals the largest of all the ordinable Subsorts. 

· Ordinable Sorts have all the properties of Sets, except for the company they 
keep. Mixed and perfect Sorts clearly don't; this is why I have not used "Set" 
with an adjective for them, but made a new term out of a common noun (after 
the usual but rather deplorable custom in mathematics). Sort theory turns out 
to be very different from Set theory (which of course it contains). The difference 
that is most obtrusive comes from the need to maintain the distinction between 
•together" and "apart" rigorously and, so far as possible, perspicuously. The 
effect of this is inevitably that the grammar of statements in a triparitous theory 
is in general context-sensitive. The referent of a given symbol need not always be 
the same through all its occurrences in a single statement: they may be twins. 
There are ways round this, but they are 'cosmetic' only; if you use any diacritics 
to distinguish twins, you have to have rules for putting them in (and taking them 
out). Such rules (I have found) make things even worse, certainly slower. 

Triparitous Degeneracy 

As one develops the theory of Sorts, one keeps coming across instances where 
the presence of t.wins reduces constructio~s which are good enough for Sets to 
triviality. If f is a mapping from an ordinable into a. perfect Sort, all the images 
by f are identical to a free choice among all the mem hers of the perfect Sort. 
Suppose a, b to be two distinct members of an ordinable Sort, and h; i, j three 
twin members of a perfect Sort. Then fa = h implies fa= i or j (they are all 
twins). Not so the inverse mapping; considered as a Set of ordered pairs it is in 
the same case as before, but if we look at it as defining a functor f, that is taking 
all the pairs simultaneously, context-dependence, and the meaninglessness of a 
functor without its argument, means that the "h" in fh may not he the twin 
of i in fi; it is the formula fh we look at and if f.h = a and fi = b because of 
the mapping, they are in fact distinct. Although we can't count twins one by 
one, we can map a whole Sort of them onto an ordinable Sort in one operation, 
symbolized by the «!furu:to:r"'l f, even if this does not distinguish them aU {having 
used up both members of the ordinable Sort, f i must map the same way as one 
of the other twins). If we had a third, distinct c we could distinguish all three, 
and with a further d, one of the four would go unused. That is how we can define 
the cardinal of a perfect Sort. 

Insofar as any function implies a corresponding mapping, the degeneracy of 
mappings into perfect Sorts means a great reduction in the variety of functions 
definable over such Sorts, and a considerable simplification of the whole theory 
in comparison wit.h the biparitous situation, where functions can be arbitrarily 
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definf'd, if nec~~sary hy writing out operational tablee in full. This kind of de­
~eneracy turns out to be the gource of a most significant patternin~ of structures. · 

·unparalleled in biparitous theory. 

Empiric~) E_xj~tence 

This 'pattern' has to: do with what d~s of triparitous constructions can be 
said to "exist" in a fully ·empiricalsens~. I take this to mean that one can find, or 
expect to find, among things. observed or rigorously inferred from observations, 
something sufficiently isomorphic with the triparitous construction said to exist. 
This notion is not interesting in the case of. biparitous constructions because they 
all satisfy the conditions. Anything; from a simple Set to an elaborate theory, 
may have an empirically verifiable manifestation. But the more complex the 
structure the more likely it is that. such manifestation will not by found; but 
even if not, we shall know what it is we're looking for : a structured Set of some 
kind mapable onto the structure in hand. Given a perfect Sort, however, we get 
nowhere this way, since mappings onto such a Sort are necessarily trivial. What 
we can do is to construct a biparitous system from the triparitous one, using the 
whole of it and nothi.ng more. Obviously, if one or more elements are left out. 
from the perfect Sort;. what follows refers to a proper Subsort only; if we use all 
the elements but leave out some function definable over them, we misrepresent 
the system, though to have functions in the biparitous representation which have 
no triparitous original is harmless for they can be merely disregarded when look­
ing for manifestations; fina1ly, if elements need to be added to the triparitous 
construction to find a biparitous model, we are way out. 

If precisely the elements of the triparitous system and an but only the func­
tions definable over them, can be used to construct a truly biparitous homomorph 
of the given Sort, we can argue aH follows: if the triparitous T 'exists', and if a 
biparitous homomorph B can be constructed to the above specifications from T, 
then B also 'exists' in the same sense as T; but, being biparitous, we can look 
for an observable manifestation of B which' if found, will be 'sufficiently isomor­
phic' also with T to justify the claim of 'empirical existence' for the triparitous 
Sort T. Every perfect Sort has as many Subsorts, distinct from each other by 
differing cardinalities, to represent all its twin members; but the representation 
of functions may fail , as also may the symmetry relations among the elements. 

The great majority of perfect and mixed Sorts do not meet these require.. 
ments; those which do , I call "rational" Sorts. Rational mixed Sorts arise from 
perfect ones by adjoining to the latter either a perfect Sort composed of functors 
under which different Subsorts are invariant (of which there are more than one 
kind) or a singular Sort whose sole member is the "Smudge", that is, any one 
unsuccessful member of the initial Sort. 

Arrayed Measurements 

If any empirical object is to be acceptable as a manifestation of a rational Sort, 
it must in general contain parts, in the right number, which are indistinguishable. 
We can't insist that any components of such an object should be in a strict 
sense distinguishable though {for a mixed rational Sort) that would be an added 
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confirmation.· However', it U! readily shown that indist.inRni~hahilit.y c~n never be 
demonstrated of actual concrete objects .. One may legitimately a!"k then whether. 
thig condition can ever by met. . 

One situation which clearly meets the requirements arises whenever a set of 
measurements are required to specify an object or event, or its location (relative 
to an arbitrary origin) or any other attendant property.' The simplest. ca..•w to 
consider is the location of an event in space-time; this requires four mea..•mremcnt~, 
one of which (time) is deter~ined by quite different techniques from the others. 
One thinks of these as repre8ented by Cartesian coordinates, but we need not 
be so specific; the point is that before anything is done we know .we have four 
vacancies to fill, one different from the rest. Of the spatial vacancies we can 
postulate strict indistinguishability: (1) they are not 'concrete objects'·, (2) to 
change the ord~r of two of them {before any measurement) leaves everything <k~ 
it was, (3) each one, considered on its own, is identical to either of the others. 

On beginning to make the measurements, the first step is to map the vacancies 
onto a set of labels, either three of those provided by the Combinatorial Hierarchy 
(s~e sec. 12), or the x, y, z, t of a cartesian framework. This distinguisl.tes them 
and at the s·ame time determines what measurements are required. Finally, we 
make the measurements and write the results in the labelled vacancies. The 
'time' vacancy doesn't actually need labeling, since we know beforehand that 
it is distinct form the others. A majority of the perfect and mixed rational 
Sorts yield perspicuously enough to this analysis (though perhaps trivially for 
perfect Sorts). The two largest, from which the whole enterprise started, do not 
show obvious traces of an arrayed measurement basis; but since if they did the 
labelling process would be very hard to envisage as a practical operation ( 127 
indistinguishable vacancies? or 2127 ?) this· is perhaps unsurprising. It is in 
general however convenient to denote the "form class" of a mixed Sort of ordinal 
o by { c1, c2, ... , c0 ) where the Ci are the cardinals of its perfect ~m bsorts; the form 
class of a perfect Sort is (cJ , of an ordinable one [1, 1. .. ], and of spacetime [3, 1] 
or [1, 3). . 

Overview of Rational Sorts 

At this point· I insert a brief summary of the rational Sorts. First of all, the 
empty Sort is rational, since it is identical with the empty Set, whose 'manifest.a-· 
tions' are infinite in number and also in triviality. Nevertheless, it bears thinking 
about. 

The singular Sort, of the form dass [1J, is in much the same case, but it does 
have descendantflJ. Adjoined ~o the class of Identity functors, it yields ( 1, 1 ), and if 
we bring in further the identity functors over the class of identity functors, we get 
jl, 1, lj. This can go on for ever, and generates the whole class of ordinable Sorts 
Isomorphic with the integers. Note however that individual 'classes of identity 
functors' are not rational Sorts, nor is any sequence of them having gaps or 
missing the first member; ~a~h term is only defined a.S aJuJ1<:UQI\ of .thJLJ~rm 
iJ!ltnedi~~~~y~below it, wh,i<:ch ~~~t-~ejij~fuded to satisfy 'rationality', recursively 
till we reach a component of the Inchoative. 



The p('rfect Sort of two memh('r~ is rational, of form cla.."s [2j. So also is the 
result of adjoining its 'smudge~ which we might represent as the form clasR 12, l"J. 
The notation " " " indicate~ that the final subSort is represented by the "smudge 
functor" 1<1> as sole metnh('r. However the ·smudge of any Subsort of a perfect 
So~t can be shown to be twin to each sing.le member, so that 12, l"J is in effect 
identical wit.h j3J, though if the extra element represents not· the smudge ~tself 
but the smudge-functor which like functors is distinct from its arguments, it is 
hcflt to keep the notation [2, l"J. "I3J" refers to the "c1oflure" of I2J, including 
the smudges of all its Subsorts of winch the only proper ones are the elements 
themselves. By adjoining eildomorphism 'functors to [3J we get !3, 7J and then 
!3, 7, 127J, and finally ,using a different, non-repeatable, endomorphism formula, 
we get [3, 7, 127, zl 27•J, which terminates the series and also gives an otherwise 
inaccessible 12, 3•]. The notation " "'" marks the )a.Bt subSort as represented 
by the functors I D' over all non-empty subSorts D' of the preceding term D. 
As already mentioned there is a perfect Sort [3]. Adjoining to it the smudge 
functor gives [3, 1"]. The Closure of I3J is [7] which however is not rational; but 
by adjoining endomorphisms of the non-repeatable class we get [3, 1•], which is 

1 regarded as distinct from [3, 7]. 

All finite perfect Sorts with cardinal 4 or more are non-rational but there is 
at last one infinite perfect Sort (whose cardinal is surprisingly 2No , unless you 
an 'Intuitionist'), of which only subsorts not greater than N0 are strictly rational. 
The Inchoative as a whole is not demonstrably rational; but there may be an 
infinite number of rationals in the form class oo just as there are an infinity of 
cardinahle Sorts, which are rational from birth as it were. 

The Combinatorial Hierarchy 

I have mentioned that the logic underling the concept of rational Sorts .rests 
on the possibility of seeking empirical evidence for the existence of biparitous 
structures built out of and isomorphic to the Sort concerned. But isomorphism 
is a transitive relation, and once one has demonstrated that a given Sort is 
rational, one is no longer restricted to using the biparitous representation which 
first proves it; any biparitous construction isomorphic to the primary one, even 
such as are not constructible in the manner prescribed from t·he triparitous Sort, 
are available for what can be got out of them. 

Now there is a very productive instance of this in t·he case of the rational 
Sort 121. Its two elements tan be represented by the elements 0,1 of the ring of 
modulo-2 arithmetic, notwithstanding that these are distinct and have no dt'red 
derivation from indistinguishables of any kind. The two two-argument functions 
definable for the Sort are represented by + (for the "G" of T of I) and by free 
choice for "J". The latter is represented in various "random" operations, but the 
former which is the essential constructive device, by which the Combin~torial 
Hierarchy is derived 156

'
571 

• Further levels of the Hierarchy, corresponding to the 
form classes 131, (3, 7J, r3, 7,1271, and (3, 7,1271 2127 -lJ are fOn~t.ructed of~atrix­
Jike structures built out of the elements 0, 1; the rat tonal Sort construct ton has 
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analogous structures _for the firs.t three levels, but a different type for the laRt 
level. It also yields two rational Sorts, of form cla8ses l;l,i"J and 12,3") ntiRRing 
from the Cll model, which also lacks parallels for the ordmahle and infimte Sort.s. 
But the CH treatment more than compensates for this in the greater power of 
biparitous mathematics and the greater freedon:-a in its physical interpretation. 
Neither the ordinable nor the infinite Sorts seem likely to ·yield anything new 
~y ~ay of alternative biparitous repre~ent~tions; su~h. exten~ions are lik_ely to be 
hmtted to the form classes [3,l"J.(whach ls·not mentioned m Tof I) and I2,3"J 
associated with the part on. structure· of hadrons ·(and by implication of leptons 
also). · 

4.3 THE FINITE SORTS 

Since the theory is relatively weak on genuine prediction, as oppose~ to retrQ­
dictions or explanations of what is already known, I shall leave detailed discussion ! 

of the infinite rational Sorts till later, and deal here with the finite ones, which 
offer comprehensive explanations for many things, few of which will surprise the 
well-informed reader. The basic idea is that since rational Sorts have been se­
lected from Sorts in general so as to have 'empirical existence', it would be nice 
if physical correlates could be found for all of them. This seems in fact to be the 
case; a few even have more than one interpretation. It is not of course claimed 
that all physical phenomena have such an explanation. 

Few words need to be said about the empty Sort. It is exemplified by the 
. "fact" that Nothing exists. The evidence for this is that much of spacetime 
appears to be empty. But as we have not yet got any concept of spacetime, we 
can't begin to explain how 111nothing" and the various contrasting "things" are 
interrelated. All we can say is that the rationality of the empty Sort implies that 
the structure of the ·universe is ba8ically discrete. In some sense or other, there 
are gaps, but that's a.s far a.s we can yet go. 

The Sequence of Events 

I have explained the ordinable Sorts are all 'birthright' rationals. That means 
t,hat there is an infinite simply-ordered Set which has a unique status as inde-­
feasibly· empirical. Since it can· be argued that all physical observations are of 
elementary events, or of congeries of events, each of which is a scattering en­
counter between elementary particles (or a particle's disintegration or 'decay') 
the obvious interpretation· of these ordinable Sorts is that they represent in a 
simple--ordering the successive events in the history of the universe. The singular 
Sort ltJ·will then represent the Big Bang, and subsequent members of the series 
events occurring later and in due course elsewhere. Of course they won't be much 
later but they will be, as we have seen, discrete -which some cosmologists deny. 

As for the 'elsewhere', if we consider a "time-alice" (fo~ relativity theory pre-­
sumably a light cone, but we need not be too specific) of the universe, the events 
in it must be finite in num her (else the totality would not be sjmply-ordered 
as the ordipable-Sort series insists) we can prove that, if there is a decidable 
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parity-rrlation- hetween .any to orderings of a finite colledion, it must be that 
of t.winf;'hip. Since there are no rational perfect Sorts with more than three and 
les~ than an infinity of members, the events in any such 'time-slice' must have at 
mo~t. three decidable twin orderings, and any other must be expressible in terms 
of these three . An analogous situation (a bit more than an analogy actually) 
is presented by orthogonal axes which are mutually congruent but functionally 
unrelated, whereas any non-orthogonal companion can be expressed as a func­
tion of the orthogonals. But the up-to-three indistinguishable 'orderings' - the 
terminology is none too apt, but it's an on-off affair- are not any kind of 'axes', 
and their only use is to demonstrate that to locate any event in spacetime one 
needs only four ordinal numbers, specifying its position in each of the orderings 
chosen and the time-slice in which it occurs. 

This is sufficient to show that the universe of 'events' is sufficiently mapped by 
a system of arrayed measurements of the form-class !3, lj -· which has a rational 
Sort to justify it, that is, of which it is the empirically-observable manifestation. 
When we come to consider how the vacancies in this array may be filled, we have 
to go over to the combinatorial hierarchy to define the identification of <axes' 
(other than time, which depends on the kind of 'time-sJices' we use) in such a 
way as to suggest how foot-rules ought to work. But we have many steps to go 
within the T of I before we can decide what we mean by observation. 

Observ~~ion 

Events communicate with one another through the particles they give rise 
to. An event occurs if and on]y if two or more particles meet within their mu­
tual scattering-radius; (which particles may be described as moving backwards 
through time, when we have to account for the decay of a single particle). The 
trajectories of the particles 'carry' (albeit in a Pickwick ian sense, as we shaH see) 
information sufficient to specify the nature of the event in hand, and at least rel­
evant to the information carried by the emergent particle trajectories; 'at least' 
because the latter are always in some measure indeterminate unless there is only 
one of them. 

Although this process in general involves a loss of information between each 
event and its successors, it is possible to contrive experimental situations in 
which the effect is counteracted by preserving in tE>mporally persistent form (as 
in the particle tracks in a cloud-chamber or photo-stack) information from many 
connected events. By a sequence of further events, nearly all strictly unobserved, 
much of this information is transmitted to a human brain trained to interpret it. 
The conclusion of this highly indirect chain of causation ia called the 'observation' 
of one or more events; it involves the .leakage of a fraction of the information 
output by the event observed by way of an artifadual diversion into the observer's 
consciousness. Despite what would appear to be the gross implausibility of the 
idea, many eminent authorities ·have laid great weight on the fact of observation 
as an essential ingredient -not merely of our knowledge , which all must agree, 
but also in the actuality - of what is observed. It is indeed laudable that 
the unit.y of the world and the interconnectedness of all its parts should not be 
lost sight of, but interconnections ought not to be asserted without at least a 
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tentative explanation of how they operate, -which in this instance seems to have 
been' lacking. · · · . 

A particular problem is raised ht-re by ·the Jaw of increa~ing entropy, whi.ch 
entails decre.aaing 'information within any do~ed system. The exiRtenc~ of phyRics 
depends on the existence of physicists which is only possible b{>cause the univen~e, 
especially the surface of planets, i.s at prese.nt in a sate where such syste~m~ are 
rather exceptioni,ll . Although information keeps on getting lost, a lot of it gtiH 
survives, often frozen· into near-perpetuity; thanks to this we can carry. out our 

·observations of elementary events as well as matters on a more human scale. 
Our lives are surrounded by traces of the pMt, which we tend to explain as 
'historical accidents'. The distribution of continents and islands on the garth, 
and the state of its atmosphere, and much more, are consequences of large-scale. 
events occurring over many aeons. On this scale, the discreteness of information­
transfer from event to event at the elementary level is imperceptible. Though 
Europe and America are drifting apart by several centimeters a year, we have 
no reason to doubt that this is the 'effect of a vast number of elementary events .. 
But it is much more usefully described as a continuous motion powered by the 
continuous upwelling of material in the mid-Atlantic Ridge. The bizarre details 
at the elementary level are simply irrelevant here. 

Anyway, they are not observed and never will be. Thus, the queRtion whether 
they are observed cannot be consequential. And if not in plate tectonics, why 
any more so in a linear accelerator? 

The Disposition of Eventa 

Nevertheless, one can from time to time observe, in the rather remote fashion 
indicated, an elementary event or a consortium of events. What can one then 
do with information thereby ob.tained? One can't reaJly assign it to an ordinal 
vector, of the kind initially considered, since one can never know its position in 
any ordering , even· if it were possible to define an ordering of all past events. But 
we can choase an origin and specify axes for a Cartesian [3,1)-vector, whose com­
ponents for a given event can be at least approximately measured and reordered. 
In this way observed events, and theoretically also unobserved ones, may be dis­
posed in geometrical space (GS). If we could accept the idea that the particles 
emitted in an event could be assigned. specific trajectories, these could also be 
mapped onto the same GS; but for this to be possible we shall need to know the 
locations of the two events between which the trajectory extf'·nds, wJ,ereupon we 
can plot the path followed (which in the absence of relevant force-fields will be 
a straight line) and infer the position of the particle at any instant between the 
two events. This will be a [3)-vector referred to axes manifestin~ a perfect Sort. 

In fact all perfect Sorts have such an interpretation so long as they are ratio­
nal. A I2J- vector can represent the orientation of a spin axis, and a [I)-vector, 
which relates its referent to the Big Bang, can be interpreted as a measure of the 
time ·when the event occurs. But, as I have said, there is another perlect rational 
Sort, of infinite cardinality. Can this also describe some kind of 'space' ? 

If we assume (to start with the 'worst' case) that each component of the 
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[infini.t~l-ved.orR involv('d can have a c~untable infinity of values, any such value 
can. lw definf'd hy hinary logarithmic rangiJ1g, answering a countable infinity of 
yes-no qtH•st.ions, which a:re not f'nough to outstrip the uncountable infinity of 
the vector components. Each component may therefore be treated as capable of 
two values i>nly, a 'yes' ~nd a 'no'. The infinite perfect rational Sort can thus 

·be. manifE>sted as an infinite Boolean lattice (possibly with many uninterpreted 
points), isomorphic with an infinite "similarity-spa.ce~. ·Finite similarity-spaces 
are a familiar tool in various branches of science, and their uses and properties 
are well-known; a familiar ex·ample is a "di~hotomous key" for the identification 
of biological specimens. 'l;:h~r cqnvey_ quali~ative descriptions of things. I h"l!Y~ 

. hithertO described the r~su1tin-g~k-JJld-OfTspice' in-J>h~fSlCtllCOJtteJftS ···as 'dtSOrdi­
~ate'.J~,~CaU;e·"each point has ·an infinity ofneighhours); it .is not too happy ·a 
term, ·for there is some order there, but I propose to stiCk t.o it. Geometrical 
Space will be contrasted with Disordinate Space JP§J~ereafter. 

The objects, or events, which are described, however qualitatively, by DS 
are the same as those located. in GS. This of course implies a mapping between 
the two spaces, but in view of the disparity in structure .between them, and the 
consequent impossibility of specifying points of either in terms of the other, this 
can only be a random mapping. Furthermore, it is GS rather than DS which 
we directly experience in normal consciousness, and therefore this mapping can 
only be apprehended as a structure in GS, the nature of the 'structure' being 
that of a probability distribution function appropriate to the phenomenon in 
hand. A simple example of such a distribution is worked out, under the name of 
'disordinate statistics', in T of I (p.150 ff). 

There is no reason to assume (as is conventional1y done) that GS is strictly 
continuous; there are arguments, which I have briefly alluded to , for thinking 
it may be discrete. However probabilities, being essentially ratios, introduce the 
need to accept general rational numbers associated with the GS coordinates, 
which are thus dense rather than discrete. Insofar as the objects we observe in 
GS are at least in part influenced by DS de·scriptions, we shall not perceive GS 
as observably discrete (not even if it were governed by a graininess coarse enough 
to be seen a8 such, which is certainly not the case). One inevitable effect of DS 
is to soften the outlines of things in GS. · 

There is also the important question of when DS and when GS is relevant 
for· the description of phenomena. This is virtually answered by saying that two 
events must be located to determine the path of any particle passing from one 
to the other. In the presence of only one event, or of none at all, we have no 
alternative to DS; once two or more events are in question, we go over to GS. 
Because our minds have evolved to cope with actual events in large numbers, 
we are conscious (norma11y at least) only things "in GS". This is an ever-present 
cause for confusion; and has (I believe) tripped up some very eminent thinkers. 

The Connectivity of Geometrical Space 

There are various theoretical possibilities for the overall ~tructure of GS as a 
whole. Briefly, an intrinsic uniform curvature, which could be positive, negative, 
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or zero, but could not compatibly with the co~molo~ical principle vary from region . 
to large region, could obtain. The question is one which evokt'g gurprigingly little 
concern. ·It is for example customary to a.·~gume, following Arigtot.le, in 4-D, t.hat 
"space is· (hyper)spherical", implying but not seriously believing ~.hat the ov<'ra.ll 
curvature is positive;. that the word 'sphere' is much more familiar than ':'~ella' 
may be w~y people don't' more often s~y that it is 'hypersellar'. 

Either sphere or sella would involve a radius (or other measure) of curvature 
as an additio.nal universal constant., which the underlying metaphysic's of my 
theory would require to be somehow computable a pn'ori. Not seeing how to do 
this I naturally opt first for the third alternative, a hypertoroidal space, whirh 
has 1ero intrinsic curvature. This is supported by some and opposed by other 
observation. In theory, it could become ·possible to measure the curvature of 
space with the average density .of matter, and data on this, though not very 
reliable, seem to most authorities to· lean heavily towards low values implying 
negative curvature; but revisions f:ieem mostly to be upward. That is the main 
source of opposition to my conjecture. 

The main support i8 geometri.cal, in that it is known that some phenomena 
have an intrinsic chiral bias; that is, some events produce more {say) left-handed 
spinning particles. An even more ungainsayable fact; of really the same kind, is. 
that anti-matter is virtually banned as a permanent constituent of our world. ~3ut 
with any non-zero curvature of space one would expect every chiral particle to 
be balanced somewhere by ite a.ntichire (which would be disastrously in conflict, 
one might say, with the 'anthropic principle'!). None of this need happen in a 
hypertoroidal space however, for this alone is fully compatible with any arbitrary 
chiral bias. 

It is possible also to suggest· more or less plausible ways of computing the 
average density of matter. One of these is set out in T of I, p. 193. The value 
it yields is within one percent of that required for a zero intrinsic curvature by 
relativistic gravitation theory (very accurate for the present state of the art). 
But there are many objections which might be made to this calculation and not 
too much confidence should be placed in the result. 

Thus, while the facts remain in dispute, and long will, there iR a good (but 
not overwhe1ming) case to be made for hypertoroidal connectivity. One doesn't 
have to visualize a four-dimensional American doughnut·- any regular crystal 
lattice will do, if y·ou don't object to an infinity of exact copies of your universe. 
There are no analogues however of a hypersphere, still less of a hyperseJia, in 
objective experience. 

QuantiJ;ation 

There is a further point in connection with chirality which may be impor­
tant. In Sec. 10 I explained how the making of an arrayed measurement involved 
three stages separated by two operations. The stage of strictly indistinguishable 
v:acancies is terminated by 'lahelling' them, and the labelled vacancies are then 
filled by appropriat.e measurement techniques. To say that a given quantity is 
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'qu a.ntiz.ed' is t'o say that.'it. cannot. be divided ·indefinitely, that there i~ a·n as~er­
tai·nabl(• value than which only zero is les~. In the above scheme , a hypothesis 
that. a. measure is, or is not , quantized, must be introduced before the labelling. 
of vacancies, for after that only empirical facts are taken account of. · 

There are two possible sources of qu~ntization. If, as may well be the ca...~e, 
all measureEI are fundamentally discrete, all are in one sense redudble to integral 
numbers of quanta (though this might require a non-linear transformation to g_et 
the conve.ntional me~ure.ments co~espon~in~ to the.m) .. ~--~-~_!!Itl.Rgl~.d-i.fferent 
P!OP-~I!Y~J~J . .h.e.quantlzatwn .oLa!:ttQn,. wh1ch IS certamfy lmear, and on a much 
coan~er scale than is plausible to postulate for say distance. The first type is a 
preexistent attribute of the measures affected, theoretically based {or refuted) 
and not a supplementary hypothesis like the second type. It is the latter I am 
concerned wit.h here. · 

The hypothesis of non~quantization (which· is easier to argue from than its 
contrary) assumes that we can find as many diminishments r, such that 0 < r < 1,. 
a..~ we have vacancies in an array, by which to diminish l;Vhatever actual values x 
may turn up in a measurement, to get not truth bu_! s.~!!!-~.Pl<!.\!~Lbl~.fi-~~j~qn. When 
the vacancies are labelled we can choose numerical v·ifues for each of the r's, which 
are in general all different and chosen at random. If a 3-dimensional figure, say a 
tetrahedron, has three edges of lengths a < b < c, it will be chiral; but on applying 
the. aforesaid diminishment we shall in general not find that r- 2a > r- 2b > r- 3c 
because .the r's are unconstrained. Thus chiraJi~y ~~nJ:tQt .he" anjnh:(n,"~£~-P~t?perty 
of a fig'!r .. e . .clefin~~- by continuous ·varl .... a~les~ Chirality survives unchanged only 
ir1t:l1e--absence of aU 'hypotheses' of this kind, and is inconsistent with arbitrary 
'diminishment'. Since the' hypothesis of non-quantization thus fails, it follows 
that all measures i~tvolving chirality, actual or possible, are quantized. Well -
are they? · 

The simplest such quantity is angular momentum or 'spin'. It is associated 
with the rational Sort 12,1) in which the 121 can specify the orientation of the 
axis, and the [lJ, as usual attached to time (or its reciprocal), assigns a frequency 
or rotaLional speed. This is of course well known as a 'quantum number' and 
moreover it has been shown to be communicable , as rotation, to more massive 
bodies born barded by particles of monochiral spin. Any quantity of the same 
dimensionality as angular momentum, action in particular, is also quantized. 

A possible exception might be seen in the case of charge , which is quantized . 
but apparently not chiral. Now I have not proved that a non-chir.al quantity 
can not be quantized, but one might expect that ite quantization might reside 
in the discreteness which may be present universally. However the pattern of 
the so-called CPT conseryation law shows that change must involve some kind 
of chirality, and therefore need not be regarded as exceptional in this respect. 

The Uncertainty Principle 

It is obvious that in measuring any quantity subject to quantization, the least 
error that can be made, assuming that complete accuracy is impossible, amounts 
to 'one quantum, since fractions of a quantum are meanini2;1Ps~. For either dense 
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or continuou·s measures, ' complete accuracy' >require~ in'fl n it.e information, and 
is therefore im·possible; but in the case of a discrete measure·; thf' information 
required is finite, but likely in practice always to exceed what is· oht.ain able. 

The.re are a number of pairs of measures, whose product has the dimensions 
of action, whiCh are also those of angular momentum (which is physicidly. intt>r­
convertib]~ with action); this as has just been explained is quantized, and it.~ 
quantum is Planck's constant h. Thus the product of the errors in an,y two such 
measures cannot be less than h. Pairs of measures covered by· this relation are 
energy (AT- 1 ) and time (T), angular momentum {A) and phase(!), linear mo­
mentum {AL-l) and distance (L). Electric charge, which is also quanti~ed, does 
not participate in such pairs, since its dimensionality is irrational (A 112 V112 ). 

Thus the minimum-error ('Uncertainty') principle is largely confined to the pairs 
of measurements cited. 

Any mea:mre which is quantized is subject to a conservation law, stating that 
in a closed system it can neither be increased nor diminished, since a quantum 
cannot be created or destroyed (though two antichiral quanta can sp<;>ntaneously 
arise or mutually destroy each other). Each of the above complementary pairs 
consist of an 'active' and a 'locative member; if the latter's values are a dense 
set, capable of infinitesimal change, the active complement must also be subject 
to a similar conservation law, since their product is so and the locative member is 
unconserved. Thus the existence of conservation of charge, energy-mass, angular 
and linear momentum, are fu]]y in accordance with expectation. The argument 

\ does not necessarily hold up if space-time intervals· are discrete - this is the l only apparent evidence against discreteness which I have encountered; the want 
of empirical confirmation of discreteness i.s of course equally expected. We really 
don't know. 

, How Many Forces? 

At various times during the last century or so different 'forces' or 'fields' 
have been distinguished by physicists. Once could name gravitation, electricity, 
magnetism, the weak and the strong interaction and the 'chromodynamic' field. 
Many of these have since been explained in terms of one another, first the elec­
tric and magnetic fields, then electromagnetism and the weak interaction, were 
unified; and the strong and chromodynamic fields likewise .. Now there is a chase 
on for a Grand Unified Theory, which is having a good !'niccess except, so far, 
that it can't quite cope with gravity; but this is confidently -expected to follow 
suit in the end. 

Neither the T of I nor the Combinatorial Hierarchy approach has had unqual­
ified success in finding an explanation for all this. Two 'coupling constants' have 
been identified, both on frankly numerological grounds; the two largest cardinals 
(in both systems), 137 and 17 1037 , are reciprocals of the required constants for 
electromagnetism and gravitation respectively, the first being Jess than .03% out, 
and the second quite close. The weak and the strong interactions should have 
analogous coupling constants, but they have not been convincingly demonstrated 
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hy eitht>r of our approaches. It may be that they will be explained by the GUT 
theorist.5l.. · · 

If hnwf'Vf'r onr nHnH•rological identifi~ation of the gravitation coupling- con­
stant is not· a diabolical coincidence, the implication may be that gravity will 
not, in the end, succumh to GUT treatment. It will be interesting to see what 
~mccess comes to this research. 

Larks ---

It is a necessary consequence of the thesis that the Inchoative contains no in­
formation , that its ultimate indistinguishable parts should possess no attributes. 
It follows that they can never be observed as such; everything which is observed 
must be an aggregate, either of ultimate "agnomes" or of more complex con­
stituents .. All the known 'elementary particles' above the level of quarks are 
'observable' in that they can sometimes be 'seen' in particular places or following 
particular trajectories; they can be said to 'feel' spacetime. They can be located, 
that is associated with distinc.t vectors, and therefore distinguished by attributes 
of location, even though they remain qualitatively indistinguishable. 

These remarks apply equally to baryons and leptons, and run counter to the 
idea that there is a likeness between leptons and quarks which baryons do not 
share. I am led thus to claim that there is a ca.Se to be made for regarding leptons 
as having a structure of components analogous to the quarks which are regarded 
as the ultimate constituents of baryons. Whether these are truly ultimate, that is f 
to say 'agnomes'. is debatable. Quarks conventionally, and their lepton analogues l 
"larks" hypothetically, are assigned attributes of 'colour' and 'flavour'; but these \ 
could be seen as specifying a subspace of the discrf!te 'srace' which manifests ' 
the (3,7} rational Sort involved here (there is another (3,7 Sort defining energy­
momentum 'space' which is usually assumed to be 'continuous'). Each quark 
could share its time between different points of this subspace without contracting 
'attributes', subject to appropriate statistical parameters belonging to the points 
not the quarks. This kind of time-sharing permits the fiction of dense values 
for quantized measures, applied for instance to charge in the proton-electron 
calculation (original version). 

This 'fiction ' works only because the colour-flavour space is discrete, so that 
different quarks, or larks, can occupy the same point in it and not be distin­
guiflhed at all, whereas in spacetime, whether it is dense or microquantized, two 
·particles must occupy different points, or be observed as one, even if their intrin­
sic properties are identical. Quarks, and larks, are thus at least a step nearer to 
'agnomes' than leptons and baryons are, even if thy are not actually there. 

Of course , quarks have been 'observed' inside protons- or at least protons 
have been found to be internally lumpy - whereas no. structure has ever been 
found in· the much larger electron. But the larks in the electron are massless 
(as is assumed in the m,/m~ calculation), whereas at least some of the proton's 
quarks are credited with mass. If so, this is an attribute which can't be argued 
away (might one devise a comparable experiment on say muons?), and quarks 
would have to be split up into (perhaps at last) ultimate· 'agnomes'. Massless 
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components co.nfined within an electron would not ~iv.t> it. any oh~('rvahle inho­
mo~eneity. There .is evidently a lot to be found out in thi~ fi('ld. 

4.4 ON TO INFINITY 

I shall now pass over .to the dis.cussion ·of ~orne applications of the 'disordinate 
space' which was earlier indicated as the principa·l source of more or less novf•l 
predictions, in which my th.eory is disappointingly poor. The main 'predictions' 
not involving DS are that the connectivity of space should be hypertoroidal, 
for which there is only rather indirect evidence, and may seem to some to be 
uncomfortably similar to the theory, now univen~ally abandoned ,that the surface 
of the Earth is flat; and that leptons have a structure of 'larks' ·analogous to the 
quark structure of baryons, which is at· present widely contestedt though what 
the evidence against it is I confess to not knowing. 

In contrast, the notion that. disordinate space is an ever-available alternative 
to geometrical space leads us into a variety of new viewpoints and perhaps sur­
prising predictions -some of which are however 'predictive' in the strict sense, 
only for the ill-informed. 

Disordinate Space - Recapitulation 

Most of the essential points. about DS will be found in the later paragraphs 
of Sec.15. It will however be helpful to summarize this material here in the from 
of bald statements. 

First, DS is a 'space' of infinite dimensionality, which is represented as al­
lowing only two values, 0,1, in each 'dimension'. It is, that is to say, an infinite 
Boolean lattice, and has 2No points. Of course, the infinity of points can, never be 
exhausted; but they are needed· theoretica11y in proving there is a rational Sort 
of which it is a manifestation, and their actual infinitude-may have real relevance 
in certain cases. 

Whereas GS provides for the assigning of locations to events, and trajectories 
to particles, DS contains no specific reference to space or time; its function is 
essentially that of a similarity-space, which encodes qualitative descriptions. In 
view of its ·infinite dimensionality it h.as limitless tolerance of redundancy, and 
should therefore be capable of specifying any integral value of an variable . But 
it is doubtful how far this would be applicable to spacetime~ intervals, and t.he 
procedure involved would be so way-out for the purpose, that I think that little 
if any use should be made of it in this way. . 

Though GS can 8pedfy the location of a single event relative to any arbitrary 
system of coordinates, no real .information is conveyed by this, and in effect any 
matters not reducibl~ to at least two directly relevant events must be recorded 
in DS or not at all. But this still leaves us in an event-based world with the 
mental faculties adapted to living in such circumstances -faculties which make 
GS 'self-evident' and DS 'obscure'. 

The re1ationship between .the two 'spaces' is one of 'random mapping', but 
some relationship there has to be, since any set of events can be represented 
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m either of them. The difference is that they appear s·ingly ~nd unrelated 
in DS hut lined· toge't.ltl"r ·in a spatial framework· but \mdescribed in· GS. Of 
(()lJfRe, whf'tiwr what I call 'random' mappings are' in general unconstrairirci by 
boundary-conditions expressing the peculiarities of giv.en problems,· which can 
take a Jot of the 'randomness' out of them; but the fact remains that rio detailed 
point-to-point correspondence can be postulated, ·such as one usually expects of 
'mappings' . One general r'ule is however worth noting:DS is extremely 'short­
sighted'. sine~ it is hard to look far without having to take geometrical relations 
into account, whereas GS can't_ 'see' less than two events.· .Under these cir­
cumstances, the random mapping relationship between. them results in a local 
'softening of outlines' as mentioned earlier. The scale of this effect depends on 
the local event-density, but doesn't get near to any acceptable scale of intrinsic 
quantization (discreteness) of spacetime. It is the.refore open to doubt whether 
such a quantization could ever be empirically observed. 

4.5 EINSTEIN-PODOLSKY-ROSEN 

Though I intend here to show how the notion of DS leads us into new areas, 
. and indeed beyond the conventional concerns of physics, it is helpful to start 
with yet another instance where all we get is an alternative viewpoint on the 
weiJ-known . The so-called 'paradox' of Einstein, Podolsky and Rosen provides 
a good illustration of the operation of DS at the simplest possible level. 

The situation concerned in. Bohm's version of EPR is where a single event 
gives rise to two particle differing only in having mutually antichiral spins. If, 
before any other interactions have occurred, one of the particles is established as 
say, dextral, the other, however far away it may now be, is known to be sinistral 
simuitaneou.c;ly, in apparent defiance of the limiting velocity which ought to have 
imposed a delay in transmitting this information. It is not only the experimenter 
who knows this - the particle itself can reveal its chirality 'long' before it could 
'know'. 

Chiral orientation is not directly representable in DS; it cannot be defined 
except. by reference to an arbitrary standard, which reference involves several 
geometrical comparisons which DS can't cope with. It could be objected that 
elementary particles are a lot simpler than scalene triangles; but we may not 
attribute to DS any sort of model of them such as would be needed to exploit 
this simplicity- that would be 'information' not derived from the situation in 

·hand. What can be held in DS is the fact, established with the initial event, that 
we have an antichiral pair. 

As soon as the chirality of one part ide is discovered, by a second event, frame 
of description changes and we· go over to GS, where chiralities are straightfor­
wardly represent.able, including that of the companion particle. ln GS there is 
no geometrical uncertainty, and the 'paradox' is resolved. 

The Collapse of the Wave Function 

Let us now look at the ce]ebrated 'two slit' experiment. An electron is fired at 
a screen containing two slits, appropriately spaced to give a regular interference. 
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patt.e~ in the arrival pointe of a large n·umber.of elect~ons at ~second detedor· 
screen. The passage across the first screen is the. first relevant event, in whidt 
scattering occun~, deflecting the path of the electron. Cons.idE'ting this event only, 
we ·have to rely on DS. Nevertheless, we have to think in GS (~lse we would never 
recognize our mothers), and this calls for an exercise in random mapping. 

· The result of this mapping is conventionally, and I a."sume. indiflput·ably 
(though I am not able to present the matter as a random mapping in .detail), a 
wave-function, determining the probability that the electron will arrive at each 
specified point-volume of the space beyond the first screen. The actual arrival of. 
the electron constitutes a second event, and as in the EPR case, we must go over 
into GS, where . .,. specific point o( impact is coded. 

While the electron is in transit it is represented not by a fixed trajectory but 
by a complex probability-distribution, the form taken by the 'random' mapping 
of DS, under the conditions of this experiment, onto GS. It contains 'information' 
only in what I earlier described as a 'Pickwickia.n sense'. On arrival, its position 
is stated because with the second relevant event we must translate into pure 
GS terms, which do not allow of an extended probability-function, derived from 
the no longer adequate DS information, but give a plain answer to the question 

i r "Where is it ?". The 'collapse of the wave function' is thus presented as a trans­
J.flation from a qualitative to a quantitative language, as we pass from considering 

,:; f a single. event to looking at two together. 

U we ask the classic conundrum, "Which slit did the electr"on pass through?", 
there is no objection to the answer that it passed through each slit with a certain 
probability. U the probabilities are p and q, and if we pass through not one 
but say N electrons, Np will pass one slit and Nq the other; the situation is 
precisely analogous to the case with light, where Np, Nq correspond to specified 
intensities at the two slits. The only trouble is that we think of Np as a number 
less than N, and therefore p as a fraction of an electron, which sounds bizarre. 

~ But what else i~ a probability, but that which, multiplied by a numerosity, yields 
J a frequency, and what is a frequency, but that which divided by its numerosity 
~ gives the underlying probability? 

What goes for this rather elaborate two-slit experiment goes also for every 
scattering -event. Such an event results in a complex probability-function, which 
is resolved for each resulting particle when it takes part in some other event, and 
thereby 'earns' its GS description. One might say that most of the life of most 
particles is spent in DS, with a brief touchdown in GS each time an event occurs. 
Those who like to speculate that things are ultimately quite other than they 
seem would perhap8 say that the DS picture of the world is 'real', while GS is its 
illusory portrayal to our se·nses. But the opposite judgment would make exactly 
as good sense, and would not imply the causal efficacy of 'illusory' phenomena. 

Mental Images 

The role of DS is not limited to the realm of micro-physics, it is also required 
adequately to understand the formation of mental images. Babies start their life 
with all senses functional but not mature; most of the first year is spent learning 
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how to m~e th~m .. Very few faculties oo· not have to be learned: it·can recognize 
it.s m()tht'r~'s face ~vcn on the first day (hut, surprisingly, rtot her teats), and, 
at the oUu~r extrt'rile, the dimensional structu.re of space may he innate, th011Rh · 
how· things fit into it seems to be initially. puzzling. But the main business of 
'tramdating' sensory percepts into usable images has to be· learned; all of us do th~s 
on our own, .by trial-and-error, and our varying experiences and the complexity 
of the task dictate that the results shall be essentially idiosyncratic - that is, the 
neural events underlying our imagery are largely peculiar· to each individual, arid 

·have no predictable relation to the neural representation of the sensory inputs. 

Learning the translation process thus involves c.rossing a gap, with no (or 
little) secure causal connection. Between the· event-based sensory inputs, and 
the do-it-yourself image-making, there is an interval where DS (mapped, as ever, 
onto GS) is relevant. How the mapping onto GS iB carried out is of course subject 
to strong constraints - the process could not have evolved unless a reasonably 
reliable representation was eventually obtained· - but the interpretation is far 
from a simple analogue of the 'coJiapse of the wave-function' by the next. 'event' 
after the one initiating the wave-function in microphy!3ics. Our mental picture is 
not a simple copy of anything, but rather a carefully edited version of a mapping 
of what .is still, ultimately, a DS construction. 

Evidence for these assertions comes from various sources, from individuals 
born blind or deaf for remediable causes, treated at an age when they can report 
progress; from the study of illusions, especially optical ones; from the absence of 
neurologicaHy detectable correlates of imagery suhjectively reported; and several 
others. Anyone watching babies 'playing' (so-called because being babies what 
they do is so defined) can verify some of the points, such as the difficulty they · 
seem to have with simple geometry, in putti~g one cube on top of another for 
example. 

What comes of it all t.hat we live in a sort of compromise world partly DS and 
partly GS, in which the latter, as the more practically 'reliable' , dominates our 
language, whereas DS tends to dominate in our dreaming (the constraints then 
being off). Our senses are in unimpaired contact with GS; our mental images 
are basically sited in DS (because the causal connection with sensory neural 
events is broken or incomplete), but from practical necessity re-mapped into GS. 
Introspection has repeatedly led philosophers in all civilizations to regard the GS 
aspect as a possibly illusory convention; while more recently others have come 
to think of the DS contribution as nonsense. It is unsurprising that, confronted 
by the stark separation· of these two in the microphysical evidence, the idea of 
mental illusion should have caught on; for in our quotidian experience· GS and 
DS work together. · 

New Frontiers 

If the legitimacy of explanations referring to DS is once admitted there wiH 
inevitably follow a redrawing of philo::~ophical frontiers. This will entail disputes 
as to where they ought to come. It is coming to be recognized already that 
there may be 'frontiers' across which reductionist arguments can't be extended, 
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.among·which perhaps the nearest to bei-ng non-controven~it}.l is the livin~ v~L non'­
living one. The argur'nent of the la..~t srction suggests anot.IH•r bctwt'('ll hurn;llt 
and animal life - not based on the possession of' I an guage', aln•a(ly widt>ly ahall­
doneJ, but on 'idiosyncratic learning of mental repr._.sentatious', which may take 
in several of ot.Jr 'dumb friends' not previously consiJercd. 

.I 

Another time-honored dichot.omy is that bt'twE>en materialism and id<'alism. 
It could be conjecture~ that a truer definition of the (fifference would be that 
'materialists' tend to think exClusively in terms of GS, whereas 'idca.lists' are ' 
thinking, unbeknownst to themselves, that DS has also to be taken into account. 
The theory here expounded requires however that GS and DS are both equally 
real and relevant to. the behavior of matter, so that a consistent materialist 
ought to have no misgivings about· admitting both. It is much less clear what 
a 'consistent idealism' might have to say; but we shall no doubt be told in due 
course. Unless- happy thought- this particular war will be over. 

A much less well-defined, but possibly more important, difference of opinion 
concerns how much in the way of prior comprehensibility should stand as a qual­
ification for a subject to receive scienti~c study. Most scientists would probably 
reject reports of precognition as not worth investigating; many would ban the 
whole of parapsychology. Yet there are a number of cautionary tales- that stones 
can't fall from the sky because there are no stones in the sky; that continent can't 
move because there is no force adequate to move them; and so on- evidenced by 
the fossils of extinct schools; which may give grounds for continuing unease. But 
some defense must be put up against the (ever increasing?) prevalence of old 
wives' tales; is there a way of doing this, except by periodically revised criteria 
of prior plausibility? 

The implied parity of esteem between GS and DS of my theory is obviously 
relevant here. Our bodies, firmly defined in GS, do not overlap; our minds,at lea!'t 
in large part ba.Sed in DS, can hardly be kept strictly isolated. This consideration 
diminishes rather than confirms the implausibility of effects like telepathy; it ' 
could be quite respectably argued that the time is ripe for a redrawing of this 
particular frontier. 

Strange but True 

Things strange - and even things well-nigh absurd - have turned out to be 
true. Fishermen, who saw ships seem to sink at sea, but come back safely at the 
close of day, may well have wondered whether the sea was flat as then supposed. 
Julius Caesar told how the ancient Britons claimed to know our planet's actual 
size - old druid's tales for him, of course, but we now know that the claim may 
have been well-founded. 

Then there was Olbers, puzzled by the darkness of the night-~~ weH he might 
be, even if he was the first. What sort of world would not show stars packed tight 
throughout the celestial sphere, burning us all up?. We must be placed ·at t.he 
center of a finite cosmos, much as Aristotle had believed, but what a strange 
coincidence. Within my lifetime Olbers has been answered - the universe is 
finite, unbounded, and expanding, having been, umpteen billion years back, a 
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sin~le pnint. A hsurd? Yet thig stran~e scenario ha.tlj passed from absurdit.y to 
almo~t .0df-evident fact, with in a few tlecades. Incredulity has had some nasty 
knocks. 

One might draw a parallel between the origin of the physical world from a 
Ringle point, and the origin of my metaphysical scenario from a single bit. If the 
first absurdity has faded into commonplace, rnaybe the second will. But it still 

· has a long way to go. · · 

The existence of that concerning which .there is nothing further to be known 
implies much of the framework of the world; but far from .all. The most obvious 
gap is the ·long list o{ particles with their masses and half-lives, hardly any of 
whi·ch have been in any sense 'explained'. Admittedly no other theory does 
any better at· this, as yet; but none has had the expectancy of doing so either. 
It may he that some light on this may come from the combinatorial hierarchy 
work ~ which can legitimately be presented as an exte·nsion of the Theory of 
lndistinguishables- but apart from some work of Kari Enqviat there is so far 
little to show. 

Truth, it has been saiil, is found at the bottom of a well. Well, the odd notion 
of 'agnosia' certainly looks like the bottom of something. Perhaps, then, it is the 
truth. 
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PROGRAM UNIVERSE 

Michael J. Mantht>y 
Computer Sci. Dept., State Univ. NM, Las Cruces, NM BR003 

(This program s~ifif'B &lgoriUamicalty ho., the bit string uoinnw t-mautiog 
from the Combiut.orialllitruday dt>nlop8. Tbt' laogugf! il'l Pai'K'al w1tb 
Uk!UfOU for 11p!i'1111DiiBI uydUODOUII CODClUTnl proct"Me8 .Ud Ut.f"Ddlblf" 
UU.)'t.) . 

~0111t doomlday Ill& f.; 
B~~ta~Siae. - wr""l 1..41 of 12,3,7, 1 271; 

type o&u~bil ..... (0,1 ); 
Uptr .., ILUaiaeJ; {iadu of a ltriaa ill U.) 
Uptn- wray!L•I of Uptr; (forb~ and d08u~?&, •-12,3,7,1271 

aod (1,4,120,2'127 • 126f reap.} 
ea~~emble ..,. r~ord 

lut.: ll .. •J; (iodn ol c:urreatlut. t'leme~at. of E.} 
E : arnyiL•J or Uptr; 

end; 
IIILriDI .,. ~ord 

b18Jt: array! L •I of ooebit; 
home: booleu {true-:>striDI ia i1111 a b::u~is or doaure. S~ StriogEvohatioo.} 
Label: Upu; (i.adex ill U ol l1t. 11lfio1 io eotw'mble; ht il'l M-lf·rf'ftreocioa.) 

ead; 
~emaphMe - (avail,bny); (utw'd to suaru~ mutual exclusioo oo upda~ to U) 



• L • 

vu I I uray!O •I or Atfinl(; (tiiOI=uro-AlriOIC all 000-I'DM"mb~ loops i~ore ll ) 

t l~llf' mtf'~f'r; { mit1ally lNo = no Rtrinf(.S in uoinr11t') 
t 'mulf'lC ~maphnrt>; ( mtltally ..,. av ;ul) 

II Ill IV 

I 2 (1) L6 (7 .. 10) 11..17 (18 .. 137) 1:\8 .. 255 (256 .. 2'127-1) 

ba~iiB 1 .z. 1 .3. .7. .1n. 

11111... I I I I I 

} 
I · l ......... , ........ llhiDAA io dotnart'll ............. j 

Label&: r.-cord 
last: II . •I; { indf'X or CUfft"DI. last. tlf'mtnl or L.) 
L : urayll..•j ol · tDM"mble 

ud; 
empty: 11trin~; {an f'mpty elring, i.e. on~ whOM' k-ngth is llf'ro.) 
liNrnilrtnA: lltrin&=O; ( Zf'fO lllrinlt, alway a of lf'Ditb llftoatb.fto) 
aleottth: r~ord (currl'nt lngtb or lltriD&I'I in U) 

M>m: nmaphon-; 
lf'o: in~&f'r 

end; 

Oit: onebit; 

B: 0 .. 256; 
lL: 0 .. 256; 

CurLvl: l...f 

BMt'fl: rf'cord 

{oumbtr of ba~~is 'li'fflonl found 1110 far, o'n•r alllneill.) 
(hfii lnalb of 1~1 fietd de-rd wlile111 lenl -4 c~.) 

bVf'f'fl: arrayfl...fj or Uptm; {buil Y~ton for UL'h lenL .eomplded Rqlll~lllltially) 
\.liptr: o .. • (indie('(ll or vectorl/at.rillllp ia buillll) 

end; 

Cloour": a.nayiL.fj or ff'('ord 
cvf'PI'i: llptn;; (vf'cton io donu~ ol eonea R&IK'ftlil} 
Uiptr: 0... (in die" or Vf'('ton/shiop ia d08Uf('(ll) 

t>od; 



- :l -

(·.- -.-- • Synebronlnt1on - • • • • • ·- ·- • - • -} 

procrdurt wait{var o:~mapbon'); {poU 1 oatil it's avail} 
var t: M"mapbort'; 

b~aio ( prf'ftumH mutual nehaBion oa prot'E-chnto owap, wbkh ill formally unddlnf'd 
(uoivnn.J primitiH) ud wbkb iolt'rebulf'8 the valuf"ttof two variablf"tt.) 

t:-buy; 
rt'put 11Wap(t1,t) ntil t=auil; 

ud; {wait) 

procE'd1ue N8nal(vu o:ll>t'mapbort>); {sip a! that o io available again} 
bt'JIIII 

~JWap(!l,avail) 
nd; {11t&nl} 

{ .••• - • • • R.a.Ddom 1/0 Generation - • • • • • • - • • -} 

sn·ocroe~rt RudomBil; {Actual rudom bit&eau•ntioa. Thill run11 a~~ IUl independf'ot JWOCf'M.} 
bt>gia 

n-peal {Clip Bit forever} 

Bit:- 1; 
Bit:- 0; 

oDlil doom!ld ay 
end; {RandomBit} 

(The randomn~ of the value rdura~ by fuoelioa Rudom bf'low depeodo on the fad that 
procf'du~ Random nit rune all u indf'peodnt proct>M &'lynchronous to t-vt-rything, flipping thf' val 
of RH constantly. Tbia occun even all U is locked during di~~erimination and &eattf'ring calculation1 

function Random:on«>bit; {Called wbf'nner a random bit i11 DM"df'd.} 
be~in 

Random := Bit 
~nd; {Random} 



"' 01 

- 4 • 

runrtion (;pof"ra.lt>:Rtrtn,(; {~rnf'ra.Uofll lhf" Hret two etnn,;a in u} 
var ft: nt.riog; 

hi" KID 

ar l J,.iu·=O lbf'o Gf'nf"rat.-:=Handom 
riRr ( l.lfliu· rao only hf" I) 
bt>l(in 

f'Od 

ff'p4"at ft.=Random until~~t<>llltl: 
(;,.n f'tatf' : = II( 

f'od; { Gt-nf'ratf') 

{· . -.--- ...... - ...... - - - ... -..... } 

p rocf'd u re Lod U n iv f' I'I'W'; 
bf'gin 

wait( l'llf'Of(t.b .8em ); 
wait(Umult>x) 

f'nd; 

prrn rduff' Uolockllninrse; 
bf'~tin 

l'li~tn al(tlmutf'X ): 
r~ign at( t~lf'n ~th .l'lf'm) 

end; 

proceduff' Tick: {iocrtmf'nts tbe uoiverul string len1tb by onf' bit. This io dooe 1111111der 
mutual t'xclul'!ion, 1'10 \ r ~rowo, but no oof' ever ~ it, and all bil strint;!l ue (for all 
practical purpoM's) always of f'QUa.l lf'ogtb.} 

ur i:inU>gf'r; 
bf'&in 

Locktlnivf'n;t"; (t;top tbt> world while we change it} 

lllf'DI tb .lf'o : = td(>o gth .lf'o + 1; 

if Usizf'=O tbf'o 
be AiD 

f'Od 

VIII :""" Gt"nf'ra.te; 
lloiz(": = Usize+ I 

f'lof' { inne3lle thf' lf'n"t.b of every otrin~t iD U by I bit.) 
for i:= I to U:;ize do Ulillslen~~ttb.lenj := Random; 

llniockllnivcorM; (~t the world breathe ~~&aio.} 
end; (Tid} 



" s -

fu,octioa oo~(o:ohmtt):inwoa~r; {eouau fl of ooc>s in "). 
va.r i,e: intf'ttfr; 

bt>&in 
(' =0; 
for i:-1 to lllf'DAlb.ko do 

if o.bitl\liJ-1 &bf'D e :- c + t; 
ODt>fi :-. e 

end; (fen oo~) 

funetion llt'foeti(s:otrinA )·int-E'&~r; {counts f. of llt>fOt>fi in s} 
be1io 
It'~ :...,. lllf'DJlb.lt'o • 00~8) 

eod; ( fco U'i'Of'D} 

{--.---.---- .. -.-.--.-- .. --- ... •.- ·} 

fuct&oa di.!Krim(l'l,t:otriog, ~n:io~ger):otrins; {ellcluoile-or of ll!ll lf'n biU! of sand t} 
bf'~tin 

for i:- I to leu do 
ihli) = tlil tbn discrimlil :== 0 

t~ di8t'rimlil :- 1; 
end; {fen di8t'rim} 

functiotl Pick:string {pieh a l'ltril•l at random from U} 
var i,indu: io~1er; (indell will~ rudom ira I..Usixf'} 

b~giB 

index:= 0; 
repu.t (build raodom base 2 iodf'X.) 

for i:==O to ceiling(l~(llsizt-)) do indt'x := 2•indn + Random 
until indu in ji..Usizf'J; 

end; {function Pkk} 



(-------- ·- Jlterarehy Construetlon- ••. -- • ~.-} 

function lotl(A·Atrinrc)·boolcoa.n; {truE' if ainU .-lseb.lse} 
v ar i ,j: intf'~~t"r; found: bool"a.n; 

be- ~tiD 

for i := 1 to llAize do {~arcb m.ll of U} 
b.- ~~tin 

round := truf'; 
for j ::= I to sll"n~th.~n do found :"""' found a.od (8h!===UiilljJ); 
if found tbf'n goto I; 

end; 

I: loU :..., found 
end; {procedure loU} 

funrtion LinDt>pL(S:ntrin~~t; lvl:!t .. 4J, lf'o :j1..U&izf'J):boolun; 
(truf' if S i11 hourly indf'peodnt. of tbe striDA8 io kvellvl only.J 

be~io 
{-eomputation intensive- leDerateft wa{b)- B(lr./(b!(B(I~bJ! di!Kriminatioo11 upto ~o with S 

end; {reo LindeopL) 

function LinDE>p(S:IItrinA: lvl:lt..~J. le•:!I .. Uailf>l}:booleu; 
{true if S illliourly indf'peodeat of aJIIenli 1 to tvl. NB: A.Mu~ (eort'fftly) that 

it ilil DOt ealled if thE-re ilil 110 room iA b&BisjlviJ ... ~&UM or the \'&hilt> of CurLvl.} 
bf'~tin 

Lindt'p := false; (df'fault value) 
if lvl< 1 thf'n Lindf'p :""" truf' (b~ e~} 
else {da~k previouR levttla, tbeo eurr4'nt. lt>nl.) 

if Lindt>p(S,Ivl-l,len) then Lindf'p := Liodt>pL(S,Ivl,len) 
end; {reo Lindep) 

proct"dure Putlotofla.sis(S: Uptr); {inl'lt'rts U(S) into buill of CurLvl) 
{ AMumt>~~ BaMs.Uiptr.....:.o initially.} 

i :""" Basf's.Uiptr + 1; (point to ant opea dot.) 
Bal'lt'11.lJiptr := i; (updatt- Uiptr} 
ir i=JlasisSizes!CurLvll tben {st.art Df'd lenl of Combiaatoriaflt~rareby) 
~liD 

CurLvl := CurLvl + 1; (CurLvlf!tuaru~ <-4} 
Dasel'l.lliptr :""" I (rnet phs} 
i :""" l 

end; 

UjSJ.homf' := tru~; (tbill vE>dor is home) 
OaM~.bvf't'IIICurLviJiiJ := S; (point t.o S's otrin1 in U} 
B := B + I; {ioc ~lohal f or basio Vt"t'l.ofl!t} 

end { a:u·ocedure PutlotoBasill} 



. { -

proct'dur.- EDMmbl~l~l(me:llptr); (uaip mt> to wmt> nMmblt>) 
Ul i:illl~lt>f; 

WIJII 
fori:- 0 t.o 2'127+138 do 

if diouim(m~. t'l•l. U.t-atrC~trillll Lbu 10 to I; 
error('ao nMmblt' for me',; {na 't hpiX'I!II) 
B:Uimtllabt'l:-i; 
Ulm.-1 ~omt:-t.rue 

ead; (EoMmblelablt') 

prorechue PuUutoebnare{S: Uptr; hi:IL41); {m~rt. UISil into tht> dosurt> of lvt) 
M~a . 

i :- Cloeur4!'11h·IJ.Uiptr + I; 
Cloeur4!'tjlvii.Uipt.r :- I; 
Clollllur4!'tllvlj.n~lil :- S; 
UISIJilomt :- true 

e111d; {PuLI111t.oC'Ionre} 

proredtare Label( me: Uptrr}; (nte&oriae UlmeJ ill term~ of tbe h~rueby} 
ur ij : ... ~,tr; rouud:booaeu; 

bt'&illl 
lf Ueiae-2"127+1~ tllea (1 •. 1, ~IOie aow • ~btnN full} 

for i:o•l to U1i111e do Ulij.LaMI:-i; ( ~~~Mialllll eacb etrU!a !Iii ht i11111 owa era e.) 
t>lle 

.. ~u if I 
~liD 

ir Llo 
ud 

t>lu '1: 
hl'AiD 

If Li1 
bt'ttil 

Ptl 

if ; 

il U1i1e > 2.127+1~ tllea (jut lud U)' t~~a.Hmble. Tbf'Orem: Wbe11111 13Q L.l. 111tri1111 lilavt> Mt>IJt'llt>raW, 
UlNae < 2'127+1~.) 

M&U! 
ED~tmbleLaMI( me) 

nd 
elle it B-o t.ileu (a•uu~ 11t U11il pomt Usat. U-=(OI,to,tiJ or ~uiv) 
Mam 

Put.lat.oBMit( I); 
Putllt.oBuil(2t; 

e1d 

elle il B > IJQ &ilea {bua ud partial c:l01111rN exist. at. this poiot) 
be Iiiii 

fo"ad :- fUM!; 
•"ile act foaad ud act 811ft e'lllii!IU3ated do 
Mltlll 

for all Bi,Bj ill Baeer;lll, a ..... 1..4, foued:-diltrim(Bi,Bj,Ll)==Ufme upto LLj; 
if fond the11 P.atlotoCl011ure(me, {tv I""" }I) 

tDd; 

if 11ot fot~ad tlaea 
~lillll 
i:-0; 
I'~~ at i:-i+ I 1111111til 111ot LiolHp(me, {lvl- )i,Ll); (IUII':Y&DtM>d i < ...,._.) 
PuUI!ItoCioou~me.llvl""" )i) 

elbd; 
eo a 

eod; (plf( 



- R - . 

~Rillll 
1f LuaOrpL(mt>, (lvl=) I, &lf'ogtb 1""1111) tbf"D Putlotolluw(mf', (hi- )2) 

t'Od 

(build kvt'l 3 buia!) 
t'IM if A< 12 tbt'BD . 

~AID 
if LloDt'p(mf', CurLvl, slea~Jth.ka) the~~~ PwU111tollY~me,(lvl- }3) 

ud 
(build kv""l 4 bum) 

E-lM (12 <- B <- IJQ} 
hf>JtiO 

1f LioDep(me, CurLvl, illkogtb.ka) tbu 
hf>KiD 

PnUotoOuia.( nM>); · 
if H-IJQ then ( U~Jip a.ll11trioss in U to a s~d&e lt>vf'l'e (probabl7 11tiU iaeomplete) doeure ~t. if it 

i.ll a:aot already ia tome builD (i.e. bome-true).) 
bt'lilll 

LL :- ekostb.leo; 
for i: -1 t.o Usixe do 
hf>ttiD 

if oot U(ij.home tbe!IR {hd ript ~lo.re fot U(il) 
besio 

j:=l; 
"'bile Dot Ulij.bome do 
bt'jtiD 

Ujaj.home:== aot LilliiDt>pL(i,(lvl- )j,LL); (11ot U.­
j:-j+l (enll!lot net'ed 4) 

.11 lt>ll!lt>ra~. ead (while} 
eod (if) 

eod (for} 
t'Dd (if} 

eod ( t>IIW') 
ead ( major if-tlae11-eilw! ttmat } 

eod; (proeeduN Label) 



{- - - - - - - - - - The Lite of a Bit Strlns- - - - - - - - -} 

procedure StringEvolution(var MeString:string; me:Uptr); 
{every string (except empty) becomes :a separate incarnation of this 
procedure, i.e. a separate, independent asynchronous process.} 

var d,m:string; {local working variables} 
home: boolean; {true => I am a member of a basis, closure, or 

enl!('mble.} 

begin 
repeat 

if ll11iZe"""'O then {we need two strinA& to get started} 
be a in 

Tick; {lo from no strings in U to one.} 
MeString:=Pick; {we become this ftmt string: the original empty-process becomes the Ujl] 
m :"""" Generate; {generate a second string} 
Usize :- Uaixe + 1; (Universe now has two strinp} 
U(2J :- m; 
Label(me); Label(m); 
spawn stringevolution(U(2), Usize ); {give U(2)1ife.} 

end 
el!e { univene is already rolling, so just diserim w /someone} 
begin 

Lock Universe; 
m :-Pick; 
d :- diserim(mestriog,m, sleogtb.leo); 
if not IDU(d) and d<>zerootrio& tbeD {add d to U} 
begio 

Usize :- Usize + 1; {increase size of Universe} 
UIUsize) :- d; {add d (literally) to U} 
Labei(Usize); (categorized io comb bier} 
spawD StringEvolution(U(Usize), Usize) {- d leaves me here-} 

end 
else Tick; {no novelty wa& generated} 
Unlock Universe 

end 
until doomsday {strings never die} 

end; {string evolution.} 



process herewith. 

(() 

begin { Universe flt&ria hue------} 
{Initialization} 

CurLvl := l; 
Slengtb :""" 0; 
LL := 0; 
B :-= 0; {num~r of basis vectors} 
UjOJ:-zerootring; {"inviaible" zero string} 

{end of initialization} 

spawn RandomBit; {start random bit generator going} 

BigBang: StringEvolution(emptyset,O); 

end. {Universe (we never get here) } 
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Among the fundamental principles which have bee.n pursued by 
those researching the combinatorial hierarchy are: discreteness, 
finitism, and constructivism. When combined with primitive 
recursive operations for counting, labeling, and ordering, a rich 
variety of mathematical, logical, and physical structures can be 
obtained. In recent years, efforts to construct physical 
theories based upon the hierarchy have met some success. 
However, certain issues must, sooner or later, be addressed if 
such constructions are to be accepted by the scientific 
community-at-large. 

Whenever a new theory is developed, its acceptance is 
predicated on the ability to communicate the spirit, the formal 
structure, and the utility of the theory. For the combinatorial 
hierarchy, that the theory be "communicatable" is an exceedingly 
difficult requirement to meet. M9st of physics is understood in 
terms of centuries old geometric paradigms: the continuum, 
limits, infinities, distance functions (even distances), metrics, 
etc. How does one ialk about distance in a finite world of 
discrete objects without the underlying continuum? What is a 
(physical) vector space in such a world? An event? A collision? 
Is it even possible to construct a discrete, finite model of the 
physical world without having such "old" language creep in, let 
alone be able to describe the model to a physicist steeped in a 
paradigm whose roots are at least as old as the Pythagorean 
irrational? 

The most common form of constructivism is that which insists 
on the ability to provide a (algorithmic) construction of each 
object and theorem in the system. We refer to this as •weak 
constructivism". In the strong form of constructivism, each 
object and theorem of the system must be formulated along strict 
finitist and pure discretist lines. In this paper, we shall use 
•constructively•, constructivist, and constructivism to refer to 
the principle of strong constructivism. The following principles 
~cGoveran's Principles) may be tak~n as guidelines in pursuing 
answers to the questions raised in the preceeding paragraph: 

1) There is nothing in the knowable (or observable) 
Universe which can not be described constructively. 

2) There is nothing which can be described constructively 
which (that known as) the physical Universe can not produce (in 
t!'!,c c'ombina tor ic, sense). 
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3) There is nothing which can be observed or known which 
can not be described constr~ctively. 

It is not enough to state such principles; one must 
demonstrate their utility. In particular, these principles deny 
the necessity, relevance, and ever1 the meaningfulness of concepts 
such as infinity, infinitesimal, randomness, asynchrony, and 
continuity. At best, such concepts are useful only as 
placeholders in incomplete models, theories, specifications, or 
descriptions of a system. In most cases, randomness and 
asynchrony in particular are local descriptions of more global 
properties. 

We believe it is possible to build a conceptual bridge which 
would allow the operational use of conventional terminology 
without implying (or assuming) the usual underlying geometric 
paradigm. First attempts at constructing such a bridge (and 
simultaneously bringing powerful tools to bear on the efforts at 
hand) have been made by developing a •discrete differential 
topology•. This effort provides a means of refering to 
distances, functions, derivatives, etc. with most of the standard 
rules of use intact, but without violating strictures against 
appeal to non-constructivist entities such as the continuum, 
limits, or infinities. 

In going from a discrete topology to a geometry, a number of 
interesting problems arise. So much that is taken for granted is 
not generally given meaning by construction: the geometric 
constants, the trigonometric functions, notions of direction, 
etc. It is interesting to note that most of the non-finite, non­
discrete entities are embodied and related in one beautiful 
equation: 

} i 
I e 
I 

= -1 

Within this single relationship lies the assumptions that 
give rise to coordinate systems, the structures of a circle and a 
square, translational and rotational invariance, irrational and 

1 complex numbers, and, last but not least, the base of the natura 
logarithm. Even the notion that one could in any way raise a 
number to an arbitrary (perhaps non-integral) power is rooted in 
the geometric paradigm. Certainly complex numbers can be 
understood as ordered pairs of real nu~ers and these real 
numbers can be restricted to the positive integers for our 
purposes. And negative integers can be understood as the "dual" 
set of symbols obtained by •counting down• rather than •counting 
up". What of the other entities? 

In what follows we construct a square and a circle, and 
derive a ratio which plays the role of pi. We begin by 
constructing the equivalent of a square, two-dimensional 
coordinate patch. The only elements allowed for construction are 
a finite (perhaps large) number of discrete elements (essentially 
indistinguishable mathematical objects), ordering relation 



operators, the ability to count, and the ability to 1.Jbel the 
objects through an ciperator. 

without reference to a distance function, a "square" can be 
defined having the following properties: 

a) two-dimensionality 
b) parallel sides 
c) fixed center under interchange of the dimensional 

parameters 

The following definitions will serve to provide the objects 
necessary for the constructions (more precise definitions can be 
found in "Getting Into Paradox"): 

Def: Two objects are said to be INDISTINGUISHABLE if they 
are unlabeled. 

Def: A SORT is an ensemble of indistiguishables with 
cardinality and without ordinality. 

Def: A SET is a sort with otdinality (an ensemble is not a 
set). 

Def: An ENUMERATION is a total ordering of a sort. 

Def: An ORDERING OPERATOR i& an operator which generates a 
partially or totally ordered labeling of an ensemble (note that 
we do not mean set). The cardinality of the labeled ensemble is 
fixed in advance as part of the definition of the specific 
operator. Thus a particular finite partially or totally ordered 
labeled ensemble defines an ordering operator and vice-versa. 
Note that the labeled ensembles produced are sets if and only if 
none of the labeled indistinguishables are twins. 

Def: The DIMENSION of a sort is. expressed as the number of 
mutually disjoint ordering operators on the sort. 

Def: Two ordering operators are said to be INDEPENDENT if 
they are mutually disjoint in the sense that no more than one 
element of a chain produced by the first operator will all be 
also be in a chain produced by the second operator. 

Def: By NEAREST NEIGHBOR of an element e in a chain ordered 
by operator p is meant any element n such that for a:a=p(e) or 
b:e=p(b); then for operator q mutually disjoint from operator p, 
n=q(e), n=q(a), n=q(b), e=q(n), a=q(n), or b=q(n). 

3 



The criteria fnr 2-dimensionality is satisfied by requiring 
two mutually disJoint ordering operators. The algorithm is as 
follows: 

l. 

2. 

Select an element e 
0 

-1 
Establish a chain x 

0 

Figure l. 

of length n with e 
0 

as the 

supremum, using the ordering operator p . Figure 2. 
X 

1 
3. Establish a chain x of length n with e as the infimum, 

0 0 

using the ordering operator p • ---- Figure 3. 
X 

-1 l 
4. Call the union of x and x x • Require that x is 

0 0 0 0 

totally ordered. ---Figure 4. 

s. For each element i of x , establish chains 
0 

-1 1 
y and y 

i i 

of length n under the ordering operator p with the selected 
y 

element of x as the supremum and infimum of the chain. Require 
0 

that the y 
i 

-1 1 
are disjoint as are the pairs ( y , y ). 

i i 
This 

unique labeling or total ordering requirement on. the entire 

is a 

construction (i.e. there must exist an ordering operator q such 

that the elements of the entire construction are totally ordered. 

--- Figure 5. 

4 



6. Require that the nth elements of the y form chains x 
i i 

ordered by ordering operator p • --- Figure 6. 
X 

7. The resulting object satisfies the requirements: it is 
the discretum version of a 2-dimensional (square) coordinate 
patch. In particular, the 2-dimensionality of the construction 
is satisfied by the definition of mutually disjoint ordering 
operators: at most one element in a chain resulting from one 
operator will be found in a chain resulting from the other. For 
the given construction, at most two operators can be used: a 
third would result in a partial ordering instead of a total 
ordering of the elements of the construction and this would then 
represent an object which is not connected or in an object for 
which •multiple" elements are doubly labeled. Thus, the ordering 
operators "parameterize• the object. 

We can now proceed to construct an object which behaves as a 
discretum version of the 2-sphere. A 2-sphere (again without 
reference to distance functions) has the following properties: 

a) 2-dimensionality 
b) every perimeter (boundary) element is like every other 
c) fixed center for all "orientations" 

The constructive algorithm is as follows: 

1. Select a (square) coordinate patch with with center e 
0 

and all elements uniquely labeled. Call this patch P • Figure 7. 
0 

2. Constrain the possible ordering operators to those 

operators which produce chains of length n and which 

select for e 
0 

a nearest neighbor of e , 
0 

then a nearest neighbor 

of this element, and so on. We refer to the operators which 

represent these selections as •radial permutations• of the 

coordinate patch. Figure 8. 

3. Starting from e construct a coordinate patch with new 
0 

ordering operators which are radial permutations of coordinate 

patch. Figure 9. 
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4. Map the elements of this patch P .to patch P and 
i 0 

eliminate any elements which do not have at least i labels. 

figure 10. 

5. Repeat this process for all pairs of allowed radial 

~ermutations. Figure 11. 

The result is a discretum version of the circle, in that it 
bas a fixed center (e ) with radial symmetry (isomorphic to its 

0 
radial permutations with identified center e). It has built in 

bounds on •precision•. 
•sides• of the polygon 
number of permutations 
of the circle. 

0 
The relation between the number of 

formed by a set of cardinality n and the 
is fixed: it gives a measure of the •size" 

Given these two geometric objects it is possible to define a 
ratio which plays the role of the ratio of the area of the circle 
to the area of the square patch from which it was formed. This 
number is obtained by counting the number of elements contained 
in the circle and the number of elements contained in the square 
and forming the ratio. 

A second ratio is·:obtained by counting the elements in the 
perimeter. of the circle and forming the ratio with the length n 
of the chain x • 

0 

In general, these ratios will be functions of the length n 
of the chain x • Furthermore, the values of the ratios 

0 
will not in general be those obtained under Euclidean geometry. 
However, if one insist'S on ,isotropy, homogeneity, and "density" 
(i.e. large n), it is 'easy 'to see that these values must be those 
obtained by the standai:'d po.lygonal approximation to the circle. 
In particular, these r~tios will be approximations to pi/4 and pi 
With the appropriate p·r·ecis'ion. These constructions and the 
results are closely rel~ted to numerical and statistical 
~.pproxirnation" methods as ·seen from within the traditional 
~1tornetr ic paradigm. In:: 'fact, Archimedes came close to the 
•Q.nstruction used here {Measurement of the Circle). However, the 
1t§tf ini tions are completely .construct! ve and general; rna tching the 
continuum definitions as: desired. 
·r ·' 
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I:: i::> c, cent:.ul ?Oint o...: this pal•er ti1<1t a ,;,e...lsurc oi.' t.Je 
discrete c~rdinality and of the discrete to~olo~y oE our ocser~0, 
U~iverse is given by the precision with which thP ratios p1(areal 
and pl(lengths) are identic<ll in value. That p1 shoulu iJe ut 
cosmolosical significance is not surprising. Indeed, if the 
cardinality of the Universe is changing, then the two values of 
pi should be changing also. Furthermore, if the relevant 
discrete cardinality is related to a spatial volume, then as this 
region becomes smaller calculations involving pi can not be 
treated ih a naive manner. Specifically, the multiple meanings 
of pi must be· dissociated if the values are different (i.e., 
pi(areas)/pi(circumference) will not be 1) and the usual value 
can no longer be taken as a const~nt independent of spatial 
volume. Even more important, if the world is discrete and 
finite, and if the values of pi are not related to the spatial 
volume via a cardinality of the volume, it follows that the 
values of pi used in calculations relate only to the cardinality 
of the Universe. In other words, pi becomes a. true Universal 
discrete topological constant and local physical properties are 
then immediately dependent on the global properties. 

£ As noted above, we need only interpret complex numbers in 
! the Hamiltonian sense in order to be consistent: namely, complex 
1 numbers are taken to be ordered pairs of numbers. This forces us 
! to recognize two orderings at wock for pairs of equations where l as the imaginary notation obscures it. Complex numbers are a 

special cas~ in th~t the ~dditional ordering contains only a 
supremum and an infimum for the y • Thus, the commutation 

i 
relation holds since commutation simply gives the trivial dual of 
the chain. In general, however, this will not be true where the 
constraints of disjoint operators apply and the number of ordered 
numbers is more than two. This fact is well known, having been 
discovered by Hamilton in trying to work out an algebra of 
quaternions, and having been generalized by Grassman. (Note that 
there are only three algebras which have an invertible vector 
product: those over the reals, those over the complex, and those 
over the quaternions (ordered 4-tuple). Also, algebras of all n­
tuples greater than two are non-comrr.utative.) 
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All of this leads us to consider a general property of 
discrete, finite spaces (now that we have a geometry we car. call 
it a space instead of a topology), their cor.wlUtiv ity. l>ssume for 
the purposes of illustration that a square coordinate p~tcn is 
embedded in a flat space with continuous distance functior.. 
Because of the finiteness and the discreteness of the space, 
there can be no discrete correlate to the irrational distance of 
the diagonal, since according to the continuous distance.f~nction 
this will be square root of two times the lengtb of a side. 
Thus~ at best only an parallelogram law works for discrete 
distance functions on this space. Translated into the discrete 
version of Lie dragging, this means that the space has a torsion 
or is non-commutative. Geometrically one would say that the 
space is locally non-Euclidean. Alternatively, one could insist 
ttat there is no continuous distance function mapEJable to s~.:ch a 
discrete space or that there is no discrete geometry. But this 
would be tantamount to a claim that all objects are non-local -
i.e. infinitely extended. We prefer to conclude that discrete, 
finite geometries are not torsion-free. 

8 



F~~URE 1. e 
0 

-.-

FIGURE 2. -1 
The sub-chain of length n•4, x with e as supremum. 

0 0 

o- -o- -o-

FIGURE 3. 1 
The sub-chain of length n=4, x with e as infimum added. 

-1 
X 

0 

FIGURE 4. 

X 
0 

FIGURE 5. 

X 
0 

0 0 

1 
o- -o- -o- -.- -o- -o- -o 

The chain of length n=7, x 
• 0 

o- -o- -o- -.- -o- -o- -o 

The chains y of length n""7 added, 
i 

0 0 0 0 0 0 0 

I , I I I I I I 
0 0 0 0 0 0 0 

I I I I I I I 
0 0 0 0 0 0 0 

I I I I I I I 
o- -o- -o- -.- -o- -o- -o 
I I I I I I 
0 0 0 0 0 0 0 

I I I I I I I 
0 0 0 0 0 0 0 

I I I I I I I 
0 0 0 0 0 0 0 

y " y y y 'i y y 
-3 -2 -l 0 1 2 3 
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FIGCRE 6. The chains X of 1 eng th n=7 added. 
i 

X o- -a- -a- -o- -o- -o- -o 
3 I I I I I I I 

X o- -a- -o- -o- -o- :..o- -o 
2 I I I I I I I 

X o- -o- -o- -a- -o- -o- -o 
1 I I I I I I I 

X o- -o- -a- - . - -o- -o- -o 
0 I I I I I I 

X o- -a- -a- -o- -a- -a- -a 
-1 I I I I I I I 

X o- -a- -o- -a- -o- -o- -a 
-2 I I I I I I I 

X o- -a- -a- -o- -o- -o- -o 
-3 

y y y y y y y 
-3 -2 -1 0 1 2 3 

FIGURE 7. Select a patch, p . 
0 

X o- -o- -o- -o- -o 
2 I I I I I 

X o- -o- -a- -o- -o 
1 I I I I I 

X o- -o- -. - -o- -o 
0 I I I I 

X o- -a- -o- -o- -o 
-1- I I I I I 

X o- -o- -a- -o- -o 
-2 

y y y y y 
-2 -1 0 1 2 
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FIGURE 8. The nearest neighbors of e . 
0 

X o- -o- --o- -o- -o 
2 I I I I 

X o- -·- -*- -*- -o 
1 I I 

X o- -*- - - -It- -a . 
0 I I 

X o- -•- -*- -It- -a 
-1 I I 

X o- -o- -a- -o- -a 
-2 

'I y y y y 
-2 -1 0 1 2 

FIGURE 9. A new patch, p . 
i 

X o- -o- -a- -a- -o 
2 I I I I I 

X o- -o- ,-o- -o- -o 
1 I I I I I 

X o- -o- -. - -o- -o 
0 I I I I 

X o- -o- -o- -o- -o 
-1 I I I I I 

X o- -o- -o- -a- -o 
-2 

'i 'i y 'i y 
-2 -1 0 1 2 
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FIGURE 10. Mapping the new patch to the old .• 
* = new unmapped, # = old unmappec. 

I 
X 

2 
X 

1 
X 

* #- -o- -o- -o- -t 

0 
X 
-1 

X 
-2 

\ I X I \ I \ I X I 
o- -o- -o- -o- -o 
1 I I 1 I I I 
o- -o- -o- -o 
1 I I I I I 
o- -o- -o- -o- -o 
I X I \ I \ I X I \ 
i- -o- -o- -o- -3 * 

I 

y y y y y 
-2 -1 0 1 2 

FIGURE 11. Elements remaining after all allowed radial permutations. 

X 

2 
X 

1 
X 

0 
X 
-1 

X 

-2 

CALCULATIONS: 

A(square patch) = 16 
A(polygon) = 12 
ratio = pi (areas)/ 4 = 
A(t:olygon)/A(square) = 

12/16 = 0.75 
or pi(area) = 3.00 

ADDENDUM: 

o-
I I 

o- -o-
I I 
o- -o-
I I 
o- -o-

\ I 
o-

y y 
-2 -1 

-o-
I 

-o-
I 

- -& 

-o-
I 

-o-

y 
0 

-o 
I \ 

-o- -o 
I I 

-o- -o 
I I 

-o- -o 
I I 

-o 

y y 
1 2 

C(polygon) = 12 
d(polygon) = 5 
ratio = pi(lengths) = 
C(polygon)/d(polygon) = 

12/5 = 2.4 

Note that in the example, all other radial permutations 
cause the same elements of the construction to be deleted or else 
do not map the coordinant patch. The reader may demonstrate this 
for himself. Also note that a central element is a matter of 
technical convenience for the algorithms and may be circ~ffivented. 
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John Amson 
The Mathematical Institute, St Andrews University 

(Work in progress • • . . . • . . • • . . . . . . • • • ) 
(Prepared for ANPA VI, Cambridge, 1984) 
(Revieed, 1986 ) 

P'irllllt: '~'he (Finite) CoMbinator il!sl Hierarchy 18 eho~~m to 
poaeeru 111 Dual Heirarchy; the "Top Levels" (i.e. the 
"Parker-Rhodes Stopping Levehl") of both hierarchies are 
identified with the abstract tokena "0" and "1" out of which 
both hierarchies are eonatrueted. This identification 
produces an infinitely recursive conatruetion with a "two­
headed orobouros" 11t~tuN~ (the BI-OROBOUROS of thh paper's 
t1 tle). 
Second: The recursion 1R tum produces an infinite sequence 
of vector «Dpscee of increadng dillfteMion, which are then 
"alued" together (UIIing a construction based on the idea of a 
Direct LiMit) to fon~~ a l!llingle "background" apace, an 
infinite db1enllional apace coraposed of vectors with 
infinitely IMinY 0,1 coordinates (sequences). The "sequential 
l!ICt of conetruction" 1a interpretable as a primi t1 ve clock 
"th11ing" the "evolution" of the system. In thia construction 
"time"· has a beginning. 
Third: Alternatively, thb background apace can be II!Odified 
in a natural way to become a "two-aided sequence space" in 
which the original ''starting" coordinate has lost 1 ts 
accidental privilege, This allow us to identify the 
location of the original Finite Hierarchy's success! ve four 
levelu'at an arbitrary place in the ey&tem (i.e. there is no 
longer any privileged location for this identification}. This 
alternative coma tructi on correspond8 ( 1) with the system's 
"timing" flowing fl"'OIII an infinitely remote "past" through an 
arbi traril;y locatable "present", ( U) with any "present stage 
of construction" having reached an arbitrarily complex 
refinement. 
Fourth: The passage fro111 finite dimensional vector spaces to 
the infinite-diMnldonl!ll -background space allowa the passage 
frol'll (unavoidably) discrete topologies in the Finite 
Hierarchy to a "potentially reachable" non-di8crete topology. 
This in tum allows the introduction of increasingly refined 
finite metric111 at any stage of evolution in the system. 
These metrics provide increasingly precise approximations by 
rational numbers to a "potentially realisable" system of real 
numbers, for all measurement purposes. 
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~~S~~"~~~ HEIRABS~.~==~==========John Amson~====~=====(~D~RAFi 2) 

1 'RCTOR SPACES .MD BOOLKMI DUAL SPACXS 

1.1 Suppose we are given Vector Spaces E(n) (n a 0,1,2, •.. ) over the 

field z2 s (0,1) of two elements, where the vectors in each E(n) can be 

regarded as (0,1)-tuplea of length n, and vector addition iu coordinate­

wise addition (mod 2). The neutral vector for vector addition in the 

vector 0 • (o,o, .•• ,o) of all 08. Of course, E(n) can also be regarded as 

11 Boolean Algebra, in which the "dual" operation conait'lts of replacing 08 

by la and 1s by 08 in each vector or, equivalently, by adding the 

"anti-neutral" vector 1'"' (1,1, ••• ,1) to any vector. Thio leade us to the 

idea of a "dui!U" vector space E'(n) in which vector addition hi given by 

x +' y • x + y + 1, and the neutral vector is now 1. 

(The dual "anti-neutral" for 1 h once again the original "neutrlll" 0.) 

1.2 It ia useful to write E(n,O,+) and !'(n,l,+') or just Z(n) 

lmd E' (n) for !Mort for these two waye of looking at the vector sp1111ce 

£ ( n) and 1 till "boolean dual". Also. for any noneapty wbtlet S in E ( n) we 

can construct 1 ta "dual" aet S' by addina the anti-neutral vector 1 to 

each vector in S. A 11ubset S ia called "self-dual" if S .. S'. 

1. 3 Of couroe, the two vector space~~ ! ( n) and E' ( n) are hlo11110rphic, 

and to that extent are "indiotinguhhable" W!l algebraic structures. But it 

turna out to be remarkable useful to keep alive their distinctions. 

1.4 I have described (at ANPA V, 1983) (and it is easy to prove) how 

a subset S in !(n) can be a vector subspace in E(n) if and only if ita 

dual set S' is a vector subspace in E'(n). It is aleo intereoting (and 

should be potentially very useful) to identify which vector aubspacea S 

are "self-dual" eo that each such aubset S 18 1dmul taneou111ly a vector 

subspace in E ( n) 11nd in E ' ( n) ; note that any self -dual vector aubspace 

must contain both the neutral 0 IUld the anti-neutral 1 vectoMI. Keeping 

alive the distinction between a vector apace and its dual allows ua to see 

that the collection of dual vector subspaces is thus common to both vector 

spaces. 

2 THE HIJmARCm' ArCD ITS DUAL 

2.1 We recall that the Combinatorial Heirarchy uses just rour or 

these vector spaces (namely E(2), E(4), E(16), E(256) ) as ita four LEVELS 
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but ascribes no role to the field eleMents 0.1 other than. their natural one 

in these abstract !Mthe~Mtical conatructs. In point of fact it uses the 

"first" vector space K(l) u the base field (0.1) itself, from which the 

whole hierarchy iB conetructed. So in this sense we have a FIVE-LEVEL 

CONSTRUCTION - see figure 1. I won't go into the actual hierarchy 

construction here; it is "well-known"(l) snd the d~tails are not actually 

important for what followo. What is iaportant about it here is that E(2) 

can be embedded in a perticularly sianificant way into E (4), and similarly 

!(4) into !(16) and E(16) into ~(256), but that thia process. cannot 

continue beyond E(256) - the so-called "Parker-Rhodes Stopping" phenomenon. 

E(l) -+ E(2) -+ !(4) -+ !(16) -+ !(256) Original Levels 

0 I II III IV Level Numbers 

E I ( 1) -+ E' ( 2) .....,. E' ( 4) -+ ! ' ( 16) ~ E I ( 256) Dual Levels 

FIGURE 1. 'nil FIV!-LEVEL FINITE HIERARCHY 

3.1 I have described (at ANPA V, 1983) how we can regard the special 

primitive quanti tiea 0 Md 1 u "tokeM", that 18 • as representative of 

some unspecified thingu whose only properties at thhl stage 

summarized in the fact that we can "discriminate" between them by some as 

yet unspecified procedure which allow us to say that if "the things being 

discrirdnated are the aame" then the reault of the discrimination is 

signaled by the production of a "0" • fl!ld if "the thingl!ll are not the same" 

then the result 18 a "1". I al1t0 deecribed how the lack of any other 

substance that could be accorded these' tokens gave them an undesirable 

primacy in the eche~~~e of thing~~. That 18 to say • 1 t gave them an 

esuentially "priaitive" exogenous statuu which wru~ in conflict with the 

idea of the theory under development being in some way self-describable, 

self-organizing or self-generating. 

3.2 I have always insisted (from my earliest talks with Ted Bastin 

twenty years ago) that whatever theory should ever arise from the 

development of a Combinatorial Hierarchy approach it should intrinsically 

contain the capacity (or at least the potential) reflexively to describe 
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the theory developed, together with its appropriate calculWII. That i8 to 

say, the theory should posseo 1\0 eosentially self-organizing or boot­

strapping feature. But to that end I alway111 had to face the obstacle of 

how one could oatisfactorily discharge these tokens of their accidentally 

special role. For ~. the miosing step was found when I recognized that 

one could identify the tokem~ 0 Md 1 with LEVEL IV md ·ita "dual", 

respectively. The identification also aerendipitously removed another 

accidental specialization; naMely that of' the LEVEL IV (and ita dual) as 

the Parker-Rhode& Stopping Level in the Hierarchy (and ita dual). We can 

now say: 

"0 stands for Level IV" or, interchangeably, "Level IV stands for 0", and 

Bimilar statements about "1" and the dual of' Level IV. 

3.3 Such an identification, whilat iMmediately denying. the tokens 0 

and 1 and the Parker-Rhodes Stopping Level111 of any undesirably apecial 

statue • aloo provide& ua with an unexpectedly rich ayetem. an infinitely 

recursive two-headed construction: THE BI-OROBOUROS see Figure 2. 

+- - - - - - - - - - -+- - - - - - - - - - - - - - - - -+ 

: t 
~:~r ->E(l) --> E(2) __,. E(4) --> E(16) -+ E(256) I>- - -+ 

\.. .. E t ( 1) -+ E t ( 2) ~ E t ( 4) -+ E I (16) 4 E I ( 256) 'II>- - -+ 

+ 
+- - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - -+ 

flGURE 2. THE BI-OROBOUROS CONSTRUCTION 

3.4 Th~m thb construction has allowed WI to deflect the queation 

'What are 0 and 1 1' with the sphinx-like answer: !(256) and !'(256), i.e. 
256 76 

LEVEL IV and its dual, each of which is itself comprised of 2 .. 10 

vectors each represented by an n-tuple made up of 256 copies of the Oa or 

1s, each of which in turn iu a copy of E(256} or E'(256) each of which in 

turn is ..••••. ad infinitum 

From one point of view, the 81-0robouros has no beginning and no end. Yet 

from another point of view it "starts" with the recognition of the initial 

need to use "primitive tokens" 0 and 1 but immediately goes out from this 
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to support the entire infinitely recursive construction, endlessly 

recapitulating the Combinatorial Hierarchy and its Parker-Rhodes Stopping. 

In other words, any attempt (or feelina of obligation to attempt) to 

"define" the substance of the token& 0 and 1 exogenously ( i toelf. a 

~aninglesu action) hi removed infinitely far away by this recursion. 

The requiuite endogenous nature of the Heirarchy is brought one etep nearer 

actualization. 

3.5 For later use, we notice that if we try to construct the formal 

steps in this recursion, we are led to an infinite sequence of vector 

spaces:- thus, beginning with 1(256) we can in each 256-tuple 

systeutically replace each 0 by !(1), that h the pair (0,1), and replace 

each 1 by the dual E'(l), that is the pair (1,0). In fact it's easier and 

more exact to achieve thh by replacina 0 by the pair 00 and 01, and 1 by 

the pal r 11 and 10; doing thh helpa to keep intact the "history" of the 

rephlcements( 2 ). It also alloW~~~ Wll to see at once that !(256) is modified 

to E(256x2) m !(512). Intorch&n&GUilbly, we could of course just u well 

start with E(l) and replace 0 by 1(25&) and 1 by !'(256) using a similar 

kind of hlbelina sche~M~ to keep tM~Ck or tho "hill tory" of the repbcementt!. 

(Note that each label here has to bo written with 257 digita and there are 
512 

2 distinct label!~ I) The result io aaain a larger vector space E(2x256) 

""!(512). Continuo thh procees:- using !(256) and !'(256) in !(2) we 

get E(4x256) • !(1024); using !(256) and !'(256) in !(4) we get E(16x256) = 
(3) 

E(4096); and 110 on ••••• 

Similarly, dual replacement etepa are.also to be carried out:- starting 

with E'(l) we get E'(2x256) "'!'(512); and so on ..... 

3.6 It is clear that.theso dual recursion processes do not have to be 

carried out 18epar11tely; they cM (and III!IUat) be thought of aa taking place 

llilllllltaneoul!lly, and instentanooullllly. Moreover, they thoroughly Md> 

completely mix up both tho 'ori&inal' primitive branch E(l)---!(256) and 

itl!ll dual (or 'anti') pri11111itivo branch !'(1)---E'(256). At each stage of 

the recursion, the 81-0robouroe acquires an ever increasingly complex 

fine-grain structure comprising both 'original substance' and its dual 

'anti-substance'. 

4 '1m: RXCURSIVII: lmiRARCHY 

4.1 The first practical problem now has to be faced: 
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How can we incorporate the idea of Bi-Orobouros in an algebraically and 

topologically meaningful way? 

4. 2 One interestingly practical way makes use of the idea of a Direct 
. . ( 4) 

Limit (sometimes called an injective Lhlit) of mathematical l!lt.M.Icturea , 

Very roughly speaking, we can imagine a new vector apace E(oo) (it ia· a 

"super-apace", of infinite dil'llension) consisting of vectors each of which 

is an infinite-tuple (sequence) of 08 and 18, with only 11 finite number of 

h in any of them. (We shall also need a "dual super-apace" E' (oo) in 

which vectora have only a finite nW!Iber of 08 in .them.) Vector addition hi 

again coordinate-wise addition (mod 2), We can now recognize a sequence of 

vector aubspaces in this super space K(oo):-

Firat pick out the two vectors .which start (0,0,0, ••• ) and (1,0,0, ... ) and 

which have all 08 after the first place: these clearly form 1111 subspace 

isomorphic to E(l), i.e. to the base field z2 • (0,1). Second, 

pick out the four vectors which start (O,o,o,o,o, •••• ), (0,1,0,0,0, ••• ), 

(O,O,l,Q,O, ... ), (0,1,1,0,0, •••• ) and have all 0. afU,r ·the third place; 

these form a eubspece iso1110rphic to !(2). Do thee~ with vectors which 

have all Os in lst,2nd and 3rd place~ and after the 7th place, and at least 

one 1 in the 4th,5th,6th,7th places; theee together with (0,0,0, •••• ) 

make up a set of 16 vectors which is ieOII'IOrphic to !(4). Then liitOVe on to 

the next 16 places, the next 256 places, the next 512 places ••• and 

recognize E(16), E(256), E(512), ••• It'a u if we were glueina to;ether 

the infinite sequence of finite-dimensional vector apacee E(2), !(4), 

E(l6), E(256), E(512), •••• in a meaningful and organized wa/ 5 ); aee 

Figure 3. 

E(l) E(2) 

E(l) E(2) 

E(oo) ))>---). 

FIGURE 3, 

E(4) E(16) E(256) !(512) 

E(4) E(256) E ( 512) 

EMBEDDING THE FINITE HEIRARCHY ( E(l)~E(256) ) 

AND ITS OROBOUROS EXTENSIONS ( E(512), E(1024), ... 

IN THE INFINITE BACKGROUND SPACE E(oo) 
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4. 3 The degree of organization is hrg4'>r than at rirst appears. For 

(see Note 5) there are maps between these vector subspaces which allow nne 

to identify a lower level vector with a higher level one in the super-spAce 

E (oo). These maps are (or should turn out to be closely related to) the 
(6) older level-matching maps of the Finite Heirarchy • Moreover, since 

these maps are linear they are themselves representable by (infinite) 

Mtrices with entries made up of 08 and 18 (almost all of which are Os, of 

course); and any such matrix can in turn be identi fled with a vector in the 

super-space E(oo), thus making the whole system very self-contained (and 

very Hierarchical in spirit •• ) 

4.4 Some other problems that have still to be tackled: 

(A) Should we formally carry out the identification of E(256) with (0) and 

the dual identification of !'(256) with (1), in the super-space E(oo), 

MJd if ao, how ? 

(B) Is there a for.al role for the dual super-apace E'(oo) 7 

(C) If E(oo) md H.- dual !'(oo), though bomorphic, are to be regarded tw 

distinct in the saae way as each E(n) and E'(n) were, can we not carry 

out yet another identification thil!l time of (0) with E(oo) and (1) 

with E'(oo) and 110 repeat the entire B!-Orobouros con~truction on 

thh even grmder scale by producing further super-spaces E(oo,oo) and 

E ' ( oo , oo ) , and eo on and so on • • • • • ? 

My own conjecture is that a satisfactory answer to (A) will 

resolve (B) and thence (C) in such a way that the first two super-spaces 

E(oo) and E'(oo) are shown to be mutually identifiable in the sense that 

neither can ultimately provide any further structure-based information. 

Moreover, it is very likely that E(oo) and the seemingly grander E(oo,oo) 

vould turn out to be structurally indiatinguishable(?), so that nothing new 

waa to be gained by further creating an infinite succession of such grander 

identifications for (0) and (1). In this ultimate sense there would be no 

infinite regress of constructions for Bi-Orobouros. Bi-Orobouros would be 

formally identifiable with either E(oo) ~ E'(oo); the choice could be made 

without any more preference than is currently given the tokens "0" and "1" 

for whatever formal objects they are habitually required to represent. 

5.1 There is another point which I ought to mention here, though this 

too is a very raw idea. The "extension" process by which I described the 
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setting Up of the infinite re~ursion by using the spaces E(l),E(2),E(4), .. , 

E(512), ... could be regarded ass "ticking" Wliverae, growing in complexity 

at each extension. The universe at any "time" is finite becauee only a 

finite number of places in any vector in E(oo) have had the possibility of 

being occupied by a 1 (all other places "further on" still being 09), But 

if we wish to take on board an infinitely remote past, ~ore have only to 

modify this construction and replace the super-space E(oo) by an isomorphic 

copy consisting of "two-sided" vectors (sequences of 09 and 1s which have 

no start and no end, e.g. ( ....... ,o,o,o,o,l,O,l,i,o,o,o,o, ....... ). 

Formally these are described as aequences indexed by all the positive and 

negative integere and zero ( •.. ,-2,-1,0,1,2, ••. ) rather than by the 

positive integera (1,2,3, .••• ) alone. 

5.2 The advantage in doing this, is that even the "•tart" of the 

construction loses any privilege or priority: any point can be taken as a 

convenient 118tart" for identifying a "local" !(1), and the 8YII!Itl!fll 18 

8tructure then rolls sway "locally" to the right as before; but any other 

point ~ore to the left would have ~Jerved equally well and when it come8 

down to a hard choice, there are no grounda for picking on ~~~~ny point ••••• ; 

the "origin or tiMe" 1B infinitely far to the left and "ti~~~e" stretches 

infinitely far to the right, so to speak. But at each "tick" the universe 

becomes that much more rich and complicated, structurally speaking. 

Perhaps there is a sense in which this idea can be identified with the 

Noyes-Manthey-Gefwert ticking univerae(B)? 

6 IIWIKITK DIMitNSIOHAL SPACE 'roPOLOG:ntS 

6.1 The next po8itive advantage which I think will flow fro~ these 

ideas is the potential removal of the limitation of having to work with a 

finite collection of finite vector spaces, as in the original Finite 

Hierarchy. As Clive Kilmister and I have described (at AKPA V, 1983), this 

unavoidably forces any topology on them to be discrete (and nther 

Wlinteresting as a result); we are left with only a "HUI!ming" ~etric (the 

distance between two vectora is just the number of placea in which their 

coordinates differ), But now that we have infinite dimensional super-

spaces E(oo) and E'(oo) to work with even if only as background spaces, 

only "potentially realizable" - we may be able to appeal to a larger 

variety of topolo~if>s and related topics. 
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6,2 Some possible ideas here are these: (i) It is known(g) that 

E(oo), as defined above, is identifiable with all subsets of rational 

numbers, and hence (ii) that it contains a chein (i.e. a collection of 

vectors each one of which in some sense is an extension of all "previous" 

one1111 in the collection) whi<'h h identifiable with the real number system. 

Thia means we would have (most? all?) rational numbers available at any 

"ti~ne" and real numbers available at a potentially infinite "time". The 

~tetric "refinellli!mt" available to Will in any f1n1 tely-realizable part of the 

universe would th\.18 depend simply on the (theoretical?) extent to ldhich Ide 

have folloved the Bi-Orobouros' development starting at any given "origin", 

We are free to choose any ouch starting-origin (in the t\itO-I!IIided vector 

syste~~~ described above) to suit the problem in hand, and so are free to 

discus• theoretical physical problema to any degree of topologic/metric 

"preciaion". But what effect thi1111 \itOUld have on any attempt to introduce 

the notion of quanta (in energy or spatial measurement, for example) is not 

at all clear. 

(1) See for example: B88tin, et al., 'On the Physical Interpretation and 

the Mathematical Structure of The Combinatorial Hierarchy'; 

Int. J. Theor. Phi'JtH~'t1.'8, "No.7, 1979, pages 445-488. 

(2) Whet in fact we are doing here is forming the Kronecker (or Tensor) 
Product of each vector in E(256) vith the vector (0,1) and re-writing the 
reaul ting 256x2 1118trh u a 512x1 vector. And similarly for oth,.r· such 
construe tions. 

(3) Note that the eequence of dimensions grow vith a "double rhythm": 
( 2 4 16 256 
( 512 1,024 4,096 65,536 
( 131,072 262,144 1,048,516 16,777,216 
( 33,554,432 67,108,864 268,435,456 4,294,967,296 
( 8, 589,934,592 17 ,1 79 • 869 • 184 68,719,476,736 1,099,511,627,776 

The let entry on the (n+l)-th row has the value 2 x 256n; 
the 2nd, 3rd, 4th entries are then 2x , 8x , 12Bx that value, respectively. 
Alternatively, note that the numbers in the FIRST ROW grow by squaring, 
then the numbers in each COLUMN grow by being mutiplied by 256. 
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(4) Useful accounts of this idea are given for example in 
(a) Bourbaki, Elements of Mathematics, THEORY OF SETS, (Translation, from 

the original french, published by Addison-Wesley, 1968), 
(Chapter III, Section 5, (page 202)); 

(b) Dugundji, Topology, Allyn & Bacon, 1966; 
(Appendix Two, Section I, (page 420)), 

(5) Strictly speaking, the Direct Limit involves a further construction. 
First there hae to be 1m ordered set of mappings each of which reaches from 
one "embedded" space to another in the system, and they 1111\.ll!lt COIIIpOI!ill'llble in 
a sensible way, so that if spaces (a), (b), and (c) occur in that order, 
then if fab Mps you from space (a) to apace (b) , and F'be from space (b) to 
apace (c) then their composite Fbc .Fba is the IUUOO U the Mp fac fro~~a 
apace (a) to space (b). The extra construction now consistm of identifying 
any vectors in the extended system which can be linked by a chain of these 
INlppings stepping from one "embedded" eubapace to another. (Thht idea 
reminds 1100 of my earlier idea of "spine111" of vectors reaching up through 
the Finite Heirarchy via chains of level-mappings --see paragraph A.4.7 in 
the reference in Note 1 above. ) It i1111 known that if two vectors IU"'e 

related by such a link, then the relationship 11110 fo~ed illll en equivalence 
relation on the ayatem. The final step comea in regarding any two 111uch 
"equivalent vectora" u being one and the 1uu•e object. (FonMlly. we 
construct the factor apace ! ( oo) /R from E ( oo) by this equhal ence relation 
R.) Thh new "condensed system" h obviously very exciting:- any one of 
ita "object." consi11tlll of all vectors in the 81-0robouroa which coo reach 
each other by chaine of level-aappinga; the collective of vectors in such a 
chain have lost their "individual! ty". eo to speak. Perhaps they 
correspond to "phyl!lical entities" in an "observable universe" 1 A natural 
question to ask is: What is the cardinality of the 1111ystes !(oo)/R ? 

(6) The difficulty at present ia in finding the correct way of ~pping 
E(256), the LEVEL IV of the old Finite Heirarchy; into E(512), the first of 
the Extended Levels ("LEVEL 5"). Once that ia agreed upon, the successive 
mappings can then be constructed iteratively up through the infinite 
sequence of all the Ex tended Levels in both the Recursive Hierarchy and its 
dual. 

(7) In the same way that the vector space V(oo) of all infinite 0,1 
sequences with finitely many 1s is isomorphic to the vector apace V(oo,oo) 
of all infinite 0,1 matrices with finitely many 1s ("infinite aequencea of 
infinite eequences"); and so on •••• 

(B) See, for example: Noyei!J, Manthey, Gefwert,; 'Towards 111 Conet.ruetive 
Physics', SLAC-PUB-3116(rev. September 1983). 

(9) See, for example: Dwinger, Introduction to Boolean Algebru, 
Physics-Verlag, Wurzburg, 1971, page 8, Problem 4.11. 



ON THE BIRTH OF STRUCTURE 

Alison Watson 

As with the. seven basic jokes, there may be nothing essehtially new to 

bP said in metaphysics, but philosorhies brth shape and reflect their 

times, and so need continual pragmatic reformulation. 

It is widely agreed today that the dualistic Cartesian metaphysics 

which has framed the world view of the West for the last few hundred 

·years is now outdated. But we can never wholly abandon any organising 

principle, no matter how obviously tattered it has become, in the 

absence of an alternative, mote effective and more appropriate model to 

take its place in lending that original sense and meaning - that 

essential structure - which guides and defines our experience and 

actions. What we are clearly in need of now is a revolution at the 

very core of our metaphysical thinking. 

If we are to adopt a non-dualistic, holistic stance, seeking to 

move not from multiplicity towards unity, but from unity towards multi­

plicity, we must address directly the question which immediately presents 

itself: how could an ontologically undivided whole manifest itself in 

relatively well-articulated, differentiated but interacting, parts 

within that whole? 

This requires us to address the question of the nature and genesis 

of structure. 

In the manuscript, The Birth of Structure, we began with an 

initial state of dynamic indeterminacy or unstructured change, and put 

the question: What must be necessary for the possibility of structure 

and experience? This ~~estion elicited a nesting hierarchy of levels 

at which structure and experience may be co-generated with increasing 
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cr_)mplexity as a consequence of creative acts and operat.ior;s, and with 

refer~nce to no pre-existing structure(s) whatsoever. 

Such a model may exhibit a degree of logical an1 even aesthetic 

elegance, but will be no more than a mere intelle-:tual plaything unless 

it is immediately and concretely applicable to the problems, needs and 

concerns of humankind. It is a fundamental concern of this work that 

it should be productive in the many non-philosorhical disciplines and 

departments of life suffering from the disintegration of the Christo­

Cartesian ethos. 

It is therefore also intended to address the dismay of the 

educated (wo)man-in-the-street in the fact of the claim that it is no 

longer possible to understand our world in words, and that we must 

abandon our vital interest in such matters to today's masters of the 

esoteric language of theoretical physics and cosmology. 

We are badly in need of an alternative way of thinking about the 

world - a unified world view, a unified concept of humanity-within-this­

universe - which is coherent and self-consistent and can take us 

forward into a future in which, for instance, value antedates fact and 

not vice versa. It is therefore intended, among other things, to 

address some difficulties being encountered not only, very publically, in 

physics, but also in biology and psychology. 

We shall embrace, therefore, rather than atavistically fleeing 

from, the new physics, and show in orginary twentieth-century English 

words, that given only that we clear away completely the last of the 

rubble of the old framework, the new physics is perfectly comprehensible 

and even sensible, seen from this new angle. 

Many will be thankful that we cannot now proceed to erect this 

entire metaphysical model here. We have space only to make, first, a 

brief diagnosis of the problem, followed by a quick canter through the 

very first stages of the metaphysics, and ending with an indication of 



·some of the con$equences (at this stage) of the oietaphysica for our 

understanding of certain issues in phy!'ics and cosmoloqy today. 

Unfortunately, this is going to··make it more difficult in some 

ways for t~e reader,· sine~ (s)he will not get an overall picture of the 

unfolding.of the action of division-'cum-relation at the various levels 

in the hierarchy, or of the movement from formatioll throughtra.ns­

formatl<-'n to in-formation, of patterns in the development of s~ructural 

particularity and diversity,. of the development of ;onsciousnesS along 

a spectru~, and so on. However, we will begin with: 

The Presenting Problem 

As we proceed through the penultimate decade of this century, it 

is very surprising that the greatest philosophical crisis of our time, 

which originated at the century's birth, has be~n all but ignored by 

mainstream philosophy. 

This crisi:s arose in physics with, as is well known, the advent 

of Pl.i,'lnck: 's quantum ~stulat~, and Einstein's th.eories of special and 

geo.era.l. relativity. It "'as compounded by Bohr's complementarity 

pJ:inciple, He-isenberg's principle of uncertainty or indeterminacy, and 

the Copenhagen School's flight from causal determinism to probabilty 

1;.heocy. 

In the early decades the main complaint bro~cast by pioneering 

physicists was that. the 'classical concepts' of our ordinary language, 

and ~f science until modern times - concepts developed to talk about 

the world of ordinary human awareness - were by their nature inadequate 

to describe the now indisputable findings of the quantum mechanical 

physics of our era. The classical concepts refer to a world of dis­

crete and determinate 'things' distributed - which is to say related -

in space and time continua. 

Since, the orthodox argument goes, our classicaL G9ncepts must 
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now be s.een to be appropriate only to the macro world of man's natural 

percept'lrotl experience, the micro world as revealed by quantum. theory 

can only be described by scientists talking in maths. 

More, since the classical concepts to not·apply to micro phenomena, 

in measuring these one must· restrict.oneself to mentioning, in classical 

\~ng',lage, t;he Gla.Si$.iCa~ phenomena tha~ occur in the classical experi­

menta~ i;\Pparatus, though it is supposed that what is being observed is 

b~h.wiour !n t;.h~;~ mic~o domain - a domain wl:Iich of course includes the 

experimental apparatus considered at that level, and a domairi which it 

is agreed is more faithfully described by quantum mechanics than by 

classical ·mechanics. No. satisfactory account of the translation 

between micro and macro levels has-yet been offered- even by 1985. 

There are efforts to return to some kind of deterministic frame -

notably Bohm's hidden variables - and efforts to deal with the 

undoQbted presence of consciousness at the scene of the measurement -

though no one is quite sure how to bring it indoors, as it were. 

It seems to me that the. problem of measurement - and not only in 

physics but in biology and psychology as crucially'- is the pivot upon 

which the whole world view of the West (and in science that now means 

of the world) will have to grind ponderously round at least a few 

degrees of arc, inducing an overdue reassessment of the nature of 

scientific activity, and of the hegemony of what some today term 

'scientism'. 

However, to return to the matter immediately at hand: in the 

light.of the continuing success of modern mathematical physics in 

'saving more of the phenomena' than ever before, it is certainly clear 

that what is needed at this juncture is not a new physical advance 

which would bring the mathematical formalisms back within the fold of 

our ordinary language conceptual scheme, but rather a new ordinary 

language conceptual scheme which is sufficiently powerful to express 



and include the ro.r:::~lci tr.mt ide ;s emer1ent at the front:.iers of pr.:,;si<:s. 

A Diagnosis 

If we distill from the history of Western philosophy and science 

s1nce Descartes (himself the earlier inheritor of our Judeo-Greek 

tradition) a '!ery condensed and n('cessarily oversimplified onto-

er-isrem<~Logy or metaphysics, we shall be at·lp to i.dentify certain b.J'>ic 

underlying motifs. 

With Desc3rtes, two dominant strands of Western philosophico-

scientific thinking emerge with s•Jch power that despite recurrent 

attacks down the centuries they still hold sway today. 

One strand conceives the physical universe as mechanism, as a 

world of material objects, cau~ally related in space and time - with or 

without a God, who in any case is not conceived as immanent in that 

universe. In Descartes we find the basic ontological notion, brought 

to a triumphant focus in Newton, of the body (thing), bereft of 

qualities (barring its defining attribute, extension), but subject to 

quantitative motion. And so with Descartes we cease to ask about the 

nature of the body - since it has 11one - and seek explanations only in 

terms of its external behaviour: its motion, through space, in time. 

The second strand separates out from that universe a subject, an 

'I', which operates in but is not of the same nature as the remainder 

of this universe of objects causally related in space and time. 

The same kind of highly structured original (ontological) land-

scape is also assumed in the Judea-Christian creation myth in which in 

six hectic days the universe was given its first and final form(s) by 

the First Cause, or God. 

If we lay bare the full import of these underlying motifs, we 

shall see that they lead to the inescapable conclusion that what needs 

~xplaining is change: 



1. If bodies are in essence fundamentall'1' static states, enrl• · ,.-.1r .1ng 

as themselves through time, and in space, t~e ma~ifest charge~ tn ~h~ir 

appearance require explp.nation. 

2. $ince bodies are dispos~d in space they are related to one 

3. As they have no inherent properties, t~e ~anifest changes in 

th<::>i.r sp'ltial relations over time must be extPr-:"'- l~· caused:. :hf'ir 

motion must be explained. 

4. Inexplicably implanted amidst the macr.i~erJ of this mechanism, 

a perplexed 'thinking thing' struggles to extract some kind of law and 

order (whether it be generated by a god, l:ly the inherent nature of the 

machine, or by the mechanism of its own 'thought') from the manifestly 

prevailing, bewildering, change. 

The dominant obsession of the 'modern' Western tradition with 

explaining change in an inherently static universe, an obsession with 

causality and, conversely, with prediction, led to the rise of a 

powerful, controlling and exploitative science a~j technology. But its 

own ever-accelerating onrush has finally carried fr'ontier science 

beyond the metaphysical roots which gave it its original nourishment 

and vigour. 

Now these roots lie exposed as mere obstructions, as outdated 

impediments to further progress - as no less than the 'classical 

concepts' contemporary physics cannot digest: the concepts of 

subjectivity, objectivity, substance (thinghoodi, relation (especially 

causal relation), space and time. 

These were the concepts which expressed the structure which was 

assumed to exist at every conceivable level before the advent of quanta 

and relativity, indeterminacy, complementarity and probability brought 

about the present dramatic divergence between our traditional philo-

sophical premisses and the subatomic and astrcph:.'sical worlds of micro 



and mac!:'o physics. 

Eiahty-five yenrs after Plancl.:'s qu<lntum postulate, are WI? nr,t 

rather badly in need of a twentieth-century version of the Corern.ican 

revolution - a ne'", and nondualistic, metaphysical model for c•Jr ti!"les? 

A Copernican Revolution? 

The_original Cope1nican revolution took place in the granJ urrl~ring 

of the ~elestial regions, removing the Earth from its secure positi~r. 

of fixity ~t the still centre of the changing universP. 

The Kantian 'Copernican revolution' took place in the inti~ate 

regions of the 'mind', claiming for its province the apparently 

external order and rationality of the perceived universe, but retaining 

the subject as its fixed centre. 

We have seen that our existing metaphysical model assumes a 

universe structured ab initio in terms of subjects and objects related 

in space and time, and that it requires explanation of change. 

In what, then, could our proposed twentieth-century conceptual 

metamorphosis consist? Having thrown out the classical concepts 

(including the subject, or consciousness, as fixed centre) as the basic 

building blocks of our metaphysical framework, with what could we begin? 

We have to start with something, though we should wish it to be 

as little as possible and to be made explicit. And Copernican 

revolutions require things to be stood on their head ~-

Instead of assuming structure and requiring ·explanation of change, 

let us, then, in the spirit of Copernicus, assume change and require 

explanation of structure. 

Let us assume a universe which is dynamic but unstructured. 

Such a universe could have but one characteristic: indeterminate 

~hange. This, therefore, will be our initial Copernican postulate. 

So we begin with a universe which is amorphous, atemporal, but 
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.dynamic. The. form our demand fer explanation must now take is: Giv~~ 

a universe ~ndergoing unstructured change, ~ow could such a universe 

curne to be (and to be experience as) in d1verse and particular ways 

determinate or structured? 

By eschewing ontologir:al dualism and positing an indeterminately 

holistic universe, we are in fact asking: By what means eould a 

determinate - divE::!_S.":__a~<~_rticular - __ ullj_vers_~ e:'<_erge from within its 

own totality? 

But change, it will be objected, is inextricably involved with 

time. It can be only briefly stated here that time must have a 

direction, and is dependent upon prior determinate conditions such as 

relation, seriality, etc. The experience of time is far from.the most 

primiti'le, but is rather among the most sophisticated and derivative. 

It is also interesting that this postulated universe should be 

deprived of form and time, rather than the more usual pairing of space 

and time. That space, too, is far from primitive, and is also 

dependent upon prior conditions, such as the emergence of form, can 

also only be stated here. 

The question we are putting to our ~ostulated universe cannot, of 

course, refer for its answers to already existing structures, since 

structure itself has now been dispense with. This means all structure, 

without exception, whether it take the form of metaphysical structure, 

or of those conceptual ~chemata which form the frameworks of the 

exis.ting physical, biological, psychological, socio-economic or other 

theories of our contemporary world, populated as it is with its theory­

animated 'facts', 'things' and 'events' all heavily dependent upon the 

very metaphysical model we have only just cast out. 

In keeping with the dynamic ~ature of the universe as postulated, 

the question will and can only be answered .in terms of acts and · 

operations. 
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What is Structure?· 

'rhe amorphous, atemporal but dynamic universe -,.,~_. havP postulates 

as i.n its totality_ undergoing unstructured change can also be charac-

terised as nothing-in-particOlar. 

Structure delineates something-in-particular. Structure 1s that 

which takes determinate form within a larger whole, being less than, 

selected from, the whole. The whole cannot itself be structured in its 

entiretv. Structure assumes, for its definition, some unstructured 

ground, or at least some ground unstructured in terms of the particular 

structure under consideration. 

And yet that particular structure must remain continuous with 

its ground and/or with the whole, paradoxical though this may sound . 

• 
If it were not to be continuous with the whole, we would have to ad~it 

to the existence, within the universe, of a part of the universe which 

was not a part of the universe, since only thus could a part of the 

universe be discontinuous with the rest (and that by means of a 'non-

existence' which to exist within the universe must be finite and 

therefore measurable). Thus we must deny the existence of the true 

vacuum, which is to say the existence of nothing-at-all - which is to 

be clearly distinguished from our postulated nothing in particular. 

The First Act 

What, then, must be necessary for the first emergence of 'some-

thing', even in its most primitive manifestation, from amidst this 

dynamic but indeterminate, unstructured flux? 

In order that some-thing may assert itself, stand out and maintain 

any sort of quasi-independent semi-stasis, it must be necessary for 

refusal or resistance to arise amidly the changing of t~e world. A 

part of the world must refuse the flux. 



That which does not· resist change merely under:?.:Jes chang~. 

indistinguishably participates in indeterminacy, and .:_s net any+:::irq­

in-part.lcu lar. 

That which refuses or resists, at least in part, the changing of 

the world is already acting towards the world aw 1 
1 to th!: extent that 

resistance is maintained, manifests itself by means of an act tending 

towards 'inertia' (a term we propose to redefine later). 

Matter, today understood to be interchangeable with energy, has 

traditionally been. supposed to be fundamentally either discrete or 

continuous, or more specifically, in modern physics, as manifesting 

itself as either corpuscular or waveform (both highly determinate 

states) , and disposed, of course, within the framework of. space and 

time (or space/time). The aether has historically been,alternately 

discarded and retrieved as the 'carrier' for this corpuscular or wave­

form matter or energy. But at bottom, beneath the aether, as its 

support, extended the space-time continuum. 

Deprived as we are of pre-existing space-time and of the aether, 

we are reduced to the emergence under tension of some-thing, in and 

through the first act, as manifest 'energy', emergent from and within 

a universe of indeterminate no-thing. Manifest energy is,. then, n6t,~ 

the universe - it is the universe itself, as it emerges towards form, 

manifesting itself by its own acts. Space and time come into being 

with and depend upon the prior emergence of something more determinate 

than this primitive manifestation of the first·act. In its absence 

they cannot arise and with its reclamation into no-thing they die away. 

With this first act against the flux of random change comes the 

first intrusion of duration into the unbounded 'now'. Something begins 

to assert itself, to raise itself like an ill-defined island of con­

creteness in a liquid ocean of no-time. But such a 'presence' is not 

yet bounded, surrounded, by a future and a past, but merely stretched, 



ll 

r.etained, extended, extrapolated out of the 'now' by maintaining even 

such a semi-stasis. 

As a creative act, the emergence of some-thing takes place wit.l .11 

and as a part of its environment, a neighbourhood of indeterminate 

change, perhaps, of active movement towards manifestation, or of well­

established 'thinghood'. As environmentally determining and determined 

(being continuous with the universe as a whole) , as co-creator and 

-created, this reciprocity or mutual influence is both centred on each 

such act, and also propagates itself t~roughout the entire universe, 

sir.ce e\·ery neighbourhood is also agent or potential agent, actually 

or potentially maintaining its own self-manifestation against neigh­

bourhood ch?nge within its own environment. 

The first act introduces ~nto the whole the first intimations of 

division and relation, the primary necessary conditions ·for the 

possibility of the emergence of structure. In and through that acting­

towards, some-thing divides itself from and relates itself to a 'world', 

no matter how minimally. Which is to say that some-thing and world are 

_co-created- arise indissolubly together - in and.through that primary 

(self-) differentiation. 

With the persistence of something as itself through change, 

maintaining itself under tension as 'the same' (in the sense in which 

we speak of the 'same' candle flame), the ground is laid for the 

possibility of identity. To the same extent, no more and no less, the 

constancy of the co-created world will also be necessarily maintained. 

The first move towards emergent form is made, and from that ground 

determinacy unfolds towards structure until the world can begin to 

experience itself in the manifold variety of its forms. 
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What is Relation? 

With this first act of primnry ontological differentiation arises 

the converse of that coin,. the dynamic of m~;~tuality, the dyadic relation 

of 'co-respondence' - the necessary condition underpinning the possibi-

lity of the subject-object relationship. 

The nature.of such an initial division can only be uniquely 

det.ennined by the whole, now taking the form of relata. The stasis 

maintained in the first act must be absolutely determined by the nature 

of the change to be resisted, and must therefore be aooronr~ate if it 

is to be effective. 

This mutual (self-) definition both begins and underlies the 

process of the circumscribing of experience necessary td th~ attainment 

of a ·point of view, reaching its apotheosis in the hUWan faculty of 

naming. Ontological differentiation thus entails ortttologieal co-

respondence: ontological differentiation exists solely in and through 

the mutuality of the (self-) determining acts which giVe it eX.J?i:ession. 

Mutuality implies some fonn of what I am calliflg 'awitrttniess""that' 

(something underfined, at this merely dyadic level). What that some­

thing as yet undefined is remains undetermined Ufitil the advent of wh~t'.. 

that I am calling 'triadic relation', which 17itrc:>duces ll$ to the 

possibility of space, time,. dimension, plurality, ahd oft mathemat-ies, 
. . 

models, language - to the whole panoply of deeply divetse expet'iertce 

we Western human beings are accust<lmed t.o taKe for grarited arid normally 

aSSign tO the domain Of the giVerlS at 9tll:iftdt l{ftQ 1tnatter I • 

But the mutuality of the rel:,..tion'"'i:!l,lm--division of the first act, 

the appropriateness made possi}:)-le by even the primitive degree of 

'awareness-that' entailed irl dyadic :telation, means that such relations 

cannot be solely ontological but must inclu<le an element of the episte-

mological - that the two (fourided in a dualistic metaphysics) can no 

longer be distinguished at source, and are but aspects of a single 
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unitary act of c•:J-respondence. 

It should be remembered that we can characterise as 'awareness-that' 

only that degree and kind of co-respontience whjch is completely 

exhausted in and through the act of co-respondence itself, and is 

without residue. 

Motion as Trans-formation 

But while the effect of any determinate effect is propagated 

throughout the universe, at the indeterminate level immediacy remains 

unbroken. 

The rate of propagation of any effect would, then, have to be a 

functibn of the rate at which each successive manifestation of active 

stasis can come into stable Qeing, either at the most minimal level we 

have characterised as the original quantum of action, or at more 

complex and stable later strata in the hierarchy of levels. 

This rate of {self-)manifestion - the rate at which individuated 

stability can be achieved in the face of neighbourhood turbulence - is 

not a measure of space or time, but of action - of trans-formation. 

It denotes the quantum of action required to achieve even .momentary 

stability - at what must be discontinuous levels of active being - in 

order that the universal readjustment consequent upon any action what­

soever may follow through. 

It will be clear that quanta of action must make quantum leaps and 

consolidate at discontinuous {relatively discrete) levels or strata if 

the universe is to avoid a continual sliding collapse back into its 

original ground state of indeterminacy, as the propagation of central 

and neighbourhood effects continues harmonically within the whole. Only 

thus could we account for the diversity of discrete levels upon which 

existence manifests itself with relative stability, and combines 

within the unity of the whole. 



14 

In maintaining its own relative stasis, we have said, a being 

invites into existence for itself a co-responding world which is 

relatively structurally constant - a condition without which no con­

sistent action could be taken towards ifs world. 

Instruments 

Progressive instrumental refinement in the sciences brings home 

to us the selective, and encoded, nature of experience, and the 

arbitrariness, interchangeability and convertability of the coding, 

We have deepened, broadened and added to the range of our naturally 

given co-respondences with our world (e.g. electron microscopy, infra­

red photography), increasing its diversity and particularity for us, 

and have learned to transpose the material of one modality into that 

of others. Graphs may be made of the song of the whale and the 

emission of radio waves from far off galaxies, and as every school­

child knows, with litmus paper we can display the evidence of chemical 

change in colour. Bats 'hear' shapes, ants 'smell' them, and the 

freshwater poly's whole body 'sees' light. 

Our experience - our 'selected' world - presents itself as already 

encoded, in a variety of perceptual modalities, and this encoded 

experience may readily be translated into other of the available codes. 

But to be accessible at all, a 'world' must co-respond with the 

instruments or agents of its coming into being at all. Any particular 

world must be instrument-specific. The world brought forth in terms 

of a variety of co-respondences at later levels, encoded in a variety 

of modalities, remains without exception specific to the instruments of 

is co-responding agents. 

Any number of second-order, third-order, etc., co-respondences 

may intervene before or follow the human (commonly visual) experience: 

photographs, pointer readings, computer displays, radio transmissions, 



etc., extending the chain indefinitely. But the world brought forth 

in terms of such a variety of co-respondences, en6oded in a variety of 

modalities, must be rendered in instrument-specific terms, as only thus, 

by means of selection and encoding in particular modalities, can the 

changing of the world become subject to structuring and thus acces-

sible to experience. 

If any particular world must be instrument-specific, the .prolL-

feration of enquiring instrumental probes can only deliver up to us an 

a~most endless series of possible worlds, defined in terms of the 

enqJiring instruments. And here we have the answer to the much posed 

question of why it should be that, of all possible universes, this 

particular universe should be the one that materialised . 

• 
~ndso we must give up the unreal hope of one day (given only the 

appropriate probe) fishing up from the mysterious depths the final, 

fundamental, 'true reality'. Instead we merely continue to differen-

tiate amongst the particularities of the world in terms of the instru-

ments we direct towards it. 

The act of discovery by experiment, then, consists in the tuning 

in of instruments to a possibly never-ending variety of facets of the 

universe - by means of instrument-defined co-respondences - which may 

then be usefully sorted and classified and accumulated and counted, but 

which are no more or less 'real' than the common or garden versions 

furnished by, for instance, the naked human eye. 

It is a further consequence that any rational structure, as neces-

sarily less than the whole, cannot by definition be expected to grasp 

and exhaust the whole, which is why no theory, scientific law, model, 

conceptual framework or metaphysics (including this one) can be more 

than a partially and structurally biassed reflection of the enquiring 

'instruments' that generated it. In the formulation of the question is 

contained the answer. 
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Some Consequences of the 'Ver~ical Alternative' 

The classic-al model assuined what I will call a 'horizontal' 

transfer of energy in the closed energy system of a universe in which 

the total energy content was conserved. This model proposes what I 

will call a 'vertical alternative' in which the manifestation and 

dissolution of energy forms in trans-formation is a dynamic process 

arising out of and returning into the universe in its original and 

underlying ground state of isotropic nothing-in-particular. On the 

universal scale this would obviously be an open system, and negentropic. 

{In a pulsating universe, recontraction would therefore take place at 

the point of maximum creativity, not maximum entropy.) 

Cosmologically, this allows us to combine the Big-Bang and 

Steady-State theories. In abandoning the conservation of material 

energy, as an absolute principle, it is no longer necessary to assume 

{among many other things) that everything now present in the universe 

was somehow contained in the original 'singularity' from which it all 

erupted 'at the beginning of time'. The relatively homogeneous 

distribution of material throughout the universe would then be 

ascribed not to processes occurring during the cooling of the 

universe following the super-hot {and utterly deterministic and 

materialistic) Big Bang, but to the universal propagation of effects 

which must combine and adjust themselves harmoniously within the whole. 

The Galilean notion of 'inertia' as the passive and unchanging 

state of rest or motion of a body, which only the application of an 

external force can alter, now requires redefinition. Rather than as a 

property of something previously existing, 'inertia' in this non­

mechanistic model should now be understood to be in itself an active 

force or thrust, condensation, concentration or {self-) assertion: 

our original quantum of action. 

We have seen that even the most primitive degree of localisation 
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and duration achieved with the first act against the prevailing flux 

must have a quantitative lower limit, beneath which it would succumb 

to the prevailing invitation to merging change. This thrust towards 

stasis must represent the exertion of considerable force and be main-

tained only under tension. At the threshold of stability this expen-

diture must be equal and opposite to that which it resists. Thus 

with the attainment of the first quantum of action (expressed in and 

through division and relation) symmetry makes its appearance in a 

universe previously perfectly isotropic. 

In conditions of universal ceaseless change, propagating itself 

at every level from the totally unstructured to the highly diverse and 

particular, quantisation becomes an ontological necessity. Quantisa-

• 
tion - and in unequal steps between succeeding levels of stability 

and complexity - is the sine ~a non if we are to avoid the continual 

avalanching collapse of structure back into the isotropic ground state, 

and if we are to account for a world exhibiting diversity and particu-

larity on an ascending hierarchy of levels of increasing complexity 

and sophistication and intensifying stability. 

The apparent arbitrariness of the sequence of atomic weights in 

the table of elements is justified by this requirement of unsymmetrical 

degrees of discontinuity between levels of stability if both diversity 

and relative stasis - and thus the possibility of both structure and 

dynamic change - are to be accounted for. It ought to hold that any 

arbitr~ry sequence of quantum leaps would be acceptable provided only 

that it avoided just those steps between levels which would be 

collapsible one into another. 

Since each quantum of action creates not only itself but also a 

neighbourhood, each inertial thrust would constitute a distortion of 

the universal medium itself as it emerged under tension towards 

stability and form. In its opposition to the 'tidal pull' of a 
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turbulently incorporative environment, such an inertial thrust could 

indeed. be experienced as equivalent to acceleration. 

The minimum inertial thrust we postulate as the original quantum 

of action could therefore equally be termed a quantum of gravity, 

locking up enormous energy in maintaining itself; as equal and opposite, 

in the midst of indeterminacy.· The neighbourhood effects of such 

tensions would indeed resemble those described by Einstein's theory of 

general relativity. The discomforts arising from the puzzling lack of 

symmetry in the classical conception of gravity as an 'attractive' 

force, standing alone without a counter-force - and worse still, as 

Newton himself had it, operating occultly across a distance - could 

then also be disposed of. 

We are claiming that a quantum of gravity, far from coming into 

being in a particular space and time, is itself the occasion of the 

coming into being of the possibility of space and time. At the most 

primitive levels each (self-) manifestation would display only the 

merest most momentary degree of duration and location, and so rather 

than speaking of the 'collapse' of space and time at very small 

distances and very high energies, we would claim that space and time 

have not yet been articulated in the absence of the operations neces­

sary for their formation - those operations which give rise to 

plurality, seriality, dimension, etc., which we cannot go into here. 

Since even at the macro-level, space and time are seen not as 

continua in which things happen, but as consequent upon the happening 

of things, phenomena like Hubble's galactic red shift are not contra­

dicted. In an expanding universe it would not be said that a given 

quantity of space was 'stretching', but that it was quantitatively 

increasing as the result of the creative eruption of more and more 

'inertial' events, or quanta of gravity. 

The vertical description makes sense of the curious fact that in 



a quantised universe energy transfer is neither instantaneous nor 

conducted through an intennedictte statP, as would be expected within 

the horizontal model but is forbidden in ours (by the requirements for 

discontinuous levels of achievable stability, and for the propagation 

of trans-formation(s), and finally in order to avoid universal 

collapse into an undifferentiated ground state) . Thus it does not 

surprise us that in the micro physics of today 'farces' (velocities, 

accelerations, etc.) are not observable, but only discrete changes in 

energy. 

The process of trans-formation would obviously possess no direction 

or motion of 'its own'. Successive (to an observer) trans-formations 

at the more complex and stable levels may well, if powerful and stable 

enough, describe a 'path'. Th~ path may then be found to have position 

and momentum, discoverable post hoc or by probabilistic prediction. 

What will be detected, then, will not be a wave, particle or wave­

packet, continuously itself, persisting in motion through space and 

time, but a series of moments of action, successive attainments of 

relatively discrete levels or strata of complexity and stability, as 

the universe reverberates to the effects of the consolidation of 

quanta of action at various junctures (and according to neighbourhood 

conditions). For a phenomenon to appear to persist in any spatia­

temporal sense requires, in this model, continual self-maintenance and 

trans-formation at its particular level of consolid ' 1 lon. 

In the absence of relation and direction (which beg the questions 

of both space and time, and are derived later in the model), their twin 

offspring, causality and (non-probabilistic) prediction, lose their 

ground. Heisenberg's principle of uncertainty and the flight from 

deterministic causality into probability theory are therefore both 

encompassed and justified within the vertical model of a world of pre­

spatia-temporal events. 
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The vertical de~cr~ption also removes the apparent paradoxicality 

of the results of the famous two-slits experiment. In a typical two­

slits experimental set-up an electron gun tires electrons through one 

or both of the two slits in a barrier at a zinc sulphide plate which 

displays the pattern of impacts. The stream of electrons forms a 

particle scatter pattern when only one slit is open and a waveform 

interference pattern when both slits are open. But when the gun is 

slowed to fire only single, independently fired electron, with both 

slits open, the resulting imp'icts aaain form themselves into a typically 

waveform interference pattern instead of the particle scatter patterns 

expected. In order to explain this it is necessary to go to quite 

extraordinary and incredible lengths, suggesting, f6r instance, that 

each particle went through both slits at once, or even that each one 

knew not only through which slit its predecessor(s) had passed, but 

also how to act appropriately to bring about the desired interference 

pattern at the plate. Bohr's solution was to deny that the electron 

was either a wave or a particle, holding that it could manifest as 

either, and that in any case nothing could be said about what was going 

on at the micro level in the absence of an actual measurement - which 

of course, was made at the macro level and is described in macro termi­

nology. Once again the measurement problem exhibits itself. 

In the vertical description, the idea that a single discrete 

particle or wave or wave-packet has travelled through space, in time -

from the electron gun, through one or both slits, to the detector plate 

- is abandoned. Instead we say that the introduction of a quantum of 

action (consolidating at the electron level of stability) at the gun 

initiates a new propagation of trans-formations in all directions and 

at all levels of manifestation. Where there is no impediment to this 

propagation (such as the material of the closed slit and barrier, which 

would invite a different quality of trans-form~tion which the experiment 
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is not designed to exhibit), the trans-formations continue through .both 

the open slits to the plate. Since the propagation of neighbourhood 

effects takes place at all levels and not only at the electromagnetic 

level the detector plate is designed to illuminate for us, the entire 

environment is undergoing trans-formation. 

The concept of trans-formation allows that phenomena can 'travel' 

without requiring tnat what travels are 'things' persisting unchanged 

through space and time. The general environmental upheaval, then, 

propagates itself through both slits, unsurprisingly interfering on 

their far side, and proceeds towards the plate, consolidating into 

its various strata of structure as it goes, and manifesting at the 

plate a trans-formation at the particular stratum the experimental set-

• 
up will serve to further propagate along its way to the final trans-

formation at the observing human being. 

According to the vertical description, there can be, then, no 

qualitative difference between a measurement or observation and any 

other physical event. 

Our thinking is permeated through and through with dualisms - not 

least that of micro and macro. While we thought that the observer 

(being consciousness) was different in kind from the observed (being 

matter), while we thought that we were measuring 'things' of one sort 

or another and did not disturb them by so doing, while we thought that 

the measurement of quantities gave us 'truth', or even Popper's 

'getting ever closer to (an unknowable) truth', it was possible to 

believe that the act of measurement would deliver up to us 'objective 

knowledge' of an unusually hallowed variety. But what we are witnes-

sing are not 'things' but moments of action, of trans-formation, and 

what we are doing is merely codifying our perceptions - a useful 

activity, but surely not worthy of all the glamour and awe at present 

attending it, unfortunately serving to devalue what is now derogatively 
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known as 'subjective' kno·.-~ledge, let alone your mere understanding. 

If not only the apparatus but we the observers are of the same 

nature as the observed, and if what is observed is not a 'thing' but a 

moment of action, of trans-formation in a modality capable of further 

co-respondence with human being, then the only difference between a 

scientific measurement and any other perception is the meaning and end 

assigned to the context, and the precision of the calculations under­

taken. 

In summary, it is claimed that a quantised universe is a necessary 

requirement and a rational consequence of the metaphysics. The concep­

tion of the first act as a quantum of gravity restores the missing 

symmetry and can provide the foundation stone for the unification 

along a spectrum not only of the famous four 'forces' (gravity, the 

electromagnetic, the strong (nuclear) and weak forces), but of all 

those points at which relatively discrete and stable quantised configu­

rations can manifest themselves (e.g. at the level of the molecule, 

the cell, the organ, the organism, the planetary ecology, etc.). 

Because the concept of trans-formation allows ~tion without 

entailing permanent thinghood, Einstein's gravity, Heisenberg's 

uncertainty and the two-slits results can be easily incorporated in the 

model. The vertical description of the generative act takes the 

mystery out of the failure of causal determinism without falling to 

the only alternative usually proposed - a ghastly mechanical lawless-

ness. 

This model allows for a reconciliation of Bell's results demon­

strating faster-than-light physical influences with Einstein's 

prohibition of signals at such speeds, since we are claiming that at 

the deepest level 'newness' or 'immediacy' continues to exist despite 

the islands of separated out and stable configurations which exist at 

other graduated levels as manifestations of the self-same whole in 



particular and diverse f6rms. 

Finally, an increase in explanatory power and a dissolution '"f 

some ·of the mor·e unwieldy aspects of. the two curren.tly competing 

cosmologicJl theories can be achieved·by combining them into the single 

holistic concept of .a dynamically creative (expanding and/or pulsating) 

universe which, far from running ~ntropically down towards death by 

disorganisation, is the self-generating~ self-structuring sour~e of 

its own marvellously fecund multiformity. 
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I. Tnt. rod ud. ion 

For p:1 rposcs of this talk, "objective reality" is to b{' understood as meaning 

the Cartnian-Newtonian world of distinguishable and observable entities moving 

in an a prt'ori continuous space-time. The "objectively-real" continuous world can 

·be puzzling from a discrete - "quantized" -'- viewpoint. This talk will review rele­

vant aspects of a discrete world picture based on [raphs that has been evolving for 

more than a decade.' 1) Principal contributors have been Dieter Issler (since 1982), 

Jerry Finkelstein (since 1977), Basarab Nicolescu and V. Poenaru (since 1978), and 

Henry Stapp (since 1974), although a dozen or so further names would be needed 

for a complete list. Fritjof Capra, for example, has had an influence. I am writing 

a book about this approach which is called Topological Bootst!ap Theory (TBT). 

The adjective "topological" reflects the theory's dependence on graphs and surfaces 

that embed graphs, while the adjective "bootstrap" characterizes the attempt to 

avoid arbitrariness through attention to consistency. TBT seeks to avoid arbitrary 

ingredients through the criterion of a unique consistent pattern of "event" relation­

ships. The word "event" in TBT starts out meaning no more than the vertex of a 

graph; finding a richer meaning is part of the bootstrap process. 

A bootstrap theory is inherently circular and without unalterable "fundamen­

tal" principles. The "rightness" of a framework and rules for connecting with our 

awareness of "reality" can be justified only a posteriori. No bootstrap concepts 

need be "exact" but merely should be meaningful to an accuracy sufficient for con­

sistency of the whole picture. The present TBT framework has evolved by trial 

and error out of the notion, generated in the late fifties, of bootstrapping hadrons 

through an analytic S matrix that requires a priori meaning for momentum but not 

for microscopic space-time. Studies of conditions satisfied by a consistent S matrix 

focussed attention on graphs, which gradually became seen as providing language 

that might describe not only the S matrix but other "levels of reality". 

II. S Matrix and Objective Reality 

I shall here be speaking of 3 different but 'Circularly-connected "levels of reality". 

At each level graphs are relevant, although interpretation of a graph depends on the 

level. The best-understood graphical regime is that of the S matrix, where a graph 

line corresponds to a stable (or almost stable) particle that can be individually 

given meaning by the experimental apparatus of atomic, nuclear and high-energy 

physics. Each line of an S-matrix graph carries a discrete spin and a continuous 

4-vector momentum PIA of a definite Lorentz length - PIAPM = ml - where mi is 
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operators, the ability to count, and the ability to l.Jbel thP. 
objects through an 6perator. 

Without reference to a distance function, a "square~ can be 
defined having the following properties: 

a) two-dimensionality 
b) parallel sides 
c) fixed center under interchange of the dimensional 

parameters 

The following definitions will serve to provide the objects 
necessary for the constructions (more precise definitions can be 
found in "Getting Into Paradox"): 

Def: Two objects are said to be INDISTINGUISHABLE if they 
are unlabeled. 

Def: A SORT. is an ensemble of indistiguishables with 
cardinality and without ordinality. 

Def: A SET is ~ sort with otdinality (an ensemble is not a 
set). 

Def: An ENUMERATION is a total ordering of a sort. 

Def: An ORDERING OPERATOR i& an operator which generates a 
partially or totally ordered labeling of an ensemble (note that 
we do not mean set). The cardinality of the labeled ensemble is 
fixed in advance as part of the definition of the specific 
operator. Thus a particular finite partially or totally ordered 
labeled ensemble defines an ordering operator and vice-versa. 
Note that the labeled ensembles produced are sets if and only if 
none of the labeled indistinguishables are twins. 

Def: The DIMENSION of a sort is. expressed as the number of 
mutually disjoint ordering operators on the sort. 

Def: Two ordering operators are said to be INDEPENDENT if 
they are mutually disjoint in the sense that no more than one 
element of a chain produced by the first operator will all be 
also be in a chain produced by the second operator. 

Def: By NEAREST NEIGHBOR of an element e in a chain ordered 
by operator p is meant any element n such that for a:a=p(e) or 
b:e=p(b); then for operator q mutually disjoint from operator p, 
n=q(e), n=q(a), n=q(b), e=q(n), a=q(n), or b=q(n). 
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such as designated by the diagram of Fig. 1, where there are N external lines. Here 

each s, clesignates a "serniclassical.cvcnt" that ( approxiwately) loc.atcs particle t in 

the (macroscopic) space-time of objective reality and measures its momentum. A 

complex· number called a ·"scattering amplitude", belonging to each set of momenta 

P 1 , P2 • · • in Fig. 1, is an analytic function of Pi apart from isolated singularities as­

s.ociated with graphs such as that of Fig. 2. One sees here that S-matrix-graph ends 

associate ·wi.th "semiclassical events". It has been shown that any S-matrix internal 

vertex is meaningfully characterizal;>le as an "unobserved 'intermediate event" in­

volvin~ tbpse ,Pilrticles whose lines impinge on the vertex. (Momentum is conserved 

~t ~&ch intert\a,l vert~x.) In the sense that· an analytic function is constructable from 

its sing\llaritiet>, the scattering amplitude corresponding to Fig. 1 is built from all 

p~tterns of unobserved intermediate events that can. connect the specified collection 

lsi] of semiclassical events. Fig. 2 is one such pattern. 

The foregoing "pure S-matrix" notions make sense to the extent that S-matrix 

graphs lack lines corresponding to photons of momentum vanishingly small on the 

scale of charged-particle masses and mass differences. Such lines couple two differ­

ent levels of reality. TBT supposes that multitudes of "soft"-photon lines cohere 

to give meaning to "semiclassical events" - "gently connecting" each end of an 

S-matrix graph to some large ~sembly of charged particles that collectively con­

stitute a "classical object". Some small "effect" on the classical object "induced" 

by this soft-electromagnetic connection to the S-matrix external-line i constitutes 

"measurement" of the position and momentum of particle i. (Quotation marks here 

identify words that are especially ill-defined.) 

In what sense can a large assembly of charged-particle graph lines behave i;l.S 

a "classical object"? . Is it possible, in principle, to explai~ objectivity through 

superposition of graph-associated complex numbers? Answers to these questions 

are not known, but examples abound in the literature of quantum mechanic~. wh('re 

amplitude superposition leads to near cancellation except for extremely s.pecial event 

patterns close to those allowed by the usual understanding of objective reality. A 

TBT conjecture is that systems of large baryon and lepton number, because of 

phase factors assoCiated with soft electromagnetic interparticle linkage, can behave 

as classical objects. Fig. 3 associates this conjecture with a graph, where wiggly 

lines denote "semi-soft photons" -of momentum small compared to masses but not 

necessarily to mass differences. Solid lines in Fig. 3 are massive particles, whose 

continuity provides a continuing "identity" for the object. (Contrast with Fig. 2, 

where there is no continuing identity.) 
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6. Require that the nth elements of the Y. form chains x 
1 i 

ordered by ordering operator p • --- Figure 6. 
X 

' ... 

7. The resulting object satisfies the requirements: it is 
the discretum version of a 2-dimensional (square) coordinate 
patch. In particular, the 2-dimensionality of the construction 
is satisfied by the definition of mutually disjoint ordering 
operators: at most one element in a chain resulting from one 
operator will be found in a chain resulting from the other. For 
the given construction, at most two operators can be used: a 
third would result in a partial ordering instead of a total 
ordering of the elements of the construction and this would then 
represent an object which is not connected or in an object for 
which "multiple" elements are doubly labeled. Thus, the ordering 
operators "parameterize• the object. 

We can now proceed to construct an object which behaves as a 
discretum version of the 2-sphere. A 2-sphere (again without 
reference to distance functions) has the following properties: 

a) 2-dimensionality 
·b) every perimeter (boundary) element is like every other 
c) fixed center for all "orientations" 

The constructive algorithm is as follows: 

1. Select a (square) coordinate patch with with center e 
0 

and all elements uniquely labeled. Call this patch P • Figure 7. 
0 

2. Constrain the possible ordering operators to those 

operators which produce chains of length n and which 

select for e a nearest neighbor of e , then a nearest neighbor 
0 0 

of this element, and so on. We refer to the operators which 

represent these selections as •radial permutations" of the 

coordinate patch. Figure 8. 

3. Starting from e construct a coordinate patch with new 
0 

ordering operators which are radial permutations of coordinate 

patch. Figure 9. 
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scopic spa.cc-timn to ernerg<> fr(nn the bootstrap hand in hand with the meaning 

of continuous class'ical electromagnetism. Approximate continui.ty stems from the 
. . : . ' 

"gentleness" of any graph vertex where a massive charged particle emits or ab- · 

sorbs a soft photon. Multitudes of discrete "gentle events" are supposed to create 

(approximately) continuqus objective reality. 

I have said nothing yet in this introduction about "fully-classical events" -where 

one classical object "makes a measurement" upon another. A graphical represen­

tation of such. "interobject awareness" would employ a number of soft-photon lines 

that is ·large and yet much smaller than the number of "semi.soft" ·lines internal 

to the "individual" objects. See Fig. 4. To the extent that most of the massive 

charged-particle lines are not directly involved in the "event"' a classical object 

remains almost ~ndisturbed when a measurement is made upon it. It is at present 

only a conjecture that superposition of contributions from (graph-associated) singu-. 

larities of complex amplitudes is consistent with the Fig. 4 graphical representation 

of classical objects and classical events. The best I can do is to plead ignorance of. 

any argument for inconsistency. 

HI. Elementary Particles 

A third level of reality I shall call "elementary particles", although such a name 

can be misleading because most TBT elementary particles are "bound states" built 

of indefinite numbers ofother elementary particles. The elementary-particle level is 

represented by single-vertex "embellished graphs" - or "topologies" -:- that associate 

with topological amplitudes, together with multivertex embellished graphs that as­

sociate with singularities of these amplitudes. I shall below explain the significance 

of the adjective "embellished". Superposition of a denumerable but indefinitely­

large collection of topological amplitudes - called the "topological expansion" - is 

assumed by TBT to generate singularities in (complex) momentum that correspond 

to the lines of an S-:-matrix graph - i.e., to "physical" particles. 

Graphical singularity generation is a familiar feature of perturbative Lagrangian 

field theory, but two features distinguish TBT therefrom: 

A) Discrete labels - "quantum numbers" - on elementary-particle lines are not 

arbitrarily assignable but derive from 1 and 2-dimensional oriented manifolds that 

consistently "embellish" the momentum-carrying graphs - endowing each graph 

with a definite topological complexity or "entropy". I shall explain how the current 

version of TBT associates electric charge to orientation of a (!-dimensional) line 

and spin to orientation of a (2-dimensional) surface; !!ll other discrete TBT particle 
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I:: it> o. cent~c.1l 2oint o.: this pal'er tililt a l<le<l<.iUr-::; o[ L1e 
discrete cardinality and of the discrete to~olo~y 0E our ocser~~­
U~iverse is given by the precision with which the r~tios p1(ar~al 
ano pl(lengths) are identicnl in value. That p1 sboulu ue oL 
cosmolosical significance is not surprising. Indeed, if the 
cardinality of the Universe is changing, then the two values of 
pi should be changing also. Furthermore, if the relevant 
discrete cardinality is related to a spatial volume, then as this 
region becomes smaller calculations involving pi can not be 
treated ih a naive manner. Specifically, the multiple meanings 
of pi must be dissociated if the values are different (i.e., 
pi(areas)/pi(circumference) will not be 1) and the usual value 
can no longer be taken as a constant independent of spatial 
volume. Even mo.re important, if the world is discrete and 
finite, and if the values of pi are not related to the spatial 
volume via a cardinality of the volume, it follows that the 
values of pi used in calculations relate only to the cardinality 
of the Universe. In other words, pi becomes a true Universal 
discrete topological constant and local physical properties are 
then immediately dependent on the global properties. 

{ As noted above, we need only interpret complex numbers in 
i the Hamiltonian sense in order to be consistent: namely, complex 
~ numbers are taken to be ordered pairs of numbers. This forces us l to recognize two orderings at wock for pairs of equations where 
1 as the imaginary notation obscures it. Complex numbers are a 
·
1
( special cas~ in that the additional ordering contains only a 

supremum and an infiaum for the y • Thus, the commutation 
i 

relation holds since commutation simply gives the trivial dual of 
the chain. In general, however, this will not be true where the 
constraints of disjoint operators apply and the number of ordered 
numbers is more than two. This fact is well known, having been 
discovered by Hamilton in trying to work out an algebra of 
quaternions, and having been generalized by Grassman. (Note that 
there are only three algebras which have an invertible vector 
product: those over the reals, those over the complex, and those 
over the quaternions (ordered 4-tuple). Also, algebras of all n­
tupl es greater than two are non-comrr.utati ve.) 
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responds to a circular portion of surface boundary, most TBT elementary particles 

corn·spottd to open boundary portions such as the 1-unit portior 'hown in Fig. 6, 

whic.h has been called an "cl«~m<'nt.ary meson". The two boundary units her<' touch­

ing t.he ntoment.urn graph are fermionic, like the units of Fig. 5, while the two units 

that fail ~o touch the momentum graph emerge as "bosonic" - carrying no spin 

but angt hf't: 2-valucd attribute, this one corresponding to an "internal" quantum 

number uncoupled to momentum.· 

Fig. 7 shows a cubic-vertex embellished momentum graph coupling a photon to 

an elementary pair of singly-charged mesons. The surface here is a cylinder (sphere 

minus. 2 disks), divided into 5 patch<>s by Finkelstein and momentum lines. The 

entire surface is (globally) oriented, as shown by the circular arrow, and although 

not indicated in Fig. 7, each patch is (locally) oriented. The 3 momentum lines 

and 3 Finkelstein lines also are each independently oriented, although Fig. 7 shows 

only Finkelstein orientations. 

A Finkelstein orientation is designated c(n) if it agrees (disagrees) with global 

surface orientation (see Fig. 7). Because Finkelstein orientation is continuously 

preserved together with global surface orientation when embellished graphs are 

sewn together, the (c, n) index corresponds to a pair of conserved quantum numbers. 

In particular the head (tail) of a c Finkelstein line corresponds to + 1( -1) unit of 

electric charge carried by the elementary particle within whose boundary portion the 

Finkelstein line ends, whereas both ends of ann Finkelstein line bestow zero electric 

charge. Each elementary mesori in Fig. 7 contains one c and one n Finkelstein-line 

end; these mesons correspondingly each carry one unit of electric charge. The 

photon, containing 1 c Finkelstein head and 1 c tail, itself has zero electric charge; 

nevertheless the photon is seen to couple to electric charge by virtue of its own c+ c­

content. 

The 2-valued (c, n) index corresponds to an "internal" degree of freedom that 

particle physicists call weak isospin; Finkelstein lines are often called "isospin 

lines". Isospin symmetry corresponds to a topological amplitude remaining un­

changed in value when a (local) Finkelstein orientation is reversed. All other TBT 

symmetries have an analogous basis. (In Fig. 7, if one c Finkelstein line is reversed 

in orientation - becoming n - the photon changes to a W boson while one of the 

charged mesons becomes neutral.) 

Ordinary spin, which can couple to momentum, resides in orientations of fermionic 

surface patches - that touch momentum-carrying lines. In Fig. 7 each fermionic 
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Fig. 3: Classical obje~t. 

Fig. 4: Classical event. 

Fig. 5: Gauge-boson boundary portion (2 units). 

Fig. 6: Elementary-meson boundary portion ( 4 units). 

Fig. 7: Embellished momentum graph for interaction of photon with pair 

of charged mesons. 

Fig. 8: Fermionic boundary unit. 

Fig. 9: Gauge hole in meson propagation. 
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ThP r'h~s1cs of Lomputatton 

J> • .J.Marcer, Aikido [nterprtses, 65 Wellsway, Kt>yrtshHm, Avun f1'.1 lf1 H l'. llJ<. 

6.6.86 \rf>'vlsf'rl \£'rs1on of draft paper presentPd HI 1\~JI'/\ rnl'f'!tr•q "1\t>,Utttl I ,,,.,1,.1,, 

~nd Bohr: dtscrpte Rpproaches" Stanford, 1 S/ 14.4.H'• . 

Abs t r nc t 

An alqPhraic forrnulnt 10n of thP bas1r prtnr·tpiPs of s£'1 f OI'IJ<Httsa' tfHl ,., qt\.1'11 

wt.wh <HIS£'~, frnrn ttw l1dSIC' physll'CJI condlltllns wllwlt nttl';' fH' •.·dt•,ftt.' 1,,, 

r1rty cnmputnttiHli-11 l>lltcomr. Thf•se pr1nc1piPs lenrl tn a unt'.Pr~,,:,t, rUts·, r,f 

PnltltP'i, hPrf' IPrntf'd bluPJ'flnts, of the m<mifolds of tllP rt•vprsttliP ~q··· r".~'"· 

n f t hp morlr I. 

ThP parN postulatps that tt is thPse conditions which govPrn thf' bilsts for ;tf! 

coiTlrnuntratton throughout the natural world and thf' fundamPnlal pron·ss h\ 

whtch RJI tnformat1on and strurture 1s created, anc1 the nJmulatt\P ordf'f uf 

thHt crPat Jon. SpN'i fiC' constdPrat ton is qivPn to an Pxnmtrlnl :em of f h1s post tli<Jt P 

1n relation to PIPITlPnlary part 1cle physics, spacP-1 imP and qPnP~<:d rl'I<Jlt\ 11 v. 

the b1osphN€' and moiPcular b1oloq~ and to thP lt>arr11nq prorPs: •. 

In rart 1cular th(' prlnr.trlrs would Pxplain why f'IL thr most fund:,·nprtl al if·~,-rl, 

our pPrC'Ppf IOrt of rrHIII y ts of n ~- 1 dm1rnsionr1l sp<H'r-! irnl'. a• ~ dr•rTlfHt•;t r;tl r". 

I hat in such a spacf' -I mw that somt:> energy flows ArP c-nrnput e~ Jr 11' Prsal, ot hr·rs 

computPr construrtur un1vrrsal t,f', th~l these spallul rlf'I!Jhbour•uoch lo'-'tt;t\-f' 

as if they constJtutNI the opPration of a cPllular automaton wi;-, th1s propPrt' 

through Lhe1r ph\ sic <II activit\-. ThPSP would therefore const 11 v<:> Pm 1ronnl{'nt •, 

where self-rPpllcatlon ts possible 1.e. the blo!ipherP. 

F'or rPasorts tlf brrvlly ()('('f'S!>Ilfllf'r' by lhp flPnPric- naiiii'P of n.<- fll(ldP!, thr' 

rPfPrence>s arf' usf'd to provide a d1recton· to thr detaiiPd matrc.rr:Ht 1r~ rctJulred 

tn the spf'rific subc;vstems discussPcl. 
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It ts my contenlton that l'nmpulation by man or muchmP or whatsoever mPam, 

can only take plaCL· If susi<Jtned by phystcal arltvtlv, thP transfurmat1on of 

free energy into malhPmalll'HI work or structurt- 1.£'. inforrnot1on and wastP 

heat. This process ronst1tuiPs lhPrefore a fundamental bosts for undt:>rslandinrJ 

computation through the phys1cs of the computation(:) I process. It IS tltP start Htg 

potnt of this mod.:>l. 

ltw essential requirements of any computational process are thC'rPfllrP ~~f-~c:-_'i'~~ 

.!.!:.!'e pn~ to ovP.rcome thP lhPrmodynamic no1~e w1lh111 thP !i)Sit>m wht>rt• 

tl11• cumputat1nnal prorPss ts tnk1nq place, and for a rerunfi(Jllrattnn of till' l'rilrup> 

of the system so that a dt'c1ston process allowing a cornputatwnal outcome IS 

possible. 

This reconftqurat1un of Pntropy will correspond to adJw;tmenls to the rrtPtrtc 

or spaltal entropy and of ttw topological or logical entropy so that 1n pffect 

the 'data' be1nq processt>d ~ub,ecl to thE' thermodynamic cof1stra1nts of the syst f'rrt, 
(42 

IS Hill "rHjhl pl011' 11 Ollflllt d "rtqltl fllf1Jl 11
, fhill 1!1 ill nay llt;JI C'OrTlllllllltc:tiHIIl 

proceses have been carrtPd out to ensure that the data IS all prusent at u r1gl_!_!:. 

placE' !or places.· to makE> " dPc1s1on process possiblE' and s1mllarl) that the data 

has llePn man1pulaterl so tlmt 11 IS In a correc~~al forrn to make a dect5ion 

process posslbh'. Tlti'SP tltret• conc1ittons (underlined/ rnusl therE>fore be sat1sf1Pd 

bPforP any computation<~ I out conw 1s poss1ble, and concurrently for opt tmum 

effect. 

Two altE>rnaltvPs are thPII opP.n to the "computalton;_d process" or ''compulPr" 

e1ther <1 dec1s1on IS taken or a furlhPr reconfiquration of the entrop} of th1, 

system is begun tn the hopt· that a more approprintP form of the "data" betrtq 
0 

processPrl wtll rt'sult. • 1 hut 1s to say the senrch is for a decis1on potnt wh1ch 

-~~I_Y!_Pid the rnaxtiTHHTl :-JnHHHtt of 1nformnt1on about the ll}~lht:'SI'i under lflVf'~;ltqulttlL~. 

0 lh1s ~>lJPP.OSt'!> that tttr'rt· ,., •,rHiot· wnv of "gui'SSIIoq" thl' Prtlrop\ tlf tlw curn'rtt 
ckr:t~ilon potnt rt•lat lvP Lu tf•L· ltkt'l} opl1rnum dec1s1ort pout!; or d~i!.>L'~Sirtq 11. 
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If a decis1on IS taken Cit a rlt•rtston potnt, thts corresponds to n zero sum qame; 

however we may say that the 1dtimate dec1s1on process IS whethPr or not there 

shall be a deciSIOn process nt a dec1stort point and 1 f not, th1s wtll surely correspt, 1 

to a non zero sum qHme. 

A model 1s heing sought wh1rh has a min1mal aprioristtc epistemology and which 

qt>neralf", .. ;tounds for spec1fic knowledge through its own proqress1ve evolution. 

Th1s requtl t·s a generic approach characteristic of the process of computation 

1 tsel f. 

The idea of the generic model wh1ch follows can best be explained by an analogy 

tn model theory. Consider these expressions in first order loqic: 

Rxx 

Rxy ~ ""Ryx 

Rxy g Ryz ~ Rx.z 

- I 

One's interpretation ts to take x,y,z as real numbers and Rxy as " ~ y. Another 

IS to take x,y,z as natural numbers and Rxy as "x divides y". But these two 

tnterpretations and any other model of I tn the usual sense, ha"e 1n common 

that R represents a two-place relation and x,y,z are the elements of a domain. 

Ht-•n• a more general notion of model 1s betng used. A set of equations will 

bt:'~osed of which different interpret at tons can be given, and in these inter­

prPtntlons the symbols will not alwa>s be of the same ktnd. An analogy 1n the 

case of I) would be to Interpret Rxy as '/y (the domatn being the rationals 

sa) I, to interpret -:> as "=", to mterpret,.., x as 1/x, ro tnterpret i' as 

"x" \multiply), and ftnally to save the truth of the first expression by supposing 

I hnl any utornic form like that has art 1mplted ":: 1" followtng 11. In lhts wa~ 

orH· set>s ceriHin fpaturPs in common bf'tween the arithmetic of the rattonHis 

artli ordertnq rclation5. 

Hw ai10\ (' illu~trat1on concerntnq the not ton of a genertc approach was SU(JqPSlf'd 
t '~ ( · • \' · J< tl rn 1 s II' r 
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The Basic Mathematics 

ThE' above scPnar1o now allows us to write down in alqPbrdll' fmr11 1n IP.rtn!; 

of <1 functaonal F the has1c qE>nf'riC mathematical relat1onsh1ps whl('h must qnvPrn 

any computattonal outcomP. It will not be lnHl't•diatPiy obvious what CiiiPfJDrles 

Of object this funct ionnl f WI If determane since the equRI IOrlS nrP. Qf'rl('fiC, 

However this wtll be dPnlt w1th 1n the following s£'rt1on~ but WP rn1qht P\fll'f't 

from thf' abovP lhflt an ohvtous ratpqory will bP qomPs and stwil will l;llf'r hf' 

d£'mnnst ratpd t11 hr t llf' l'ilSl'. 

tlrstl\- th£'rP mu:.t hP lh£' poss1hil1ty of an enPrgv flow, that'" to say all •,t;il!'s 

or ttw s~stem iHP Ill hf' dPS!rlllPd throuqh a distance meClSUI{', fTlPtflc or HarnlltnnliHI. 

Thus h~ rmalorn w1th th1s re4u1rpmPnt that ld
1

-d
2
l"' 0 tor any d1stanrP rn£•asurf' 

d wher£' any r1
1

, d
2 

arl' suffictenlly close, this gf'nerir conditiOn 1s takt·n AS 

~ (<J,a-, : 0 for any un1que state a of the system -A) 

whl'rP 1 t 1s assumed I ha I smcP I his modr I concerns com put nl1 onal rcqu1 n·rnr•flt s 

the funrt10nal r must ronrrrn some hinary opf'r;:Jllorl l.f'. IS il furwt tOri flf t wc1 

vartahles. 

Thts ts the basis of the al.qehra which the combin<llonnl phys1c1sts of thr Alll'rnHI<' 

NAturHI Phtlosorhy Af>~.oe~at 1on /\NPA ha'vP raliPd tltsrnnllrHtl 10n 1 )00
• 

SProndl\ thf'rc must tw n sufftctr'nry of frf'P PnPrq\ ;md hr·m·p thr total ~~"~;tt•r~, 

should bP at a crllll'<JI polllt, I hP nqht plm·r>, wlwrf' 1 wn ~tat r·~; a anrl h of ltH' 

systrm cannot bt:• d1Sl111qu1shl'd and hPnC£> ttw qrr,r·nr rondillllrl ~;pfprtf•d '~' 

f (u,b) : I (IJ,C:I for the two StUll'S n,b -II.' 

that is to sa~, that th£> cond1t1ons <trP such th<1l no ordPrHHJ rPintion cnn lH' 

found under them, b~ whtch a flnrl b cFm be physlcillh di!.IHHJUt!.hf'rl. 0 fhts 

condit1011 s£>ents an Pssentwl HspPcl of any two stall·~ wh1ch ;tn• 111 rllrt•c! cornmunt­

Cilllon as a rrsult of t hP scenarto. 

uo In f;:wt ~to C mort· prop£>rh constttu!P ANPA [),s<lt''llfl<lttrHI 
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A specifir: exe1mplr:> is thr unstflbiP critical po1nt of IPmpPralure ~74°C and prPsr;ure 

21 A atm at whtch wnt Pr <mrl steam bProme indtst tnqu1shahle and the phenomenon 

of balling dis<~ppears. Thus the mathematics is l1kely to be closPiy connpcted 

with the unstablf' rritwal rmints of mr!tlf>r whicr ts the provinrP of :-PnQrmalu;at ton 

qroup throry as d1sroverPrl by K.G. Wilson 2), where an energy space dPftnr:>d 

by a Hamiltontan is rnaJ.>ped onto itself repeaterlly, so determ1mng the stabiP 

nnd unst<Jhlf' ftxed pOints or Httractor~ of the ~;p<:JrP. ThP rPntral roncepl ts 

thnt th1s mApplnCJ will nlwnys lead Pl.t~ntually to onP or oltwr of thf' flxl'rl potnl•; 

and that ex<Jctly <Jt a ph;:~se I r<msitlon the scaltng of the fluctuations undrr 

constc1Pratlon will ;:~pproflch an unstable fixed or saddlf' point bPlween two diffprent 

stable fixed points of thP map!Jing. This is clearly a reguiremer1t for any .physical .. 

dPr'-2.!_~oinl necessary to a computational outcome, i.e. it is the right place. 

Thef.e fixed points have been found to be represented by "universality classes" 

depPnding only on dimensionality and the symmetry of an order parameter 1n 

the> C'ase of rcnormalisation group theory. 

A furlht"r guidf'linr~ in sPiecltnq the appropriate fJP.'" 1 tc ef11Hlt tons ts l.he rPfjUII"f'JTJenl 

imposed by thf' proces~; of thf' phystcs of compulat1on sC'enarto that all matiJt'mattcHI 

statemrnts must bear n corrPspondtng physical inlerprPtation or rnP::mtng. Thus 

nl IS thP Ql'rlf'rtC mHt twmnt Will ff'QUifP.mcnt of C'OOHT•UffltiVit ~ and lhereforP 

<m obvtous cnndidaf P for consideratton. 

Th1rdl}. the "datn" or st<tfes must he ronfiqurPd tn thP right form r.e. 11 must 

bP posstbll' tu adJust the "d<lta" now at lht• nyht plan· U} thr condltiOII H fron1 

its form f r,a,b) tu a new stHlf' c' through the samt> functionality 0 ° F t.e. 

r (J (a,bl,c) ~(a,~ b,c)) or" r.b,f(n,cll -C) 

th<:~t is to say, that through a sequPncC' of logical or topological transformations, 

1t must be possible to HdJust f(a,b' tnlo an approprtate form of which thPre 

arP two pnssibilities for c', a repliC'a or unfoldtng F',b,c) of c relative to b or 

a replica F.a,c! of c reiHI.tve to a. The concept of repltcrllion IS assumed to 

bf:' qutlf' a rmt.urnl chotcr:> 1n vtcw uf tis associatton w1th the thf:'or} of rPIIulnr 

automata: and a further qut<Jr>ltnP ts aqatn that C• ts the> lJf'llPrtc mathemaltcal 

110 The most fundarrwntal rltsCOIIC'f\ nf this rf'nlllr~ corwrrns the PS<>enttnl phy~ir·al 
trHit\t~;thtltt~ of ;dl tlllnqc;, w; dtsttnC'l from thPtr loqwal divtstlllftty. All phyc;wnl 
f'Jlt ttr"', must thrrPiott· he unfofcjpd lrorn <t stnqiP funC'ltort<tltl}, wh1ch ts ulltmatrl~ 
the lJrd\NSf' tt<;rlf. 

" <·' ""'clust\P or 
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reQUifPmPill of i:iSS!JCWl !\Ill~, 1 hiS \Oildil1011, Of COUf!it', IIlli) not ulway!; llf' J..lO!ISibiP 

to saltsfy, s1nce II IS the problt>rn of df'c1d1nq wh.et lwr sornt· krHII m t O!Juloqy 

1s the sanw flS ;mother knot t.e. whether some sequPrwe of oper;Jt 10ns w1ll h<lvP 

the same effect as some othPr sequence, r.e. 1r1 dfect doing or undotny opPrutions 

to the action of a Turtng machine 1.e. can the stat£' c' be rPached from a, or 

b. Th1s IS called tht• word problem. (3, 

lourthly therr' ts tht• requ1rf'ment to spenfy the ult1rnate d('CI!.iiDrl proc·es~; i.t>. 

1s ;1 dPCISICln to tw rn<ldP and hence a general1011 C of mfurfTlulton 1 f 11 tnkr•s 

J..llnce. S1ncp th1s t!, a dectston process, it must be an opPrut1on IHI /.,the ftcld 
L 

of two eiPmenls throw.Jhl of as, say, (true,false),(l,Ol or llefl,Rtqht; and <.J 

qem·rat1ng procf~ss G wh1ch y1elds the new information elernt·nts 1s taken such 

thHl 1t l:ldjotns these new Plements to a set S of all previously r·onslructed f'lt~rnents 

so that a s1nqiP operation of G 1s then of the form: 

If L (Left) and R (Right 1 are disJoint subsets of S, adJotnt \I I H.·~ lo S. 

The great advantaqe of this form of G is that 1t 1s compiPtf'h rrcurs1ve 1n the 

strong sense wh1ch 1s taken to be a computationAl requlrPnH•nt S(l that no sturltnq 

potnt IS needed on<1 thP ftrst element generated h<Js to bt· {n I kf} when' ;5 denotf·~. 
the empty set and where th1s element plays a spec1RI role and 1s d£>notPd by 0, 

which IS of coursP r£>qu1rt>ct In condition A see (4. and (20. it·ru or 0 rna~ thef(•-

fore in th1s model he thouyht of as the eigen-value of procPS!J of the stat£· )1. 

Thus lhP points detf'rmlnPd by G <m~ in the space 

dlrnl'tlSIIHlfll sp<Wt' ovt•r I" ar1d tu•rwt· wf• n•HY wntt· 

a~ th£' f1nnl cond1t 1on. 

c. _, v I z
2 fl 

V I z
2 

whPrt:' V IS the n 
rl 11 

-D) 

ffliS IS <ifl t'lillif.'l\ r!Jlpf'U('flitlt· C'flOIC'e of ljl'lll:"filllfHJ flJIII'IIUfl lJPCitliSf' l) ftUW 

constitutes <1 C'losec1 drst r,n,tn<iltun system by thl' rorJdtf.IOilS All! (, Sl'P, 14. 

2
11 

for some 1nlt>qral n, tl1ere •~ art 1sornurplw;rn lil'lwPt·c• <,,.; <lltrl 

(V ,,: whPfl' V IS lht• II diiiii'IISIOfi<ll Vf'C'IUf SJ..li:l!'(' 0\1'1 tilt' f11•ld /., Vllllt IVJIJ c•lt•ntnll~;, n rr L 
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ar1rt tllP + 1r1 ttl!:' spcond hr~cket denotes the usu<1l vector sprwe add1t1on, whtle 

that tn the first bracket IS the + operation deftned bv A to C. 

F111HIIy, the search is for. a decision pornt wh1ch will ) teld the maxtmum amount 

of informRtlon about the system, as tn the scenariO. It IS thts last conditton 

wh1cll the comb1natortal physicists of ANPA have dtscovt>red leads to a conipletiOfl 

of the hierarchy of discrtminately closed sets wh1ch serves to def1ne bounds 

or1 the amount of mformation that can he dealt with. 

These are then the gener1c conditions which tn th1s model of the physics of 

computation are to t>e taken as deftninq the computational process. And 11 

will be shown later in this paper that these conditions do correspond to neigh­

bourhoods wtthin the space determmed by the condttlons which emulate 

a) Conways Life Game, whtch 1s known to be computer un1versal and 

b) the Codd ) neighbourhood A state cellular automaton whtch 1s known 

to be computer constructor universal, 

i.P. the cond1t1ons lead to neighbourhoods tn the space they determtne where 

all the properties of computatton as convt>ntionall) deftned, do hold. 

Further Kilmister (4. has shown that thesP equat1ons are mathemattcall~ equi-.alent 

to the starting point of a process model of element(:)ry particle physics, that 

of Noyes et al (1. and )., now extensi\el) developed, wh1ch at present IS tn 

total agreement with all the expertmentall} validated results of the "standard 

model" of elementary particle phys1cs. 

Tt11:; df>fm1t1ort of LIIP ~hys1cs of computat1on <lf>pPar!-. II1PrPfore lobe a \t•ry 

fru1tful ltnP of enquiry. 

l11 ;\ppPndl\ 1 SJrllilnr cirqunwnls <'lfP ust>d to dt>nH)nstralc that the samf' genertc 
t'or1d1t ton!> A I o U hold fur 1 ht• rtlt'<isur~>menl proct:>ss 
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8efore continuing 1t is appropriate to set down, some mathpmat wall';r eqtJiv<JIPnt 

formulations of thp above conditions A to 0 siflcP these Mf' needpd 1n subsf'quPnt 

sections of this papN. 

1. As statt-d 8 and C correspond to the generic mathemat 1cal rPquirrnwnts 

of commutRtlvJty <~nrl·assoriaiiVIty anrl hence A to C cAn he restalf•cl 1n ttH• 

following form, that for all l'ropos1t1ons a,b and c in a closf'rl ~.PI V tJrHIPr ;1 

btnnrv orwratton rlC'flntnq (1 new propOSition 8b, E IS ~n f'QlJIV<llf'nf'f' rPI<tllfHI 

such th<Jl 

1) if Eab then Eba i.e. 8 and 

it) if Eab and Ebr, then Eac i.e.·c 

where now A says th<~t if two objects i.e. states or signs, which cannot be dis­

tinguished in th1s calculus, Rre equal so that we may writP a=b in the contPxt 

of[, then for all a in V 1f [(xa)(ya) and E(ax)(ay) then Exy. HencP Wf' may 

say that A to C definP an equivr~l!mce relationship E such that if we usp two 

states or signs with the samP meaning then this is expressed as the equality 

relation Eab (Wittcwnstem 123. ser.lion 4.241 and Kilmister ami Bastin (13.) 

and we have di fferPnl equnlil y rei at ionships, so that we should only use the 

nutatiOn a ·b wt.H~rt it is clear from thP context which equality rf:'lation is mPant. 

Thus 11 IS to bt> noted that thts formulatton of thP phystcs of rornputnlinn thPrf'-. 

fore sprvPs to provtdr a prPri'W rl!"fin1t1on of what 11 is whirh constitutrs rnt·nrtmg 

or sf:'manltcs. ThP gPrwrtr conrlit tons arp thos!' ttwrPforf' whtrh apply In I hP 

class of EJII funrttuns I whPrf' P<H'h SJH'Ciftr r corrPsponds lfJ" ~JWCifH' S('l 

of eqi.J1valent meanings or concPpts. 

Th1s formulation I shall refer to as the Equt\alrnrf' formtdat1on of A to 0 <Htd 

thus we may wnte 

E gr or q :;: r -1' itS rorrespondtng to lhP conditions-\ to l' and tlw 

romputnttnnnl nutc!Jmf' [) rnust In th1s cnse correspond by C) to 

or'' a II -lJ) 

0 P\C)lJSIVe Of 



-10-

dPpPndtnq on whr>thPr lhP outcome is taken relattvr to fJ or reiHI tvP to c, t.P. 

the dPctsion process will open up two alternative descriptions of obJects etther 

of whirh IS self consistent.. 

Q is therefore a fundamental bifurcation which wi II lead to one to many trans­

formations and hence logical irreversibility which has been postulated by Prigogine 

Ud. as thP necessary source of physical trrevers1h1ltly required by the SPcond 

I <tW of Thermodyrmmics. 

And tn thts model, Wf' may say t.hat as we fatl to dtst tnqUJsh lh1ngs, we arrtvP 

HI il final unity of all Lhtngs, the Uni\erse tlself - the equivalence of all th1nqs. 0 

(This is then surPiy a restatement of Mach's Principle.) 

2. Finally there is a third formulation of A to 0 which concerns the truth values 

that will be generated for any proposition as a result of G. 

Two problt:>ms are "equivalent" if the solution to one problem immediately gives 

the solution .to the other. Now it is known (44. that for every possible Boolean 

formula, a simple graph of lines or ve-rtices can be constructed with three 

f'olours in such a way that no two vertices connected by a line are the same 

colour, if and only if truth values can be gil.en to the atomic propositions of 

the 8oolean formula, rn suf'h a way that the compll:'x formula is true. 

Rut 1n the abovP thr> unof~rlinPd sentence is a restalPment of thp decision procPss 0, 

whtlf.' the problr.m of colouring the verticPs is C, and thP problem of lhP Boolean 

formula is B. Stnce therefore the two problems B and C are "P.quivalenl" by 

thP above, A says that A to D result tn all the Boolean propositions which arP 

I rtw, and none which are false as a consequence of the boolsl rap process which 

1t generates. Hence in this model wP must conclude that meaning is determtnPd 

only from truth values that arP true. 

A to D thPreforP gpnerale a "pnth" of truth. where thP phvsics of thP modPI 

IS whnt is mNmt, and the mathPmat1cs of thp modpl IS the loql('al dPscript1on. 

If therf'forP this mod€'1 corresponds w1th E'XpPrimPnloll~ validalpd realil~. then 

thPrr will bf' a truf' T<~o of Ph~sics. 16; 

0 lfl lPfrTIS of [ flPffJ\ 
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However the modt•l ~~. also mdicutive that we can 1n qener;ll onl7 seiPct loy1c<Ii 

propos1t1ons or generatE' thern combinator1all~, and comparl' tiH'rn w1th the model 

1n order tu d1scov••r wh1rh propositions art:> falsP, so lcav1nq only the loqiC'al 

propos1t10ns whtch ;uc truf•. Hence the learrunq proress representPd by th1s 

system of proresses IS learntnq from exper1cncP by our own Prrurs; by proof 

of what IS false; and can be compared tu, sa\, the process of thP q<irnr uf 

twenty questions. 

Now in th1s formulatiOfl 1t 1s approprtate to ask tht' quPstton "Whut <~I£' tlu· 

blueprtnts of the n,;mtfulrb of the reversible mapp1nqs that l'nnri('CI ;Ill v~d1d 

semantic statemt'llt:. :~H'!lpOSIII()n~;) or truths with all valid syntartll' stutenwnts 

or truths?" strlCP frorn the above, 1L is now known that 1n th1s mudt>l, a baste 

reprPsentatton of thP Sf.'mant1c truths or truth values w11l be the 1ntegt>rs tn 

tHletry format wtwrl' t·artl sernunt1c truth IS stgnt fted by a I iiS ltw truth \ alul' 

"tnw" and c-orrespondlllCJiy f'ach syntacttc truth will be stgr11fied by <J l fur "trut•" 

and a 0 for "fal!;e" and su the syntactic truths are represented by thP 1ntpgers 

tn btn<~ry format. 

Th1s ha& been used below to q£>nerate the blueprints of the hterarch~ of process 

whtch the Pqualtoll:> A tu D iJI't' now seen to repr<>sent and which cnn br equatPrl, 

as should mdeed be the case, with the Comb1natonal Hierarch~ of structurf'S 

as worked out by P1Nr£' Noyes and hts co-workPrs of ANPA (1. and ). Th1s 

model therefore exempli f1es a bnsic process by wh1ch t h1nqr. ph~ slc<d twcome 

ftxed and romplelf' str1ce thf~ hterarchy of blueprtnts tPrr.ltrwtt>s, althotJqh thP 

qenerattny procE>ss C IS without Pnd. This is because thC' model places r£>st r1ct 1011s 

on whal can be poss1bl) known al any level of scalP, in tt>rrns of the unJount 

of tnformat 1on ttwt l ;m ht• dealt w1th. 

lh1s formulatiOn will bP rt•fl·rr('(i to as thP Uluepnnt rnodPI wtwre the tt•rm 

bltwprtnl IS St'lf'f't!'d iiS tht• ll<iltllill term lu USP Ill I'OflJUIWIIOil Wllh ff'Jllll'<IIIOII 

and the co11structivP procPss, as uspd but not def1ned thrnuyh the theon uf 

cellular automntH \2'1.. or by fV~LliJfe ::2.9. 111 the dt.•snq>llor, of thP proct•s!; tJ\ 

wh1ch a self-organ1stnq rn;,chJilf' m1ght rl'pllcate 1tself. 
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The theory of bluepr1nts begins w1th the assumpt1on that the basrs of all com­

rnunrcatlon whetht'r by natural language or whatsoever means r-oncPrns a constructive 

cornrutat ional process and can therefore be def1ned in terms of the blueprints 

of manifolds of all those miCroscopic reverstble mapptngs wh1ch l1nk the universe 

of all valid semantic statem£>nts or truths, wtth the untverse of all valtd syntactiC 

statements or truths. Aqain rt is clearly assumed that all communication ltke 

l'ornpul Httor• 1s a physrcal rJctivlt y. 

lt continues wrth the observatton that the semantic truths may therefore be 

represented in their simplest form by the unary numbers or processes for whrch 

the truth value T (true) is replaced by the srgn 1, and that correspondtngly thf' 

synt acttc truths can hP represented by the binary numbers or tnformat10n processes 

wht>re the truth values T' (true) and F' (false) are replaced by the signs 1 and 

U respectively. E1ut in thts case, the simplest possrble, thesf' two number rep­

resPntations are isomorphic to one another and hence can be thought of as thP 

"asymptotes" between which all valid statements or communications must fall. 

Hence the relationships concerning the unary blueprtnl B (A) for the srgn ).., 
u 

and the btnary blueprmt Bt/ >..! for the sign A, of the reversrbiP mtcruscopic 

phystcal mapp1nqs f., wtll be dr.>termtned by 

B (3).,..8b(7) 
lJ 

Sllll'l' WI' arP onh concPrrH'd w1th thust> s~ni<H'llC' truths arrsrnq from the sPmanlll 

une~;. i.1·. thosP wrth mean1rrq, anrl rn terms of tht:' ph)SICS of c1Jmputal1on 
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Ru (~ )_.,Bb( ~·) IS only valid wherever Bu(~ l.= ~ (Jr A to r: holrls, <~.nd 

equat1on D 1mpl1es a new A' to C' speclf1ed by 

(8 (:>I'),>.',Bb(?'-1)) wherP N = 2),. -1, since the ~iqn 1 ... lrmf's •• 11_;). 
. u )\ 

unary and 2 -1 btnary. 

nnrf th.P IHlsts for tlw '"''' IPvf'l IS 

Huwt>ver d the Bs definP manifolds, then we may suppose that therr> are JN:k! 

lmf'nrl) indeprndPrtl n I ~Jflles of lenqth nN(k) a! IP\ PI k ilrtd hPrtcr a Sl'r'UIId 

reflulremf:'nl for Pach new JevPI will be 

Aut () 
u 

( ) 2( . 
nN. k + 1 ,... nN k) 

()\·.:~for all " is l1near in/'. and this lmearrlv must bP rnnintainerl 

for all levels k and all modes N if the physics of compul at tort model is to rf•rnnlll 

val1d. 

Th1s can only be ttw l'it!H' llll'rrfore 1f 

and henr'e thP relationshtps a), b), ••• above will only hold for N 0,1.2,3 <.Hid 4 

since for N )4, n 2(J) <.zll.n_,, 

a) N 0 b) N c) N"' 2 di t~ 5 r • .. t·.J 4 

Bur U~> Bb. 0 ~ IJb( 1 1..-)Bb ( 1) Bu(2~f3b( 3) B 1 ~ ._.,Bt ( 7! 
ll . ) 

H 4,~>1:3b(l'J 
lJ 

Bu( f~Bbt7) 8u'7 ~~Hb: 127l H ·1)~f\ :L. u J 

.. 

1 <, 
- 1 

lPrmrnate!; sim t• 

(2C.,h?(2127_, 

I f' r n ' 11 , ; t I r • !; ~ .1 r u r · t r·r nltrt:tll'~; !.l'flr·r• 

c/ ( 1~/ 
'I ., 1 ,, 

](,"(• -1 
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or more appropnately 

al " b) " c) etc.· 

[U (2),B (3),8 (7):k~Rb(3).[\17\Hbl127,] 
U U U I) 

[8 (2),8 0),8 (7),8 (127)~[8b(3),8bl71,8bf127',8b(Z 127 -1;) 
. u u u u 

since at each level. k_the blueprints 8(jN(k)) can only extsl in the context of 

8(jN(k-1)), in view of i) above. 

The full table beinq set out in Diagram lla. 

Thus thr numbN of fumlamentnl biUI"prints tn the ph} sics of computation modPI 

is very ftmitPd, c:tlthouqh of coursP these blueprtnts mAy have a denumeral infmtt y 

of rPprPsPnl at tnns. 

F urlhr>r as pointpd out tn the IPxl and in GenPrtc M()(Jpf for lhf' evolution of 

lntpfJigence (4'). thP nuntf~riral vRiuC's associated with N = 2. appear to ha\P 

dirr·ct physirul relevmwe, smcP for the btnary bluC'prints 3, 10,1 <n, z127 
• 13(, 

,., 3A , ,2 
-- 1.7x10 and 2'Jf., arc dirpctly related to elementary parttcle physics whiiP 

for LhP -unary blueprints 

2,5; 12, and 139 

urP pnrametPrs tn the sprci fica lion of the Codd 5 netghbourhood. 8 sl <Ilf' cellular 

au I on111 I on. 

ThP Blueprtnt ModP.I exhibits 20 BluPprints connected in pairs through 10 revNsiplt~ 

nwppings, subwrt to 4 lrvr-ls ·of hiPrarch\ and I hrPP t £'rmirtalton modPs. whwh 

thus rPprpsent thf' unt\Nsality classes of thP Hierflrch\ of Process in thts modf'j, 

\SPt' Ot<Iqrarns 11.1 And tn the phystc-s of comptJI<tlton model we .see that ph~Sif'H! 
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acltvtt}' will bP ctwr;wtPrtsPd by stqns, statps and stnwturPs wtltlbllwprll,t•,, 

that hy anuloq\ wtth quantum mPchanics we mHJht approprtatPiy lhtnk of rt!. 

etgenvaluP!i, t>tqt>rtslates <md PtgenstructurPs of thts phy~>tcal ill'ltvtty strH !' tllt";t' 

are ltnked thruuqh thP dynarntc reversible mapptngs of 1t11s acttvttv. F ttrlht•r 

we see that lhPre ·'s nulhiiHJ formally to prevent, <m eHJPflSI rurturr· l1avtr1CJ 11 s 

own dynamtc and Pvolut mary behaviour, through bP111g corl'ilttutE·d from <J cufl­

fiquralton or PnsPrnble of other eigenstructurt>s, etgenst 'llP~, ;md L'llJf'fl><tllH'~i 

stncP condtlion C placPs no formal ltmtls on the derth of rt•curstnn, tfl'vtll\lltorl 

ur L·onvolltltun allowPd by the evolut ton G. 
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4. Wildt do LllPS(' equ<JtJon~; Lt>ll us" 

A Bas1c lrttr·rpretat10n of the Laws A to 0 govern1ng lh1s model of the Physics 

of Cornplll<Jt 1on. 

An miNpretattnn of tht> basic mathematical equations .IS now given where the 

f unct1ons ~ and the qeneratmg process G are taken as truth funll10n log1cal 

connectives whPre the ~-s can be interpreted as the phys1cal conditions of process 

govPrn1ng the states reached through G. 

As st<Jled, 0 CJr "false" 1s the "eigPnlialue" of the in1t1al state of the process C 

namely.¢ the empty set wh1ch must be cons1dered as a h1ghly ambiguous or 

Indeterminate phys1cal condition, so that we can mterpret th1s as saying that 

thi~ state is unstable and that once this instabll1ty has unfolded through the 

process G, ,.0 will never again be physically attainable. 

Hence · t(a,a) = 0 or false -A) 

must then meon that any state a cannot be considered as pver be1ng physwnllr 

truly separate from any other state i.e. all states torm part of a singiP phys1cal 

tnrll\ 1sibiP whoiP - n ronspquenr.e of which must bP that rhys1r.al reality 1s 

no11-local 1n this model. 

S1m1larly F(a,b;- f(h,aJ 

must concern those physical cond1 t ions of process wh1ch are "true" i.e. which 

ha\ e "eigenvalue" 1, for as has been seen it ts like I~ to concern unstable critical 

points, such as that of water and steam where ph) sica! conditions are well 

df'termtned. And hencp 

f(a,F(h,c<l = Flb,f(a,c)) -('' 

must therefore corrt:>spond to those potnts where the phys1cal condrtions of 

prorPss Mt' undPcldabiP or indf'lermmate. 

Th<ll 1~ tu sny th1s IS CJ physical s>slPm w11fl thrf'f' baSIC trutll \nlllf'S ancl hPnce 

rnust llf' a rtUIJ-dt'termlriJstic s~stpm whPrf' a space of po1111s of wf'll def1ned 

ph~ swul cond111ons are lmkf'd by mtPr1..als whpre tht> ph) s1cHI conditiOns deter­

nllrllll(j thf' states of procf'ss are Ill dPiermmed. 



- 1 7-

Thts thPrefore says something truly remarkablE:' i.e. 

from 0, that truth f'nncerns those condttiOns wht>r1 two st;t!Ps n nrHll1 r·dtHHJt IH· 

dist mguished t.P. phase transition potnts and that thes~ an• porn Is whNr• 

the ph~stcal condtltons of process arf:> well dPtPrmtned, and 

from C, that whf'n the phystf'al condiltons of process are undPcidablP lhr>ll 

any two staiPs a nnd h can be disttnquished by t'omparison wrlh a thtrd 

slat f' !. - l'IParly n rPiat ivrl y prtnctpiP, 

~.o lhHt when thP rraturr of two states of process arP tndtsltnqut~hahlr ltu• pll\c;tr<rl 

<ondtt tons of prorPss arP wPII detprmtnPn, but when t h£' nCJittrP of t wr1 st ;II PS 

ts dtsltnqUtshabiP '"" H lhtrd, the phystcal condiltons of procPss arP tll-dPtr·trllltll'rl 

or unde.cidable. Thts ts surely JUSt a gPneraltsPd st HI emPnl of thP HPtsr>nbPriJ 

uncertatnty princtple, and one incorporating a relattvtly-prtnctplt>. 

Further It SPems clear that A,H ann c Ill thts tntPrprptaltnn r.P. ttlf' phystcal 

conditions of prof'PSS must constitute the Thtrd, f trst and 5Pcond Lnws of ThPrrno­

dynamics also 111 H rwncrnlisf'd forrn. 

A as the Thtrd lnw r unrrrns lhP unattatnabiltty of thP ahsolut£' /PrO state 

)!(' or t I•P ahsolut e lPro of I pmp,;ral urr, rt s Ptl)!'ll\ ctltw, 

8 ar. thp f trst Law th;1t thPrP f'lusts a rondrltor• "PrrPrqv" throtJqh wht('h All 

~l<tiP~i lwcnmP tndtsttnqutshubiP t.~·. "r>nerqy" IS lh!' true 

fundamf'ntal conril!ton of <ill thrnqs, ;md 

C as Lhf' Second law, that lhPrP £'~tst phystcal condrttom of prorPs~ whtch 

MP Ill rlPtNminPd, whPrP throtH)h <J loqtcal !JtfurC'al ion 

hy whtch two states C'an be dtst tnqutshed rPiat 1ve to a 

tlurd, a rPiativit~ princtple, orre to many lr<lnsformalions 

wrll rPsllli and that thrs ts the sotJrcf' of ph~stcnl trrPvPrsib­

tltty t.e. ttw Second Law as qt•ri!•rctlly k11otlm 

Therefore r:Jt thts baste IPvf'l of concP.plualtsalton the morlPI 81rt•ad) pxhibttr> 

mr~ny of lht• attrrbut~s PxpPrlr>d to r'onsttlute th£' loqical P'\prPsstnn of fHl~ 

truP modt>l of tht> physif'al world as currenll~ known to scit:>r1cP throuqh r>xperrmr.nlnl 

valtdalton. 

Now lhP mod£'1 of lht• ph)SIC'S of compulfltton furthl'r s<Jvs thnt thrsP £'ssenltHII' 

ntsf'rf'lP stat rs ar rrl r'undtl tnn~; of prtWf'SS L<Hl on I' bt• re<lchPd vta <l proti'SS (; 

whwh i~ spPllflf•d tn lt•rm~. of two truth \alur>s. ir'fl <Hld rtqhl, and ht·rwt· rs 

~~;nn•orphw to tilt' pl'lll't':.~.!'~; wtnch con:.t 1ltJIP thr tw•• vallH'd 1\oolr-orr c~lcultJs 
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so that we mAy equRtP th1s Proce>ss attainability w1th logical attainahll1tv and 

the> phys1cal conditions with physical attainability. 

That is to say that in this model semantics or mPaninq is what is physically 

at tamable ;md syntax or Process is what is logically at tamable so that the processe~ 

of Physics tn this model are defined as those reversible mappings by wh1rh 

whHt is physic<lll) HIt r1inable ran hP reached or df'snibed, by what 1s logical!~ 

attainable or v1ce vt:>rsa. This is of course simply a restatement of the Blueprtnt 

formulatiOn already considered but wh1ch prov1des an additional interpret at 1on 

for thl' bluPprtnts bPcausP the unary blueprints £3 and the btnary bluPprints 
u 

B
2 

i'lre tht:>refore those of the physical and logical manifolds respect 1vely whtch 

the Process G will bring mto f'"<istence through the conditions A,B and C. 

Hence thP basic processes of this model are that logical mantfolds will acqu1re 

a physical e"l<istence and that physical manifolds will acquire a logical descriptiOn 

or existence. And when these are carried out by mankind, we call the first 

eng1n€'er1ng, the second science and the whole design. 

But as we have seen the conditions of physical att8inability can be interprPtl:'d 

w; loqiCiilly connectivrs with three truth vrtlues, truf", false and indetNminaiP. 

And hPncP this sa's thAI once a subsystPm in this model has acqu1reci exislr-ncr• 

i.e. hAs both a ph\Sicnl and a logical maniff:'sti'ltlon which must occur via a 

phase transition or unstable critical point of process, then it must be representable 

thn11lqh the so callf'd conservativP lof}ic of Toffoli and Fredkin CU. where 

tt)p E'SSPnl ial ClfCUit f:'lf'ment S have three inputs and three outputs as thp r redk1n 

qatr, togetltrr wtth the Unit wire as the 1:1 rnappmg. lhese through the1r 

functional1t' conservP in their output the numbE'r of Os and 1s which are prest>nt 

AI their inp11L Hence in all such systems both the energy and the informal 1on 

arr cons1•rvPd. 

Thus thP rr10dP! sa's thai all states ha\re a condition called f"nerg~ through 

wh1ch t hp, r~re 1n1t tnlh indist ingu1shable, and that each stat£> will find its loq1rC~I 

P"-IHP~ston thruuqt· PrucPss, as H structurP or S\slem obeytng a conservatwr• 

of enerq' pr1nc,ple. Condition B then•forp bt"comes viC! Process lhf" normal 

form of !hf' f 1rst Law of Hwrrnodynam1cs 1.e. a ronsprvation of enPrqy !JflltCtple. 

further 1t 1s now ob\ 1ous that the first step of ProcE>ss must constlltJtt> onf' 

wht>rt' apparPnt h enPrqv is crPal f'd sincP it is a loqwal step q1vmq rhysical 
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ex~JressiOn throuqh tnformation to a state¢ whtch by defmllwn ts lHiobst•rvabtP. 

L:3ul t hP ANPA rnodl'l of Proress denved from thPSf' t>qunltoris, as dol's It if' 

Bluepnnt modt·l, dt•monstratP, that thts lliltlal qt>nPrat1on of tnform<JI 10n llitJ•,t 

termmate 1n a m<:nllnuni which serves to determme I he tot at <Hnourlt of E'fH'rqy 

whllh can he qt>nPratc>d <Hid hPnCP this model beqtns w1th nn intltal process 

that could cunstat ute the Hty l:hmg expected by cosmoloqasts. 

Further we see thAt any logacal expressaon of thP enerqy of a srwrtfll S\ ~~ t·m 

arnvl'd at through llie Procl'ss C, t.e. its descrapttcm an IIH! co11le'>~l til !Iii' 

r.ondtltnn ent>rqy - what as normally called the Hamiltont<JII 1 will tn tl11s lfiUdt•l 

have a reprPsenlutton 111 the model in conservative loq1c and hPnCP will t11' 

computable nnd have an alqortthm, or be representable computataonally. 

Moreover F redkm and Toffola have demonstrated that thP Sf'l of all operaltons 

of the Fredl<1n gate cont<uns as a subset the set of those oper<Jttons whtch 

conslltute the normal bmary logic and that this subset ts in qeneral not conservat 1ve 

but sp£>ctftes an 1rrf'versibiP st-l of operations; clearly thf' set ltruf',fnlsP) IS 
e 

contatned tn the set 'tru.fals~, undecidable). Hence any systC'm represpntal>l!· 

throuqh conservaltvf' loy1c, hns the potenttalil) to contain w1thin 1l ,,., a sulls!'l 

a S)'SIPm of process lht~l IS lff<'Vf'fSibiP.. 

Henorrnalll<JI tOii qr oup t ttl'ory. 

Tilt- model dPmonstrHte:; lhiil eCJch set of physwally Hllallial>ll' corldlllllll!• ol 

IJrDCPSS corresponding to the truth value true, can bt> mappt>d onto tlw memhcn;h1p 

of the unary proCf.•ss wherE' we may think of that class as denoted by lxlxlxl:~~ .... 

· 11 whcrt> 1 is ;m order or r.lassi fication parameter for that class which spPct firs 

the order b~ wh1ch tt11nqs I>N·ome ftxed and complete wrthin the model and 

whf'rf' each class cart lhPrf'forf' only be dtfferentiated from nnolhPr l1y a sr.altrHJ 

condilton winch must up a measure of the enerqy at whwh in this cas£> the 
t 0 

class of phase tr<Jnstttons takP place ' • How£>vPr tn th1s model the log1cal 

e:~~prf'sston of a phystci11 truth condttton as tis dc>scrtptton or in ge>ner<tl rts H~.r-r1tl­

ton1an and so thf' atHJVP lfllPrprPtatJOn tell us that a rnapptnq of any Humtllontan 

o Thf' f1rst mn1or pll;t:;r• traliSII 10ns of tl11s modt•l <trt' frtHrt ttu· c·nqll' '·"' 111 

spHt·c·-ltnlf' <Jrtd tlil'll frorn :.p;wt•-ltrrtP to rnallt•r <J~. aiiHTi!,, :,el' l<tlt·t <ft'\l'lttJIIlit'ril:, 
of !Itt' ITlOdr•l, Willi till' ohlil!tlJ!, trll!lil'dll!IP phast' ll"illt~il 11111!; c UITt'Sp!Hitlllttj Ill 

the lhrf'P-dlrnl!ri~IIHl!. of sp~H'f' (•tc 1n bPtween. It mtrJhl lta·n·fmP lit' lld•·rrr·cl 
that thr• Sl'iill!if~ rorH.lillort lot spocP-t ame IS c t11e vPirwtt y of l14ht, <tllrl that 
for mutter ts 1 •• 

1 llttJ~I :;Prvr· tu rlt•lr·rrnl!ll' thP symrnPtry uf lhf' cl<t!;:, I 1 rd rundilltHi~. A. 
H \Hid ( I 



onto 1tself will mde1•d fu1d the unstable crit1cal points of that space dPtermin1ng 

tht' physiCal cund1t 1ons of the phase transitions of thf' mHtter or erlt'fCJY 

desrnbed by th<lt HLJmlltorll<m. Therefore as oriqin<Jily postui<Jted th1s morlf'l 

explains the fundamental Importance of the methodology of renormal1zat1on 

qroup theory to the rhysics of this modelj a methodology now extremely well 

vaiHfHted f'xperimentully ir1 current sc1entif1c practtce. 

A ClosN L ouk at the Nature of the Process G. 

It is now apprnprtHte to ask just what these equatiOns A to D tell us especially 

1r1 r£•lutl0rl to !.lie ProcPss G and 1n fact Kllmtsler (4. who f1rst exh1b1ted them 

tn connectiOn with the Combtnatortal Hterarchy, has shown that they are 1n 

one interpret at10n the subject of J.H. Conways book "On Numbers and Games". (20. 

This begins by constder1ng G as a definition of the generalised Dedel<tnd cut 

[ I J and how from the empty set¢' the totally ordered members of the entit1es 

aristny from this cut on the field z
2 

of two elements taken as Left and Right, 

are tn fact the positive and negative Integers and the dyadic rationals p/2q 

where these members may be subsequently extended to the transfinite numbers. 

The book then goes on to show that partially ordered members of th1s cut 

defmP qames. And hPnce the decision process speCJfJed Jn thP physics of com· 

r••tnt ton mod£:>1 through the proc~ss G is such that it introduces un ordPrJnC) 

r('lat10n of tlw typf' w£• would nee as essenlu~l to the crPalion of tnforrm.t!Joll 

wllll'h (;was rlPfHtt•d to sppclfy and tht> partially ordered members rrPfltNI 

by 'tht• Prot't's!; (: C'<lll tllf•rl.'forP be lotJIC'<tlly thought of C:IS qarncs as the dPl'HJllHI 

procpss m thf' oriqlftal scenano would mdtcate. What therefore do the cond1t Jons 

A, A and C to be JOintly rt"fPrred to as Oiscr1mat10n tell us? Taken together 

they dt>fJne a class of t•ntJtJes corrf"spondtng to lhP gent>ralised Dedekind cut 

whf'rP lf'ft and nght are not dJstmguJshed. This must be expected because 

phys1cnll> A. A and C ensure a potential Hamiltoman or metric an E-nergy funct1dtl. 

H11s totall~ symmetr1c field, Conway calls the field on On
2

• But the model 

sa} s that there IS no wa)' of getting between the members of this class of 

f'nlil IPS spt>cJ f1ed bv ~ A, B and C} except throuqh G smce they do not ronta1n 

thf•lr own qenPratinl) process. Hencf' the model tells us that beginning with 

(I tutall\ !i\nlfllt'tfll' ('OndJtiuns determtned b~ {A. A ilnd c\ whPI'!' Jpft alld 

rtqht c;.~r.ruJI tw Jlslln4UJSiit->d, tlw genPrutor t; ddlftl'd thruutjh () will rt'~ult 

111 a ('iJ!.f' whPrf' il dt't'l~iJon IS takpn <IIH1 111format Jon J!; proclucf'd iiS a r£•stllt 

of ttw <HJdiiJonal ord£>rinl) product-d. This might tht>refore bP tPrnwd "s}rnmt>lr~ 
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splittmq" i.e. a IPft or rH1ht partial or total ordPrmq and th:]t th1s prrFT':•-; 

rontinups until such tfmP as anothN totally symmf'lric relat10nsh1p or sf't uf 

conditions as delermmpd by{A, B and c1is arrived at. 

The model aqam therefor!;! exhibits fpatures considert>d PSSPnl1al to an) f')(pf'rl­

mentally wt:>ll validatrd modf'l of physics, namely 

I I symmrtry and s-rmrnetry spl1tt1nq, which over the last twPid\ r~'<tr': t>;,,, 

b('P" the> bas1c prlltctpiP by w.h1ch lhP. formt~lillton of nil thf' rurrr-nl ',f and;lfd 

lhPurirs h;:nt• hf'Pil qu11h·rl, whf're it is to bt> notrorl tll<ll th1s n11•d• I ,., 

a Proress rrmd!'l llf phvs1cs and not thereforE' compeiiiiVI:' tu Lht· ~.I;Hidarrl 

models but rather rompl£>mentnry to them. 

ii) 11 hPgins with thP appecuance of chirality i.e. d1sltnguish1niJ ll'fl frum 

rlfJhl as o prtmary fe<Hurf' of the model. ·That is to sny tht>rf' mw;l hf' 

B IPH hand or a nqht hand of creation in terms of thP observalliP rhPnomen<l 

I hat thP model will rlE>scribe depending on the convent ion ad(1plf'd, T hP 

rPsull of thf' f1rst rll-•ris10n process sets this standard relnt ivf' to ll, I tll.' 

e1genvaluP of lhP Pmpty sPt as to what will const1tute IPft or rtqllt. 

We Sl'£> nlso tht•rf'fnrP t hHI any physiC'ally ul I ninahiP sPI of romhl tons rkt f'rrn,~t·<l 

by l A, A, C} ran nnly lle reacherl logirally fron~ anolhPr sPt by play1nq qarr''"• 

and that this wtll ron!illllllt' n fundr~mPntc:d loqiral dPsrrtplion of hnth r>voluiJcr• 

and learninq wtlhtn H11~ model, and hence from formulation 2, it 1s cii•<Jr that 

th1s procPss of P~olutton or IParn1ng will tako ·placf. lhrotH)h '' !Wrif.'s of qFJr:-~e~ 

or st ratNJtes where bv a process of iteration or attrit1on the umon 

,, 
U f 1'. false: 
- I 

IS eliminated b' a ser1es of n decisions in order to find thP individual I ruth 

t. in t hP sequenrP - oo 
1 U t;',lruel 

J " I 

which rrpresPn 1 thP fmnl r'las!.i 0f Pnl it1es to bP delC'rrnlnPd by A, H, f' nnr. D 

nnrr th1s c•volllll!lll or lr•;trrtHlll IS r·ornplrted. 1 hts rksr-rtpt 1011 1!: wh<!f vii' \v(1r .. ·1 

rturrnally dl'scrtl'l' us ll·<Jrrllrtq l1y expPflenre, or by courllr·rt·xumpiP. 
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; Rut FlS these individual truths t may bP sef'n as rPpresent inq thts final !lAss 

A. 8, C, D through a unary process t 12zl3 .••. so called sinrp it can he 

represented numerically by number in unary format, .the mqdel '" therefore 

indica! ive th<Jt for any spPri fie problem, the physical path across thr: rn truths 

which span it, must be of order O(m} while the logacal constructiOn or path . . . . 

must. be of ordPr 0(2m) since the firs.t of these concerns the unary process 

· u while the second concPrns the binary· process b . 
. · m · m 

HPnre within thts rPqirrw, thPre wall be a correspondPnre between. Pach tndt•idunl 

physa"rr~l truth conrltlton I 'liS lJnary process IJ denoting thP enerqy of thf' rr1 m . . 
process and the binary process b denoting the logacal construction or descrtptJOn 

m 
of that energ) an terms of its energy function, metrtc or Hamiltonian. Thus 

thPsf' will form a ·triad (u ;b ,m) where m is a symbol to which it w1ll be 
. m m 

possibiP to assagn some characteristic numerical value expressing a. measure 

by which thangs become fixed and complete relative to some origin. We may 

thPrefore think of m an view of the illusions alread' made, as ·a logical or 

computational temperature. 

In ttw rasP of Conway's "(Jn Numbers and Games", 11 IS shown th81 the symbols 

us rrprt"'st"'nlpd throuqh tht! flriWPss of lhP rwnrr<tltsrrl ()pdpkind l'UI both lf1 

lhf' \aSP whPrr- IP.ft arrd raght me dastanquashf'd ulld v>~here they are not, rnn 

be nr.r.1qnPd ClS thosP for thP 1ntPqPr n. And so in thp physacs of computatiOn 

rnodPI the antPqN n would be better representPd b' the tranaly or triad (n . , 
· unary 

nh. , t1 b 1) where lhP ftrst of thPse is sy~boltc of the energy requlrl•d 
!riM'; s~ m J . 

in thP process af counting to n. 

In rurrPnt ph~s1ral thf'OfiPs, thP C'OncPrns arf:> "appt=><tranC'P" and the theory 

itself i.t=>. such thf'ories do not concern realit)' itsf'lt but merf'ly model 1l. 

lhe phys1cs of ::-omputataon model appears therefore- as a first theory wh1ch 

conrPrns real1t. and includes a provision for it with the framework of the theory 

its£>lf; becAUSE not only is pnerg' represenlf'd b} a description or binary process, 

hut it is dPnot«:j b' a unary procPss which is outside this dE"scriptaon and repres£>nt~ 

<1 part of thp ,_-,folding of thE' una\NSal truth \alue:O wtlhin the model. 
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Thts phystcs of romptJiatton model is thereforP a self-org<.HII!;ICilj :,)~;lt·rn whiCh 

~fter an appropr~atP numbPr of Iterations wh1ch we m1qht term t)l)otstraps, 

Will result 1n subsysiPms whwh are computational tn lht> Ctlfrt·ntly art·Pptf'd 

senst>. Thus Cis Kdm1slf'f \4. proposed the PquRtions do tndt·t>d to provtdt' ill\ 

algPhratc modPI of a sPif-orq<mlstng "madunc", wherP tl 1s the lack of sf•qtJf'nctnq 

1n A to C 1.e. the ort1Pr tn whtch they are sattsf1ed, and the abiltly to t;rkt· 

or not to take a der1s1on that introduces thP random eiPrra ''t essPntu-1l so lhnt 

the ftnttf' machtnP may bE' self organ1stng and Kilmtsl('r putrlt:, , ,Ji tt11s trlt'vttnbl~· 

tnlfOOUC'LIOr1 Of probabiltSIIC twhaviour must flllrfOI' the COffCSpUndtrt(j St!Uiillflrt 

1n quantum theory. Thf' rPverstbdity of procPsses an lhP rn()d~·l as also t•ssenlt<ll 

to the system if tt ts to havl' the possibtlaly to achtl'Ve computPr uni\Pfsilltty 

stnce I wo woy movPmertt nlonq an unbounded tnput I <JPP tr1 a runny nwchtm• 

IS a necc>ssary \ondlltun If it ts not stmply to rPrnatrl a ftntte slate rnachtnt•. 

Thts reversibtltl y ts nchwvPd wtth the development of the basic Pquat ions tnto 

the BluPprint rnodPI, whPrt' aftPr an Irreversible phase of development, what 

rematns as a fllttlt• st•l of rPvPrstblt:' processes a.e. the rnapptrlfJS ~ and lhP 

blueprants of thPtr manifolds. 
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). Can ther.Pclatms concPrntng the fundamentul Importance of the eguattons 

A to [) be further substantiated? 

f trstly, the combinatorial physicists of ANPA, Pterre No:res et al, have, by 

all Prnate methods to the author, founded on an extens1ve theory of the mathematic~ 

of D1scnminntion (1. ()., conttnued the development of system based on these 

discrirr11nation and generation processes to present a case for a discrete constructivE' 

physics that generates four scale constants, a connect1on to laboratory events 

nnd scCitlermy theory that has the dtmensional constants c,h,m and C and 
p 

a tentative quantum number <lssignment consistent with the "standard model" 

for physics for leptons and quarks with three gE-nerations. Current first appruxt-
+ 2 ' 2 127 mat1ons from the theory are ·hc/e ::: 137+0 1/137), hc/Gm = 2 + 1J6 . 

38 p 
1.7x10 (1+0(1/137) and m /m = 1836.1)1497.(where approx1mat10ns are to 

p e . 
be Pxpected since bootstrapping has today passed through many generat10nsl 

arP very good. Further their understandmg of "wave-particle dualism" and 

obsPrval ional "cosmolorJY" creates no more ellperimental paradoxes than currPnt l > 

nccepted views - perhaps fewer. 

In lh1s dPvf'lopment the operations of D1scrimation and generation are cmried 

out so as to maximise the informat1on carrytng capacity. Th1s procedure SJ.wclftes 

levels associated with thP same numbers as found from the Blueprtnl model 

am1 tndicates the number of elements or units of information that may be 

opt 1mally converted, and beyond which further conversion is impossible. The 

levPis Rre determmed In terms of lmear independence in relation to the closed 
2n 

subf1clds bf the discrimination process wh1ch occur at 2,4, 16,2~6 .... and 2 , 

thP Fermat 2 powers. SinC'e these sub fields map onto themselves, tht>y rPpresent 

dPctsion pomt s wht>rl' in pr1nC'1piP no df'C·tston process is poss1hlt' and "comput all on" 

nHJst continue. AltcrnallvPiy, we rr11ght say thai at thPse potnls mformatton 

rnw;t be converted to energy and so func·tiona!l) thP)' will be energy channels 

or fields through wh1ch all enNqy interC'hangP will take place. Clearly howcwr 

each will havp an energy manifestatiOn on its unary asymptote and an informatton 

manift:>slalton on thP btnary as)mptote. 

without ernpincal measurement! 
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However tn the BluPprint model there are also revPr~>~biP fHOL'PSS£'~ at 1 ;md 

which are not rlosed subftelds and so rPpresf'nt stablt> part1cl,-.s. Jlrrsumnhlv 

these correspond to thP photon and the proton which would f'xplatn why only 

nand m appr>ar tn thf' dtmPnsional constants Rbove. It 1s worlhwhtk P'\am1ninq 
p 

the rRse uf the photon, for here thP BluPprint model deSHJnatr>s tt by (Bu, 1), 

l,Bb( 1)). It will thprpforf' h<lVe both an enprgy, and an informal ton rnodP and 

Will OSf'lfiHtf' bPtWf'l'n thf'Sf' f'Xhibittng left/rtgh!nf:'SS Of rhlrrtlit) lfl tflf' prrwp~;s 

wtth n frP.quency whtrh wtll bP the mintmum onf' whirh thP df'CISton pror'p!;s 

('(lrt f:'l(hibtt. Thts 1s nlmost f'Prtainly defined by what has been railed tht• ;1tomw 
2' ~ e tm c whtrh would Pxplain thp tntirnatP l1nk with th(• r-leclriJn 

f' 
unit of limP 

as bPtnq the stabiP tnvPrsP parttcle to thP photon prndut't•rl durtr1y fttrlhf'r btHJt~;tr;lps 

and whtC'h mleracts wtth tl hE>C'ause thetr atomtc units uf 1 irnf' <Iff' r-rmmlf'nsuratt•; 

anrl hPnre m /m wtll also be fixed. II is only sl11blr howf'VPf twrnu•;P lhro p p 

proton is stable, anrl so consequently its sister parttclt>s ltlf' M and 'Y £'1Pctrons 

curr£>spondinq to the other modes of Otagrnm II will dPrny. 

l,urltwr sim'f' ltw l'losrd fiPid 111 (2'd,) 2 lr>rmtwtll•!; ,,,,. IHHJI:,Inp, "'''· ,.,tr,•.l;ull 

must be associated w1th thP proct:>ss by whtch qravttnt1onal efferts r'ml dliHlfJP 

tnfurmalion or mHtter tnto Pnrrqy, i.e. what is usw-tlly dPsiqnatPd ttw wr'ilk 

force 1n respect of ftsston and fusion anrl a chiraltl y or par it\ hrPnklntJ wuuld 

occur at th1s point. Thts is tnO£'f"d thf" rasE> for · 2'>6J
2 

is rlos£' to c
1 

thP I Prmi 
- 'J 

"weak decay" constr:ml of 10 /m , and parit> hreak1ng dnPs occur, 
p 

Secondly, M<mlht:') and Morr>l (6. havP demonstrated a funrl1lmPntal mod£>! of 

romptJI at 10n t h£~ <Jrl or rTI[ldP I. which can hP shown to bP a conrPpl unl nlf' l i!phor 

wtth qumtlum mpchnntrs. Thts would be an essentt<:~l prerf'qu1s1t~' of the ph.,.strs 

of computatiOn tf thf' bootstrapping process has re<Jched tlw potnl wh('f'P ttw 

phystcal Universe is computer universal. 

Thtrdl" Professor r. F redktn has also independr>nt ly concluderl that qunntum 

mechanical phenomena corrPsponrl to the operatton of a cPIIular ftulomaton. 

fourthly Aohm and h1s ro-work£'rs pursuinq yt>l anothrr appronch In qumlitllll 

theor) thnt derl\f'S from thf' de Broglie Pilot WavP theor), h<J\ P ro11clurlPd 

with dP BrofliiP that l'lem('nt ary p8rl icles do not pxhibit <1 Wa\ P mode btJ! rHthN 
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nrP. quidPd by il pilot wr~ve tn analogy with an airplane guidPd by rarl<1r waves 

which carry information ahout the whole environment; de Brnqlte even proposed 

that inside the particle was a periodic process that was eqUIvalent to a clock 

whPre the momentum of the particle wns related to the wr.~vP hy th~ equation 

for the momentum P, 

P::~V¢ 

whr>rP ¢ is the phase of the wave functwn. Thts idea of arlt\'e informatton 

is directly compatible with the computational approach, and much closer to 

Einstein's model of general relativtty than the "standard theory" (7,8. And 

a5 will be seen later 1n thP sectton where A to 0 arP. related to space ltme, 

the '/)of the wave fun<tion may well be identical with the approxtmate nlf'an 

<htrality b£>tween information and em~rqy in the decision proress, D. The Bohm 

thPory ts nnw in rJPnNal compr~tible with the standard theory. 

r·,nally, I hPiiPVf' it is possible to df'monstrate that thP four rules are PXa<lly 

wi1;J1 arf' rPqiJin•cl to furm tlw cnmmuntcation startdard that furrns ttw busts 

nf ;Ill ~;I rtll'ltJff• m mnlr'f'tJlnr lltoloqy. 



As prPvaously sl<liPd al sPems that we may thank of these 4 rules as speed' lfllJ 

tlw fundamrntal cnrnmuniCdl 10n proc£>ss rn nature, where l tw L)ascrarnarlalaorl 

rult>s A to C, defane, wh£>11 applaed concurrently as th£'] must bP to ensurr· 

a Hamaltonaan, an CC)lJIValencP relatHJ~ where the rl1st1nquishanq fc:wt as lhP 

paflty relat1on betwf'en the Lwo outcomes of the ult1mate <iPCISIUII procf'ss, 

:: , :I- depends 011 thP context or metric specified b>· f (a,a) U 1.e. lhf' Jecas1un 

process opens up two alternative dt>scriptions of Pntit1Ps e1ther of which ~~ 

self cons1stent, as thP 11erat1ons of the bootstrap process arr> cont1nued. 

The rules sny that I wu obwcts, where malPrlal or mat ht•matlcal can IJv ~.;ll\1 

to be eqUivalent If thPy can consistently be treated tn one context as 1dentacal 

and an anothPr as dasttnl'L We might therefore resymbolise the rules 1n the 

form 

g::c where th1s corresponds to A to C concurrently 

and either a : t or a ' u which corresponds to D. 

~ut 1n th1s form thl'St' r11IPs do indeed form the ent a ret} of romrnuniC<IIIOII 

relut1onships whach are lhl' basas of all structurP 111 moleculm baoi<HJY for nS 

Christaan de DuvP stales an the C1fer of Life Vol.2 (9. thP function of ba~e 

pi:llring IS not simply H structund one m moleculm b1oloq>, 11s mHtn rolt• ~~. 

commun1cal1ort arHI •HTt<tllllfJiy lht• eiPrnNllary relataonst11p~; above, whPrt· q.r·,;,,t 

arul u art> tttr structurt·!; 4UWIHII', cytos1nr>, adPntrtl', lh>nllrlf' and ur;wll rt·~pt·r·tlvt·ly 

isf'P DlilyriHTI Ill), 4tJVt•m, lhrouqh the relat1vel) fragiiP structure lht>y pm!JtHh 

lht• wllolt' trdnrmHI a on 1 ran~ft•r throughout ttw bwsph£'1'('! 

Nott> that 11 ts tuiHIIy 111 kt·t~piiHJ With this mod£>1, tllnt thf' IOIJICal rPiuttOnships 

SPI out abovr-, should HISlJ rdll.'cl the pattern of phys1cal and structural rel~llnll­

stllps and VIC'P ver!;a s1nr.·p loq1cal and physical I~ attamable states c<m bt•< omP 

phys1c<1ll\ and loqicall} alli:lllliJblt> respectively whert• ltlf' otdt>r is u s1yndw<:mt 

factor ,,p. logtc:tll), physrcall> rs not equ;tl to phv~lf'<JII'. loqwull) allillllat;lt•. 
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And as further CfHtftrrnat ton, at the next itPr<Jf ICJn, the author has shown that 

these comrnuntcaltull rei<Jf JonshJps will evolve to a new set thP 131ueprtnl model 

as tn Otaqrarn II, which in algebraic symbolic form corresponds exactly to those 

found m the qenet1c coLle 1.e. twenty blueprints or structures wh1ch tn the 

c'ase of molecular b1olocjy are I he twenty amino acids, and three lermtnation 

modf:'s or ptHortuatlon marks. Moreover the physiCS of computatton rules agalfl 

say that these amino acids would be encod1f1ed (as will the termmat10n modes. 

throuqh tiH• cornplt:>te set of triads i.e. 64 wh1ch result from the symbols q,c,a 

und u. I .will not be used since it corresponds only to the relat1onshtps pnor 

to the llt'lalton. 

Hw; 1s ayam exactly what is found m relatiOn to the genet1c code, where g,c,a 

and t correspond to the relationships in DNA and g,c,a and u to thosP 1n transfer 

or messenger RNA whtch is used for the manufacture of protems from the 

amino acids. 

All that has happPned in the molecular btolog1cal formulation of the rules A 

to 0, lht~refore 1s that ttw equiv<~lences or tr1ads whether in the or1qtnal 

q;,r, or 111 the messenger RNA JS structured sequent1ally spattall\ btJt 

exccult'd concurrent I>, whereas as we shall see !Jelow tn the1r eJpmenlC:lr~ (Ji:lrltcle 

physics representation, we can give the rules physical expressiOn as soace-ttnw 

ll~l'lf, all four may oper<-Jie concurrently i.e. the relali\ISttc casP. 

/ 
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7. What ts spar~-time- 7 

First we must Hsk oursPives if I he algebraic equal ions can be "cwornPI rtsed". 

And surely thts ts lhP case, for the equtvaiPnCP or lhrf'P rulrs A to C. wllir·h 

may bP obeyt=>d conrlJrrt=>nt ly. ThPy can therefore symboli'>P n poHtl wllPrt' ttw 

threP states a,b, ond r of thP original equations A to C rnust mPPI nnd whpn 

rnPPitnq can onlv hP tm1Ppr>nc1P.nl if orthof)onnl. This thNf'fnrr dPflfH'~i tl.rt·r· 

"spAr£•1tkP" dllnPnstuns whPrP £'nPrqy cart become strurturr•, Hrtd a fr•tJrlh dtnH'fl'ilfiiJ 

dPfuwd by the dt•ctslfHt prun•ss D, which is timf'-ltkf• whPrt• Hllhouqh tlw; wtll 

l.Jp pPrcetvPd a:; PvolultOil<Hy, 11 can only bP dtslmguishrrl il!; 01 term whwlt 1~; 

reversible J.P. whPrf' rtf)ht and IPft cannot be distinqutshed. Out the spnceltkc 

dimPnstons whtch drl trw a "point" must bf:' orthogonal sine£' A mvolvPs a, B 

involves n rmd h, and C tnvolv£>s a,b and c whtch ilff' to be indepPnrlr·nt rrlat ttHtsht[)S. 

lhts must UC' why lllC'rt·for£> span• ts essf'nlially locHih Euclidean sinre the 

PQUtvalrnl relattort A In\' holrlr. rktf'rmininq a "point" whPrP the physirs nf 

rornput11t tort is posstlllc and structure can be formed. That is La sHy thr. I opolnqy 

of spoce ltmP will also hE> locally [udidean because it must be the cas£• as 

rE>quired by t hf:' phystcr. of computation that the amount of "room" nvai lnbiC' 

as onP moves awAv from a certam point in spacp inC'r("aSPS HS a power rothPr 

than an e)(ponent till of the distance from the point. further stncP every potnt 

of space in this "cornpulational" model is the cenlrP of an F.insteininn rpfrr£>nrr 

frame then we can expPcl lhP overall strur.lure of sparP time to behavr in 

a well ordered and "continuous" way i.e. to have conltnuity tn the r.omputation<JI 

SPflSP ( 10. 

AlternativPiy wP might say that our perception of realtt) is of a spacP-t~m~ 

of J+ 1 dlmPnston~ twrause this 1s the mevitable conseguencf~ ~f-~~~asurrmen!J_ 

observat ton or ar.l J.P. one where informal ton is prortucPtl. stn_C'~ thts art ts 

onl)' poss1hiP at tlw point of such a space-limP. LhwwhPrf' the UntvNSf' mny 

be without metnr or as Parker-Rhortes says total!~ disordinate, howPvf'f we 

can nevN be awarP of these aspPcts e)(cept by indirPrt tnfPrencr or "intutl ion". 

Thus it is ciP.ar that thts llasic modPI of 3+ 1 spacP-tiJTH' :;tmph runn•rn~ ~il airs 

whNP no C'\ olllt 1011 i!; I nktnq placP i.e. so caiiPd rlynarnl(' !,tat t·s anrl that <1 

morP complete de<;crtpltun must be madP in terms of <J ~-2 sp;:H'P-ltmP wltPrf' 



-30-

in this case "t inw" by analogy wrth the 3+ 1 case should be represented by the 

complex vanable t 1,t 2 
or t 1 +it

2 
denoting the fact that evolution is in progress. 

It is worth noting that in acceptmg the conventiOnal or "standard" descrrptron 

where lrme IS the complex part 1mpJses that i = r 1 must in thiS model be 

related to the fact that in the energy representation it is not possible to distrngursh 

lf'ft from ri4ht and that time is reversible in the convPntronal sense. This 

ir. probably cxplnrned by the fact that rn ordN to assrqn 111fnrmot ron or ntJmhf'r 

to time itself (when~ at the basic level left and rtght cannot be distingurshPd) 

it rs nPcessary to move to an ordinal number description wherP lt>ft and riqht 

can be drstinguished vra o decision and the only numbers rn this field that are 

a·varlable are those that make it a complete field i.e. the complex numbers. 

i.P. going to a 3+2 model where time is represented by t 1+it 2 is an artrfrce 

that implies that evolution rs underway i.e. how we get from one state to anothpr 

through the physics of computation where this state may be the same state 

or how in Conway's general rve process we get from number to another. It 

rmplrcs a wave-like phE'nomenon will be observed or can be directly inferrf'd, 

whNc there will be a phase ¢ between the dynamic time t
2 

and the evolutronar\ 

time t
1 

that will rt>late directly to thf' "amount" of information being generatC'd. 

This rs exactly what the dP Broglie Pilot Wave Theory proposes. 

ll also seems ciP<n that if the basic 3-.1 model, time and space are no longPr 

specifically dist ingutsht>d so that one is in a frame of reference where the 

d111wnsions are no lonqer orthogonal this may be observed as a generation of 

potential furthf'f mformation or structure. This will givP rrse in fact to the 

standarcl relativist rc effpcls as Noyes has shown (':I. 
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But followtnq a t'nmpiPtl' bootstrap tht> t>quattnns of A In I) tJIVP rtSP to tht• 

forms rrpresPnted S)mtHJIH'ally tn Otaqrarn II. and hencr thp~e must alsu llit\P 

an mtt>rpretalton 1r1 terms of th.P behaviour of a gPneral1secl spacP llmt~. 1-\no 

tn fact therr arP HI rPiat1onsh1ps between thP structurPs on tht• rltaqr<HTI. 

In vtew of th1~ 11 !>Pems rPasonahlf' to postuiHt·· that ttwse reprt>sPnt thr 1!1 

general rf'lattVISltc equatiOns of Etnstetn; for ex;.,:•1nle, 

If the ~.tnslPtn Pqualtons <HI' reformulated 1n 'J dimPnstonHI form 1n IIIH' 111 

lhts model wtth Pvt.duttonur}' behaviour, but tn the standard modt>l as ttw K;:!lunt­

Kif'tn equatiOn, then 1t has !Jeen found 1n the standard model t hi:il th1s ~>qu<llttJrl 

can be rewrittPn as thf' 4 dimensional Einstem equultons J.Jius the t:>qualtons 

of Maxwell. Thnt IS to say thul if we evolve the E1nstl·tn equat1ons v1a an 

elementary mudP we generate or absorb free energy 1n thP form of electro­

magnetic enPfQ}· lhl!.i IS well tn C!ccord With lhP 1rllt1al scerlt:Hio for this model. 

It thef(•fore SPPms that 1f w1• evolvP space-t1mc 1.P. tht· f'Qll<~tions A to 0, 

through ltw dl'l'ISton pru£'t'~!.i l.t·. squecl!:' and rn<Jss<HJt' 11 rnl'l rtc<Jlly and IOJ-lO­

Ioytcally tht.·n we wdl qr>t m<ml fpstat 10ns of enerq\ whtch corrPspund to all 

thf' fundamental forces, the strong, lhP weak, thP PlectrumaqnPtll nnd the 

gravtlaltonal. And this avenu(' of explor<'llton ts 1ndet..>d what one yroup uf 

elementc..~ry parttciP pll}SICtst~ t:Jre attemptmy by exlendmg lllf' Knluza-Kiem 

equation to eiPven dtmt'nstons. 



lJ, 2tJec1<JI Rt•IHII~_!_t 

'llfH't· lhf• f•quflliiHIS A lo () dl'flfll' <t 3+1 sp<Kt•·llrne 1n lh1r. rnudt•l Clntj 1mposP 

1 he rPqu1rement for a met r~c, we may sup!Juse that 

2 2 2 2 2 :x 
1 

+ x
2 

-+ x..) -c t
2 

.. p 

m acrurd w1th the standard model for physics, where now p defines the par11cular 

Pvolut10nary path IPadmg to all po1nts w1th the same evolutionary st01te. Th1s 

would explain why the computational process IS ltmltf'd by the velocity of l1yht r. 

I it:'nce the surfaces yer1erated by all paths for all (! are the f 1nste1n1an surfiJcf's 

whwh l1nk all the dlfft·rent f'Volut1onary states through revPrsibiP or dynarn1c 

bt>tlaviour. ThereforE' there is a reqUirement on th1s model that all points shnuld 

s<Jt1sfy the reqUiremf'nts of spec1al relativity, and indeed Noyes and h1s co-workers 

h<n e shown th1s to be the case. ( 5.· 

Now it 1s known that as one approaches c the velocity of light, that structure 

<.~cqu1res more tnertt<.~f mass or potential structurP which presumably makes 

evofut 10n more posstbfe. And thereforE' in an e'Xtended form of spec tal rPiat tv II y 

whtch luke& tnlo arrounl the phase between t
2 

dynamtr and 1
1 

t>volut1onary, 1e, 

~on ttw l.tnstf'trllan surfacf::' -shades of the 8ohm model,- thts potent1al ~;truellJft' 

or Pnergy will offer thf::' opportuntty of a dec1s10n proct>ss that can cause real 

new structun· to bt• formed effectively as a result of the fact that the frames 

of referencP of say two entities are different 1.e. are exhibiting say a \PIOcll ~ 

dtfferent1al. Hence tn tt:>rms of the 8ohm model phase Jll, which IS dependPnt 

or1 thP conftgurat10n of the Untverse as a whole, the conditions for new evolutionary 

structure could be 

,; hns the lJrllvt·r!;t' made tt pos~;tblc 1.t>. what IS th£' phase ¢, 1:1m1 

:it} doPs thP phase (1, belong to the class of those things which are computat ionifll) 

puss1lllf''' 
L. L. 4 2 2 

1.P. SlllCe t o rn t' •P r and p -: ~v+there 1s an mterchanqe bt>IW£'Pn thf' 

lw(• tt•rm& 111 whirh cetse tut<.~lly nPw <Jnd nuu\f::'lle stnJCiurt:' never beforL' seen 

rcHJid (Jf't'ur. Hnd rHif' rna\ t>P "tumpmg" front on!• P\olultufl<tf) pathwa> to anullll'r 

011 lltl' ~ mstt'llltarl surfat·e wh1ch had llPver prt'vtuusly been lra\tersPd. 0 

Ll Till' an<.~IPq~ to Hlemilnntan :.urlan·s cornl:'s to rTllnd HI lhP thcof\ of thc 



1 hts scenann .ran now bP used to put forward a 

modPI for symhtosts t.e how two states hPcome orw 

but wherP lhP on!:' 1s 1r1 fact greater than the 

sum of thP prtr!s, bPr<lUSf' lhf' npw computatillnAI 

pathwav linktnq lhpm 1n !tlf' sense say of a chPmtcHI 

bond, 1s one nPvf'r beforl' followl:'d and represents 

rt nPw furwt ionalil' on that phvsll'rtl sraiP. 

Tit~•; wrndd rt''ltJII r· tltiil lllf• lwn frnrltf'S of rpfprpnrr· 

:ill fm1r dtntcrt!.JIII•~ rTtr,•,t rjl'flrrall~ 1 are "twtslpd" 

wJII' Jl'c;pprt Itt <lflf' anolhr•r ~;o that polenltnl 

struvlurr· tJr pnPrC)\ 1s il\iJJIHbiP. for converston to 

npw st rurture .by thf' dPCISJon process. 

f. ar-e ./f :',;-ferer.ce \ 

2 

/ 

( / 

/ 
fra!l'e of rer'erc:.ce 
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10. Conclusion 

Spac-t -t 1me is the set of those "pomts" where a 

rnetrw or Hamlltonwn can exist so that measurement 

can t<Jke place leading to viable information • 

••. spr~ce and time are modes by which wP think, not 

conditions 1n which we llvP ••• Einstem. 

[ Ht~Jte1n's CenPral Theon, of Relat1vit y concr~rns 

lhP surfaces of those pomls, expressed in terms 

of the relationships which define the curvature 

on such surfaces at any point. 00 

The classes of paths on these surfaces will howPver 

be rlassified according to some parameter which specifies 

a f1xed evolutionary bphav1our i.e. determines the dynam1c 

behaviour under this conl rolling parameter. 

Thorn's !'atastroph~ ,llwor~ rlnsstftps the I ypE's of 

discrete twhaviour across these surfaces nr.cordinq to 

hoth t)pes of behaviour dynamic and evolutionary, accordtng to the control 

f He tors A to D. 

Si11cP this theorv concerns 1tsel f with stable and unstable points, there will 

bP trnmPrllatP links wtlh the study of stability and instability in dynamtc systems 

i.e. KAM lhf'ory, wherE' in fact the pattern of behaviour characteristic of the 

equations A to D can bP spen with reff'rence to unstable orbits, and with the 

cr1tical points or "phnse" trarts1tions in phystcal systems which can be trPaled 

rnalht•rnall('allv hy K.C. Wdsu11's rPnorntalization group theor~. 

~ urt llf'r comments 

(a, BP.c<~use thP. likPiy relationship hPt WPPn d' rmmic ttmt' and Pvolutionar~ 

t tmP ran bP expressPd rnathPmat teal!~ with t 1me as n corr•ple' 'ariahle. This 

i::; a f1Pid whP.rP "abstract" C'volutionrtr~ behavtour has 111 fart bPen extensivP.Iy 

studiPd as in for t•xnrnplf' the thf'ory nf rPsiduPs. In thP spnsP of thts model. 

W£' ntiCjht C<lll rumplr•\. 'an<thl£· thf'or~, deriSHHt thPory. 

uo ,II sN'ms morP tllnn ltkPiy that Rternann himself wns alrcad' nwarP. of th£• 



are df'lPrmrnPd by a pol Pnt rat as rlf'fmed m physrc:.. ( 12. 

filum'!> lllf•tJly lllt'lf'lt~fl'IOIH'I'fllS il!Jp<Ht'flll} a slf'JI Hlllll' h(JrJl~tl;q•jllti!t··.•, 

rn n syslPm where ltlf' t'tmdrt runs A to C are alrearly sat r~frf'd and a ftJrt 111'1 

rlt'<ISIDII proet•ss [)IS atJUul to take place or could pniPrtiJ<lll} clo so. It rs tl1t 11·fmt· 

ilpji!Ojlfl(tft• ltJ fTlCJkt' il l'lHiliJ<tii:C.Ofl Of· the typt·~ uf lll'hiJ\'IIllJr llliil l ,111 lit' l'•fll'l lt·t! 

and thP tablt• b£>1ow dPrTtom;lr<lles the match between this morlt•l and ff,orr,'s. 

Control factor 

A 

8 

( .. 

0 

Old twttav 1our 
tlyii<HTIIC' 011ly 

I ( a,a' ( l 
un I old 

f (a,hi F ,b,a) 

('U!;fl 

I (I 1 <r,h,,r· 
f (H,I Ill,(', 

Swallow! <HI 

hullt·rfl> 

• Nil t t• I hnl 11 1 s on I 1 at t h r ~ It·\,., 
subwl'l to I wn urt huyofl<tl twt,;,vrours, 
ltrHt a b1furC'al1ufl rn <lt''vf'liiJHllf.'flt 
becomes IJOSSible. 

New brhav1uur 
dynurn1c plus evoltJtrorliH)' 

nonr, H!l B and C arP nut 
sat1sf1cd for the nt·w statf' iJ, 

nont•, <JS C 1s not !;at1Sf1Pr1 

for 1 IH· rlf'w ::..t alP <1. 

two, l £'11 or 1-{rqht 
h> f"'rllollc um!Jrl tr ur 
t·llqJtrr· umhllll' 

o11e, 110 LP ft or Rryht 
parabolic umbrlrc 

/roro 
(••If II 

c;Cl'l 1(' 

('...(,'If' 

/r·ro 
s,1rn 

Ct11T'I' 

Tht•rt· J', cornpll'tt• <J(l'Ord <HI(I thP p1cturP rornplr·tt•l, rn;Jtct.~·~; w1th Thflr• ·~ 

!JeiJt•f that lhc>sr- ci:J~~!.I'~• ;11·1· It II' kl'> to LhP Pvulut ror1ar \ lll'll<lv tlllJr wl111 '· Ill' 

CCIII~ rnnrptltl(j('llf'~.J!.i. I ~,.,,c ,. Jr, t opoluq> tht• word for tJnut •,t rup or dPr'l'>r'il' 

prrw£>ss 1~ ur•foldrnq, ;rnrl Th{J[r•''; lhl'ol') clPsJqr,;.tt·!; slr·p!. 111 IIH' prurp!;s whll'h 

fliHJitl I CJkt· plm P. 



- S6-

lurtlwr thr· J•hysiC'> uf cornputat1nn model tell us, lh<Jt. 1n ttlJS Ci:l'>P therr wtll 

Ill' tour rnort·.catr~sfr()phn•s rnrrPspond1ng to a f1fth control factor or <1th dlrnell~Jon 

,md thnt tiH·rt· will lw reprpsent<it1nns of A,B,C <md D rnatchmij thP cornpiFx 

number rr·presentallon and hence wdl bf' Without left or r1ght i.e. should ex.h1b1t 

total syrnmPlry, and there w1ll·be an 1nf1nity of s1nqularll1es w1lhout unique 

urdulduoq~, lur ITIIJit' lllilll flvt' crmfrol tuctors rne;mtng that the1.e havf' yet 

to IH' evolvt·d. Tt11~ IS 1ndeed found to be the case. 

IIHJirl'~ tlwury tht•r(dOI!' prcJvlrlP!; very substarli1UI clul's ilc. trJ why <Hid huw 

ttw number 7 plays such a SHJnl f 1cant role in the Blueprmt model of D1ayram 11. 

It spr•nJs l'it'!lr from lhf' abtn!' th;tl natural romputat10n l<tkPs pl<lCP throuqh 
ljl'llllll'lll\ ·f upoluqiC'lJ "dytl;lfltJ('S 11 

ilfHJ lhUI P\Oitil tunar~ prUCl'SSt>S Clff' Vt'f\ C'lJrt('Pfflt'(j 

wtll• lttplul)I('<JI ch;:mqt•s. Ph\Stcal spare-tun£' can therefon• IH' e-.pt•f'l£'rl to 
,.,ltdJtt '' ,·urnplt>tl' rWHJP of !..tlC'IJ slates r<~ther thun of havlflq iJ ft\Pd topcdoq} 
n!. t!. tJ!illitlh thouqht 111 ht• lltt· C'il~a· altllouqll 1l St't'lll!i clt'ill' th;tl lilt• loculi" 
l twiJClt'<H• topclluq~ will IH' the hast' statP antOIHJ tltal St't. '14. 
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It now Sf'f'ms dPHr thAI ollhouqh PnC'rqy to mformnl10n or strurt11rP f'llfl\d'l'';i!Hl 

prureeds to all threP spnce ctirnensi ons concurrent I y 1 and I ht r; is why w P st'f' 

only 3 dimensional struc-tun•s tn the phystcal world (althouqh it can hP arqtll'd 

that structur<JI etqqrPqntf's mfly have any dimension. from 1 to 3.1 1 that its rumf•r[;" 

lhf' convers1on of mformat 1on or structure to enerqy mav proceerl srqurnt 1alh. 

Tht> £'Vtdenc£' for th1s 1s thr produr•t10n of neutrmos v , v 1 v
1 

(all th<tt f'nn 
P jJ. iiU 

be PXpPcted Pn lh1s rrn1rlf·l SPP hf'low) which occur HS lht• by-proctur.ts uf lfldl\tdttnl 

WP<lk trllf'rarttonr.. Un thts modPI lhrse neutrmos must rorrPspond tu thf' 

tndt~w tdual ronrltttons 1\, B ;:md C and hPnce the product tori of pnrrgy from tnf(lr­

ntalton or struclurf' in wf'ak tnteractions may leavP spaltal potnl~; thnt arr 

til dPftnf'd t.f', rannot lw obsPrved or measured at, yf't sttll contatn a substanttal 

Ntf'rqy tf'sourr·p. Cnuld lhts hP thf' reason wh\ the UntvNs£' sepms to conlrttr1 

a \Pry substa11ltitl htddf'll rnnss that ts not revealed throuqh tts vistblr stnwlttf(•s') 

ThP rf'sull of I he hoot st r<1p wtll 
hP that informatHHI f('db;wk will 
rPsult in th1s pori ton of t llr 
Pnf'r!J:V be mq chrmru•llpd mt o ltH~ 

spt of rPvPrsthlt> rrncP!>SP'i as 
Plf.hiiJtlf'cf at lhP Pfld uf I ltf' 
bootstrap lfl Otaqrom 11. 

t.f'. t hesP will bP t hf' polr>nltHI 
f'IPtllent un part tclt•s, uut I h1• 
IH'hH\IIOlJI wlttch ltlf'y wtll f•,.hihtt 
wtll be dPit·rnqrwd <JcrurrllfHJ fu 
thP paramf'IPrs of th£• ertvtrortment. 

;:> /' 

/~ ~----~ 
( 

/ -· s 

Th£• f'rl\lronmPnt "wdSIP hP;ii"J 
~what is left aftf'r tltf' houtstr;~p 
A to U. 
1.£', rliSOtdtrmtP SJJaCt'-IIITI(' nt 
thf' first tlf'rntton. <:~nd 

ordmal t' !';pilrP-f trllr· with r-ru·r q> 
hut 110 slflWIIIrt' at thp r11·~t. 

whpn• lilts ran tH' dl'ftru·d ;,~. 

f lw JHIIrtt s whf'tP ('Otltpllt ;,ltflft 
1~; JHJ!;~tblt• htll Wf'!'r!' Cl r!f'C iSIOfl 
prm t'!:;S h<-1~; nflt \ pt t <tkt·r' 
plat'f',ll 

0 rv!urh of thf' Pnt•rq\ of tht• Universe wtll bP •wd up 1r1 tltl' fullfil of !;p<trf•·ltn•ro 
It <;t•lf. 
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As the bootstrap is progressively reapplied, the energy relf'ased will be 1tsPif 

progressively reconfigured in accordance with its environment, nominally the 

"wAste heat 11
, and will be proqressively reduced to str1wture except where locally 

"information" to enerqy releasPs are rossible. 

At each stage however th:! basic const 1tuent of any environment created will 

be space-time and therefore as more and more space-time is created the Un1verse 

will be seen as expanding. This expansion will then be SE'en by the remain1nq 

m11tter as an adiabatic coolmg of the mamly electromagnetic energy Initially 

released. 

Ht>ncP although 3+1 space-time behaves like a cont1nuous lattic€' 0 in regard 

to those points where there is Information or structure i.P. where A to 0 <He 

satisfied, the whole set of "points" where only somf' of A to 0 are sat1sf1ed 

rnust be thought of as particles capable of disordinate movf'ment relati\e to 

thf.' vacuum stale or empty set; m which casf' they can be inferred to be makinq 

some kind of Brownian°0 or probabilistic motion sincP the decis1on procPss 

is still in operation. This then would bP the ultimate sourcf' of randomness 

rPqu1rPd so that an f'SSPnLinlly f1rtltP lJnl\f'rse or machHtP can bf' truly self-

orq:HII!drtlj, 

/\rtrl in f;wt Noyr>s and ro-workprs, followlrHJ SIPII• 1 1~>. hrtvf' ll~Pd Hw. IIHH!f•l 

rtf 1\rflwrtiCHt r11ol ion I u lll'lp lttl'nt rt•c-ortsl ruct frurn theu· prtmiiiV(' b1l st rllt<.JS 

wllwh orP thP t"lPrnents out of which comb1nator,1al phys1cs bPgins, thp sptrf' 

Hnd 1 ime requirPd in their model. 

0 11 sP.ems ciPar that space-time ( 3•1' on this modPI will behave exactly ltke 
a c-on! 1nuous latt icc, sincE' therf' wdl be a smallest time bet ween poss1biP df'clslon 
po1nts, rrobably the so callecJ atomiC' timE' referred to earlrer, and a smallest 
ur11t of 1nforntal10n or structur£:>, probabh h,• Plancks constant of act10n. sl'e 
rwxt Sf'('llon. 

Thr bPha\IOur abovP suqqPsts that spacP-llmP is l1ke a kind of ver) pr1rr.1t1vf' 
"st~f'rl" wh1ch rruqrPss1vPiy acqUirf's strurture, so that from a smgiP lattICE' 
flOIIlt. lat~cP l1ke rwh<lViour w1ll IJrow becom1ng progressivt"ly more and more 
ordPrcd whE-re I hPr£' IS evolution in progre!>s. 

Coni inuous" because "points" do not arpear at am prf:'-aSSif}nPd rr.inirr.urr (flst;Jn('f' 
pxcrpt rPlaii\P. to other "pcnnts", but whPrf' all wt>ll ddmr.d points are subJPI'I 
to an Lmslr1n1Hrt rpfprencf' frarnf'work. Huw£>\Pr lhP i1ppearance of am total!) 
new ord1natP pomt must thereforE' be subwct to constramt b~ thosE' that afrP<Hh Pxi~ 

00 ThP lIn I\ crsP is then indePd a Arownran corr.pul n wberP thP part 1cles are 
spm·r•-t mH'. 

•thts will bP assocHtlf'd with ;t con,piPif' C'\clf' rd churtql' and henrf' thr. f<wlor 

rnlt•rs natur<tll)'. 
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We must thrn ask thf' qur•stron, whHt rs th£> mParunq of l'vf'nl horr/llfJ nn thr~ 

r11od£·l 7 Is thPrr u vPry prmulrvt' "hla'ck hole", thP onl} nrw pnssrblt> wht·rp 

"d1sord111aiP '>~lcH't•" partrl'les Hrt> rt>lurned to thP sys!Pm a!• sonJt' "vrsrblt·" fur111 

of Nlf'fC)} 7 Th1s nHJ~;t surPiy ht> the CHSP or othr•rw1se such a frrlllP LJnivl'rst· 

would rn prrncrplP raprdl-y Pxlwust ttself. f\nd further If thert> rs a qarb<HJf' 

•ollector mechar\lsm <Jt thrs Plemenlary IPvel, then we can cxpPct tl1f'rf~ 111 

bt> othNs at hrqhN IPvf'h of structure tu reprocrss the es~c11t 1all} dl'fwwl 

structure at those IPvPis; where such a IPvel rnrqht tH' the blos!JhPrt'. 

T ht· UrH v PrSf' m 1 qht wt• II tw ~;Pt•n to be e xpandmg sr mpl ~ bPc iltJ~;e n ~orr· iiiH1 

more totall~ drsordmate spa•e-t1me part1cles are bemg ronvf'rted rnto orrllf1itlt· 

ones r.e. then• rs srmply more space-time! 
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H. Spectfic Allnhutes of ttw elemer1tary equations A to[) 

Arf' there neighbourhoods of space-ttme which are computer untvPrsal') Yes, 

use a mappinqof the condtttons A to O:onto Conway's Life Game whtch ts 

known to possess this property. 

The Phystr:s of Computation model states thal at each step of process that 

a cell or state of procpss c<Jn 

al 

b) 

+ 
survtvt~, If it corresponds to lhP two truth condtttons of logtcal attatnabtltl 1 

t.e. to a Left or Rtght cut or to the three truth condittons of phystcal 

attainability i.e. 1 A,B,C} , but that 

btrth i.e. generation of tnformatton or structure, is only possible tf the 

states of Proc-ess satisfy the three physical truth conditions {A,B,C} 

All other numbers of truth conditions therefore give death or reference 0 where 

the modes for each cell can be represented by the decision process on the 

f tPill 1
2

, t.e. 

Btrth ~ __;;;p I 1 I where ¢ is the empty set, eigenvalue 

Survtval I 1 I -;;;. '1' 0, and '1' s1gni f 1es the occupted 

Oeuth ' 1 ' ---.:;:. rjJ state, eigenvalue 1. 

ReferP.nce VJ -> ¢ 

But the domatn of tht> above rules a) and b) IS that of 3 truth 'alues x 3 slates, 

m the two truth valued or two dlmenstonal space of process i.e. can be tnterpreteq 

as a 9 neighbourhood on the square latttce. 

Thi!i interpretation of A to D tn terms of truth values and conditions, therefore 

corrt,sponds exactly to Conway's Game of Ltfe; that is to sa) that there is 

a prowctton of the condtttons A to 0 onto 1t. 

thPse can be equatprJ w1th the form for 0 e)(hlbit(jd in the eqUI\alenc-e for· 
mulat 10n alrewJ>· g1ven. 

0 whf'rP rlPnth or rt>ferPnct· rn<n be anlerprPted as incons1stenc~ or tncompiPtPnesl) 
•nu computat1oni1J outcu11w I!; puS!:ilbl£> yel' 
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It should tht>refore br passable to confirm that thf'f£' ~xists a nPiqhhn11rhoorl 

of space-time that must E''l(htbtt the Conways life garrH~ ne1qhbourhnnd hrh<w1our 

·property as a darect physical manifestataori of the convE"rsaop n·Lt-nerqy tu 111formr~tinn 

or matter, or vic£> versa. 

And thts is indeed th£> casf!, for it is known that 1 f an elt>ctrf1n tinrl a posal ron 

annihtlatP, thPn dPflPnrlinq on the orwntation of the polahl y ,or diar11l11' of 

the two part tr.lr~;. 2 or ~ qamma r;}y qui:Jnta Ar£> produr.ed· clependinq nn tlw 

two rl"lativr sl<~tPr. of thas nraPntatiOn. Hence since thr ciPI'Iron l}Ilrl thf~ posttron 

arp th(• unalary <trHl thP \<lrtHtrn or empty set sla.IP.s f('Spi'Lilvf·;ty <tnd 111 tl11• 

physics of computat ann enprgy to informBtion chanqcs Hr£' to. hi- .\l1sttnqu1r.hed 
. •.' '· ::: 

by changes in left/rightness or rhirality, it appears ~hat tbP above Ob!>PrvPd 

phenomenon is direct E'Vidence that space time ts rornputPr unaversal and that 

energy to informatron as matter changPs will fotiow t;he Einslei·n law r - rnc 2' ., .. ,, . ' "•'. 

The computation model olso lPII us why in the <ibove case thf' imtNSC' fPilrlion 
~·: 

of gamma rays to electron/positron pairs is less; likely because this 'tmlh' can 

only take plocf." whPn therr ;~rP 'gamrna ray quanta nt thP 8pprnpnntP nrtho­

gonalit y - intense en<:>rcn or r iidlalron pressure would thPrPforP tw rf'qrllrf'd. 

Further more when i I does harpPn, the matt Pr producrd ran hf.' PxpPrl Pd to 

exhibit the propNty on I 
2 

r.f', !1/1 ness or in this cas!' charrw • flfld -. 

Thar. process appf'ars analoqous with thf' represr~ntatinn of numbPr in thp s1qn 

form 

I.P. ••••·• 1 •-·•----•• .... wharh becomes 
llflll f\ h111ary 

1111. l(JU{)(JJl!J ..... ~~~ compiP.te binary 0 • 

ThP physics of romput at ron model would therefor!' e">~plain why the lJnrwrse 

has a preponderance of mattP.r over antimatter, as a consequence of tlrP above 

skewn£>ss among barth, survival and dt:>ath when rPflec't£'d in subsequent boot straps. 00 

0 could it bP that lhNP ,., a vr>rv spC'rrnl signifieancp in the rriFJt.ionshir 1/<J 
-0.11111111111 ...... as l!trs a vPry spPCa<ll radax in ttw phy<.>ics of rompt~talton; 
i.P. to qct from onP truth to thp next sequence of truths U!;r the r

9 
tlPHJhbourhnorl. 

00 The precisP casP 1s K meson decay! Evolutron in proqrPss! 
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The above el<ample suggests that any matter, antimatter interaction must be 

modelled by these· F 9 "Conway" neighbourhoods of spacP-ltrne. And agatn 1t 

appears that such is the casP, for it is known that mesons, consisting of clusters 

of quarks and anti-quarks do in fact occur in families whtch are all rtonets 

i.e. families of 9 members. 

Thus it can be i11ferred that "that whereby computation takes place" is character-

ised by F 
9 

neighbourhoods which are comp4t~r u?!versal as evidenced by the 

information or matter structures that are qene't.ated as the result of self-organisation. 

And th"at all these space-time nt>iqhbourhoods fadlitat~ em~rqy to in(ormat1on 

or matter transitions or transformations from one level of StrUcl~~lf to the 

"ne\<t". This is by analogy to be el<pected.for in any computatiriniJI model 

that is computer univPrsal, any all~orithl1'l expressed in the "corrt'~t" lahguag~ 
or representation can· in principle be prote~~~d ~hd: so tdrhput¢~ uni~ersallty 

~· . . - . 

can be seen as providing "continuity" acros~ 'the set of ali ,alqorithms, Which 
' \ .',' . . '·, 

is a countable set. Thus in this computational mode! of natur~l phehomena, 

the space-time is continuous but wi~Ao~f:·a'n't~e unto~nt~ble infinities which 

arise as a consequence Of the standartti6t~~tinuum model. This is in total accord 

with what is observed in physics, and ex~jfalns wh'y on lht:> standarrl model there 

is a history of largely pragmatic renormalisatton procedures needed to eliminate 

such infinil ies as freqtwntly HriSP and why thts can always be achieved. Toffol1 

has more to say on this subject in reference :10. 

'',!'U 

From the electron/positron ~.)(:ample above. w~ might again conclude that the 

hasic measure uf inforo.tation m rt>latton to. t-t&cfr-omagn~tic rnergt ts Pl~nrk's 

constunl h whtch is dlrnt'rt!ilonalt~H·d 111 terms uf untl!; of aclittt•, amfwttwh 111 

such radiat1on is a.ssoct<llt>d wtth, as the ph, sics of computation requ1res, th£> 

presence cif chirality or· left/rtqhtness. 
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Smn• thrs tllf'ory t!> lluolHtr;tpprntj, tt must bP closely conllt!t'ff'd w1th ~~ Mutr1x 

Theory 1n h1gh f!llf'l'lJY physw~;. In this connect IOfl, t hC' !it'<H ct1 ha!i lH't>ll to ljl Ill' 

mathematacal express1ort ur substance to three J-lrHtC'tples, wh1ch appPar to underpin 

all the behaviour of elementary particles in phys1cs. 

These are il a pnnc1piP of causality, 

ad a 'un1tanty' principle, and 

(Ill) n pru1ctpiP of relat1v1ty 

from which tt 1s fplt thut ptu-ely loq1cal reasonincJ or cuns•stPncy woulo thPn 

lead to a development of the whole of the behaviour of elemPnt ary part iclt~s 

tn physics 1ncludinq ttw ex1stencP of those particles and the1r relat10nsh1p t u 

one another. See l.aprn (16. pmJe 290 for a furthnr introrluct10n lo thc~w 1deas. 

It therefore seems ltkely thai 0 rs i), B IS ii) and that C ts iii) and that A is 

1mpl1c1t ~ s1nce Hrqh l.nt>rqy Phystcs nalurally assumes Ci metrtc, Hamtllomar• 

or energy functton. 

Now m the sPcond formula! 1011 of lhP physics of compul nt 1011 

P) F the equtval£>nct• rPlatton concerntnq A to C or (q c ll 

and Q) the deci!>IUfl procPss 0 as a = t or a -. u 

wi11C'h wPr P I hP form n I t lit• PquHitons f)OVPrnrnq t'otnrnunw;tltori 1n I tw btospherP, 

Tlt1s forrnulat ton sh01lld t IH'rl'furP beC'Ciuse of th£• qt>nPrlt' state of th1s model 

have <1 rf'pres£>nlHI 1011 111 physiC'S, where 1t seems l1kely that: 

soft rhot ons'1! 
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P ts the equivalence principle of Mach, that mat ler only has 1nert1a because 

th1•rr> ts nnottH•r 111llt IPr 1r1 tht~ lJn1v1!rse 0 , wh1ct, sCI;,-s thai therPfore HH'rl1dl 

rTHJSs 1!> t'qutvHient tu qruv1tnttonal mass. This St>Prns <HI ob~1ous consPQLH'fiCP. 

of the scenarto qtven in thts paper, stncP. at earh boot!>lrap the new 1nforrnat1on 

or structure produced ts a consequence of all that whtch currently or concurrent! 

exists, and 

(,) 1s the obvious cam:lidale for the principle of complementary of Bohr, since 

it incorporatPs the exclusive or function, and wh1ch tn fact says if no natural 

ur spur1taneous evolut1or1x lakes place, then the stctle of sysl~>m will ordy bP. 

determined by observing it, i.e. by measurement and the creation of tnformatton, 

and that such action wtll inevitably change • the nature of the S)'Stem undt>r 

observat tun. 

f", 
\,! 

The whole can only be known as the result of P and Q~f·' 

The mapping of this model onto the standard model of phystcs is therefore 

again qutte extraordinary. 

0 This rs essenttally the prtnciple which Bohm and h1s co-workers always stress 
tn thl'ir approach to a quantum model, that ever~thtng tn the universe rs connectlirt 
to ever~ th1ng elsP and that thts essential wholeness must be taken fully into 
account tn an) complete quantum mechanical model. And tt is this essential 
wholeness thCJt separates the scientific parad&gm ot Newton, from the new 
sc1Pntif1c parnd&qm of lhts century; a fact that has b) no means been fully 
r£'cognised h~ the gn~at body of sc1entists who still feel that a system IS no 
more that thP sum of tls parts and cCJn be analysed as such, not alwa)s recog­
fliSirHJ that this is onl~ a f&rst appro11.imat10n. 
Stapp's paper , ltme and the Quantum Process, The Ult &mate Significance of 
T lnlf' Conference, Claremont, CA, March 16th 198.:. quote "thus as regards 
tendeflCif'S. the enttr£' space-time cont&nuum.,of lhP lheor~ of relat1v1t} 
ts Jn~tc,k t'.::l 1n each step of the process of becomtng. But as regards actual! I ies 
t'Vt'f\ nctual event is assoc1ated in each step w&th a bounded reg10n of space-! ime". 
I.P. If P then Q. 

" spor1t <Jnt>uus syrnmet r; brPaking 

nut nt,CE'SS<Iril~ irr£'\ ersihly howPver! 



SHAPES AND SIZES 

~1. E. Burgos 

Departamento de· Fisica, Facul tad de Ciertcias, Uni versidad de Los 
Andes, H~rida 5101-A, Venezuela 

and 
Centro de F1sica, Institute Venezolano de Investigaciones· Cien­

t1ficas (IVIC), Apartado 1827, Caracas 1010-A, Venezuela 

In the framework of quantum mechanics the central concept is 
that of state, and some people think that the notiqns of shape 
and size are alien to quantum systems. Nevertheless, beginning 
with the concept of state, it is possible to assign shapes and 
sizes to things such as atoms and molecules. The traditional 
method of doing this (l) involves Born's postulate and presents 
two inconveniences: (i) in order to evaluate the boundary of the 
system, it is necessary to· fix an arbitrary chosen value of the 
probability for each component (for instance, an electron) and, 
as a result, the size of the system depends on this value; and 
(ii) the fact that the size of a free system is not stable but 
grows, is not properly taken into account@ A formulation of 
quantum mechanics proposed by us,< 2,3) does not involve Born's . 
~ostulate as a hypothesis. ~aking this formulation as a starting 
point, we establish some qefinitions of shape and size that we 
claim valid for every kind of system, from elementary entities 
to macroscopic bodies. We show: (a) that the problem (i) is not 
present in our analysis; (b) that the quantum stability of the 
size of a free system grows with its mass; and (c) that the sizes 
of macroscopic bodies present quantum stability •. 

(1) c. Cohen-Tannoudji 11 B. Diu, F. Laloe, Quantum Nechanics, 

Wilwy, New York (1977).- (2) M. E. Burgos, Found. Phys.· 14 11 739 
(1984).- (3) M. E. Bureos, Found, Phys, 14, 753 (1984) 
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ABSTRACT FOR ANPA 7 

CLASSICAL MECHANICS FROM QUANTUM MECHANICS 

(This talk emphasises advances made since ANPA 6) 

d 'l';l k il 
Junt:, 19HS 

One view, that may be taken of the Correspondence Principle 
(CP), is that it works because the classicial and quantum 
mechanics are both aspects of a mysterious substratum; and, 
that certain structures of the substratum are common to both. 
However, it is $Upposed that the classicial and quantum 
mechanics, taken together, are insufficient fully to describe 
and explain the substratum. 

Another view, considered in this talk, is that Quantum Theory 
(QT) is the substratum, albeit, incompletely described and 
poorly understood. The possibility is raised that, by 
supplementing the axioms of QT, we may recover classical 
models, in particular, those models that have been successful 
(via the CP) in applications of QT. 

Summary: axioms of Certainty (I), Boundedness (II), and 
Continu~ty (III) are stated; these express properties common to 
all classical models. The connections between (II), (III) and 
ideas in Information Theory (IT) are pointed out. The 
mathematical consequences of the axioms are reviewed; in 
particular, the operator of a 'classical' variable (one which 
satisfies the axioms) must commute with its velocity operator 
and this requires that the Hamil toni an takes a unique form. 
But, this form is not recognisable (as belonging to any well 
known model) and does not obey (II). The axioms are, 
therefore, inconsistent; a proof of the inconsistency is 
given. As a consequence, the ideal expressed by (I) can only 
be approximated in the real world. The nature of the 
approximations, for some simple particle and radiation models 
is examined. 

The key concept of inexact variables is introduced; this 
derives from IT. It is proved, using (II), that the standard 
deviation of error on measurements of the co-ordinate of a 
Newtonian particle is never less than (Compton 
wavelength)/(411); this proof is supposed to demonstrate the 
existence of at least one inexact variable in nature. It is 
suggested that: 

a) an optimum approximation to the axioms can be expressed 
by minimisirig the variance products of certain pairs of 
inexact variables; 



L) this optiml~ may be of a sort found in nature. 

Approximate mathematics shows that at least two Hamiltonians 
satisfy the optimum conditions: one of these has a form 
appropriate to a Newtonian free particle; and the other has a 
form appropriate to the classical SHO model. According to 
Dirac, a set of such SHOs is equivalent to an assemblage of 
bosons; this equivalence is exploited in the theory of photons 
and radiation. 

Work on the optima c~ntinues. 



ALTERNATIVE NATURAL PHILOSOPHY ASSOCIATION 

Statement of Purpose 

1. The primary purpose of the Association is to consider coherent models 
based on a minimal number of assumptions to bring together major areas of 
thought and experience within a natural philosophy alternative to the prevailing 
scientific attitude. The combinatorial hierarchy, as such a model, will form an 
initial focus of our discussions. 

2. This purpose will be pursued by research, conferences, publications and 
any other appropriate means including the foundation of subsidiary organizations 
and the support of individuals and groups with the same objective; 

3. The Association will remain open to new ideas and modes of action, 
however suggested, which might serve the primary purpose. 

4. The Association will seek ways to use its knowledge and facilities for the 
benefit of humanity and will try to prevent such knowledge and facilities being 
used to the detriment of humanity. 

Organization 

1. The Executive Council is the governing body of the Association. The Coor­
dinator, Secretary and Treasurer serve at the pleasure of the Executive Council, 
in consultation with the membership. Decisions of the Executive Council are 
subject to majority vote of the Council as a whole. 

2. Members of the Association are (a) members of the Executive Council and 
(b) others nominated by the members and approved by the Executive Council. 

3. In 1986 a vice-President will be elected by mail ballot of the Member­
ship based on nominations from the Executive Council and the membership. 
His/her term will start in June, 1986, and (s)he will serve as vice-President un­
til June, 1987, at which point the current President will resign and the elected 
vice-President assume the office of President. From then on a vice-President will 
be elected biannually to serve for one year concurrently with the then current 
President, and the two following years as President. The vice-President becomes 
a member of the Executive Council on election, and retiring Presidents remain 
on the Council for five years. Presidents must serve for one full term ( 1 year as 
vice-President and 2 years as President) and cannot run for re-election until three 
years after their initial term has elapsed. Any nominations from the Membership 
will be placed on the mail ballot for vice-President, but must be accompanied by 
a statement from the nominee that he will serve a full term if elected. 



4. The President is the official representative of the Association in external 
affairs, and has the responsibility for calling meetings of the membership, at least 
annually, for the determination of overall policy. 

5. The Treasurer is the responsible financial officer of the Association for 
the receipt and disbursement of funds and shall maintain appropriate records of 
Association activities, membership, mailing lists, etc. · · 

6. The Secretary is responsible for keeping minutes of the membership and 
Executive Council Meetings, production of a newsletter to keep members of the 
Association informed of its activities, and such other duties as may be assigned. 

7. President, Secretary and Treasurer will not be paid for their services but 
may, as appropriate, receive funds for travel expenses, secretarial help, etc. 

8. The Coordinator may be paid an appropriate salary for his services, funds 
permitting. These services will include the organization of meetings and the 
editing of the proceedings of such meetings for publication, coordination of and 
participation in the research activities of the Association, preparation when ap­
propriate of research reports and publication of such reports, and such other 
duties as may be assigned. 

9. The Executive Council will select an independent Advisory Board, which 
will adopt its own rules for operation and replacement of members. Any mem­
ber of the Board, or the Board collectively, may make recommendations to the 
Executive Council, or directly to the Membership. Action taken on such rec­
ommendations must be promptly reported by the Executive Council back to the 
Board in writing. (Current Advisory Board: G.F.Chew, C.Isham, M.Redhead, 
P.Suppes) 

10. Dues are currently 10 pounds UK ($ 15.00 US) per annum. 

Executive Council: Dr. Faruq Abdullah, Dr. John Amson, Dr.A.M.Deakin, 
Prof. Clive W. Kilmister, Mr. David McGoveran, Prof. H. Pierre Noyes, Dr. 
A.F. Parker-Rhodes 

President: H.Pierre Noyes, 823 Lathrop Dr., Stanford CA 94305, USA ((415) 
857-9654}, or Stanford Linear Accelerator Center, P.O.Box 4349, Stanford CA 
94305, USA ((415) 854-3300 ext. 2665} 

Coordinator: Ted Bastin, Pond Meadow, West Wickham, Cambridgeshire 
CBl 6RY, ENGLAND (022-029-848} 

Secretary: Faruq Abdullah, Room A517, The City University, Islington, Lon­
don EC1V OHB, ENGLAND 

Treasurer: A. M. Deakin, 29 Southleigh Road, Havant, Hampshire P09 2QG, 
ENGLAND 
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