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withih the stated standard deviation. (According to current standard cosmol+ Gefwert and I”’ believe that the issue can indeed be clarified by invoking a 
gies the stable nuclei that could have at least as long “lifetimes’ (eg. He’) are , minimal set of postulates that do not depend on the idea of spacetime, let alone 
only about l@ years old, or less; whether protons have an “age’ is less clear.). quantum mechanics. What followr in this paper is consistent with that point of 

view, and with earlier papers. In my approach, I adopt from classical physicp the dynamical definition of 
mass ratios from Newton’s third law ae articulated by Mach, but generalised to 
recognise the limiting velocity by using mass invariance (9 -@tic2 = m2c4) and 
3-momentum conservation Qiaitid = EDid). Experimental contradiction of 
this assumption would be of immediate practical intereat for thoee intereded in 
the exploration of the solar system and beyond! The eo far undefined energy (E) 
in this equation ia a global quantity. AI Wick saw in the late SO%“’ the eaeieet 
way to make a compelling argument for Yukawa’r finite range meeon theory 
of nuclear forcee”’ is to in& on (relativistic) S-momentum conservation, but 
allow energy Buctaatiom con&tent with Heisenberg’r energy-time uncertainty 
principle and Einstein’s mass-energy equivalence. This is ti a basic principle 
underlying Heisenberg’s and Chew’s S-Matrix theory. 

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 recognisable rtagw into the complex situation that 
we encounter ae we now explore it. When I rtarted on thie reeearch I wae at least 
open to the possibility that the universe we are exploring is *indefinitely exten- 
eible” in both ‘apace* and ‘time”. That we find great simplicity as we retrodict 
the past on the cosmological scale, could (as Bastin has often emphasised) simply 
be a consequence of impoverished data, - i.e. of the ruccessive disappearance of 
relevant observable points of reference as we extend our horirons. I do not think 
this problem arises in acute form while retrodicting the last 15 billion years. I 
have been greatly impressed during the coume 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 dast was diflerent from the 
present in the probable range and type of configurations that occurred, but there 
is no indication ae yet that the elementary posribilities were significantly different 
(except, possibly, during the ocry early stages). In the current paper, the very 
early stages of the evolution are rimpfer 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 H future; small 
w large) so far as information is available (Appendix VI by John Amson entitled 
sBi-Orobourousn - a Recursive Hierarchy Construction). So far as I can see, the 

consequences when this point of view is articulated in the cur&t practice of 
physics are likely to be practically indistinguishable from those of the approach 
developed here. 

There is already a well known conceptual purrle at this stage in our discus- 
nion. If we fasten on macroscopic (gravitational) rather than microscopic (partic- 
ulate) phenomena as basic, the fundamental mass unit we would choose would be 
the ‘Plan& mass” Mplanclr = @ cy dm- rather than the proton 
mass. Contemporary physics meets this problem by using the “equivalence prin- 
ciple’ . The postulated equivalence of microscopic (‘inertial” or bmomentum 
conserving) maae ratios and macroecopic (‘gravitational”) maem ratios allows 
gravitation, and (perhaps) all other “interactions’ along with it, to be ‘get+ 
metric&Y. 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 6rst approximations to both M,+&m,, 
and %/me are calculated. 

Once one accepts quantum events as basic, and the limiting velocity as well To the best of my knowledge we can retrodict the universe backward in time 
established experimentally, the’supraluminal correlations, 111 predicted - but for for only about fifteen billion years. There is an “event horison” and a preferred 
some people not explained - by quantum mechanics also cry out for conceptual coordinate system defined by the radiation that broke away from the matter 
clarity and a deeper insight. I do not believe that this can be achieved by first when the cosmic fireball became optically thin; within the event horizon there are 
developing the full technical apparatus of quantum mechanics and then presenting particles whose baryon and lepton number add up to approximately the square 
these startling results as a deductive consequence. Etter, McGoveran, Manthey, of 212’ + 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 evolving complexity possessing 
dynamic and heritable stability in the presence of a ‘random’ background of 
quantum events, is for me a satisfactory result. The ‘universe” we COAStmCt in 
this paper will go on increasing in complexity in the future, and hence contains 
indefinitely extensible possibilities. This theory has a fixed past, an event horison, 
and yet and indefinitely extendable (though uncertain) future. It may be that 
I have found what’1 was looking for, but I can assure the reader that the steps 
along the way were taken for more immediate reasons, - so far as I am aware. 

in isolating those aspects of 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 physics, or possibly something that 
goes beyond physics. There can well be things in heaven and earth that are not 
COAtakd in this philosophy. I trust it is clear that I am not a reductionist or a 
mechanist. Materialism is a separate issue, which will not be discussed here. 

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 peoplet5’61 . In the series of papers on ‘Concept of Order” ““’ 

. 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 all contributed, 
had led”’ to the closed Clevel combinatorial hierarchy with the cumulative car- 
dinals 3,10,137, 2127+ 136 H 1.7 x 103’. 

PROGRAM UNIVERSE, a peculiarly simple algorithm, automatically devel- 
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 technical details are given 
in Chapter 2 where we provide a specific construction of the four level hierarchy 
and the address ensembles; Mike Manthey’s coding for this construction is given 
as Appendix IV. 

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 expert I 6rst turned 
to was Manthey; the result was PROGRAM UNIVERSE. 

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 meana of which it is articulated. 

Our use of a computer simulation to model the theory is sometimes misun- The next step, spelled out in Chapter 4, is to construct from the strings 
derstood. I do not think of the universe as a “big computer in the sky’. What and events provided by PROGRAM UNIVERSE a relativistic quantum scatter- 
the coding does for us is to keep us honest; if we can show that the program is ing theory which, via the counter paradigm, conserves quantum numbers and 
indeed computable, then we have protected ourselves from making all sorts of 3-momenta in a manner consistent with laboratory experience. The basic idea 
logical errors. A computer simulation is a specific type of “model”. If it succeeds, in this scattering theory is to use Faddeev-Yakubovsky equations for the dynam- 
all that we can say is that, within current experimental error, we have succeeded ics rather than a Hamiltonian, or Lagrangian or analytic S-Matrix formulation. 
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we must content ourselves with the currently available pseudo-random number 
generator6 for our simulations. McGoveran’6 basic thinking on this wa6 spelled 
out recently’*” in response to a query from Kilmister. I 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. Tht position 
does no harm to the power of the model since, a8 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 a6 I demonstrated (1984 
ANPA West Proceedings), there will always be a method for conetructing certain 
repeating binary input6 which a given finite state machine with finite memory 
can not distinguieh from ‘random’ binary inputs. 

6ln some sense, randomness is a local phenomenon. So long a6 a ‘generator’ 
is available which has significantly more states than the ‘detector’, there will be 
a possibility of generating strings which are random from the detector’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 finite state machine with n >> m poesiblc 
etates which produce6 that string. In algebraic termr: there exists a computable 
function g (pseudorandom number generator) for each finite claes of computable 
function8 fi such that, whenever the range Rp of g is sufficiently large compared 
to the union of the domain8 of fi (call this I)), it is impossible to prove that G 
is computable based on the fi. In pictures: 

Fiqite 
state ‘ I 
Machine 

l- 

G 
.C I 

‘It- 

Finite 

I 

State 
Machine 

(C sees some outputs of G a6 random; G see8 no output6 of C as random. The 
computational cost of detecting the orderbneas of all G’s output is too great for 

c-1 

‘Because we have neither the means for specifying what we mean by random- 
ness, nor for detecting it in a finite 8y6tem, and we can be certain that a meand 
exist6 for constructing ANY sequence, I have insisted that we have no need for 
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the concept of randomness, replacing it with ‘arbitrary’. We implicitly recog- 
nire an as-yet-unspecified ‘finite computable function’ a8 the 8ource of ‘arbitrary’ 
8tring8. 

‘So long a6 we are blind to the nature of a deterministic system, the effect 
is the 6ame focally a8 having *random choice”. Furthermore, true randomness 
implair infinities (an infinite state machine is required for generating random 
output - i.e. undecidable output). I think we need consistency here and 80 deny 
randomnetur in favor of parsimony.” 

Now that we have spelled out how, in practice we can select either of our two 
symbol8 0,l with what is close enough in practice to ‘equal prior probability” in 
the frequency theory 8ense of probability, we can understand the basic arbitrary 
choice from which the algorithm called PROGRAM UNIVERSE starts. 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 e ements with which the hierarchy work started are ordered strings t 
of the symbol6 0,l of the form S”(JVv) = (....., b”,, . . ..)E. where NV is the integer 
specifying the number of symbols in (‘length” of) the string, n is the ueual integer 
ordering parameter n E 1,2,3, . . . . Nr/, and &’ E 0,l. We will diecover below that 
when our construction ha6 proceeded far enough we can specify the label a in 
terms of the sequence of symbol6 in the NL positions n E 1,2,3,...,Nr, < NV. 
For those who wish the integer8 themselves to be constructed, one can follow 
Gefwerti’s approach in term8 of primitive recursive functions”““’ , or follow 
Kilmister’s foundational discuesion in Appendix I where in a sense they come to 
116 along with the hierarchy itself. If we define the null string ON = (O,O, . . . . O)N, 
the operation $ which tell6 U8 whether two strings are the same or different (and 
hence discriminates between them) give6 S” $9’ = 0~” when they are the same 
and ha8 two equivalent definitions: 

(,..., 6; +2 6;; . ..)Nu = s” 8 s* 5 (.,., (b”, - b;)‘, . ..)N” (24 

whether they ‘are the same or different. For the firat definition the operation 
+s is addition (mod 2), or symmetric difference, or exclusive ror”, the 6ymbokr 
are bit6 and the operation is the standard XOR of computer practice. For the 
second definition the 8ymbol8 are integer6 and we can define operation8 such a8 
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k”(N) = Cff=,b”, which giver UI the number of “1’ ‘8 :n the string. This fruitful 
1 ambiguity was fir& noted by Kilmiater and myself; we refer to either operation 

/ 

aa dirctiminafion in order to preserve the gene&ration that goa.beyond XOR. 
The~anti-null Wing ic rymbolkd by 1~ I (1, 1, . . . . . 1)~~ allowing 111 to define 
the ‘bar operation’ S“(N) E 1~ @P(N) Which interchangea W’II and ‘1’ ‘I in 
8 8thg. 

By 1980 Kilmister”“ real&d that the discrimination operation by itself 
would not suffice for the theory, since it given us no clue aa to how the rtrinp arise 
in the 6rst place. He therefore introduced a generation operation by modifying 
a conrtruction of the integers uoed by Conway (originally due to van Neumann), 
and found qnt how to go on to arrive at the diicrimination operation naing this 
approach. The final(?) version of his approach (which was sketched out at ANPA 
7 and completed since) b given as Kilmister’r Appendix I. In this way, or by using 
discriminate closure and the matrix mapping due to Parker-RhodeslQillT1 or the 
set-theoretic derivation due to John AmM)n’l” one arrivea at the kquc, 4 
level combinatorial BierorcAy with the cumulative cardinal6 3,10,137, 212’+136 c? 
1.7 x 109”. 

Aa Kilmister and I soon realired, once one has introduced the generation 
operation, there is nothing to stop it from generating additional element6 even 
when the full hierarchy has closed off. In terms of the bit-string repnsentationcr 
used in my work, this mean8 that the first bit8 in the &ring can be put into 
l-l correspondence with any repr-entation of the hierarchy, and that a~ we 
go on cranking out new element6 of still greater length there will come to be 
many string6 with the same label. Kilmister and I called the portion of the 
string beyond the label the addrers and thur arrived at the idea of labeled addresr 
cnsembks. These come to play the role in our theory of quantum rtate occtors, 
but there are subtle difference8 from the conventional quantum mechanic6 which 
we will discuss at the appropriate point. 

When Chrietoffer Gefwert heard of our work, he saw .that constructive math- 
ematic6 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 physica”, it would have to be expressible a6 a computer program. Thie 
encouraged me to re-establish contact with Michael Manthey and led to the first 
version of PROGRAM UNIVERSE”” . Since we did not see any simple way to I 

code up Kilmhr’s generation-diirimination conetruction, we decided to gener- 
ate rtringr in the simplest way we could think of. What we now have is simply 
described. If there are SU 6trings in a universe of length NV, it is allowed to 
evolve in only two ways. Two string0 are picked arbitrarily and discriminated. If 
the resulting rtring ir not already in the universe, it is adjoined; the number of 
rtringo goes up by one. If the string ie already in the universe, an arbitrary bit 
is selected for each string and concatenated with that string; the length of the 
rtrings goes up by one. This second operation is called TICK. 

We generate the rtringr according to the flow chart: 

I 
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Figure 2. How event8 happen in Program Universe. 
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s3 @ s4 = s12 

+ TICK 

, 
In the case of I(-event8 the univeme juit before (NL l)‘t TIC’K contained three 

string8 constrained by Si $ Si $ Sis = ON-~ which were replaced by Sr = Si Iltr, 
S:llts and Si,jjtlo respectively a8 a consequence of that TICK. Before the N”’ 
TICK Sr and Ss are picked and Srs generated by diecrimination. Clearly, if 
tl:, = tl $ ta then Sri 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 Sr:, generated by diecrimination i8 not already in the universe, 
and hence will be adjoined to it. Eventually however (if the program doe6 not 
encounter Borne circumstance that produce8 a 3-event first) it will pick two strings 
Ss and S, (which could even be a second pick of Sr and Ss) such that Ss $ S, = 
Sr 84; clearly thick will then lead to the Nth TICK as a eevent. 

In the original version of PROGRAM UNIVERSE, I wa8 hung up with the 
idea that only Cevents should occur, because energy ond 3-momentum cannot in 
general be con8erv 

P 
in 3-events (a fact familiar to particle ecattering data ana- 

lyrtr). I therefore ent to 8ome 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-eve& could also occur by the mechanism just described. As we 
will 8ee below both are needed in the scattering theory, so thie fact turned out to 
be extremely fortunate. This is only one of many instances in the course of this 
rerrearch.where the attempt to arrive at simpler formulations has had profound 
consequences. 

EACH TICK =RECORDS” A UNIQUE EVENT ‘SOMEU’HERE” 

IN THE UNIVERSE 
l-66 

6323AZ 

It is important to keep in mind both here and in what follows that the actual 
structure of the memory and the specific atrings in it generated by our computer 
simulation are not,to be thought of as modeling “real” elements in the world. 
We are not allowed to access them directly, even conceptually, when it comes 
to interpretation. The string length, whether a specific event ie a 3-event or a 

Cevent and how many other combination8 of atringe aatisfy the event constraint 
at that TICK are hidden from us. We can only talk about them a8 structural 
constraints and in terms of statistical arguments. Contact with experiment can 
only be made indirectly via the counter paradigm. Thie %imulates” in another 
8enee what actually goes on in the laboratory. We can never know “what it is” 
that initiate8 the chain of happening8 which leads to the firing of a counter. All 
we can do ie to u8e the connections provided by theory and experiment by means 
of 8ome more or lee8 successful type of analogical thinking to refine and improve 
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the statistical behavior of our counters, or more sophisticated detectors. 
, 

Table 1 
The combinatorial hierarchy 

L B(.C + 1) = H(L) H(L) = 2B(cI - 1 M(L + 1) = [M(e)]” C(L) = C~,,H(j) 
In order to see that this program also leads to some representation of the hierarchy 

combinatorial hierarchy and to the label-address schema, we must first discuss level (0) - 2 (2) 

the idea of discriminate closure, originally due to John Amson. Given two distinct 
1 2 3 4 3 
2 3 7 16 10 

(linearly independent or 1.i.) non-null strings a,b, the set {a, b,a $ 6) closes 3 7 127 256 137 
under discrimination. Observing that the singleton sets {a}, (6) are closed, we 4 127 2127 _ 1 (256)2 P2’ - 1 + 137 

see that two 1.i. strings generate three discriminately closed subsets (DCsS’s). 

Given a third 1.i. string c, we can generate {c}, {b, c, b@ c}, (~,a, c $ a), and 

{a, b, c, a 8 b, b $ c, c $ a, a ~3 b @ c} as well. In fact, given j 1.i. strings, we can 

generate 2J’ - 1 DC&% 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 hierarchyI’ by generating the sequence (2 + 22 - 1 = 3), (3 * 

23 - 1 = 7), (7 + 2’ - 1 = 127), (127 + 2r2’ - 1 H 1.7 x 103*) 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 sero) square matrices having uniquely those vectors as eigenvectore, 

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 =+ 4’ = 

16), (16 =+ 162 = 256)‘ (256 =+ 2562). The process terminates because there are 

only 2562 = 65,536 = 6.5536 x 10’ 1.i. matrices available to map the fourth level, 

which are many too few to map the 2 lp7 - 1 = 1.7016... x 103* DCsS’s of that 

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

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

Although this argument proves the v+ecessity 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 establiih the existence of the hierarchy. This was 
hrst done by me by creating explicit constructions of the mapping matricesI”I 
and later more elegantly by Kilmister”” . 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 Zndistinguishables”” ; a useful 
discussion of that theory is provided by him IN Appendix III. 

The method Manthey and I use to construct the hierarchy is much simpler; 
in fact 8ome might call it ‘simple-minded”. We claim that all 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 hierarchy 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 1. 
The subtlety here is that if we assign the label i to the string U[i] as a pointer to 
the spot in memory where 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 care in setting up the 
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memory that all memory slots are of length N,,,, > NV, 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 
present at that point in the sequential execution of the program when the slot [i] 
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. 

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 6, which closes when we 
have 3 bases vectors linearly independent of each other and of the basis for level 1, 
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 Nr. 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 212’ + 136 distinct labels, organised 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 is irrelevant. 

Each event results in a TICK, which increases the complexity of the universe 
in an irreversible way. Our theory has an ordering parameter (N”) which is 
conceptually closer to the “time” in general relativistic cosmologies than to the 

19 

“reversible” time of special relativity. The arbitrary elements in the algorithm 
that generates events preclude unique “retrodiction”, while the finite complexity 
parameters (SU, NV) prevent a combinatorial explosion in statisticalretrodiction. 
In this sense we have a fized - though only partially retrodictable - post 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 real&d when this program was created was that this simple 
algorithm provides us with precisely the minimal elements needed to construct 
a finite particle number scattering theory. The increase in the number of strings 
in the universe by the creation of novel strings from discrimination is our 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 
NV 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 Vime” of conventional theories. Our events are unique, indivis- 
ible and global, in the computer sense; consequently events cannot be localized, 
and will be “supraluminally” correlated. 
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3. TIIE COUNTER PARADIGM; THE COSMIC FRAh4E 

To make contact with physics we must now relate our bit string universe 
to the la\oratory 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” experimenta 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/tic, Compton scattering, deBroglie wave inter- 
ference, black body radiation, photo-effect,... ). The inter-relationships between 
these measurenlents provide tight standards of self-consistency, and numerical 
values for the fqndamental constants which in the end are more important than 
the comparisons with the standard meter, kilogram and second. Thus all we need 
do in principle 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 Jnake contact with 
macroscopic laboratory physics is through particulate momentum measurement, 
for example the firing of two counters a distance L apart with a time interval 
T, and identifying the ‘particle’ 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 to as high precision as our budget 
allows. Empirically all such velocities are less than or indistinguishable from the 
linliting velocity c, and the nJomentuJn P and energy E are related to the mass 
m by P = rn/3cldv aJJd E = rncl/dm (or @ - p2c1 = m2c4) where 
/3 = V/c. Thus if ‘tl Je b asi? quantuJn mechanics, used is written in momentum 
space, and all physical quantities can be conlputed fronJ 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-time 
is then obtained by Fourier transformation, and has only a,formal significance, 
particularly for short distances where direct measureJneJJt 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 conventionalrelativistic 
quantum JJJechanics (or at least in close enough correspondence to that structure 

so & not to be in conllict with experiment), our iJJterpretiv,e job has been done .’ 
f?r us by Heisenberg and Chew. We develop this scatteriJJg theory b 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 uJJiverse to the practice of particle 
physics is to assume that 

any elementary event, under circumsfonces which it is the task of the ez- 
pcrimcntol physicist to investigate, can lead to the firing 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 
at time T later a counter a distance L froJn the first which is sensitive to the 
same type of particles also fires. Ignoring the practical details which will occur ’ 
to the experimenttiist, and the Jnany sophisticated steps he will have to take to 
convince his collea II ues that neither firing was “spurious”, we follow conventional 
practice and say that this aequeJJce of happeliings means that a particle of type 
a has been shown I+I have a velocity v = L/T, and until sdmething else happens 
will (if it carries a conserved quaJJtunJ number such as charge or baryon number) 
continue to have that velocity in the geometrical direction deEned by the first 
two counters. This assumption can be checked by adding counters down stream 
and cllecking that indeed (within uJJcertaiJJties of JJJeasureJJJeJJt aJJd corrected for 
energy loss ~JJ the counters) the expected velocity is again measured. We call this 
the ‘counter paradigm”. 

The first step in connectirlg the counter paradigm to the bit string universe 
is to assume that’ the finrt firing is colmected to some unique evelit involving 
label o and that N TICK’s later there was a second event involving the same 
label connected to the second firing. FurtlJer we assume that for soJne 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 < k”(N) >=< C~=,b~ > 
allowing us to de&e a parameter /?” = PcL’(~)‘-N. Since -1 < fi” 5 +l we 
identify it with a velocity measured in units of the limiting velocity c, and connect 
it to the experiment by requiring that /3” = v/c = L/CT. Following Stein’“’ we 
interpret this ensemble of strings of length IV as a biased random walk in which 
a 1 represents a step in the positive and a 0 a step in the negative direction. 
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Si’nce 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 1 
the full ensembles generated by PROGRAM UNIVERSE refer to. Fortunately 
this is an easy question to answer. We now know that the solar system is moving 
at approximately 000 km/set with respect to the &ordinate system in which the 
2.7“K background radiation is at rest; we also have measured 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 will have as many seros 
as ones, defining uniquely a sero velocity frame with respect to which non-null 
velocities have significance. Clearly this must be identified with the empirically 
known ‘cosmic’ sero velocity frame. Further there are two strings, 1~” and 0~“) 
which describe two states in which corresponding iabeL, 1~‘ and ON&, have had 
the limiting velocity in opposite directions from the start. Thus we have an 
event horison, to which we cannot assign any further content even after we have 
constructed our version of 3+1 ‘space”; the event horison must be isotropic. 

Of course within that event ho&on 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 cosmological 
features emerge so readily from our interpretation of the model. 

Now that we have confidence that the address 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 jized 
and simply keeps on reproducing itself in subsequent events. Thus labels have 
an inoariant 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 
ma&es to mp (or to Mplanck ). The problem is to make this assignment in such a 
way as to &rantee both quantum number conservation and &momentum con- 
serv’ation 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”‘-“’ 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 thk 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 L” of length 
NL. We assume that the address string Aa is of length NA = Nu - NL when 
the 6rst firing occurs and of length NA + N when the second firing occurs. The 
laboratory velocity V = PC is then to be Computed from the bit string model by 
pa = (2LQ/N) - 1 where for a single string ka = Eft$f+lbt. As we have already 
discussed, we are not allowed to access the computer memory directly, so our 
knowledge is not this precise. The macroscopic sise of, the counters AL and finite 
time resolution AT necessarily require us to consider discuss all strings in the bit 
string universe in some range /?& A,912 w h ere A@= (L+AL)/c(T-AT)-L/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 tke correct point of contact 
between the theory and experiment, I tried to make use of Stein’sl221 ‘derivationR 
of the Lorentr 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!/p!q! for the most probable position of the peak. To relate this 
to the velocity of the “particle” take p = f (1 + /3) and q = i( 1 - B), where @c 
is indeed the velocity of the most probable position. From the fact that the ’ 

standard deviation from the peak is m  = JG st ein then arrives 

at the Lorentr transformation, and by taking L = hjmc 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 l’s in the NA + 1 + NA + 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 B 
remains the same, and by taking the step length as e = he/E 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’. If we 
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make up Uwave 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 ‘sr’s9’ the deBroglie wavelength X = h/p. 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 tr, c, and m/m,, 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- 
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 
of the technical details of the scattering theory. As was spelled out above, we 
have the cosmological event horioon and its isotropy, and the identification of 
the coordinate system in which the theory is constructed with that coordinate 
system in which the 2.7OK cosmic background radiation is at rest. 

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-Yakubovsky equations for the dynamics rather 
than a Hamiltonian, or Lagrangian or analytic S-Matrix formulation. The basic 
input to the linear 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 %elf-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 included. 

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 Cprocess has two cases: (3,l) 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. 

The Faddeev (J-particle) theory has three input processes: a..+ b ++ a + 
b, c spectator; b + c ++ b + c, a spectator; c + a * F + a, b spectator. But 
when ‘crossing” is considered“” the dynamics have to describe’as well the anti- 
particles a, 6, E with no change in the dynamical degrees of freedom. In quantum 
field theory or S-Matrix theory, any particulate state with velocity g and quantum 
number(s) Qf.1 must enter the theory in such a way that no prediction of the 
theory is altered by changing the (conventional and arbitrary) choice of sign of the 
quantum numbers and choice of reference direction for velocities to -3 -Qfdl and 
inverting the coordinates (parity operation); the relative sign between velocities 
and quantum numbers is significant. Since for any labeled address A”, Aa = 
l~u-~‘ @  A”, /J” = -/V”, all we need do to insure this rule is to require that 
for any quantum number we define using the (unique) label string for label a 
(a E 1,2, . . . . 212’+ 136)) Q” = -9”; all rules used below meet this requirement. 
Then any S-event can be viewed as a two particle amplitude 

a--, 
b-* ca@l=a@b-, 1;; c=a$bspectator (4-l) 

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 developed123-371 the b asic 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 + 6. 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 
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antiparticle must be the same. Consequently the basic process has aero total 
momentum, which is consistent with the assumption made above that the con- 
struction refers to the sero momentum frame. The extension to 4 events, taking 
proper account of the two cases, is immediate: 1 

(3,l): a@b@c+dsd+a@i@tg d=a@b@c spectator (4.2) 

(2,2): a@b-,(ab)E(ai) c ti $6; (cd) = a $ b spectator (4.3) 

Since our basic process is what is called in high energy physics 4anelastic’ 
(2 in, 2 out but not necessarily the same two), it would appear that there are 
only two degrees of freedom - energy and scattering angle or the manifestly ce 
variant Mandelstam variables. Actually this is 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,pb,pe, S-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 space-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 S-momentum in any arbitrary laboratory 
frame; total 3-momentum provides 3 more kinematic degrees of freedom. Since 
the particles are ‘on mass shell” (p - p2 = m2 with c = l), 9 of the 12 degrees 
of freedom are needed only to relate the fundamental dynamics to the manifestly 
covariant description in terms of the 4-vectors ia, 4, &. A similar analysis shows 
how the Faddeev-Yakubovsky dynamics used in the Cparticle equations in the 
eero 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 connect 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 
p2 = (V/C)~ and c = 1) by 

E2-p2=m2>0; O<P2=p2/E2<1 (4.4) 

Calling these states Irna,pa >s Ja >, the single particle mass M”, velocity B”, 

momentum Pa and energy E” operators have these states as eigenvectors: 

Mala >= ma/a >;Bala >= pala >= 
&$a> 

(4.5) 

(4.6) 

So far the connection to the bit strings of specified address length thought of as 
states is immediate if we make the identification S”(Nu) = L”(NL)IIA”(N~ - 
NL) = Ia >. All values of the parameters compatible with the constraints ex- 
pressed in Fqn. (4.4) are allowed in the conventional scattering theory. Bit 
string dynamics is more specific. Only the discrete velocity eigenvalues pa = 
2C::,,,+,bL, 

NI-NI - 1 are allowed. Here Ni and N2 are the string lengths of the uni- 
verse when the two events of interest in defining the velocity state space occurred; 
ofcourseNLINr<N2<Nu. 

There is an interesting convergence between the basis states the bit string 
universe generates automatically and the Ylight cone quantisation” states which 
Pauli’and Brodsky”” find peculiarly appropriate to simplify the quantum field 
theory problem. They introduce a finite momentum cutoff A and discretise the 
problem by using a finite quantixation 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 discretise a “continuum” theory; for us two 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, 
Muc2 = (2127+136)Af~lanck~2 = (2127+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 3 or later. We see no likelihood of finding direct experimen- 
tal confirmation 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. 
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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 Cmomentum A4 to their Uharmonic 
resolution” K by requiring, as we do, sero center-of-mass momentum (cf. p. 1999, 
Ref 41). Their unit of length is AC = ~/MC which is the same as the step length 
C in our random walk. Hence their harmonic resolution K = L/AC = L/L = IV, 
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 function of a particle in one space and one time dimension depends 
on the . . . . value of the harmonic resolution K”. This should make it clear that 
we can map our result8 onto theirs or visa versa, and find out the equivalent 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 approach 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 particle 
physics choice of M, 41, Pl, L, works very well. Our problem is different in that 
there is nothing in the definition of ‘event” which insures that S-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 S-event or a 4-event. Actually this is a difRculty in any quantum 
theory, not just ours. The quantum framework is in fact more general than the 
J-momentum conservation which (so far) is always observed. Non-relativistic 
quantum mechanics meets this problem by requiring that any interaction used 
either conserve S-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 theory which we also wish to exclude. If 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 observabl’e’piocesses, and hence im- 
joses momentum conservation from the start. The finite particle number scat- 
tering theory I am modeling simply requires J-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 we discuss physical predictions 
as does any other quantum theory. 

Actually the recent work by McGoveran and Etterl’l puts us on still firmer 
ground in making this restriction. The basic fact about a discrete topology is 
that distance cannot be defined until ordering relations, which define attributes 
of the resulting partially ordered sets, are imposed on the initially indistinguish- 
able finite elements. Once this is done, the ‘distance” depends on the number’ 
discrete ways in which the information content of two different collections differs 
with respect to e $ ch attribute. Thus the metric, and the rate of information 
transfer, is attribute-dependent. Consequently there will be various “limiting 
velocities”, the olde which refers to all attributes being ‘the minimum of 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- 
ical efficacy in producing change) can be transferred. However correlations (or 
in computer terminology synchronization) can occur supraluminally. This is our 
basic explanation of the EPR effect. With regard to the point under discus- 
sion, since S-momentum conservation is one of the known attributes of physical 
effects, we are clearly 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 

IPO - PHI L PC 5 PO + Pb; a,4 c cyclic (4.8) 

we wiII 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 pz = pz + pz + 2p~pbcos8,&, but the digitisation of 
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the momenta (via the digitisation 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 quantiration” . 
One loose end that still needs to be tied up is the connection of angular rnc+ 
mentum quantiation in units of tr 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. McGoveran has pointed out that when we try to close triangles in a 
discrete space the reetriction 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. 

We nail down the 3-momentum conservation law by allowing only those la- 
beled address ensembles for which it holds to provide dynamical connection be- 
tween TICK - separated events The next step is to show that there are conser- 
vation laws arising from the labels which can stay in step with the kinematics. 
This is considerably easier. A 3-event requires that La @ Lb 8 Lc = 0~~ E 0~ and 
hence that L” 8 Lb $ c = lo,, E 1~ cyclic on a, 1, c, where L” = 1~ @ La. If we 
define the quantum number operators for some attribute z by Qz]a >= qzla > 
and require that 

Q&L >=o= QzllL > (4.9) 

and that q. = -qa, quantum number conservation in fevents 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-iOf. Here +(-) f t re er o “incoming” (“outgoing”) boundary conditions, 
and are all that remains 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 St!3 = 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-Yukawamechanism, 
which attributes quantum dynamics to the Qoff-shell” scatteringa at short dis- 
tance which conserve fmomentum 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. %symptotically’, or to use more physical language, 
in connections between numbers that can be measured in the laboratory), the 
normalisation of this singularity can be fixed by the uiitarity (flux conservation) 
requirement, and need not concern us. The scattering equations are simply the 
sum over 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 sise of laboratory counters, 
there will always be some uncertainty Aa in measured velocities, reflected in our 
integers k,, by Ak = 2 r NAB. A measurement which gives a value of B outside this 
interval will have to be interpreted as a result of some scattering that occurred 
among the TICK’s that separate the event (firing of the exit counter in the 
counter telescope that measures the initial value of B = /?o to accuracy AS) 
which defines the problem and the event which terminates the “free particle 
propagation’; we must exclude such observable scatteringa from consideration. 
What we are interested in is the probability distribution of finding two values , 
k, k’ within this allowed interval, and how this correlated probability changes as 
we tick away. If k = k’ it is clear that when we start both lie in, the interval of 
integral length 2Ak about the central value ko = $(l + /&). When k # k’ the 
interval in which both can lie will be smaller, and will be given by 

[(k + Ak) - (k’ - Ak)] = 2Ak - (k’ - k). (4.10) 

when k’ > k or by 2Ak + (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’) = 3-i, 
where the positive sign corresponds to k’ > k. The correlated probability of 
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finding two values kT, k$ after T ticks in an event with the same labels and same 
/(kT,k:) normalization is ~(k.ki). This is 1 if k’ = k and k& - kT. However, when k’ # k, 

a little algebra allows us to write this ratio as 
I 

Figure 3. The connection between the address strings in tick-separated events 
resulting from an initial uncertainty in velocity measurement. 

(4.11) 

If the second measurement has the same velocity resolution A@ as the first, since 
T > 0 we have that AkT < Ak. Thus, if we start with some specified spread 
of events corresponding to laboratory boundary conditions, and tick away, the 
fraction of connected events we need consider diminishes in the manner illustrated 
in Figure 3. 

k-Ak k k+Ak 

l-86 5323A5 
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Consequently if we ask for the correlated probability of finding the value p 
starting from the value /3 we have proved that in the sharp resolution limit this 
is 1 if p = ,f?’ and f0 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 f, the propagator would simply be a (i-function, and 
since we are requiring 3-momentum conservation the theory would reduce to 
relativistic Upoint particle” scattering kinematics. But the limit 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 &function we must write the propagator as 

(4.12) 

where the limit is to be taken ajter 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 choice x,-iFio+ 
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 satisfactory that the dichotomic 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. 

Now that we have the propagator for a free particle, it is easy to write down 
the basic tweparticle scattering operators as poles in the invariant two-particle 4- 
momentum which occur when the two particles coalesce to form a ‘bound Staten 
of the mass appropriate to the resulting 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 theory13’1 we 
repeat here the portion relevant to this paper. 

Fortunately the “zero range scattering theory” developed in a non-relativistic 
contextf2*1 allowsscattering 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 kinematic 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 hasfbeen noted many timesi25j 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 ago 121 to provide physical insight into 
Yukawa’s13) 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 
twelvedegrees of freedom, our mass shell requirement (g)” = i.i= c:, -5.k = 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, S-momentum cou- 
servation fixes the scattering plane in the ezternal (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 be nine Uelastic and rearrangement” amplitudes (for example if we have a 
nucleon and an anti-nucleon, there will be a pole at the mass of the meson), 
but our tconfined quantum” assumption130*3’) reduces these to four. Finally, 
the C-function on spectator momentum reduces the 3 degrees of freedom to two 
dynamical degrees of freedom for each Faddeev channel ( of course care must be 
exercised because the Faddeev description is “overcomplete”); we 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 numbe;) is an “ignorable coordinate”. 

There is a further non-trivial kinematic fact which simplifies our result. We 
use the Goldberger- Watson “” propagator R,‘(z) = ~1 + ~2 + c,, - z where 
ei=&rG$,iE1,2andcP = dm. Since we are in the aero momentum 
frame, this is related to the invariant S = (21 -t & + &,)” = (cr + ca + e,,)’ by 
I&(z) = (fi- z)-’ Here E1,Ez,a,refer to the “internal” coordinates where all 
three particles are “free”. But the “external” coordinates refer to a particle of 
mass m, and “bound state” of maas pa, with the invariant so = (ea + +a)2 or 

ca = ;fi+ w because pz = ez - rnz = 62. - ~3. The model requires the 

driving terms to have a pole at Sip = (& + 5)’ = rnf = (ei + c,,)’ -4 where 
we have used the fact that p,l + ~~ $ q = 0. Hence (for equal mass nucleons) 
Si, - rr$ = (fi- ~j)~ - cj = fi(fi-%j), and the pole also occurs at S = 46;. 
Finally, we note that on shell, S = si = sj = 4~: and p2 = (P’)~, SO the pole 
also occurs when the two momenta are equal. This allows us to write the driving 
terms as 

i !7263(p- po) 
p3 - (PO)’ - iv 

(4.13) 

[In this treatment we are using the continuum approximation] 

Now that our space and the operators in it are defined, we can start from the 
Faddeev decomposition of the three body transition operator 

T13) = G,jEa,p,TMU (4.14) 

where the Faddeev operators MU are defined by the operator equations 

-(M,xP - t,&l = t,&(Mp~ + MyPI = (Ma, + M,,jRotp (4.15) 

The C-function in the driving terms reduces the corresponding integral equa- 
tjons immediately to coupled equations in two variables. Further, 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 context would be called ‘elastic and 
rearrangement amplitudes”, we can define 

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

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

T(E,,) = Kjl(p,p’) + KIZ(P_~ -6, + KzI(-p,‘p_“) +&2(-p_, -f) (4.17) 

and 

vii=-(l-&j) .., .., g2 
CL’ (CL’ - ccci + El.) 

(4.19) 

withsy’=dM. 

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 constant12’1. 
However, as has been discussed in connection with the “reduced width” (also the 
residue of a “bound state’ pole) in the non-relativistic theory”s’ it is possible 
to treat the residue as a measure of how much of the state is “composite” and 
how much aelementary”; 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 
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phenomenology. In fact the equations in the non-relativistic region correspond 
to an ordinary and exchange “Yukawa potential” or for negligible meson mass 
and g’ = 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! 

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 9 = 1~ $5’” = 
ltII1~ @La/A”, as do the velocities in the address part of the string. Hence for 
each string we can single out one quantum number which defines the relative sign 
between velocities and quantum numbers, and hence defines a ‘direction’ in the 
space of quantum numbers which is correlated with the directions in ordinary 
space. This obviously is “helicity” which can be directed either along or against 
the direction of particle motion. Putting this together with the S-momentum 
conservation we have already assured, the fact that this does not reverse sign 
when the coordinates are reflected makes this a “pseud*vector” or “spin”, and we 
must assume that it is to be measured in units of kh ifwe 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 S-momentum and the lengths that occur in our random walks 
(deBroglie phase and group wavelengths using h rather than tr as the unit with 
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 ‘%wo 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 is, for a twobit representation (61, bs), is 
to take h, = (br - as) i”, as is shown in Table 2a. 

Table 2 
Conserved Quantum Numbers 

2a. Level 1. 

qo = bl - bz 

2b. Levels 2 and 3. 
1 

String 
(hkhh) bl - b2 “; b3 - b, 

Q2 
61 + bs - bs - br *I -bzEtJ3+b4 

I $1 +1 . -1 
-1 -1 +1 

1101 I I -1 +1 -1 
0010 +1 -1 +1 

I 0011 1100 I 0 0 +2 -2 0 0 

I 0000 1111 
1 

, 0 0 0 0 0 0 

I 0111 1000 1 $1 -1 +1 -1 +1 -1 

1011 I I +1 -1 -1 
0100 -1 +1 +1 , 

t 0101 1010 1 +2 -2 0 0 0 0 

I 0110 1001 1 ’ 0 0 0 0 +2 -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) ,v~ = (Ol)((l~ and ,~a = (lO)(ll~. There are only two 
states because (thanks to invariance under the bar ,operation) for intermediate 
states a neutrino moving the positive direction is indistinguishable from an anti- 
neutrino moving in the negative direction. Only in the laboratory, where we 
can use macroscopic “rigid bodies* to establish directions, can we measure both 
parameters. 

flaviug ;LJ~ obvious interpretation of the basis states for Level 1, the inter- 
pretation of Level 2 is almost as straightforward. We use the representation 

(h,W3,~4), 1 1 11 w ric I a ows three quantum numbers which meet our restrictions 
to be defined: q1 = bl - b2 + b3 - 64, q2 = bl + b2 - b3 - bd, q3 = bl - 62 + b3 -b,. 
These are exhibited explicitly in Table 2b. Since Level 2 only has three linearly 
independent basis vectors, we require br = 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 = -43, so there are only two indepen- 
dent quantum numbers. The obvious choice is to identify q1 as lepton number 
(or electric charge) and q2 as helicity in units of i”, 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 Cbit 
string is (1111) or (0000) - w ic we will see shortly is a QCD (quantum chro- h h 
modynamics) color singlet - we have in fact the 16 states which can be formed 
from two distinguishable fermions and antifermions. These are clearly the nu- 
cleans with the associated pseudoscalar and vector (since’s fermion-antifermion 
pair has odd parity) mesons. The identifications are spelled out in Table 3. 

Table 3 
., ‘, ’ (’ 

Particle identifications for Levels 2 and 3 

String 

(1 1 1 0) 

(0 0 0 1) 

(1 1 0 1) 

(0 0 1 0) 

(1 10 0) 
(0 0 1 1) 

0 1 1 1) 
Ho 0 0 0) 

(o’i.1 1) 
(10 0 0) 

(10 1 1) 
(0 1 0 0) 

1: Y (: ;; 

(10 0 1) 
,w 10) 

Level 2 

e+ t) 
e- 1 -5 
- 

e+; 
e+ 

-4 

rt1 
7-l 

Level 3 (color singlet) 

n+g 
ii- L J 
ii 1 f5 
n-1 5 

P’:l ,W+i 
PO_+-I 

TO, Poe,% 
( d’ 9 PZ 9 wo) 

P-i ‘ 

P+) 

sf+ + IPO 
r-,po 
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Clearly’we now have the quantum numbers for the first generation of quarks 
and leptons familiar from the standard model. Because of the closure proper- 
ties of the hierarchy it is obvious that we will get higher generations simply by 
duplicating the structure we already have as many times as we need to get to 
2r2’+ 136 quantum states. We see that level 4 gives us a combinatorial 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 (ll)O~ (or (00)l~) and (b) h ow to extend this interpretation to label 
strings of length L, which our PROGRAM UNIVERSE construction forces us to 
do. This problem has not been faced in previous discussions, and the conclusions 
reached for purposed of this report are frankly speculative. The problem is to 
get the coupling 6elwcenlevels and generations right. The speculative idea starts 
with the conjecture that the label 1~ = (11)~,2 is simply the universal Newtonian 
gravitational interaction which couples to any pair of labels with probability 
]2r2’ + 1361-l 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 2’ with unit helicity extensions to the Wf. The l-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 r*t( which come 
along are down in probability by l/137. Including these must correct our first 
approximation o = l/137 toward the observedvalue, but allstrong as well 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 
with 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 close 
to the cutting edge of conventional physics, as promised. 

The cosmological implications of our theory are also interesting. We have 
already noted that our first approximation gives US Newtonian .gravitation, so a 
“flat space” cosmology can also be anticipated. Our “big bang” - like that in an 
early version of Parker-Rhodes’ Theory o/ IndistinguisRables 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 accumulate addressed label ensembles. 
Since the initial scatterings can take place in N (1.7 x 1038)2 ways, and baryon 
number and lepton number appear to be very well conserved in our scheme, 
thk initial condition gives approximately the baryon number and lepton number 
of the universe within the (rather broad - but all Vat space”) observational 
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 partic’le accelerators our cosmology will develop much like others. 
The question whit c lies open is whether our rather unusual boundary condition 
will have consequences at variance with more conventional models in such a way 
as to lead to feasibk observational tests. Only the uncertain future can decide. 
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6. THE MASS SCALE , degrees of freedom and r 2 (h/2 m,c)y, y 2 1. Since the conservation laws we have 
already established require charge conservation, the electrostatic energy must be 

[This section is quoted from SLAC-PUB-3566, “A discrete foundation for calculated from the charge separation outside this radius with charges es and 
Physics and Experience (January, 1985).) * e(1 - x), so < e2 >= e2 < ~(1 - z) >. At first glance z can have any value, but 

What is still missing in our fundamental theory are the mass ratios of the in any statistical calculation the charge conservation we have already established 

particles relative to our standard mr identified by tic/Gmi = 212’ + 136. Here requires that these cancel outside of the interval0 5 z 5 1. We have seen that the 

we adapt a calculation of Parker-Rhodes”” based on his alternative, but closely leptons are massless until they are coupled to hadrons at level 3 of the hierarchy 

related, approach to the problem of constructing a fundamental theory. He con- (with, as the first app roximation, e2/ttc =‘1/137). Hence, in this approximation, 

fronts the problem of indistinguishability, which in modern science goes back at we can equate m,c2 with < e2/r >, and arrive at the first Parker-Rhodes formula 

least to Gibbs, but poses the problem in the logical (static) framework of how 137X 
we can make sense of the idea that there are two (or more) things which are 91 me= <z(l -z) >< l/y > 

; 0 5 z 5 ti 0 2 (l/y) I 1 

indistinguishable other than by the cardinal number for the assemblage without 
introducing either %pace” or ‘time” as primitive notions. Clearly his starting From here on in, the only point to discuss is the weighting factors used in 
point is distinct from the constructive program, and the ‘fixed past - uncertain calculating the expectation values, since we now have from our S-matrix theory 
future” implicit in our growing universe with randomly selected bit strings. the same number of degrees of freedom (three) as Parker-Rhodes arrives at by 

We have seen above that, for a system at rest in the coordinate system de- 
fined internally by < @  >= 0 or externally by rero velocity with respect to the 
background radiation, the minimal fundamental length is h/mpc, inside which 
length we have no way of giving experimental meaning to the concept of length 
without external coupling l2l. W e h ave also seen that our scattering theory has, 
for sero mass coulomb photons, a macroscopic limit in Rutherford scattering, 
a non-relativistic limit in Bohr’8 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/r 
“potential” up to 0(1/137) spin-dependent corrections or relativistic corrections 
of the same..order (either of which corrections - relativistic spin(Birac) or rela- 
tivistic motion (Sommerfeld) - account quantitatively for the empirical hydra- 
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 Lorents invariance in 3 + 1 momentum-energy space, and hence by 
our interpretive paradigms in S-space. 

We therefore can assert that outside a radius of h/2-c, the energy associated 
with the (minimally three) partons connected to an electron, the electrostatic 
energy of an electron can be calculated statistically from < e2/r > with three 

a different argument based on the Theory of Indiatinguishables. For the (l/y) 
weighting factor this is almost trivial; our carefully constructed derivation of 
the Coulomb law and the symmetries of 3-space imply that P(l/y) = l/y. For 
z( 1 - a) the two-vertex structure of our S-matrix theory requires one such factor 
at each vertex in any statistical calculation: P(z(1 - 2)) = z2(1 - 2)“. The 
calculation for three degrees of freedom is then straightforward, and has been 
published several times15~6~10~17~38~3g~.~~5~“’ . The result is < l/y >= 4/5, < 
%(1-z) >= (3/14)[1+(2/7)+(2/7)2], 1 ea m immediately to the second Parker- d’ g 
Rhodes formula 

mp/me = 137r/[(3/14)[1+ (2/7) + (2/7)2](4/5)] = 1836.151497... 

in comparison with the experimental value of 1836.1515 f 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 basis 
vectors of level 3 will lead to a first approximation for mp/mrr = 7 with corrections 
of order l/7, but this has yet to be demonstrated. 

47 48 





5. 

6. 

7. 
8. 

9. 
10. 

11. 

12. 

13. 
14. 

15. 

16. 

17. 

18. 
19. 

For a summary of the early history cf. H. Pierre Noyes, Christoffer Gefw- 
ert, and Michael J. Manthey, 
PUB3116 (rev. 

‘Toward a Constructive Physics* SLAC- 
September, 1983); a short version of the paper based 

on this material was presented at the vh Congress of Logic, Methodology 
and Philosophy of Science, Salrburg, Austria, July 11-16, 1983 (see next 
reference). 
H.P.Noyes, Christoffer Gefwert, and Michael J. Manthey! =Program for a 
Constructrve Physics”, in Foundations 01 Physics, P. Wemgartner and G. 
Dorn,ede, Hijlder-Pichler-Tempsky, Vienna, Austria, 1986. 
E.W.Bastin and C.W.Kilmister, Proc. Roy. Sot., A 212, 559 (1952). 
-Proc. Camb.Phil.Soc., SO, 254,278 (1954), 61,454 (1955);53,462 (1957); 
65, 66 (1959). 
T. Bastin, Studia Philosophica Gandensia, 4: 77, (1966). 
H.Pierre Noyes, Christoffer Gefwert and Michael J. Manthey, “A Research 
Program with No Measurement Problem”, Proc. New York Academy of 
Sciences, “New Techniques and Ideas in Quantum Measurement Theory”, 
D. Greenberger, ed., New York City, 21-24 January, 1986; available as 
SLAC-PUB-3734 
M.J.Manthey and B.M.E.Moret, ‘The Computational Metaphor and Quan- 
tum Physics”, Communications of the ACM, 26, 137-1451983. 
M.J,Manthey, ‘Non-Determinism Can Be Causal”, Tech. Report No. 
CS(83)-7, Univ. of New Mexico, Albuquerque, NM 87131. 
David McGoveran, AYPA Newsletter 6, No.), 6-7 (1986). 
Christoffer Gefwert, On The Logical Form of Primitive Recursive Func- 
tions, SLAC-PUB-3334 (May 1984), to be submitted to the Journal of 
Philosophical Logic. 

-, On The Logical Form of Mathematical Language, SLAEPUB-3344 (May 
1984), to be submitted to the Journal of’Philosophica1 Logic. 

C.W.Kilmister, Appendix II.1 ‘Brouwerian Foundations for the Hierar- 
chyl” (based on a paper presented at ANPA 2, King’s College, Cambridge, 
1980) and Appendix II.2 “On Generation and Discrimination” (based on 
a paper presented at ANPA 4, King’s College Cambridge, 1982) in H. 
Pierre Noyes, Christoffer Gefwert, and Michael J. Manthey, “Toward a 
Constructive Physicsa SLAC-PUB-3116 (rev. September, 1983). 
T.Bastin, H.P.Noyes, J.Amson and C.W.Kilmister, ‘On the Physical In- 
terpretation and Mathematical Structure of the Combinatorial Hierar- 
chy’, published in The International Journal of Theoretical Physics, 18, 
455-488 (1979). 
J.Amson, Appendix to Ref. 17. 
M.J.Manthey, Appendix IV. in SLAC-PUB3116 (rev. September, 1983). 

51 ’ 

20. C.W.Kilmister, Appendix II.3 “HIERARCHY CONSTRUCTION(second 
version)” in SLAC-PUB-3116 (Rev. September, 1983). 

21. A.F.Parker-Rhodes, The Theory of Indistinguishables, Synthese Library, 
150, Reidel, Dordrecht, 1981. 

22. 

23. 

24. 

25. 
26. 

Irving Stein, seminar at Stanford 1978, and papers at ANPA 2,3, King’s 
College, Cambridge, 1980,‘81. 
H.P.Noyes, “Th ree Body Forces”, in Few Body Prollems, I.Slaus, et.al. 
eds, North Holland, Amsterdam, 1972, p.122. 
P.Noyes, J.Bell, and T.E.Phipps, Jr., Fixed Past and Uncertain Future; 
an exchange oj correspondence, SLACPUE1351, December 1973 (un- 
published),p.30. 
H.P.Noyes, Czech.J.Phys.,B 24, 1205 (1974). c 
H.P.Noyee, Foundations of Physics, 5, 37 (1975) [Erratum 6, 125); 6, 83 I 
(1976). 

27. 

28. 
29. 
30. 

31. 

32. 
33. 

J.V.Lindesv, PhD Thesis, Stanford, 1981, available as SLAC Report No. 
243. f . 
H.P.Noyes, Phys.Rev G 86, 1858 (1982). 
H.P.Noyes apd J.V.Lindesay,Australian J. Physics, .36, 601 (1983). 
H.P.Noyes and G.Pastrana, “A Covariant Theory with a Confined Quan- 
tum”, in Few Body Problema in Physics, B. Zeitnitr, ed., North Holland, 
Amsterdam, 1983, p. 655. 
J.V.Lindesay and A.Markevich, “A Minimal Unitary(Covariant) Scatter- 
ing Theory’, in Few Body Problema in Physics, B. Zeitnitr, ed., North 
Holland, Amsterdam, 1983, p. 321. 
H.P.Noyes and M.K.Orlowski, Nuovo Cimento 81 A, 617 (1984). 
J.V.Lindesay, A.J.Markevich, H.P.Noyes and G.Pastrana, “A Self- Consis- 
tent, Poincarcf-Invariant, and Unitary Three-Particle Scattering Theory”, 
Phys.Rev.D’S3, 2339-49 (1986). 

34. 

35. 

36. 

37. 

A.J.Markevich! “Angular Momentum and Spin within a Self-Consistent, 
Poincard-Invarrant, and Unitary Three-Particle Scattering Theory”, Phya.Rev.1 
53, 2359-56 (1986). 
H.P.Noyes and G.Pastrana, “A Covariant Approach to Mesonic Degrees 
of Freedom in Light Nuclei’, presented at the International Symposium on 
Mesons and ‘Light Nuclei, Bechynz Castle, Czechoslovakia, May 27- June 
1, 1985. 
H.P.Noyes, “Comment in Reply”, SLAC-PUE3916, April 1986 (unpub- 
lished) . 
H.P.Noyes ‘A Minimal Relativistic Model for the Three Nucleon Sys- 
tem” in Three Body Forces in the Three Nucleon System, B,Berman, ed, 
Springer-Verlag (in press), available as SLAC-PUB-3973, June, 1986. 

52 . 



38. 

39. 

40. 
41. 
42. 

43. 
44. 
45. 

46. 

47. 

H.P.Noyes, “A Finite Particle Number Approach to Quantum Physics”, 
SLAC-PUB-2906 (April, 1982, unpublished). 
H.P.Noyes, ‘A Finite Particle Number Approach to Physics”, in The 
Wuvc-Particle Dualism SDiner, et.al., (eds), Reidel, Dordrecht, 1984, pp. 

537-656. 
G.Pastrana, PhD thesis, Stanford (in preparation): 
H-C. Pauli and S.J.Brodsky, Phys. Rev. D 32, 1993, 2001 (1985) 
M.L.Goldberger and G.M.Watson, Collision Theory, Wiley, New York, 
1964. 
Ref.43, pp. 186470. 
Ref. 21, pp 182-185. 
H.P.Noyes, M.J.Manthey and C.Gefwert, %onstructing a Bit String Uni- 
verse: a Progress Report” in Quantum Concepts in Space and Tame, R. 
Penrose and C.J.Isham, eds, Oxford University Press, pp. 260-273 (in 
press). 
H.P.Noyes, ‘A Discrete Foundation for Physics and Experience’, SLAC- 
PUB-3566, January 1985 ( presented at the Esalen Mind-Physics Confer- 
ence, 4-8 February-1985). ’ - 
H.P.Noyes, C.Gefwert and M.J. Manthey, “The Measurement Problem in 
Program Universe”, Symposium on the Foundationa of Modern Physics, P. 
Lahti and P. Mittelstaedt, eds., World Scientific, Singapore, 1985, pp.511- 
525. 

48. H.P.Noyes, “Non-Locality in Particle Physics”, SLAC-PUB-1405 (1974). 

53 

8. Appendix I. A FINAL FOUNDATIONAL DISCUSSION? 
‘, 

/ Clive W. Kilmister 
Chelsea-Kings, University of London 

8.1 INTRODUCTION 

My aim is to derive the Parker-Rhodes construction described in”9’ from the 
acknowledged properties of quantum mechanics. Wheeler has said”” “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: 

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

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

‘But since the tl&ory 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, 
new features arise and so the mathematical formulation must allow the 

ent$!f 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 exac!Iy what is needed. 

a.2 GENERATION AND DISCI~1MINA’I’lON 

Let us begin with (b) b a ove. 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 label. 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 mfh element produced, either 
by the generation operation or internally inside the mathematical system. This 
notation emphasizes, what is’cleu 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 
no 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 elements and so is not ‘given’ - 
whatever that means for the classical mathematician- 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. 

6.3 THE SIMPLE CASE 

The simple case in &hich one compares the “new” element with a single 
known one determines much of the structure. Let u be the known element, and z 
a potentially new one. Denote the function by j(u, z) so as to include reference 
to the known element. Denote the fixed set of elements which are values of the 
function when u, z are equivalent by 2. Since we are specifying an equivalence 
relation, we must have: 

(i) j(z, z) E 2 for all 2, 
(ii) If j(z, y) E 2, then j(y, z) E 2; 
(iii) If j(z, y) E 2 and j(y, z) E 2 then also j(z, z) E 2. 
There is an obvious equivalence relation between such functions j, which, 

holds when they do exactly the same job. That is, one defines j, j’ to be equiv- 
alent if, whenever j(z, y) E 2, then also j*(z, y) E 2’. It is, then straightforward 
to prove: 

THEOREM 1. 
Each equivalence class of j’s contains an element, g say, which is such that 
(a) The Z for g has one element, say 0. 
(6) g(z, 2) = 0 for all 2. 

(4 9(x, Y) = 9(Y, 4. ‘, 

(4 !7(!7(? Yh 4 = gb, dY# 4). 

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(z, y). The proof of the theorem may easily be worked out by the 
reader, as far as (b) and (c) are concerned. The final step is accomplished by 
what I call “Conway’s trick” because it is used (in a somewhat different context) 
in his book.‘5” This is to take aa the value of z + y: 

z+y=minz (j(z,Z’+Y) #O~j(z~z+Y’) #O) 

for all x’ < x and all y’ c y 

Here f is a member of the equivalence class which has already been chosen to 
satisfy (b) and EC). It is then easy to see that 0 + 0 = 0, and indeed 0 -t- x = 0. 
So 1+ 1 canno be the same as 1 + 0 = 1, but can be 0. Then 1 + 2 cannot be 
1 or 0 or 2 so P ust 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 th t z + y is in the set). If now the generation process throws up 
a new element, I will be labeled 4, and 4 + 1 = 5, 4 + 2 = 6,4 + 3 = 7 and the 1 
set (1,2,3,4,5,6,7) is again evidently closed. It is clear that in general every 
discriminately closed set is of order 2’ - 1, for some integer t. Correspondingly, 
if the set is not yet closed: 

THEOREM f?. 
At every stage the system can be embedded in a discriminately closed one of 

finite size 2’ - 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: 
THEOREM 3. 
The system of theorem C has an injection into V,/Zz, where V,. is the vector 

space of r dimensions, and Za 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...a in the scale of 2, 
is mapped onto the vector (a, . . . . r,q,p )‘. Thus 5 = 101 and so is mapped onto 
(l,O,l)‘, 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 V,. is not fixed but 
increases. 
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8.4 THE GENERAL CASE 

The case considered in Chapter 3 gives a guide to the general case. Here 
our concern is whether a new element z belongs to a set S = (ul,t~,us,...) of 
already generated ones. We use the same trick of defining a function f(S,z) 
which vanishes if and only if one of the terms ui 9- z vanishes. Because of the 
asymmetry it is more convenient to use the notation of characteristic functions 
and write 

f(S, 4 = Fs (4 
If we define an addition operation between characteristic functions by the obvious 
induction: 

F(z) + G(x) = (F + G)(x) 

, 

for all z (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(z) = 0, then also F*(z) = 0 and visa versa. Amongst a set of 
equivalent F’s it is obvious that there will be some of the special form 

J’(uI, uz, -.., x) = h(Ul + 5, u2 + 2, ..*) 

where h is a function which vanishes if and only if one of its arguments vanishes. 
(Such F’s will in fact;be those with the property that the non-zero values of 
F(Ul, U2r ***, z), when x is not one of the ui, depend only on the n variables u1 + 
2, u2 +x, . . . . u, + 2.) Of course one defines two such functions h, h* az equivalent 
just when the corresponding F, F’ are equivalent. Then, by an argument that 
closely parallels that for theorem 1, we can prove 

THEOREM 4. 
Every equivalence class oj h’s contains a particular one with the properties: 

(4 h( x1,x2,**- x,,)depends only on the sei (x1, x2 , . ..x.,), so is invariant under 
permutations of the arguments; 

(b) h(xl, h(xz, 23 )) = h(h(x,,zg),xs); with obvious generalizations to more 
arguments; 

(c) h(xl, 22 + 23) = +,,za) + h(xl,m). 

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, y’) + 
h(x’, y’) to define h(x, y), w lere 1 as before x’ and s/are any smaller elements than 
z,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) 

to define h(x, y) = xy as the least’element not forbidden, taking account the 
commutative and associative rules and distributivity over addition. For example, 
Ox = 0 and lx = x are straightforward. Then 22 cannot be 0 or 2; could it be I? 
No, because if it were, then 2.2 = 1= 2(3 + 1) = 2.3 + 2, so that 2.3 = 3 which 
will in due course be forbidden since 1.3 = 3. So 2 .2 is in fact 3 (and it is easy 
to see that this is not forbidden). 

The set (1,2,3) is now closed again (2 3 = 1); when 4 is introduced, the 
distributive law alone allows the completion of the table up to 7x7 in the following 
way: 

4.1=4;let4.2=0,4.4=b, so that4.3=a+4, 4.5=b+4, 4.6=atb, 
4 .7 = a + b + 4 and ao on for 5 + 2 etc. From .theJe results it is easy lo see that 
the values 0, 1,2,3 4 5 6 7 are forbidden for a, the values 0, 1,2,3,4,5 for b and , I I , 
the values 4,6 for a + b. the least solution of these condition8 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 .I5 to be filled in which gives a closed set of size 15: h 
the same wa the next closed set of size 255 arises; and the general conclusion 
is that amon 

a 
st the numbers 2’ - 1 which have already been noticed as being of 

importance i quantum mechanics those particular ones with r = 2* will be of 
particular importance. 

I call the qequence of discrimination systems isolated here the discrimination 
fields, 91, @p2, @3, . . . where the number of elements of @i is 2’, where s = 2’. 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.1 

8.5 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 ways of specifying s independent elements of S, i.e. s’ - 1 = 2”- 1 
(subtracting 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 
2’ - 1 equivalence classes (a sequence of s choices of zero or non-zero) so that, if 
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there were single representatives of each of these which formed a discriminately 
closed set, then it would have maximal dimension s by theorem 3. In fact, this ’ 
is so: 

THEOREM 5. 
One can choose one representative from each kquivalence class to form a 

discriminately closed set of dimension S. 

It is easy to prove this by considering (for example) the discriminate closure of the 
set of s functions F; where Fi(z) = IIi+i(oj + z), where S = {ai}. In particular, 
if S is a discrimination field, so that r = 2,4,8, . . . the numbers 4,16,256, . . . are 
the dimensionality of certain discrimination systems, 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 construction. 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 the multiple discriminations performed by 
these functions. A run of the system will now allow the self-organization of the 
sequences of elementary quantum events into higher order events, as mentioned 
in Chapter 1. The following ladder construction exhibits one way in which this 
self-organization proceeds; this way is a kind of envelope 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 kl elements; 
(b) the first rung consists of the kz = 2 kl - 1 characteristic functions, a 

discrimination system of dimension kl , and the discriminate closure of these can 
be embedded in the discrimination field a;. 

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

THEOR+M 6. 
There is only one non-trivial ladder (i.e. having more than two steps), that in 

which kl = 2 and i = 1, and this terminates at +p4, giving rise to sets of functions 
of size 3,7,127, 2127- 1 (- 1.7 x 103’). 

The proof that this is the only non-trivial 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 construction, the 
original one due to Parker-Rhodes, which is equivalent and for which the proof 
has been given. 

To introduce this, notice that, for a particular set S it can never be the case 
that 

Fsz+Fsy = Fs(z+y), 

but 
THEOREM 7. 
If and only if S is discriminately closed, the equivalence class of characteristic 

functions for S contains a member F for which F(z) + F(y) = F(z + y). 

In the corresponding vector space picture such an F is represented by a square 
matrix, and the addition defined between functions becomes ordinary matrix ad- 
dition. In the original construction ’ by Parker-Rhodes the sets considered are 
derived from those described by consistently replacing each set by its discriminate 
closure. It is evident from the ladder construction that the Parker-Rhodes version 
(called the Hierarchy construction) 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 constructed 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 
discriminately closed subset. The final stages of this version of this construction 
are then to find 27 - 1 = 127 linearly independent operators in 256 dimensions 
and finally 1.7 x 103’ in 65536. The last case cannot give rise to linearly indepen- 
dent operators so that this construction stops there and suggests the importance 
of the numbers 3,10,137,1.7 x 103’ ( w ic h h 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 without producing so much energy as 
to allow pair creation which would render the number indeterminate. A similar 
argument identifies 1.7 x 103’ as a maximum number of gravitating particles. 

The Hierarchy construction is, in many ways, a more convenient one to handle 
mathematically. The advantage of the ladder construction is that it removes 
the dependence on linearity of functions, a condition which is very difficult to 
understand physically. 
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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). I 

2.Construction. 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 allcould be given to working at 
a given level in a static general-relativity-like picture. So far ao 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 particular , did 
all the interesting level construction happen at some big bang after which things 
just ticked over, or does it keep happening at each new particle process? 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-all 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. 

J.Measurcmcnt (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 lrave 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 
terms of ratios of atomic and cosmological constants, and that there are sullicient 
of these identifications to determine the number of independent units at three. It 
has to be the case that the classical account of the dimensionality necessary for 
measurement is a deduction from the hierarchy model, whether or not we have 
a satisfactory alternative to the correspondence principle. Any other view would 
require some sort of prearranged 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 

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 became increasingly evident from a long 
scrutiny of the logical place occupied by those constants in modern physics which 
Noyes and I conducted some time back, and I am going to assume the results of 
that work without further comment. 

4.Complcfencss. To my knowledge the term ‘completeness’ first appeared in 
physics with Einstein’s criticism of the new quantum theory, and it has 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, corporate1 to where we now stand, one very important position has been 
established, a B d 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. 

9.3 THE MINIMAL MODEL 

It seems from systems-theoretic considerations that the following set of char- 
acteristics arelnecessary 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 scunncd 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 usual 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 capable of being repeated with different results, and a numer- 
icaI measure derived. This measure is interpreted probabalistically. There are 
great advantages in building up a world picture in which the probabilistic values 
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are not far from integral values assigned by the model. This last requirement 
again is not logically necessary, but it does seem necessary to employ a proba- 
bilistic mode of getting a manifold with the right properties to represent physical 
measurement. I should be grateful for comment and discussion on this point also: 

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 has to change to represent what has been learned 
from the empirical background. The deductive potential of this requirement has 
not been real&d 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 0perationa.l 
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 automatically ensured in the hierarchy model, 
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 will 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 interaction 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 difliculties which result from our not having 
a complete grasp of this next step. A great deal of what rest I have to say will be 
related to this matter. The problem in the context of current physics has been 
the subject of current discussions at our meetings - particularly with Aerta 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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9.4 ‘MODELS WITH MINIMAL INTERPRETATION EXEM- 
PLIFYING THE PRINCIPLES OF THE MINIMAL MODEL 

9.5 THE BARE MODEL.. 

In the 1974 paper to which I have already referreda, I produced a model 
to be implemented on a computer which had all the properties listed in the 
last 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 ideal&d 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 term 
and I certainly regarded it at that’time as being desirable to show as clearly as 
possible 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 else 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 
universe under the aspect of a single particle process. 

9.0 NOYES' MODEL. 

Noyes again has all the properties of the minimal model? and I hope that my 
argument will 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. 

ii 
Actually I do not know quote what he would say 

about this since what he de nes is the ‘off-shell kinematics’ of quantum field 
theory and not a fully classical situation). I shall come back to this question 
since it is clearly 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 Abbreviated Summer School (held the day 
before ANPA 7). He says: “To construct a new theory we start from arbitrary ’ 
choice between two symbols...” and so on. I should have thought that if he 
wishyd to avoid an uncontrollable sort of subjectivism he would have thought it 
irrelevant what theories have been or were being constructed to the actual prop 
erties of the physical world, and that the construction had to be of some thing. 
Of course the activity of the person constructing theories has to be represented 
in the model, but then we should naturally expect to see that actually done. 

The ‘things’ that offer themselves for construction are the universe, and the 
scattering processes respectively. There may be other possibilities, but I don’t 
know how they would be handled. The hierarchy model really entails that both be 
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 the 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 aspect 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 
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 y.0 model before us which incorporates this solution 

I make two observations: (1) Th ere 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 the 
advantage of a real representation of hod scattering processes are theoretically 
linked) but this make? it the more importqnt not to bulldoze the barrier into 
classical pluralism. 1 think this means - among other things - that we have to 
make the scattering processes really primitive and cannot construct them from a 
preexisting dynamics - at leaat 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 1 cannot know until what I 
will describe as my mental block over the construction is removed. 

’ 9.7 A MODEL BASED ON. SlMILAR,lT,Y, < 

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 dimensionless constants of 
nature. I have taken this estimate of the right approach to indicate that whatever 
theoretical constructions have been used to arrive at the values of those constxts 
are the best guides in getting towards a way of representing and 4deally - 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 resuh 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 operationalist 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 idehtification 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 myaar- 
gument that ince measurement is counting the most important measurements 
will employ c unting techniques, and this position is fortunately consistent with 
the way we s B 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- 
mensionality 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- 
erarchical structure. Together with some sort of ergodic hypothesis to the effect 
that given long enough the universe will run through all the possibilities that 
are allowed by the structure, we can get to our beloved constants. In 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. 1 can say simply that the right way to proceed in the absence of knowledge 
of the backgrpund is to treat the finite sets of theoretically allowed possibilities 
indifercntfy. (Other people have different ways of saying it.) I believe, too, that 
the same principle has to be invoked even when the logical underpinning provided 
by Kilmister is used. Now as I understand the situation absolutely everything 
depends upon this idea Of indifference. It is not that other distributions may 
not OCCW; probably they do all the time; but by definition they are not part 
of physics. At least they do not become part of physics in any automatic way 
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some sort of way with the difficulty I have over the interpretation which might 10. Appendix III. AGNOSIA 
allow the independence to be slipped in unnoticed. , 

A further remark: I would expect to be able to introduce an Ur-energy very A Philosophical Apologia for INDISTINGUISHABLES 

early on at the point at which one is forced to introduce a parameter to limit the 
length of string segments to define the similarity function. It would make sense to 
have this length correspond to the available energy in whatever scattering process by A.F.Parker-Rhodes, Ph.D 
was imagined to generate the yealm. With a lot of energy one could sustain very 33 Apthorpe St, Fulborn, Cambridgeshire CBl 5EY 
vague similarities. Again. there would be a lowest available energy corresponding 
to the universal or bounding event horizon (zero point energy of course). I also 
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 allocation of quantum 
numbers. ‘, 

REFERENCES 
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 Baztin 
noticed that the last two (the generating procedure could not produce more than 
four) were close to two well-known physicalconstants , the reciprocals of the 
fine-structure constant and of the gravitation coupling constant. He drew the 
attention of Clive Kilmister at King’s College London, and John Amson at St 
Andrews, 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 also worked on the problem, 
albeit divergently, having noticed that it might be based also, and perhaps more 
profoundly, on ’ indistinguishables” . At a meeting 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 led 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 Dordrecht in 1981.‘5“ 
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Third Meeting of the International Study Group on Self-organization and 
Dissipative Structures, Cumberland Lodge, May 1985; selected papers 
from the three meetings are to be published by Reidel. 
T.Bastin, “Probability in a discrete model of particles and observations,, , 
contribution to Logic and Probability in Quantum Mechanics, P.Suppes, 
ed., Synthese 29 (1974) pp. 203-227. 

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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components confined w&in an electron would not give it any obs&able inho- 
mogeneity. There is evidently a lot to be found out in this field. 

10.4 ON TO INFINITY 

I shall now pass over to the discussion of some applications of the ‘disordinate 
space’ which was earlier indicated as the principal’source of more or less novel 
predictions, in which my theory 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 siluilar to the theory, now universally 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 contested, 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, O,l, in each ‘dimension’. It is, that is to say, an infinite 
Boolean lattice, and has 2H~ points. Of course, the infinity of points can never be 
exhausted; but they are needed theoretically 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 has 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 the 
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 specify the location of a single event relative to spy arbitrary 
system of coordinates, no real information is conveyed by this, and m effect any 
matters not reducible to at least two directly relevant events must be recorded 
in DS or not at all. But this still leaves us in an eveilt-based world with the 
mental faculties adapted to living in such circumstances - faculties which make 
GS ‘self-evident’ and DS ‘obscure’. 

The relationship 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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in either of them. The difference is that they appear singly and unrelated 
‘in DS but lined together in a spatial framework brt undescribed in GS. Of 
course, whether what I call ‘random’ mappings aie m geileral unconstrained by 
boundary-conditions expressing the peculiarities of given problems, which can 
take a lot of the ‘randomness’ out of them; but the fact remains that no detailed 
point-to-point correspondence can be postulated, such as one usually expects of 
‘mappings . One general rule is however worth noting:DS IS extremely ‘short- 
sighted’ since 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 
quantiration (discreteness) of spacetime. It is therefore open to doubt whether 
such a quantieation could ever be empirically observed. 

10.5 EINSTEIN-P• DOLSKY-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 

instance where all we get is an alternative viewpoint on the 
he so-called ‘paradox’ of Einstein, l’odolsky and Rosen provides 

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 t\ro 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 
simultaneously, 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 particle is discovered, by a second event, frame 
of description changes and we go over to GS, where chiralities are straightfor- 
wardly representable, including that of the companion particle. In GS there is 
110 geometrical uncertainty, and the ‘paradox’ is resolved. 
The Collapse of the Wave Function 

Let us now look at the celebrated ‘two slit’ experiment. An electron is fired at 
a screen containing two slits, appropriately spaced to give a regular interference 
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pattern in the arrival points of a large number of electrons at a second detector 
screen. The passage across the first screen is the first relevant event, in which 
scattering occurs, deflecting the path of the electron., Considering this event only, 
we have to rely on DS. Nevertheless, we have to think in GS (else we would never 
recognize our mothers), and this calls for an exercise in random mapping. 

The result of this mapping is conventionally, and I assume indisputably 
(though 1 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 a specific point of impact is coded. 

While th,e 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 ‘Pickwickian 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 
“Where is it ?“. The ‘collapse of the wave function’ is thus presented as a trans- 
lation from a qualitative to a quantitative language, as we pass from considering 
a single event to looking at two together. 

If we ask the classic conundrum, ‘Which slit did the electron pass through?“, 
there is no objection to the answer that it passed through each slit with a certain 
probability. If 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 o~rly 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 ia a probability, but that which, multiplied by a numerosity, yields 
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 perhaps say that the DS picture of the world is ‘real’, while GS is its 
illusory portrayal to our senses. 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 use them. Very few faculties do not have to be learned: it can recognize 
its mothers’s face even on the first day (but, surprisingly, not her teats), and, 
at the other extreme, the dimensional structure of space may be innate, though 
how things fit into it seems to be initially puzzling. But the main business of 
‘translating’sensory percepts intousable images has to be learned; all of us do this 
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, and 
have no predictable relation to the neural representation of the sensory inputs. 

Learning the translation process thus involves crossing 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 is carried out is of course subject 
to strong constraints - t,he process could not have evolved unless a reasonably 
reliable representation waa eventually obtained - but the interpretation is far 
from a simple 
after the one i 1 

nalogue of the ‘collapse of the wave-function’ by the next ‘event’ 
,rtiating the wave-function in microphysics. 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 foi 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 
neurologically detectablecorrelates of imagery subjectively 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 putting one cube on top of another for 
example. 

What comes of it all that 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, wher’eas 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 theqDS 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 will 

inevitably follow a redrawing of philosophical 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 being non-controversial is the fi\i-;ng vs. non- 
living one. The argument of the last section suggests another between human 
and animal life - not based on the possession of ‘language’, already widely aban- 
doned, but on ‘idiosyncratic learning of mental representations’, which may take 
in several of our ‘dumb friends’ not previously considered. 

Another time-honored dichotomy is that between materialism and idealism. 
It could be conjectured that a truer definition of the difference would be that 
‘materialists’ tend to think exclusively in terms of GS, whereas ‘idealists’ 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 scientific 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 least 
in large part based 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, b.ut we now know that the claim may 
have been well-founded. 

Then there was Olbers, puzzled by the darkness of the night - as well 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 the 
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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single point. Absurd? Yet this strange scenario has passed from absurdity to 
‘almost self-evident fact, within a few. decades. Incredulity has had some nasty 
knocks. 

One might draw a parallel between the origin of the physical world from a 
single point! and the origin of my metaphysical scenario from a single bit. If the 
first absurdrty has faded into commonplace, maybe 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 of particles with their masses and half-lives, hardly any of 
which 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 be that some light on this may come from the combinatorial hierarchy 
work - which can legitimately be presented as an extension of the Theory of 
lndistinguishables- but apart from some work of Kari Enqvist there is so far 
little to show. 

Truth, it has been said, 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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