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A B S T R A C T 

We argue that the discretisation of physics which haa oecured thanks to the 
advent of quantum mechanics has replaced the continuum standards ot time, 
length and mass which brought physics to maturity by ecuntinf. The (arli'triry 
in the sense of conventional dimensional analysis) standards hare been replaced 
by three dimensional constants: the limiting velocity t, the unit of actios k, and 
either a referent ouss (eg m r ) ar a couplmg omstant (eg G reUted to the mass • 
scale by te/fSsCmJ) SK 1.7 x l©5*). Once these physieal and experiential ref
erence standards are accepted, the conventional toprouh it to connect physics 
to mathematics by means of dimenstonless ratios. But then standards now rest 
on counting rather than ratios, and allow us to think' of a fourth din»ns»n* 
less mathematical concept, which is counftnf isjrcf era. According to conatrnetiv* 
mathematics, counting bas *© h* understood before engaging {n the frtttitt of 
mathematics in order to avoid redundancy. In its strict formtoastraelWe math
ematics allows no temphtti infinities, and must provide finite algorithms Tor the 
computation of any acceptable concept. This finite requirement in constructive 
mathematics is in keeping with the practice of physics when that practice is 
restricted to hypotheses which are testable in a finite time. In this paper we 
attempt to outline a program for physics which will meet these rigid criteria 
while preserving, in so far as possible, the anccesses that conventional physics 
has already achieved. 
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1. INTRODUCTORY REMARKS 

We contend that the advent of quantum mechanics and the replacement of 
continuum standards of mass, length and time by standards based on counting 
Integers has set the stage for a discrete physics based on finite, constructive math
ematics. We offer a constructive algorithm which, starting from the empty string, 
loads to A growing uaiverse or unique bit strings generated by discrimination and 
complementation. When neither operation generates novelty we increase the bit 
length of each tiring by adjoining a random bit at the growing end of the string. 
The only exception to this is the case when both strings, tested by discrimina
tion, tliuir complements, and the result of the discrimination are already in the 
universe, and in addition the string produced by discrimination contains an equal 
number o( 0'« tad l'a. These unique events aie identified both with the unique 
and indivisible quantum number bad momentum conserving mattering events of 
quantum theory and with the events of particulate relativistic mechanics, once we 
have made clear the connection between our construction and laboratory space-
time. In this way we achieve the unification ot quantum mechanics and special 
relativity at an appropriately fundamental level. 

During the construrtion we test the strings for linear independence and in 
this wny construct sequentially 2, 3, 7, and 127 linearly independent vectors 
which can serve a* the basis vectors Tor a representation of the four levels of 
the combinatorial liierachy. Onre the basis is complete we allow the universe 
to roitlmtie to grow until nJI the diurrimiaate closures of the basis vectors are 
present, completing the hierarchy, This gives us the scale constants 3, 10, 137 
and 21'""7 - I + 137 == 1.7 x 10 , w , which are the cumulative cardinals or the 
sequent tally completed levels. 

Sine? the labeling capability of the combinatorial sierarchy scheme is now 
exhausted we define the bit string length when tbb occurs as the label length 
N&. Since Ibc length of the slringH continues to grow, we define the portion of 
the string beyond t ie first NL bits as the addrttt. Wc group the strings hereafter 
into ensembles each of which carry ihe same first N t bits, whict we call the label, 
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each member of the ensemble carrying a distinct address. It is clear that in this 
way we genera'*, eventually, all possible 2 W i labels of length N^, 2 t 2 T + 138 of 
which can be further identified with the Tour levels of the combinatorial heirarchy. 
Because the matrix mapping construction of the hierarchy leads naturally to the 
restriction /V t — 256, we consider only that ease in tbia paper. Thereafter all 
that can happen is that the number of members of each ensemble and the length 
of their addresses continue to grow. 

We BOW focus OQ an event &3 previously defined and a second event one of 
whose labels is common with the Bret event, but occuring after the string length 
of the ad.drcsses h u increased by 6 bits. We interpret the connection between 
the two events as a random wallc of b steps, following a construction pioneered 
by Stein. Assuming a finite step length this automatically insures that we have 
a litniting velocity between events. Interpreting our criterion for an event- that 
the number of O's in the address string for the intermediate state is equal to the 
number or l's- * as defining zero "velocity" when the difference between thwe 
two numbers is zero, these two events define a "coordinate system", We then 
show that we can define coordinates for connected events in such a way that 
the intervals between events and relative velocities can be chosen in such a way 
that we bavp lhi> same algebra and geometry as that described by the usual 
Poincare transformations in 1+1 Minkowski space with restrictions imposed by 
the Tact thut our 'time parameter" b is fini'.e and integral. We then dhow that the 
construction can be extended to 3+1 Minkowski space, but no further because or 
the limitation of the hierarchy to four levels, la this way we demonstrate that the 
basic space for the description of events in our construction is 3-dimensional, We 
note that interactions in this space can be anticipated to have chiral properties, 

We introduce the concept of mass by assuming that there is a correspondence 
between the labels and a parameter for each label with the physical dimensions 
of mass. We relate this to the finite step lengths in the random walks, and to 
the limiting velocity - which is now given physical dimensions and symbolized 
by r- by introducing a second parameter with the physical dimensions of actios 
symbolized by A and defining the step length in a coordinate system where the 
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For VH2*WM±*/r r rad *«»2*H*A)±<(/7T 
For "Stein." read "Stem," 
For 'has by" read "by* 
For "will appear... Sotitttf read "nut be pabfebed by the 
Cambriift Vnwtttity Put? 
Vat "nmatigatioftty tea* "tevestigatW0" 
For "ordinal Is* read "ordinal, b* 
For this b course* read "this of course" 
For "protons, thb" read "protons; thn" 
For "moves" read "moved" 
For "The ibs" read "Two ibs" 
Fer "so Tor evidential" read "so of evidential" 
For 'alone that" read 'alone, that" 
For "rational if and only if" read "may be rational though not" 
For •not" read "no" 
For "reducible" read correspond" 
"or "consiitrd" read "consists" 
For "and it* initial" read "as lis initial" and 
For "and 10 only" read "and 3,10 only" 
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For "have* read "meet* 
For "no-go for" read "no-fo area, for'* 
For "PridtjoT read TridtjoT 
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vcl H-ity • if t h«- random walk is zero as I lie Campion wavelength la = hfmt This 
alW-. u> in i|..(inr ronsprvfd relativisiic enerjry and momentum fur free parli-
rli*. ']"•> iii-un- itit- mniiectioo we make <hc contact beUeen our mathetnatii al 
model and lal».irati>ry experience prcriw by requiring thai any two event* thai 
ran li'-nl (•• space-time separated (1 rmg,". of counters (or their unobserved equiva
lent! c, ,[i-,i-rv.> vffltir .1-momentum. We thus claim to have established a funnel 
fornsjii.inlfi tn n-laiivisiic particle kinematics within the framework of our 
Uieor\ 

We now construct coherent ensembles nt these labeled sub-ensembles speci
fied by a unique »-vector moment un and demonstrate that these constructions 
exhibit a discrete version of doHroglie wave double slit interference. By identi-
fj ing mir events with the physicat happenings (hat lend lo the firing or counters 
in the laboratory, vu- can relate our model to the practice of high energy parti
cle physics. We can then identify uur limiting velocity e and our unit of nclion 
h with the laboratory definition of those physical paramctcn. Picking some 
nTc'ii'iin' j>,irticli>, which * P lake to be ll'e proton, we can then show that re| 
ntivistic 1'iiiTKy-niomi'nium conservation :ill«iw>, us lo measure maa* ratios The 
<iism-if interference phenomenon we derived then allows us to identify the step 
length «f our random walk model in any arbitrary coordinate system wild the 
physically defined deBroglie phase wave length and derive the basic Kinstein* 
detlroglie quantization condition £ = he}\^ This immediately loads (>> the 
deUniRlii' wavelength X = h/p and relates the universal constant h to our digital 
model. We now have the dimensional constants c, >np and h: this validates our 
claim to have constructed a physical theory. 

So f:ir we have used only label conservation in the construction. I'sing the 
first iwii hits of each label to refer to some experimentally definable conserved 
'I'l.ihtuiii n II ruber such as charge or the participant iparlicle dichotomy or hehrity 
f"r -.pin | / 2 f.-rnn.>iis, we rntislruel a t|tjvtli(triri mechanical scattering theory itt 
oi'.rn. til urn -.].;„-(• f,,r three particle systems Our basic counter paradigm applied 
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tn tin- discrete coherent cnseinhlcs already introduced then leads us to the neces
sity <>f introducing probability amplitude* whose squares give us classical praba-
bttitira. We then recover free particle rclalivistic wave mechanics at a continuum 
approximation. The Gnitc step length forces us to introduce complex numbers, 
and explains Tor us the ubiquitous i'0+ in the "propagators" of quantum mechani
cal scattering theory. This leads to the starting paint of a *zero range scattering 
theory" which was initially derived within the conventional framework and is 
being vigorously pursued in that context. Connection to configuration space and 
"»ivi'" phenomena then arises from Fourier transformation, as is customary for 
S-matrix theories which start in momentum space and use scattering boundary 
conditions, 

Returning In the combinatorial hierarchy method Tor conserving the informa
tion content or discriminate closure nod connecting it between levels, we find that 
level 1 diacritics a two-component neutrino theory, level 2 gives us the quantum 
numbers <>r quantum electrodynamics For electrons, positrons mid gamma-rays, 
and I he two romhincd give us the quantum numbers Tor weak-clectromagnctic 
unification in the leplunir sector. Level ,1 is then naturally interpreted in terms 
uf baryon number, charged and neutral baryons, and isospin, providing the quan
tum numbers for Sl'Z. The scheme might also support at level 4 a quark-heavy 
lepton-graviton interpretation, and the numerics suggest a connection to llarari's 
"rishons", but more work is nc >dcd before a choice is made. 

Independent of the details of the quantum number assignment, we now claim 
l» be on firm ground in interpreting Parker-Rhodes' successful calculation off 
the proton-electron mass ratio, as a calculation of the basic haryon-lcpton mass 
ratio. Then the comparison with experiment is naturally to be made with the 
only known stable (to at least itf" years) massive baryon and lepton. Since 
the baryon mass (recall that we are allowed out mass on dimensional grounds) 
is only approximately the proton moss (in Ihe first order interpretation of the 
combinatorial result ht/[2xG»ty) = 2 , 2 T + 136 i . 1.7 X lO*") the calculation 
• •f the corrections needed to obtain the absolute value of the proton muu (or, 
equivalent ly the empirical value of (1) and the empirical value of (lie fine struriurr 
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constant remain a challenge for the theory. Once the dynamics, which is being 
explored in a more conventional context, allows us to compute un$tailc baryon 
and boson masses, this problem will provide a crucial test for the theory. Since 
we are allowed only one dimensional mesa, there is no place in the theory for 
different gravitational and inertial masses. The problem of going from spin one 
photons and spin two gravitons to a continuum approximation in classical fields 
is basically the same as for any S-matrix theory which starts with a microscopic 
description based on quantum phenomena. Finally, some of the cosmological 
implications of the construction are briefly discussed. 
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2. BACKGROUND 
Physics as formulated by Galileo in terms of length and time and completed 

by Newton, in the dimensional sense of physics, by the additional concept of 
mass used as its mathematical paradigm the continuum geometry ot Euclid. 
Galileo in practice used the Eudoxian theory or proportions and hence could 
relate arl?i'rary laboratory standards of length and time to pure numbers, thus 
connecting dimeusionlesa (in the physical sense) mathematics to the world of 
experience. The completion of this connection by Newton used, according to 
Macb's analysis, mass ratios and the Third Law (momentum conservation). So 
far physics has cot found it necessary to introduce any dimensional standards 
other than length, time and mass, or three independent combinations of these 
units raised to integral or fractional powers. Hence classical physics is "scale 
invariant" and the Euclidean mathematical paradigm (extended by the calculus) 
appropriate. 

The first break in this picture was forced by Planck's and Einstein's discovery 
that energy is quantized, and by Einstein's discovery of the universal limiting 
velocity, giving us the universal constants h and c. The empirical fact that electric 
charge is quantized still does no* break the scale invariance since kefae* = 137 
is a dimensiontess number, but its universality cries out for explanation, at least 
according to Einstein. In his biography, Pais1 says 

*1 conclude Ibis time capsule with a comment by Einstein on the meaning of 
tbe occurance of dimensiontess constants (auch as the fine structure constant or 
the electron-proton mass ratio) in the laws of physics, a subject about which be 
know nothing, we know nothing: 'In a sensible theory there arc no [dimensiontess] 
numbers whose values are determinable only empirically. 1 can, of course, not 
prove th*t...dimensionles3 constants in tbe laws of nature, which from a purely 
logical point of view can just as well have other values, should not exist. To me 
in my "Gottvertrauen" [faith in God] this leems evident, but there may well be 
few who have the same opinion.'[EG]" 

The additional fact that the proton and the electron (stable for at least 10 3 1 
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>'i'ar>), as. well as dcm»nstrab]|y composite atoms and nuclei, have unique mass 
volute break* scale invariance in prat-tire, but current theory does not have suffi
cient explanatory power to tel) us why I sing the universal gravitational constant 
and tin- [Ti'ii-n mass we ran firm the dimrnsionlcss combination hr/'izCtn} = 
I I X 1frw which again cries out for explanation. 

Meanwhile the arbitrary meter, second and kilogram have disappeared into 
history .-tn>i have been replaced by a Sited number of wave lengths emiitpd by a 
tnonoisntopic atomic source which at one time approximately occupied (he dis
tance between the scratches on the standard meter, a fixed number of oscillations 
at (in atomic clock which at om> time approximated to what was then the stan
dard second and (eg) the number of a specified type of atoms which at one lime 
approximately balanced the standard kilogram; (hat is, all our current standards 
are based on counting integers. Yet current explanatory efforts banc*! on quan
tum field theory start from continuum mathematics and, after considerable trial 
and error and experiment, attempt to "discover" th>. symmetries and non-linear 
"interactions" which will lead to the observed discreteness. Our contention is 
that current physics is ripe for an explanatory theory which starts from finite 
numbers and allows no completed infinities; hence we posit th.it the appropriate 
mathematical paradigm should be taken from finite constructive mathematics 

The key conceptual point here is that, in contrast to continuum mathematics 
which ha-s to be connected to physics by ratios or physically measured quanti
ties which ran only be made suitable for mathematical analysis by taking out 
three arbitrary (historically speaking) units of MASS, LENGTH and TIME, con
structive mathematics deals directly with integers, and hence is appropriate for 
introducing dimension less integral (or rational) quantum numbers as a new type 
of link between m it hematics and physics. In other words, quantization shovld 
be basic lo the theory rather than derived. The problem is how lo accomplish 
thus. 

2.1 HISTORICAL UACKUROJINM 

Tbi-> jtrngram has been pursued in various ways fur a number of years, and 
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is the product of several lines or development. Some have been brought together 
subsequent lo the foundation of the Alternative Natural Philosophy Association 
ID 1379. One strand of this work, of which Whitehead and Rridington were 
precursors, was the discussion of spare time structure from an algebraic point 
of view, the dimensions being regarded as (we would say now) a combinatorial 
strut-lure in fact isomorphic with the first level or the hierarchy as now known. 
This early work was published in a sequence of papers by Bostin and Kilmis-
ler abimt the Conrtpt of Order'3 Another step was lias tin's hierarchical and 
multiple feedback loop model in which the points in spaces were built up in a 
hierarchical manner with the dimensional structure appearing at the simplest 
HLage. Cordon Pn.sk constructed a hardware form. In 1061 Parker-Rhodes made 
mi algebraic formulation of tbe model in terms of binary variables. He invented 
Die matrix mapping representation of the level connection (sec Chapter '1) and 
tbe use of matrices nn the new vector operands. Me discovered tho breakdown of 
tbe construction at the fourth level (when the successively completed structures 
are characterised by the integers 3 ,10,137,2 , C T - I + 137 = 1.7 X 10 3 8) and 
Hast in noved the connection to tbe scale constants of physics. Amsoa, in dis
cussion with Bastjn, in 1065 isolated the crucial notion of diaeriminatt eloturt, 
and then Kilmister showed that discrimination necessarily introduced an abelian 
group structure in each level of tbe bieiartby. Part of this collaborative work by 
Amson, lias tin, Kilmister anj Parker-Rhodes was published in lflBS4 . 

Meanwhile Noyes was becoming increasingly dissatisfied with the failure of 
hadrouk theories using Yukawa type couplings to provide a quantitative and con
trolled description of the strong interactions. It b still possible to maintain that 
neither second quantized field theories nor S-matrix theory based on dispersion 
relations and missing have met that challenge today. He proposed * a unitary 
relativbtic scattering theory for three or more particles using as input only the 
on shell or "zem range" scatterings of tbe pairs. This program turned out lo 
be difficult to articulate. By now the precise conditions under which tbe non-
relativistic theory is self-consistent have been found.7 The minimal rclativjstic 
three particle equations have been consistently developed by Lindcsay8 ; they 
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go to the cirrect non-relativistic limit in that they predict quantitatively the 
Efimov effect (i.e. a logarithmic accumulation or three particle bound stales) in 
the appropriate kinematic region." Under the assumption that there is no direct 
particle-particle scattering but chat a particle and a quantum can hind to form 
a state of the same mass and quantum numbers as the particle, the three body 
equations provide a covariant and unitary description of particle-particle scatter
ing generated by single quantum exchange.1 0 In contrast to the equations arising 
from conventional approaches these equations go uniquely and unambiguously to 
the non-relativistic scattering generated by a local Yukawa potential at low en
ergy; the precise connection to quantum field theory is under investigation. This 
work is relevant to the current paper because the theory we construct leads most 
easily to this "zt.o range scattering theory" rather than to more conventional 
quantum mechanical formalisms. 

Connection between Noyss' approach and the combinatorial hierarchy ap
proach was first attempted some time ago. After becoming interested iu the 
hierarchy work in the early '"O's, Noyes attempted to survey some of the reasons 
why conventional approaches were felt by him to be inadequate11 and presented 
the combinatorial bierachv work at ope of the SLAC summer schools.'2 Work 
by HaMiii and Amson was presented at the 197Q Tutzing Conference, and an al-
tcmpti-d integration of the combinatorial hierarchy work with Noycs' ideas about 
scattering was presented by Noycs and Bastin at the 1078 Tutziog Conference; 
neither report appeared in tut Proceedings, for reasons best known to the edi
tors. A reasonably complete presentation of both the basic philosophical ideas 
and the technical achievements at that stage was subsequently published'^ ; see 
the introductory section of that paper for comparison with the l.'r program "f 
von YYVizsnrker and the tputt timt code of Finkelslein. This was &hu the first 
occasion fin which an attempt was made to integrate into the mainstream work 
the remarkable calculation of the electron-proton mass ratio by Parker-Rhodes14 

given in his Theory of IndislinguiihabU*. A general description of his theory is 
given in Appendix I. Recent work by Kilmbter on the foundations ol the combi
natorial hierarchy is given in Appendix II. 
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What was missing at that time was any explicit way to proceed from the indi
vidual concatenating processes (discriminations - see below) among bit strings, or 
Stknun, and individual particulate scattering processes in space time. The con
nection was supplied by the work of Stein 1 5 developed initially from completely 
independent considerations. Extensive discussion of his walk at the 2nd and 3rd 
annual meetings of the Alternative Natural Philosophy Association (1680, 1081) 
revealed both that there were close connections between Stein's thinking and 
Parker-Rhodes "indistinguishables"14, and that Stein's construction of apace-
time and "particles" from random walks might be what we were looking for. 
Meanwhile Kilmister had realized that we were missing the initial constructive 
steps needed to get tbe scheme off the ground, and attempted to supply these 1 0 

by modifying a construction of the integers due to Conway 1 7 . Noyes realized 
that the scheme proposed by Kilmister for generating bit strings would keep on 
going after the hierarchy scheme for preserving information was exhausted, and 
bence would provide labeled ensembles of strings which could be used for the 
Stein construction. A new presentation of the basic program making use of thli 
insight was presented in April 1982 at tbe conference honoring Louis deBroglic's 
OOlh birthday1 8 . 

Discussion of the ever grawiag bit string universe at tbe 4th annual meeting 
of tbe Alternative Natural Philosophy Association and a refinement of Kilmis-
tei's treatment of generation and discrimination10 , followed by intensive work 
by Noyes, B&stin and ICilmister, allowed a complete overhaul or the paper for 
the de Uroglie Symposium Proceedings prior to the submission of that paper 2 0 

for publication. Other ideas presented at ANPA 4 have had considerable impact 
on the preparation of this paper- The presentation at ANPA 4 by Aerts of bis 
thesis result*' that the separability of classical physics is logically incompatible 
with standard quantum mechanics, and in particular with tbe von Neumann pro
jection postulate, reinforced th* conviction of Bastin and several other members 
of the Association that Bohr's concept or tbe correspondence principle ts invalid 
and strengthened our case Tor tbe necessity of revision at tbe fundamental level. 
Baa tin's views on complementarity are represented in this paper by aa excerpt 
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from hi* unpublished hook The Combinatorial Baiii oflht Pftpwj of the Quan
tum imludcd as Appendix III. Manlbey's contention3 2 djat concurrent commu
nicating asynchronous digital systems) necessarily generate randomness and thai 
such systems nwessarily have a conservation law aod an uncertainty bora of 
discretviivsi, exclusion, and asynchrouy coupled with the fact thai physical com
puting systems haw a built in limiting velocity, reinforced the conviction that 
Stein's construction was itw right place to start in order to obtain the Lorentz 
transformation, momentum-energy conservation and the uncertainty principle of 
quantum mechanics. (Jcfwert's discussion of constructive mathematics theh and 
subsequently made i( char that it would be fruitful to make an attempt to sim
ulate the whole construction hy a computer program. A preliminary attempt to 
do just ibis by Noycj and Manthcy led directly to the ideas presented in this 
paper. 

We have been more complete 'ban usual in presenting this historical back
ground because no extant jViSIication, other than a couple ,>f paragraphs is the 
introduction to Parker-Rhodes' book' 4, covers the many strands of thought on 
which the program relics. It IT onw time to turn to thd ideas themselves. 

'1.2 BASIC IDEAS 

Our basic postulate is that quantum events are unique and indivisible, but for 
reasons we wish to understand cannot be localized in the space-time of classical 
physics. We choose the high energy particle physics laboratory as the paradigm 
for the practice of physics. The basic data are the sequential urings of counters 
wparuled by macroscopic space and time intervals, Wc can use this type of data 
tA measure mass ratios of particles relative to some standard type of particle 
using .-ehlrvifltte energy-momentum conservation. Given space and time enough 
we can refine the ^.-curacy of 'bese measurements as much as we like, at bwt for 
stfcbl? particles. This precise inTormitioa is readily described by the rclativislic 
kinematics -f classical theory. 

tt>" using this descriptive framework we cai derive from laboratory experience 
statistical information about the probability of the scatterings obssn.;^ via the 
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firings of the counters, or "crass sections". Conventional (and quantum) theories 
predict cross sc -tions which exhibit interference phenomena, reminiscent of the 
intensities in classic-.! wave theory, but which can only be compared with theoret
ical predictions horn quantum mechanics i& the sense of the law of large numbers 
by the accumulation of a sufficient number of events starting from what, so far 
as we know, are the same initial conditions. For elementary particle phenomena 
what is missing compared to the classical situation is some independent means 
of measuring the real amplitudes whose squares predict the cross sections. The 
quantum th«ory puts these amplitudes beyond reach in principle, and not just 
in practice, b> making them complex, but relative phases Uetwwi) amplitudes 
remain observable; it U only one overall phase that is always beyond reach, and 
a few more when there are "aupcrseicction rule:". 

Our problem is to construct a description or theory or "model" in which the 
situation described in the last paragraph arises as a natural consequence or the 
construction, and from which the experimental results successfully interpreted 
by elementary particle theories can be shown to follow. We assume, as is conven
tional for theorists who take aa S-mstrut point of view, that once we have con
structed relativisttc scattering amplitudes whose absolute squares predict cross 
sections, it is then possible to construct from them all of non-relativistrc quantum 
mechanics, and the classical physics of particles and Gelds, under appropriately 
restricted circumstances. This contention will not be argued further here. 

We start from very primitive finite mathematical structures (which we be
lieve, but do oat attempt to demonstrate here, can be grounded in the construc
tive mathematics of Bishop'13 and Martin-Lor2* , and provide a self-generating 
and sclf-orgftnbiog algorithm which leads to a universe cf bit strings whose 
bounded size kee^s on growing as long as we wish. The information content of 
this universe is partially organized into ensembles whose initial Y.iH or "labels" 
are a representation ef the combinatorial hierarchy. We provide aa Appendix 
IV a specific computer program which will simulate this construction; a detailed 
discussion or the program will be presented elsewhere26 . 

Our computer algorithm makes use of two processes which create new strings 
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either by disc motion defined Tor two ordered bit strings of length AT symbol-
Ued by 5, = ,'..., *,, ...)N, *, € 10,1] as 

DNSiSj = (...,*,- +2 *j, ...)N (2-8-1) 

sod complementation defined by 

-,Si = (...,*,- + 3 I, ...)JV = % % (2.2.2) 

where +2 is addition, mod 2 or "exclusive or", and //v is the ant mult string 
containing N l's. When neither of th~* operations succeeds in generating a 
string not already contained in the vaiverse of bit strings we generate novelty 
by increasing the string length of all strings by appending a random bit at the 
growing end. There is one exception to this rule. When DNS^J = S3 = 
Dtf-iSj-iSj, all five strings are already in the universe, and the number of O's 
in 53 is equal to the number of Ts we do net increase the string length but 
simply continue. We call this happening an event. During the construction we 
organize the strings intc the four leveb of the combinatorial hierarchy *'13. Once 
the hierarchy is vomplete, we use the initial bits in the strings reDecting this 
organization as label* for ensembles of bit strings, labeled by these inital bits, 
and uniquely specified within each ensemble by the (growing) remainder of the 
bit siring which we call the addrui. This construction is described in detail in 
Chapter 3. 

In Chapter 4 we construct our discrete substitute for Bpace-time "coor
dinates" by identifying explicitly chosen labeled subensembles connecting two 
events for which the the bit length of the address differs, but containing a com* 
mou label, with Stein's random walks. We introduce our connection to physics 
by assuming that when we have two well separated counters of tiuile volume 
AiAyJ.? will) a distance 5 between them greater (nan their spacial resolution 
which (m- sequentially with » time interval T greater than their time resolution 
At that they define a velocity v = 5/7" for some object which passed between 
tbem, The connection to the bit string universe is made by assuming that the 
label port of the siring ensemble defining a random walk Df b stcp3 is to be 
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identified later with the quantum numbers of the abject. The dimension less ve
locity of the object in the bit string universe is defined by v = < TV1 — N^ > 
/(Nl + N°) = < Nl-Na> fh. Here Nl is the number of I's and W° the num
ber of 0*s in the address strings of bit length b and < > is the average over the 
appropriate labeled ensemble. Clearly v is bounded in absolute value by unity 
providing us with a limiting velocity [or the connection between events. Hence 
we connect this aspect of the bit string universe to the limiting velocity of special 
relativity and laboratory experience by taking v = vt. This is done in such a 
way that, we claim, the events have the usual geometrical and transformation 
properties of 3+1 Minkowski space-time in an appropriate large number limit. 
For us the finite space-time volume of our counters makes special relativity into 
an approximate macroscopic theory. Our counter volumes cannot be allowed 
to shrink to points; we have prevented by our construction and interpretation 
any possibility of going to a microteopie continuum theory, and thus avoid the 
infinities of quantum field theory. Yet by the random walk paradigm and a set 
of specific algorithms we claim to show that this suffices to extract a limiting 
velocity and the usual observer-dependent coordinates of special relativity. 

We now introduce dimensional units in the physical sense by identifying the 
random walk step length with tbc Complon wave length in the coordinate sys
tem in which two connected events have zero velocity and by postulating that 
the corresponding mass parameter is associated with one or our labels, which was 
the critical step taken by Stein. However, our treatment departs from his in that 
our basic counter paradigm compelts us to see this length as Lorentz contracted 
in moving coordinate systems whereas he used it as a basic dimensional param
eter. Our approach enables us to define relativistic energy and momentum for 
free particles correctly connected to the velocities we have ahead/ constructed. 
We now clnim to have constructed a discrete veruion of classical relativistic par
ticle kinematics which goes to the conventional continuum theory in the A ~» 0 
limit. We emphasize, as Stein did "Aso, that this is only a mathematical approx
imation and not a "correspondence principle" limit in Bahr's sense. Our space 
time is a space time of discrete events connected by random walks of finite step 
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length with void, not space, "in between". The events which wo have now tied 
abstractly to coordinate systems related by the usual Fnineare' transformations 
arc mit candidates for the finite, unique, a.id distinct happenings that lie at the 
retro of quantum mechanics. Henrc we wjl) try to relate I hem to the processes 
which in conventional theory are called elementary particle scatterings and which 
arc supposed to nv.iaie the rhain of happening? which, in the laboratory, are 
assumed lo load to the firing of a counter. 

In Chapter 5 we try to to got from this reasonably familiar rclatirblic situ
ation to quantum mechanics. We argue that our counter paradigm requires us 
to conMrnct ensembles of ensembles with defined coherence properties. If this is 
done with care, we can then show that the underlying digital discreteness, which 
we have been careful to retain, tllowa us to anticipate interference phenomena, 
such as that found in the the double slit experiment, once we have succeeded 
in making the connection with our dimcnsionless (in the physical sense) mathe
matical structures and laboratory definitions of space, time and mass. We make 
the cooiii'flmn bj first identifying the limiting " velocity" in the dimension/ess 
theory wiih r and then assuming that some label can be put into correspondence 
with SUNK1 laboratory particle such as the proton. We then can use the alreadj 
established Lorenlz invarianee, which implies the relativists kilierrities of fret? 
particles, Lo relate the mass ratios of the theory to actual laboratory practice. 
The interference phenomenon mentioned above can now be connected to mea
surements of the dellroglie wavelength A/p. Having now shown how to connect 
our mathematics to the dimensional constants c, mp> and n we can claim < > have 
established a physical theory. My cxamii.i.ig our counter paradigm in more Jctai) 
wc then show that we c M recover the conventional' ontinuum theory of defJroglie 
waves as an approzimatitn. 

We now concentrate on the first two bits in each label and show that these 
can be interpreted as conserved quantum numbers in such & way ."a to construct 
the elementary scattering amplitudes which drive the momentum space integral 
t'ljuuiinns for a three particle relativists quantum mechanic*! scattering theory 
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identical in mathematical structure to the uro range mattering theory*'10 ini
tially developed from a more conventional starting point. Since this scattering 
theory can be shown to be grneralizeable to systems containing any finite num
ber of particles, wi» claim to have rc.ade contact with the practice of elementary 
particle physics at an appropriate level, la an S-matrix theory, the conventional 
approach is to connect the theory to wave phenomena by Fourier transformation. 
Whether this is a valid procedure is already a problem for S-matrix theorists, no 
we do not discuss it farther in Ibis paper; we rely on their competence as show
ing that a large body of practicing physicists arc not too dissatisfied with this 
connection. We simply note that from their point of view, as for us, classical 
continuum wave phenomena and "fields" are not fundamental, but are derived 
consequences of elementary scatterings. 

In Chapter 6 wc discuss briefly a number or problems that remain to be 
solved before our theory can be expected to attract tbe interest of more than a 
few practicing elementary particle physicists. At the level of quantum numbers 
we have previously proposed " what looks like a promising interpretation in 
terms of charge, baryon number, lepton number, and hclicity; here it is revised to 
bring it into closer contact with quantum cumbers know from elementary particle 
experiments. This has the advantage of providing a rationalle for Parker-Rhodes 
remarkable calculation3'1 of tbe proton-electron mass ratio. This argument is 
briefly reviewed. But we are also struck by the coincidence between the number 
of basic particles (8) wc encounter at level 3 of the hierarchy and the basic 
"rishon8npi.->posed by Harari27 . Tbe more detailed articulation of the theory to 
the point where we can make a choice would lake us beyond the scope of this 
paper, so is given only cursory attention. We close wich a few remarks on the 
cosmology implied by the construction. 
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3. CONSTRUCTING A BIT STRING UNIVERSE 

In this paper wc cannot discuss man:' of the basic philosophical Usues raised 
by our program; some of them will be discussed by Christoffer Gcfwrt in his 
forthcoming thesis on constructivism28 . Wc leave it open, here, whether it can tie 
conclusively shows that a bit string universe constitutes the neces3aiy conditions 
for cxplar atory closure consistent with the current practice of physics. "All"we 
need take iiaa instructive mathematics are the symbols 0,1, +2, = with their 
usual significance,!.e. 

I»+2Q = Q; 0 + 2 l « 0 ; I + 2 « = l i 1+a 1 = 0 

the "random" operator R which gives us 0 or 1 with equal probability, and 
ordered bit strings of the sym'jola 0 and I. We take the symbols 0,1,+3 to 
stand for primitive recursive functions. Now the expressions set out above can, 
essentially be seen as program* which give toe information needed for their own 
evaluation29 • By this strategy we aim st rhowing the expressions above to be 
self-explanatory vis-a-vis meaning; we do not have to embark on a reductionist 
strategy in order to justify the use of these expressions. From these symbols wc 
thun proceed to construct a vDiverse of strings of the existence symbols 0 ai.J 
1 starl incj from the empty string. We snow '.hat this universe is seir-organiimg 
in a manner that can be labeled by the combinatorial hierarchy. t>ince the work 
has not appeared elsewhere we include in Appendix II an earlier const met ion 
due to Kilmistor16 which starts from the empty set, and a refinement of this 
approach by him 1 0; a third cut across this material is given in Appendix 11.3. 
The const ruction discussed here is due to joint work with Man they, and draws 
from 'Id- l»arkgrni>nd provided by liilmister. 

3.1 <;I-:NKHATKIN OF THE STIIINUH 

Our algorithm for creating a universe of bit airings starling from the empty 
string ha> bora coded in Pattal by Manthny and is included here os Appendix 
IV. Since it uses concurrent programming, w h i i may not be familiar to m-ny 
leaders of this paper, wc will use here a less elegant approach presented usiiig 

10 



sequential programming Oow charts and definition:. A full discussion of the 
concurrent program will be presented elsewhere3*. Nevertheless, even in this 
sequential progtatn the essential aspect oi concurrency - which ftwtm30 mnmtaina 
js a fundamental necessity in our construction • b already contained. The reason 
is that everything happens between TICKs, and car.jQl be ordered within that 
restriction; but this is getting ahead of our s&ry. 

Our initial algorithm is disr-'iy-d in Figure 1 Wc see that V' ~1,£U) starts 
fron. the empty string, aad seta the number of strings in the universe, and the 
length of the sturgs equal to lero. The critical operator we need for the con
struction is e&Ued R. Tbe function of this, operator is simply to pick rondomry 
between the two bit symbols 0 and 1 with equal probability. Wc are investig&lrog 
tbe problem of just where the idea of randomness enters constructive mathemat
ics and how such an operator is to be constructed. Tot ni<> moment we content 
ourstV*s, at least for the purpose of computer simulr .ioa, with tbe fact that 
pseudo-random number generators are a standard pan nf computer pra ctice and 
are also used \a high energy particle physics Tor "Monte Carlo" programs. The 
sppcihV random cumber generator used by Mouthc in the program assumes th»t 
a bit iti s memory cell is flipped between 1 and 0 on a .ixed '.ocal cycle time. A 
sampling process, which is necessarily aiynehronout *>> the bit flipping process 
{necessarily so, to be consistent with the definition of ptowss), therefore samples 
(reads) 1 or 0 with equal probability. Asynchronieity tan be obtained in practice 
by driving the second cycle with (eg) a quartz oscillator detuned froTi the first. 
Whether this is tbc best way to achieve the result Ls iii'elevont so long as some 
adequr . random bit generator exists. The critical question for us is rath«r, since 

. program is more than expt/senlial, whether psradorandomness can in prin-
*iple be extendi*) rapidly enough to meet tbe requirements of tbe program no 
matter how large the finite si.. of the universe has bcco.,ic. We do not attempt 
to discuss that problem here. 

Since our aim U to construct an ever growing 'Jiî 'vine of distinct symbols 
which is sell-gcncrating, we need to h»vr a way of checking whether or not any 
symbol we turn .̂ j already is in this universe or not. KilnuVcr has shown 1 0' 1 4 
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how to do this starting from the empty set and defining a "prediscrimination'' 
operation which becomes equivalent to the discrimination operation used in ear
lier discussions of the combinatorial hierarchy*'13, and already defined by Eq. 
(2.2.1). We assume that constructive mathematics can define Tor us what we 
mean by the ordered string' containing JV of the existence symbols 0,1 needed 
in that definition. Clearly if the two strings are identical this operation gives 
us the null string 0/y; otherwise - for N >2 ~ it must generate a string which 
differs from either. The first time through the program we pick a bit at random 
and call it tK first string V\l\ in U{N,SU). Since discrimination requires two 
strings if :'. >i ^ produce novelty we keep picking a bit a random, checking by 
discrimination whether it differs from f/[l| and when we succeed call it C/[2], 
For the purposes of the computer simulation we order the elements of U by the 
integers £ [l t&/l> the order being simply the order in which the new strings <•;<: 
generated. We will discuss shortly why this is only a simulation of the situation 
we actually envisage in which the order of the strings in the universe in the sense 
required by the simulation is forever beyond the reach of experiment. 

Now that we have two strings we are ready to start the main program. Our 
first method or generating novelty in U is simply to pick two strings from U 
at random and discriminate them. If we unluckily have pickti ih* same string 
twice, we try again. If we pass this test, we still may have generated a string 
already contained in U as the result of earlier operations, so we must test the 
candidate against all the strings in It. If we pass this test, we Adjoin it to ti 
and continue. It should be remarked that here we are adopting Parker-Rhodes 
concept of "identity" u used in Tht Thtory 0/ Indt'ttingttithables1* with the 
implication of uniqueness. He differentiates this concept cleanly from the concept 
of indistingutshability, or the existence of "twins", or twins one can can aay that 
there are two of them but that they cannot be labeled; bcuce finite collections 
of twins can be assigned a cardinal number but cannot be ordered - they are 
"sorts", not "sets". 

Our algorithm provides a simulation of his concept of identity,- necessarily 
a simulation because "twins™ cannot be directly observed macroscopic objects 
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or constructed using standard mathematical operations in a computer. Yet we 
rm simulate the idea by requiring that the strings in U can only he accessed At 
random, We insure that they are distinct in that discrimination between any 
two of them gives a non-null result, thus telling us that we have two of them, 
yet they are "indistinguishable" in that we cannot tell which two we have. Wc 
thus claim to have constructed a simulation of a collection of twins of cardinality 
SU. Of course the computer has to order the elements of U by the integers in 
order to function, ami has to use bit strings ordered along tbe siring by integers 
in order to carry out the discriminations. But we have arranged the program in 
such a W3y that this information is not available to us. 

Although we have now insured v̂ at our universe contains only distinct 
strings, at any u>it length N the open* lions defined solely by discrimination will 
eventu&jly stop generating new strings because all the possibilities bave been 
achieved. Hence wc need & second operation to allow the universe to keep on 
growing. We provide this simply by putting in a branch which is used any time 
we have attempted to create a string already contained in U. In our initial ver
sion of the program what we did then was simply to increase tbe string length by 
adding a random bit to each string in U, Of course this could happen before *re 
have created &U possible strings of tbe bit length we are working with. Hence the 
universe we generate will hftve a random structure that is not predictable from 
the algorithm. The requirement that all the other strings are also augmented is 
simply a way of keeping the bit length of all strings in U the same. This might 
seem to be in violation of the principle of relativity, since in a sense this provides 
a "universal time". Actually such a time exists - the time since the "big bang" 
- and can be measured locally by tU temperature of the background radiation, 
wbich is currently 2.7°A'. We therefore feel justified in allowing our simulation to 
contain tbb feature. The name we /,ive to this string length increasing operation 
is TICK". 

The 6rst time we enter the main program, we know that tbe universe consists 
of the two bits 0 and 1 and hence that we cannot create novelty by discrimination, 
so we enter tbe main program at TICK. From now on the program cans as 
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indicated in the Bow chart, Fig I. The basic new operator we need at this point 
is one tout will pick a string from U at random, and is called "PICK". Since 
the strings in U are indexed by integers all this amounts to is a random number 
generator for an integer £ [1,51/1 w n 'ch i9 obviously easy to construct ifl binary 
notation using It. The explicit coding is given in Appendix IV. So now we pick 
a string, pick another which we check by discrimination is <r He rent, and if the 
result or th» discrimination is novel we adjoin it to U. (Ip for now the box 
called CONSTRUCT LABELS... which in no wise impaci s running of the 
main program.) 

In our first attempt at computer siraulatiott vrc thovig. .A we had to do at 
this point, if we bad failed to prorfttcc novelty, was simply to TICK. Actually, 
we found that this left out of the universe & process that could later be identified 
with elementary scattering events, unless we put it It) "by hand" at a later stage. 
We did not like this extreme foxn of 'observer participation", and have come 
up with a simpler solution in terms of an operation we required at a later stage 
in any case. This operation is simply complementation, which we have already 
defined in Eq. (2.2.2). So the rest Df the program Bimply creates the complement 
A one or the otter of the strings we picked initially an 'his pass and adjoins it 
to U if it is not already present. This will have a lot of advantages later on, but 
we do not want to get too far ahead of oui story. If the complement of the string 
produced by discrimination is not already in U, we adjoin it to U and continue. 
At this point, if we have still failed to generate novelty, the careful reader will 
realize that we have achieved t situation in which 

DNS1S2 = S3 = DN^Si^S2 (3.1.1) 

At this point, since novelty has not been generated, the obvious thing to do is 
to TICK. Some of the time this in indeed what will happen, hut we have decided 
to put a Dual branch in the main program at this point in the sequence. If the 
number of O's in S 3 is equal to the number of l's, we do not TICK; we simply 
continue. 

To understand why this choice w&3 made, we must loot ahead. We will see 
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later that Co? the label part of the string the presence of a 1 will correspond to tbw 
presence of a quantum number. In the particular case when £,• has (a) an even 
number of hits and (b) an equal number of ti's and I's, ->f.j will oM^ssaiity have 
l's where L, has zeros and visa versa. Hence, once we have succeeded in assigning 
physical meaning to the ordered position of an entry in a label string as referring 
to a specific quantum number, these quantum numbers are paired as dichotomous 
variables for the case considered. Thus we have a natural interpretation of £, 
as describing the quantum numbers of a particle, and ->£, as describing tho 
quantum numbers of the corresponding antiparticle. Which is "particle" and 
which is '•antiparticle" will depend on an arbitrary choice, which cannot be given 
precise meaning until the dynamics of the scheme have been articulated and given 
physical interpretation. We will also nod that when the address part of the string 
(a) has an even number of bits and (b) has an equal number of O's and l's, this 
will relate to the starting point Tor defining zero physical "velocity". Hence the 
criterion wc have specified for not going to TICK will correspond, eventually, to 
two particles S\,S2 encountering their two antiparticles -i5i, ->$* and producing 
and iEiKrmediatc state 53 with the quantum numbers of a particle-nnti article 
pair and zero velocity. 

For those familiar with Peynman diagrams we have just described a basic 
four-itg diagram in ihi coordinate system iii which the total momentum is zero. 
C r intent is to enostruct all other scattering prjeesses from this category vf 
elementary cienta, nud the "vertices" created by discrimination or complemen
tation. Since we do not allow a TICK, only the occurence b specified in ife* 
sequential evolution of the universe. We have no way, without providinp more 
"background" information about the event, of specifying which particles are 
"incoming" and which are "outgoing". Thus at this elementary level we are 
guaranteed what we need for "time reversal invariancc" and quantum number 
conservation. We also know from earlier work I 3 that, once an external time se
quence has been established, the usual Feynmon rules equaling a particle moving 
"forward in time" to an antiparttcle moving "backward in time" with opposite 
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<barg<'t Iwucity, and any other appropriate quantcm numbers wiB follow. We far-
tier aii'k'ipate tbal our version of tie CPT theorem will emerge in dae course. 
Out all of tab is yet to come. 

We emphasize that at this point in the construction we have simply inserted 
a ninijile ruir that is readily understood at toe bit string level. It provides us 
with ji writ aperlfied definition ot -what we mega by as event in the universe ol 
bit strings. That we con justify Ibis term as corresponding to the unique and 
Indivisible stuttering eveatj of quantum mechanics nod to the point scatterings 
of classical particulate special relativity will constitute the main objective or this 
paper. In far I we can, we beli:ve, with some justification claim that we are also 
talking about the individual collisions between hard and impenetrable atoms 
envisaged by Leucippus and Demorritui. 

We now have completed our construction of a growing universe or bit strings. 
Wc trust you will grant that it Is a simple algorithm, which could be simulated 
on a nunpuliir in its early stagw, Of course, since the program b more than 
exponent tal, any such simulation could not catch tip with the current state of 
the universe by actual calculation, Thus we must turn to how it can be used 
for conceptual, and necessarily partial, Interpretation. Physicists will probably 
be more comfortable with what we are doing if they view it simply as a model 
whose consequences can be supported or refuted by experiment. We suspect it 
might prove to be more than that, but will not address that deep question in this 
paper. 

3.2 THE COMBINATORIAL HIERARCHY CONSTRUCTION 

The simple algorithm for generating aovetty presented in tha bat section cre
ates BR amazing amount ot structure. To keep track of the infbrm&tmo we invoice 
the concept of discriminate closure, wbkb leads to the combinatorial hierarchy 
* B . We define a dtscrimtoatery closed «bsrt (DCsS) as a single non-mdl string 
or a» IAM set of Dim-null string* whicfc when ray pair are discriminated yield 
another member of tbe set. If we start from tittearty independent strings «,*,*...-
(i.e. «+e =* o, 6 + t ^ o, c+fl fi 0,«+Hf fi 0,...) ween dearly form the DCsS's 
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{«». W- W, {».*.«+*). {*,*,*+*>, («,«,«+«}, K 6, c.d+M+e.e-Hi, <>+«+«} 
and so on. Here we have used + for discrimination; since a f S ^ O the closure of 
the svhsets is transparent. Fran j Haeatfy independent strings we can obvioosly 
always form V - l DCsS's because this is the number of ways wo coo choose j 
distinct objects 1,2,..,) at a time. 

Starting fr<.m strings with two bits (N=2) we can form 2 s -1 a 3 DCaS'a, for 
example {(10)},{|DJ)}({(10),(DJ),|II)}. lb presorvo this information about dis
criminate rleisure we map these throe sets by uon-slngular, linearly independent 
2x2 matrices which have the members or these sets as eigenvectors. Rearranged 
us strings of four bits tb*« form a basis for 2s—1 ss 7 DCsS's. Mapping these by 
iiA mat:ices we get 7 str\ igs of 16 bits which form a basis for 8T—1 •• 187 DCsS's, 
Wc have DOW organized the information content of 137 strings into 3 levels of 
complexity. We can repeat the process one? more to obtain 81*7 — 1 * 1.7 X 103* 
DCsS's composed of strings with 259 bits, but cannot go further because there 
arc only 256K256 linearly independent matrices available to map them, which is 
many u> few. Thus when our generality and discriminating operations have gone 
on for a while the information carrying capacity of our information preserving 
mapping scheme is exhausted, We have in tbb way generated the critical num
bers 137 = Ae/2« 2 and 1.7 x /O38 * Ae/2tC7m| and a hierarchical structure 
w: .. Tour levels of complexity, 

The generation of this structure and ltd termination can be sumnuriiod by a 
very simple algorithm. Each level t is generated from a basis 8(f) containing B[l) 
linearly independent strings. Prom these we can construct a set tf (f)consistieg of 
H'i\ = 2Bl'J - 1 DCsS's, as we have already Men, If we have available another 
set M{f) wbkb contains at feast If (0 linearly independent airings, we can map 
jf(l) by H(H of them and uae this mapping as the basis set 0(f +1) for the next 
level. Tbr ntatmineilioddWuasedte tbe last paragraph gh»e» a means by wbieh 
lhi- ''•" mapping can be explicit]/ constructed and * eatoB tnh> coMktog from the 
maximum number of Bnearly independent string* available. However ihe actual 
tenDuwtioo «* the sequence of levels does not depend on the origin of the rule. 
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This algebraic structure con be started by assuming a 1th "level" with H(0) = 2 
and A/(0) = 2 and the iterative rules 

B{1) = W - 1); H[t) = 2B('> - l; M'J) = M V - l? 

The iteration stops when M(l - I) < H{t - I). We are also interested in the 
number of string* in play at each level which is C(l) = £} — 1 HU)- the result is 
given ID Table I. 

Although we have constructed a universe or bit strings with many discrimina
tions going on at random, it may not b? immediately apparent that this already 
implies the existence of the hierarchical structure just described. However, John 
Amson31 has shown that the whole of the hierarchy structure can be derived 
using only the general framework of group theory without ever mentioning the 
mapping matrices. Further, Kilmister has shown that if we use a minimal repre
sentation for the hierarchy, then any other representation, and the corresponding 
mapping matrices, can be constructed. Since this is not intuitively obvious, we 
give the details of this previously unpublished work, updated and simplified in 
presentation for the purposes of this paper, as Appendix II.3. Consequently, so 
far as organizing information is U goes, we can use any scheme which generates 
the correct cardinal numbers. A specific algorithm for doing this in conjunction 
with «uc initial algorithm is presented as a flow chart in Fignre 2.and explicit cod
ing provided in Appendix IV. It differs from earlier constructions in that it relk .̂ 
only on linear independence and discriminate closure, and makes no explicit use 
of mapping matrices. Nevertheless, the original matrix mapping scheme turns 
out to be important when we make explicit contact with quantum numbers later 
on. We give this more general approach here because we have not yet been able 
to settle OD a unique quantum number interpretation <hawii from first principles. 
Once we have solved that problem the coding for CONSTRUCT LABELS will 
be given a more precise form. 

The case for using tbe mapping matrices is in fact considerably stronger than 
the appeal to application would indicate. As Kilmister points ou t 3 1 : u...(a) if you 
don't make linear operators correspond to DCsS, then why should we consider 
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DCsS in particular - any subset would do. (b)Without the matrix character of 
the correspondence, there is no reason to stop at level 4. (e)The matrix trick is 
the only one I know in which the coding of a DCSS by a single element at the 
next level is intrinsic to the element * I mean, given the high element, you don't 
need a code-book to determine what subset it is representing." 

3.3 THE LABEL-ADDRESS SCHEMA 

The important conceptual point to grasp at this stage of the construction 
is that the steps we now take to bring out the fact that the universe generated 
by our main program is drtadf organized in a humchica) fashion, whether we 
make use of that fact or not Hence tbe coding we now develop is introduced 
for our convenience and in no wise affects the evolution of U. In this sense it 
is like the observation process in classical physics which postulates a structure 
and makes use of that model to exti&ct information from nature, or to set up 
experiments to obtain information which we did not previously possess. Where 
our scheme differs is that the mode of access, although for computer simulation 
it makes use of the ordering of the strings in U, will only provide us in the end 
with structural information that does not allow us to actually determine that 
integer sequence. Thus we preserve the indistinguish&bility characteristics or the 
bit strings, and are debared fiom reifying them • a philosophical mistake which 
is all too often made by those who still think tbat classical physics describes the 
"real worid". 

The -vay in which we achieve this is to leave the universal memory untouched 
and to construct aTraya of pointers which tell us what strings in U correspond to 
a particular representation of the hierarchy, without either extracting the specific 
indw » from the machine, or the strings themselves. Thus we wilt in fact end up 
with a specific representation of the hierarchy inside the machine, hut we will 
have no wssy at thb stage in the construction of knowing which or th. > very large 
number of possible representations of tbe hierarchy we have in fact ( thieved. 

The flow chart for our program is given in Figure 2, and the explicit coding 
for it, with the modifications needed to achieve concurrency, is given in Appendix 
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IV. A.s can bv seen from Figure !, we enter this box each time we generate a ncvnl 
string V either by discrimination or complementation, and only at that point in 
the sequence. The Brst time through we assign a pointer to that string calling it 
BV[\, 1] the first basis vector, m ~ 1 for level / = 1 of the hierarchy. The general 
notation for a basis vector will be BV\l,m\, ( 6 [',2,3,4] and m € [1,.., B[l\\. We 
have already seen that B[l] = 2,B[2] = 3,B|3| = 7,B[4] = 127, so this will 
be built into the logic. Since ur basic algorithm guarantees that any string 
adjoined to U u unique, the next time we enter the box S will differ, and we can 
assign a pointer to it indicating that it b BV[l, 2\. 

It might seem logical at this point to immediately compute the discriminate 
closure of the Brst level, whose basu is now complete, But this would get us 
into trouble later on. All we have assigned is a pointer, not an explicit string. 
Each time we go through TICK, the string itself will acquire a new (random) 
bit at the growing end. However, this will not affect the bits which make B\l, J] 
and £[1,2] distinct. Hence they will always serve as basis vectors for level one, 
whatever their length. This is the basic point which has to be understood about 
our construction. We construct the basis vectors first, and only after the bases 
for all Tour levels are complete do we attempt to construct their discriminate 
closures. 

We have already seen that, given any linearly independent set of n stringB 
of the same length, we can form 2" — 1 DCsS's. Here by linear indepeadence 
we mean that by forming all possible "sums" (i.e discriminations) of the string 
taken 2, 3, up to n at a time, we never produce the string containing n zeros. 
Thus for each level separately it would seem thai we need <..(.' test any new 
string S which comes into the box for linear independence within the level or. 
which we are Working, and go on to the next level when the basis at that level 
is complete, that is when we have B\l\ linearly independent strings. However, 
although our program guarantees that any string which comes into the box is not 
already in tf, it by no means guarantees that it is linearly independnirt of the basis 
voders winch have been assigned at lower levels. Thus our test must run over all 
levels, whether completed or not. It i* this test which gives to our construction 
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its hierarchical character, this is our replacement for the matrix mapping con
struction discussed in the last section. The coding is straightforward, as can be 
seen by looking at Appendix IV. It terminates when wc have 2+3+7+127= 130 
linearly independent strings, organized as we go along into the Tour levels of the 
combinatorial hierarchy. We emphiu-ize again that, even tho -̂ph the length of 
the actual strings in if continues to grow (every time we go through TICK) the 
pointer designation of each string we have assigned to the incomplete basis anay 
Li unchanged. Further, the linear independence already achieved, since it comes 
from the initial bits along the siring, is not destroyed by the random bita which 
TICK keeps adding at the growing ends. 

At this point in the program we must moke another decision. Wc obviously 
could at this point simply compute all the discriminate closures of this basis and 
complete the hierarchy. Any that were not already in U could then be adjoined 
to it. Bui this would constitute an intervention, or glitch, h the main program 
for which wc see no physical justification, sod in fact na necessity. What we 
choose to do is simply to test whether in fact all the 2 1 2 7 + 136 strings watch 
complete the discriminate closures are already in U or not. If they are, the 
hierarchy is complete, and we go on to start forming labeled ensembles. If they 
are not, we simply let U continue to grow until this happens. Thus, once the 
basis array b complete we have to continue to perform this mammoth calculation 
of the discriminate closures until our goal is achieved. The way the logic is set 
up we have to do this each time a new string enters the box, which is bod 
from the point of view of computer efficiency. It would be better to set a flag 
each time we go through TICK and only perforin the mammoth calculation on 
the first pass through the box after that has happened- But conceptually this 
makes two intervention points rather than one in the main program. la practice 
this doesn't matter, except for efficiency, but we use the first alternative as 
conceptually cleaner. Clearly neither choice affects the actual structure of U, 
which is basically all we require until we have a firmer grasp on how specific 
quantum numbers are generated. 
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Once Ike hierarchy b complete* that is not only the couplet* set of bam 
vectors but also all their discriminate closures, are ell in If we are ready to 
construct labeled ensembles. W» know in advance that the bit string length JV 
*t this paint will be *l least 138, since otherwise we could not haw found that 
number of linearly independent strings. If the matrix mapping construction Ess 
a fundamental significance, we would anticipate that the actual length will be 
258, but we will not Investigate that question here. All we need do fa to record 
the actual bit length at this point in the sequence, which we call NL. This will 
be the length of our labels from now on. We now set up labeled ensembles for all 
the strings in U[N, SU}r Each time we enter the box with some new string S We 
examine the first Ni bits. If the libel already occurs, we assign a painter which 
tells us that S is the next element in the ensemble with that label. If the label has 
not showed up yet, we make S the first string in a new ensemble with that label. 
Eventually it Is clear that we will end up with 2^1 labeled ensembles. Thereafter 
the number of members in each ensemble, and the length of the addresses in each 
ensemble B — N - Ni will continue to grow. This is automatic, so we need Dot 
record tbu value of SV at the point where the labeling scheme is exhausted. Just 
when this occurs, and the site of the ensembles for each label when it occurs, is 
an interesting statistical question, which may ultimately have significance with 
regard to the cosmology Implied by our construction. We leave this aside as a 
question for future research. 

One interesting aspect of our construction is that, is contrast to the matrix 
mapping construction, the fact that we stop at four levels has become arbitrary. 
Clearly we could have let our routine run long enough so that we could get the 
F = 2 m - 1 + 140 linearly independent basis vectors needed to construct five 
levels, and the 2 F - > 3 B - l vectors which form their discriminate closures. OrcouM 
wet It may be that the procedure keeps throwing up strings in such a way that 
we sever get there. If so, we would have a* alternative to the matrix mapping 
constmctioa stop rule. We leave this interesting question for future research. We 
also could stop at fewer than four levels. Such tUnpUBed unheises might form 
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tnefcl models for simple pbyncol siteatfMB, with smell enough dbnensfenality 
so that BO actual anMhttoo might be attempted in practice. 

We now chim to have shown explicitly thai our smwhtk. a of U contain* tb* 
eonrithifttorid hierarchy, sod Uiat the hiermby fro be extracted from ft. Further 
the extraction has been dose is aucb a way tbat only tbe cardinals of the level* 
AM known. We cannot know within »l»vel which are tbe basis strings and which 
the discriminate closures, only that there are exactly B(t) linearly independent 
basis strings in each level, and H\H vectors in each completed level. Consequently 
the appropriate indiatinguiahabiUty properties are preserved by our simulation. 
This sbould make it clear that tbe information expressed by tbe combinatorial 
hierarchy is implicit in our original construction. Hauling it out to look at is an 
aid to our thinking, net a necessary put of the construction, In the next chapter 
we will not even need the explicit number of ensembles available (although the 
construction specifics them), only the fact that then; are four dosses of labels. 

93 



4. CONSTRUCTING SPACE TIME and PARTICLES 

Sine*' w<> nim at a fundamental theory. HIP manner in which we "break in" 
to the system to define subsystems and the (shifting) "observer-participator" 
boundary ran be chosen only once and must be chosen with care. The paradigm 
we aditpt is drawn from the prrtciire of high energy particle physics where the 
usual fundamental data are discrete Grings of counters separated by distances and 
time intervals de6ned in the laboratory. Our strategy is to identify in U{N,Sl!) 
events as already defined which we can relate conceptually to the coordinates 
of conventional theories and the intervals between such events in an arbitrary 
laboratory coordinate system. As shown in Cb. 2, once U is large enough we 
can find in U ensembles of strings which have the same first N^ bits, which we 
will call the it label, followed by many different sequences of O's and l's called 
addrts»ta. Since N^ has now been 6xcd by the point when SU reached (four 
level) hierarchy closure with N^ bits in the labels, from now on we talk about 
U{N,SL) with ,V = Ni + B. We now consider two strings Si ,52 with labels 
L>\,1'2 followed by B bits and define an tvtnt, as before, as the case when 

DNSlSi = S3 = DN^S^S2 (4.0.1} 

with S\,Sn, -"Si.-iSo already in U and the discrimination produces an 53 which 
is both already in U and has an equal number of O's and l's. For this discussion w; 
will also assume that either one of the four labels or one of the Four addresses htis 
an even number of bits; which of the eight possible choices satisfies the condition 
is obviously irrelevant, since the rest follow. We could insure this by requiring our 
cutoff crit eriou on "completion of the hierarchy* to occur only when /Vj, is even, 
but for the time being we are allowing only the minimal number of interventions 
in the main program. The simplest way to insure that both addresses and labels 
have an evou number of bits is obviously to require N^ to be even. But we 
find it more interesting to leave tno even-odd character of Ni open until we are 
compelled to do otherwise. For simplicity in what follows we require the "equal 
number of zeros and ones" criterion to apply only toffe, that is to the addrttt part 
of tb<> string Independent of this restriction of the definition of tvtnt we have 
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already seen that an event defines, in the simulation memory or the computer, 
two integers It = N — N^ and B + 1 the absolute string address lengths of the 
ii'iiviTsi' tir.twttn which the event in question occurs. As we have seen, all that 
happens is that all five strings S\,S2.S$,->S\1 ~>Sn, which by definition at tvent 
arc already in U an* untouched, and the progTam tries again lo generate novelty; 
in other wards nothing happens. 

This "non-inierviaitiot.'' has a •umiber of consequences which we might ss 
well Tace right now One is that the "same" event may occur more than once 
in the simulation (i.e. before the next TICK), without "anything happening". 
From our point of view this is good; it eliminates the basic source of the in
finities which occur in relativists quantum 5eld theories basically because the 
uncertainty principle generates infinite energy at each space-lime point. For us 
the virtual processes which generate these infinities occur in a Democritcan void 
which is not pact of space-time. They are finite and unique; repetitions of the 
same process simply do not occur in the sense that they do not change our basic 
y. A second consequence is that there may be a njruber of "distant, simultane
ous" events. This this can, of course, happen in any Galilean frame in special 
relativity. What appears to he disturbing from the point of view of special rel
ativity U that our unique sequential definition of B implies a unique time frame 
which would seem to single out a special class of Galilean frames, and hence 
violate "the principle of tpttii! relativity". Here we believe that we are on firm 
txptritntnlat ground, and need not, to quote Phipps,^3 attempt to cover our 

"..nakedness with a fog of blather about 'mind,' which could just as well 
be the 'God' whose sensorium provided Newton with such convenient cover in 
circumstances of like embarrassment." 

What has changed since the time of N«wlon, and more particularly sim'? 
Einstciti is that, thanks to the 2.7°ft' background radiation, wv have an tx-
ptrimixtally well defined coordinate system which defines both "zero velocity" 
and an absolute universal time scale. This might hare pleased Newton, since 
it strengthens bis case . r iu i the "bucket experiment" for an absolute space, Of 
course, since the background radiation is cow believed to be understood oti the 
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basis of general relativity and particle physics, the background radiatioa is cot 
usually considered tm embarrassment for tpteiat relativity. But the absolute 
space for rotations looks somewhat embarrassing for general relativity in the 
light of the conceptual background of Me -h's principle, which played a critical 
role in Einstein's creation of the general theory. His position on this point was 3 1 

"As you know the general theory is a field theory defined by differential 
equations, and any such theory must be supplied with boundary conditions. In 
the early days it was believed that the only solutions of the Seld equations far 
from gravitating matter were believed to be the flat space of special relativity, or 
an overall cosmologies] curvature; the uniqueness of these boundary conditions 
was believed to meet this problem. Since the discovery (Godcl, Taub) of solutions 
of the field equations with non-vanishing curvature everywhere in the absence of 
gravitating matter, thb argument from uniqueness no longer applies. In a sense 
this is a violation of Mach's principle. But now that we have come to believe 
that space is DO less real than matter, Macb's principle has lost its force." 

Therefore we find it eminently satisfactory, and a real accomplishment of UHI 
theory, that we get both an absobte time frame, an absolute coordinate system 
for velueiiii-s, (thanks to our construction of special relativity below) ; ind an 
absolute space for rotations as a direct consequence of our algorithm. Of course, 
this puts us under the obligation, eventually, to prove that our coordinate system 
ban no experimental consequences (other than those of the order of magnitude of 
the background radiation) in conflict with current demonstrations of rclativistic 
invnriancc in the laboratory. We believt our construction accomplishes this, but 
the reader will have to judge this himself. We anticipate that, if we can get the 
particle physics right, the background radiation will emerge in due course, but to 
discuss that question further here would take us beyond the scr.jie of this paper. 

4.1 Tin; CONSTRUCTION or SPACE TIME VIA A RANDOM WALK MODEL 

The basic modei by which we go from the bit string universe to space-time 
was pioneered by Irving Siein 1 6 Our current approach departs considerably 
from his, and ha3 been adopted partly in response to detailed private criticism 
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by Michael Peskin and Elibu Lubtm; we are much indebted to these physicists 
for the time and care they have taken in trying to understand an approach that 
is so Tar removed from the conventional continuum physics. 

Stein's basic idea was to consider a random walk with a finite number or steps 
of finite length hjmc. In the context we have already established, this ran be 
represented by an ensemble of bit strings which are subsegments of an ensemble 
d address strings with the same label starting between universal address string 
lengths B and 0 + 1 and ending between address string lengths B+b and B+6+1, 
where we consider only the last 6 bits in each string. Between B and fl+lwe 
assume (see below) that there was an event involving label L\ and any other label 
Li, and at B + b a second event involving label L\ again and any otber label L.. 
At this point wc have to look ahead to the interpretation we will ultimately give 
relating our construction to our version of Fcynman diagrams. The only concept 
we need here is that in a basic event the label ->L\ which will occur, by our 
rules, as one of the legs of in event involving L\ is the anliparlieU to £ t . We 
further assume that, once we have provided sequential time (which cannot be 
done between TICKs, but only in relation to a sequence of TICKs, as we will 
explain in more detail below) that all lege in the basic reference diagram arc 
incoming, and that bo incoming astiparticle is, following Feynman, equivalent to 
an outgoing particle. Then L\ is both incoming and outgoing in both events, and 
the ensemble of bit length 6 which connects the two events carries this label label 
between tht tv/o events; Lj will eventually become a set of conserved quantum 
numbers. 

We now start to introduce our basic interpretive paradigm by assuming that 
macroscopic laboratory eventi occuring in finite space-time volumes AxAyAzAt 
will take place only when an event also occurs in the bit string universe. Consider 
in particular two counter) separated by a macroscopic spacial interval S larger 
than their non-overlapping spacial resolutions which fire in sequence with a time 
interval T which is again larger than their time resolutions. Assuming (which 
can be checked experimentally, with enough effort) that the conserved quantum 
numbers which are related to the firing of the two counters correspond to some 
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particle with those quantum rumbers. we can then define the velocity of the 
particle between the two events as v = S / T . Correspondingly, in the bit string 
universe we can define the "velocity" connecting these two events by 

„ = < A r I - A f l >/(AT' +N°)=< y v ' - Z V 0 > (b (4.1.1) 

where .V1 ai.d A"0 are the number of l's and O's respectively in an address string 
in the ensemble and < > is the ensemble average. We can now take tbe next 
stop and assume th3t the ensemble represents a biased random walk of b steps 
with a probability 

p = < N l | i / , f r )> fb=[l/2)[l + ») (4.1.2) 

of taking a step in the positive velocity direction defined by our two counters and 
a probability 

q=< N°[v,b)>fb = \\/2)[l-v) (4.1.3) 

of taking a step in the negative direction. The velocity of the peak is given by 
Eq. (4.1.1) and is obviously bounded by 

- 1 < v < +1 (4.1.4) 

while the standard deviation from the peak is 

o[v, b) = (6py)'/ 2 = (6/4) ,/«[l - i/ 2)'/2 (4.1.5) 

These relationship? are exhibited graphically in Figure 3. Thus the random 
Walk model, speeded by the two parameters b,v is equivalent to an ensemble of 
bit strings of length b, or to a binomial distribution specified by the same two 
parameters. 

Stein's starting point was that the standard deviation of sucb a biased ran
dom walk, or binomial distribution, is algebraically suggestive of the Lorentz 
contrail inn. He then went on to relate this standard deviation to a space co-
ordinate :md derive the Lorentz transformations. Since he did not provide an 
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operational paradigm like ours, many people found his derivation hard to follow, 
let alone accept il. We believe that his basic idea was correct, but have adopted 
the alternative being developed here as, hopefully, more convincing. 

Once we have taken the basic interpretive step of identifying the two counter 
firings in the laboratory with two labeled events in the bit string universe con
nected by a random walk of b steps, a great deal follows. As already noted, I he 
parameter u can never exreed +1 or be less than -1 We can tbrreforn make our 
firs; .•'Imensional statement in a physical sense by claiming that our interpretive 
postulate introduces a limiting velocity for any connection between two events 
which is uniquely and unambiguously defined. Clearly we can identify it with the 
limiting velocity c of laboratory experience which, tc our knowledge, has never 
been exceeded in any laboratory context where the sequential Oring of counters 
•was well understood. 

Our next problem is that if we consider ait the address strings labeled by L\ 
in this segment at our evolving universe, there is no reason to expect that the 
ensemble average will have any particular value; in fact the randomness of our 
construction would seem to guarantee that the most probable value is zero! Tims 
we have to make it part or our interpretation that there are in U subensemblcs 
of the appropriate character to support our eventual dynamical interpretation ia 
terms of physical scattering events. That we can select from U such ensembles 
for any value of v and b we care to choose is easy to establish. The algorithm 
which does this is easy to construct; the coding is given at the . nd of Appendix 
IV. Th>'? our universe certainly contains brnomin) distributions, or random walks. 
Our problem is to construct a dynamics that tells us when they can be interprett-d 
as physical scattering events. We have a lot to do before this is justified, so tbe 
reader is urged to be patient. 

Accepting the Grst part of our basic interpretive paradigm, we are in much 
the same position as the kinematic theory of special relativity which does not 
specify the nature of events but treats them aa given. Then, since our postulate 
specifies a limiting velocity and the possibility of "ligut signals", i.e. the address 
strings / j corresponding to +e and Oj corresponding to —c, we can establish 
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the Lowntz transformations in ft conventional way in l+l Minkowski space; by 
taking a* empirical tbe three dimensions of apace these are then extended to the 
full Foincare transformations in 3+1 Minkowski space. This was the point of 
view adopted in our preliminary report on this research35 . But we believe it 
InstruelLV e to attempt to follow instead, so far as we can, our version of the Stein 
derivation. 

Although our definition gives an absolute significance to B, as has been dis-
cuisd above, the current practice of physics for most purposes relies on relative 
rather than absolute coordinates, To construct these we consider three con
nected eventa, the first of which, symbolized by [12], occurs when U has acquired 
bit length B\i for the addresses, involves L\ and Li, and happens at a apacial 
coordinate which for tbe moment we call fa. We identify this position macro-
scopicalty with the firing of a counter in the laboratory (or an equivalent basic 
event in nature) as already discussed. Tie second event [23] involves labels Ln 
and £a, occuring at a universal bit length B& = £12 + h, i» assigned coordinate 
6 0 •• £12 + ti< The third event [31] involves kbel L3 and again label Lh com
pleting the connection to the first event; its coordinates are BJI = 623 + 62 and 
c?3i = fw + $3. The geometrical situation this defines is illustrated in Figure 
4. Clearly we have defined a "triangle" with sides labeled by -iL,, -•l?, -tL$ and 
spacial coordinate intervals 

Si *» fti - £12; (2 = $13 - fo; ft = fei - £a = fi + & (4.1.6) 

where we bare to use quotes on triangle because the vertices are volumes and not 
points. Similarly the bit length intervals between the three events are 

B | J » B M _ Bn\ bi => fl3j - 623; l>i = B31 - B12 = b2 + * 3 (4.1.7) 

Our intuitive picture is to think of LuLiM as labeling three "objects" 
that m some sense encounter one another in three connected scattering events. 
Eventually we will succeed in constructing from these objects (which we will find 
that we have to think of aa labeled ensembles rathe* than as individual strings) 
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ensembles which describe "free particles", and will discover that the labels far 
the sides of the triangle -i£|, -iLj, -.£3 can be thought of either as "antiparticlea 
moving backward in time* or as "particles tfreving forward in time", For the 
moment it is less conterintuitive to take the second view, briefly introduced above 
ID connection with tbe Fey am an rules, and define their velocities in the usual way 
by 

«i = fi/6i; "z = &/&«; »a = &/h (4.1-8) 

This is all familiar enough, except for tbe fuzziness or our vertices. 
We now return to our apace time construction, concentrating for the moment 

on the connection between the two events [12] and [31] labeled by ->Z-i (ef. Flg.4). 
We assume that this connection is to be represented by a random walk of 61 eteps. 
Tbe problem is to construct an ensemble labeled by ->Lj with the appropriate 
statistical properties to give us a random walk characterized by the parameter 
"1 = ii/h that heretofore has only been defined geometrically. The point of 
view we adopt U tbal the basic program has run long enough so that there are an 
enormous number of strings in U all labeled by ->tj when the address length Is 
#12. Consequently when their address length has increased by 61 bits, there will 
be an enormous number of addresses in the ensemble containing 61 random bits 
added by TICK at the end of each string, Therefore, even if bi is a small integer 
we can, by applying PICK to this ensemble a sufficient number of times and 
lopping off these last b\ bits, construct as ensemble with the ensemble average 

V ] = < Ni~N°> /bt (4.1.0) 

with vi as close as we like to any preassigued value. A specific algorithm Tor doing 
this is given in Appendix IV, la this way we can Actually construct a random 
walk, characterized by tbe parameters bj, v\ and labeled by -i£<i. Following Stein, 
we will call this ensemble an object. As in our construction of the hierarchy, we 
claim that this info; nation :* already contained in U whether we extract it or Dot. 
Clearly our universe contains an enormous number of objects, each characterised 
by essentially any velocity we wish, to consider between -1 and + t . 
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A innro rriti.-iil question than the existence of objects, which we helieve we 
have iiiiw demonstrated, is whether in fact event [12] occured at string length Hyi 
while "time is standing still" between TICK'S and event [31] in fact occurcdwhen 
the stnut; leuglb had increased by fr| bits to tf^j. Since /?t2 and Ihi a'* ho(h 
unknown and unknowable at this stage in the construction, the question is nut 
whether any one event has happened or will happen, since clearly this l.-appcis 
many,many time:, in the evolution of the universe. We can start our consideration 
with some event of the class we are considering as a reference point, and then ask 
whether i he second connected event will occur alter only 6j siteps in the random 
walk. To I hit we ran only give a statistical answer as follows. 

Hcturumg to Figure 4, we see that although the most probable "position" 
for fading a member of the ensemble is at vb, we have a Su-JiO probability of 
finding i< anywhere within ff(u, b) = (6/4l[l —ii'\liz of the peak. Since our whole 
analysis i> predicated on the assumption that the event [31] did in fact occur, 
we take account of this statistic: uncertainty by defining the spacial coordinate 
interval b\ between the two events by 

«| -W|6 |«»(Ki ,6 i l = | * i / 4 ) , / a | l - w i l I / a (4 l.lOj 

Note I t in this definition we have been careful to use the geometrically defined 
parameter v\ as £i. Ji rather than the parameter u used in the preliminary dis
cussion, Thin a cril.cal step, which we claim follows from our statistical analysis 
of the situation we are attempting both to describe and to understand. With this 
definition of velocity and position understood, we have a similar defining equa
tion for the connection between spacia! interval, number of steps and velocity 
connecting the remaining events. 

4.it T H E RELATIONSHIP BETWEEN D I F F E R E N T COORDINATE SYSTEMS 

Up to now we have relied on the fact that there is a unique coorr mate system, 
given by our constructive algorithm for U, in which the velocity associated with 
the intermediate string in each event is, by definition, zero. By associating each 
<if t)i<< ()rf,.(. comicrticms between each of the three events we are considering with 
thre. ..ami! intervals £,, three Gait* bit string lengths bit and three velocities 
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I', = £,/*,,«' G [1.3.3] and by invoking the random walk mHi'l as our basic 
interpretive device we have succeeded in arriving at the the throe basic rcl.itions 

«?-«P*?=t*?/«) , 9|l-i«Wa U.3.1) 
where we have added to the notation the superscript "0" to remind us that 
so f:ir thin relationship is justified only in a pailkular (umverx;il ,-irid defining) 
coordinate- system. 

Our next critical step is to re'ate the three events, and more significant!)' the 
intervals between them, to descriptions in different coordinate systems, Consider 
first the description of the situation in Tfhieh we wish to assign to object 1 a 
iero velocity. This could harden to be the cas<> already for some class of three 
connected events of the type events of the type we are considering. ID thai case 
the spaciaL interval our rule requires us to assigu to the connect iou between \i2\ 
ZD<1[31\ is o(0,b0

l)=(tii)lf-. 

The thoughtful reader may already have wondered why in rur basic delinition 
we took the position of the event to be ft. standard deviation beyond vhfc peak 
of the distributiaa rather than on the near bide. The answer is that in the case 
or zero velocity, this would specify a negative direction for the random walk 
excursion, which weald not make sense when we are talking about zero velocity 
with no reference sense for + or • direction. When we arc through, only relative 
and not absolute direction will survive for the small (in this case 3) event numbers 
we no now considering. The same wil! happen with time, in spite of our unique 
(complexity increasing) "time's arrow" sequential character for the bit string 
universe F-S a whole. But this is getting ahead or our story. 

Having recognized this implication for the constructions/definitions already 
established, we are now in a position to explain wbat we mean by coordinates 
in a "coordinate system" in which object 1 is "at rest". Referred to the basic 
coordinate in which it took &J steps, it will have wandered a distance 

£ „ ff(0, *J) = (*?/4)>/S = (tf - Ift/Jl - ( t W 2 (4.2.2) 

where we have made za obvious algebraic use of Eq. (4.2.1). 
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Whether the non-conventional route by which we have obtained the Lorentz 
contraction, and the first half of the Lorcntz transformations in 1 + 1 Minkowski 
space is in fact a "derivation", as we are inclined to believe, or a "definition" is 
a question which the reader will have to decide for himself. In any case these 
were the critical stfps for what follows. We have included the derivation since it 
follows in a "straightforward" (which as usual in the jargon means after many 
recursive iterations and much agony) way from cur bit string universe. More 
significantly, ai was already foreseen by Stein, the same random walk model will 
allow us to get a new insight into the foundations of quantum mechanics. But 
this is yet to come. What is important to realize at this point is that once we 
have achieved 'be result, the precise statistical formula by which it was achieved 
drops out; for instance, it would not matter if we bad used probable error rather 
than standard deviation. What i'i critical is the proportionality between the 
statistical uncertainty and [1 - u 2 ] 1 / 2 . The general Kiturcs of Stein's insight 
are therefore, from our point or view, (a) that any random walk has a built in 
limiting velocity, which by tomt route is more or less guaranteed to end up in 
special relativity, and (b) that the narrowing of the peak in a biased random walk 
as it approaches the limiting velocity has the same algebraic form as the Loreutz 
contraction factor. Therefore we are convinced that these general features will 
survive in any weecstfut attempt to put constructive physics on a digital basb 
whether or not the reader finds our particular route convincing. 

Hut we have more work to do before we can arrive at the |,orcntz transforma
tions for the basic triangle which we wish to relate to laboratory coordinates. For 
the quantities already under consideration, we adopt the notation cj'.fc', t' . We 
have si'i-u that according to internal reference to the events |12| and |31| object 1 
wanders by an amount £j. But this wandering is not a laboratory phenomenon. 
If we v> isli to take object 1 with zero laboratory velocity as the reference system, 
and take event [12] as the origin ol coordinates, then we must have that £{ = 0 
and hence that v\ = £\fb\ = 0. But because of our initial argument, we insist 
that we ran also take 

Ci=!tf-«W/(l-(iW/2 (4-2.3! 
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which is consistent since it does insure that f{ = 0 thanks to our initial assump
tion that u? = tf/if. 

TbU still leaves the quantity b] in this new coordinate system undefined. 
Here we must return to the Tact that we are "breaking in' to the system at 
a stage where the universe has been evolving for a long time, and recognize 
that whatever the actual content or the memory in the simulation, we have no 
immediate way in the laboratory to access the "universal time" B. We are allowed 
to make use of the structural information which cones irnm the Tact tha', events 
occur, and that in tomt coordinate system the intermediate states have zero 
velocity. As we have seen, by invoking the random walk model this allows us 
to construct the Qrst half of the Lorentz transformation for spacial coordinates. 
At this point we must recognize that our choice of the 1 bits as representing 
steps in the + direction was arbitrary' we could just as well have chosen the 0 
bits, since this would not alter our fundamental assumption of zero velocity for 
the intermediate strings in the events. More than that, since we cannot access 
the bit string universe directly, our formalism must not only be indifferent to 
the algebraic sign of velocities, but must not allow us at this stage to determine 
anything other than relative velocities. We recognize this fact by asserting that 
our description of the interval between the two events {]'<!) and {31] has to be able 
to be constructed starting from the coordinate system in which object 1 is at rest, 
and constructing a random walk which will connect this system to the one in 
which we started where object 1 had velocity v^. Since, as we have already seen, 
Ibc universe has a sufficiently large number of appropriately labeled ensembles so 
that we can construct a binomial distribution, or random walk, for any choice of 
the parameters v, 6 we can clearly construct the ensembles we need. Bui if we are 
to delete any reference to the absolute universal coordinate system, the number 
or steps 6} must be denned in a new way, as already Doted. We choose to do this 
by noting that the relation between the two coordinate sy. iems now must have 
the relative velocity — Uj rather than -ft^, a familiar requirement. Consequently, 
we claim, that by applying the same analysis us before, we can define b] by 

tf = K{+«M)/! . - (W J (4.2.4) 
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Thi* is Ui<- last critical step we require for establishing the space-time kinematics 
of spr* i:il ri'htiviiy as a consequence, or more modestly as consist on t with, our bit 
string iinniTM', «,iiiee we now hive I he connection between intervals .ind relative 
velocity Furl her, it now follows algebraically that 

t? = (6{+ «?«{)/[I " ( « ? ) 2 | I / 2 H-2-S) 

and that 

& ! = | i ? - t f c ? ) / I l - ( , ? ) 2 ] 1 / 2 (4.26, 

completing our derivation of the Lorentz transformation. 

So Tar it seems that we made little use of objects 2 and 3, but in fact they 
provided the critical zero velocity intermediate states that got us off the ground. 
Clearly we can now go on and derive the Lorcntz transformations referring to 
their velocities. 

One further point deserves mention. Since, as already noted, the algebraic 
sign of our velocities has now only a relative significance, we have not only lost 
p.ay reference to "universal time" but also to the the unique evolutionary sense 
of time in the underlying model. Hence, we can treat our "time parameters'' b as 
negative or positive without affecting the formalism we have established. Relative 
time sense can be established for events connected by macroscopic intervals, but 
(as is appropriate in kinematic special relativity) the absolute time sense has 
been Inst. Thus, at this stage, we claim to have demonstrated **linie reversal 
invarianrc" for this piece of the formalism. At a later stage, when we have 
developed quantum mechanics, we will recover time irrevcrsability. Our point or 
view, with which Lee concurs, 3 6 is that the "time irrcversability" which leads to 
the seciitid law of thermodynamics is correctly identified with the irreversibility 
of quantum mechanic*., as we have discussed long ago . In this respect we are 
e'JM'niiiilly on the same footing as conventional theories. Further, when we come 
to <i(t,i]|<i],p!.yi t | ) e universal time sense is ready i i hand, wiLhont having to go to 
geneMl rrkijviiy We believe thi-: to be a strength of our approach. 
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Since wp have already insi.red that the triangle connecting the three events 
• iusi's ard our random walk derivation insures that no velocities can exceed 
ntii', we trust that it is obvious we have now derived the full geometry of 1 + 1 
Minkowski space in the limit of such a large number or steps that b can be treated 
as a continuous variable. But the underlying integral character or the stops will 
become critical Tor us in the next section. 

To proceed from the 1+1 Minkowski spare which we have now constructed 
to 2-1-! and 3+1 space is straightforward. We Grst consider, as in Figure 5, 
appropriate line intersections with velocities along the lines for which we -an 
construct appropriate velocity ensembles and make the appropriate transforma
tions for 2+1 space. It hardly seems necessary to spell out the algebra here. 
The transformations wc have already established suffice to define the invariant 
intervals 

*; = < t f ) 2 - < V # ) J (4-2.7) 

not only for j referring to any of the three particles or the coordinate system 
0 with which we started but for any coordinate system in which object i has 
any arbitrary vclority v bounded by ±1 with respect to the coordinate system in 
which object i has zero velocity. The fact that we have defined our connected 
events in such a way that the triangle (now in 2+1 space) closes allows us to prove 
algebraically that the coordinate perpendicular to the direction of the velority 
transformation must be unaltered. Of course now the random walk ensembles 
must be coostr icted in such a v,ay that the addresses for each label contain two 
sdbensembles referring to the vector velocity components, but the construction 
is ohviouf and will not be spelled out here. 

To go on to 3+1 space is equally straightforward, using the paradigm given 
in Figure 6 Obviously we mu.l now vse Ihrtt subcnsembles with the sapii'* label 
to refer to the three vector components, but that ii a detail. There is only one 
subtlety, namely that we have to stop with 3+1 space! The reason is that MI far 
all the labels within a particular level ore indisli'.iguishables. Hence we are only 
allowed four distinct tines at this stns'- in the construction. When we go on in 
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the nest section to assign parameters (in fact masses) which distinguish different 
labels, we can go on to construct multidimensional configuration spaces. But our 
basic space of description remains 3+1. 

WL- note also that since our lines and intersections are necessarily always 
labeled, the space can immediately acquire chural properties once we have any way 
of generating interactions. Again this should be obvious from Figure 0, where the 
fact that the vertices carry distjnet labels required us to draw two figures rather 
than one. In structural chemistry they would be referred to as stereoisomers. If, 
as in classical chemistry, the basic interactions (electromagnetic) are non-chiral, 
the energy levels of the two isomers are identical, and the chiral properties con 
only show up in dynamical interactions where the maercicopie geometry defines 
the cfcirality But if our bit strings labels turn out to have chiral properties (and 
they had better when we come to "weak interactions") we sec that the fact that 
our space is delined in terms of tabeted events rather than it) terms of an acbiral 
u&clcgrovnd will make kp»ity non-conservation" a natural consequence of the 
construction. We Gnd it pleasant that this possibility emerges so early in the 
constriction. 

T;i summarize what we ci&im to have shown, we start from our basic bit string 
ULWMSC, subdivided irto ^rawing ensembles labeled by the levels of the combina
torial hierarchy, and show that from these we can always construct subenaembUwi 
corresponding to a random wait wit', a specified velocity bounded by a universal 
limiting velocity. By assuming that this random walk represents an object whose 
coordinates are defined by th/ee appropriately choseu events, we then show that 
this allows us to describe the relationship between the coordinates of the objects 
engaging in the events with specified relative velociljp,s and derive the I orentz 
transformations. Here we use the contraction factor nf the biased randor.t «alks 
and the fact that our definition of velocity necessarily implies a universal limit
ing velocity. The transformations are algebraically identical to the usual Lorentz 
transformation, except that the derivation requires the "time" coordinates to t» 
integers. We then shuv that this suffices to construct tbc full geometry of 1+1, 
2-V1, A!i<! 3+1 Minkowski space, and that our hasic space of description m'j.t. 
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atop there. We leave it up to the reader as to whether we have "derived" s^r^e-
time from our bit string universe, or defined it starting Trcm that bask. What 
we do claim is tba? our procedure i; self-consistent, and provides an adequate 
basis for what follows. 

4.3 CONSTRUC i JON OF MOMENTUM SPACE 

OUT neut problem ia to £0 from tho mathematical coordinate we have suc
ceeded in constructing to dimensional coordinates that cao be used for the pur
poses of physics. Since we have a universal limiting velocity, so far simply unity, 
we obviously equate this to e, the limiting velocity of special relativity. Since 
we have a random walk model the obvious way to make tfab dimensional is to 
associate with each label some invariant step length /Q. Thb will be justified if 
we can connect the labels by some specified procedure to laboratory events. For 
that purpose it is more convenient to use the concept of mass as the identifier 
of objects. We then c$-n introduce a second uuiveraal constant A and canaect 
tbis U> step length by taking / 0 = h/ntc. Clearly we can identify this with the 
step leDgth in the coordinate system in which the object carrying this label, step 
length, and now mass, is at rest. But i.heti the Loientz transformation properties 
wc have already established require that in a coordinate system with velocity 
v, the step length be Lorcntz contracted, i.e. that / = fol' _ t>2\^"- This in 
luru allows us to define a second coordinate system dependent quantity E = 
»ic 2 / [ l — t r ] 1 / 1 . This is then related to the step length in any coordimu•* system 
by 

I = hc/E (4.3.1) 

Thus, when we hove done a lot nwre work, wc will find that our discrete step 
length is the basic Einstein-deBroglic quantization condition connecting energy 
to phase wave length or (for light) frequency. 

Sf iai tu:J step is purely detiriilional and onlv on dimensional grounds are we 
justified in colling E "energy", or for IbU matter colling m "mass". However, if 
we take the second step of defining j! = m 3 / [ l —u 2 | '^ s , where 0 has the spacial 
significance already established, these definitions and our Loruntz iovariance yield 
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irnmcdiati'ly (I.e invariant relation 

f ; 2 _ p V = m V (4.3.2) 

Wc now bavt, constructed the usual Lor end invariant coordinate description of 
a moment »R) space for free parlicks. 

It IK at this point that we "break in" to 'he system of description by provid
ing a basic definition of a new process ID li which can be associated with those 
happenings which initiate the chain of happenings that lead in the laboratory to 
the firing of & counter. For this purpose we need to connect our mass parame
ters to earn other in such a way that they can be measured in the usual sense. 
Much realized long ago that Newton's Third Law, or momentum conservation, 
U the critical component in the observational definition of mass ratios. As he 
showed, this allows us to define these ratios relative to some standard reference 
mass and that this works because empirically mass ratios so defined are (within 
experimental error) scalars and independent of the order in which they are mea
sured. This remains true in special relativity if we take core to use the definition 
or momentum we have introduced above. What we need is a process in our bit 
string universe that can be identified with a momentum conserving collision. The 
feature of such a collision that we pick is that in a system in which the vector 
sum momentum of the the two particles is initially zero, the intermediate state 
formed by the collision has zero velocity. Since we have in effect a particular 
coordinate system available to us from the construction (with cosmological in
terpretations already mentioned) and our definition of event in that coordinate 
system docs have zero velocity for the intermediate stales S3 because the ad-
df**» part of string S3 has an equal number of zeros and ones, we have already 
accomplished this. 

As & matter of fact, ir we return to our basic definition Eq. (4.0.1) and 
refer to Fig. 4 we seem to have done too much. Each object which enters our 
paradigmatic triangle leaves with its velocity unaltered, if we assume, as w u done 
above in gi>ing f r o m the specific situation to the general Lorentz transforn ations, 

at w* keep op constructing ensembles with the same velocity parametei _' the 
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bit length 6 increases. We have "momentum conservation" all right, because our 
events as defined up to now do not lead to scattering; they are simply "crossings". 
What we have at this point is simply the corrcrl relativistic kinematics for a 
system of "free particles". 

The situation can be rectified as follow*. We eater the main program by 
inserting a Sag which tells us what labels are involved in events following somn 
particular TICK and before the next TICK occurs. We allow the universe to run 
for 6 TICKS, and then enter the program again looking for any two labels (which 
occured the Grst time in two diflertnt events), and then keep looking for an event 
in which either or these two labels occur. This may not happen before the next 
TICK, in which case we keep on looking between each subsequent pair or TTCKs 
until it does, and record the bit length ba counting from the TICK when the first 
two events occured. We now can form a vector velocity ensemble for each of tho 
two labels which meets the criterion 

mi tJ 1 / [ l - (v i ) a ] 1 / 2 +m2i '2 / [ l - (va ) a ! , / Z = 0 (4.3.3) 

Clearly this defines the initial legs for a momentum conserving collision. In 
the same way we can fallow the two labels after the collision and look for two 
subsequent events, and construct ensembles for the heal state legs which again 
conserve momentum. ID this way we demonstrate that our universe docs Indeed 
contain not only crossing evci 3, but momentum conserving elementary scatter
ing events. To calculate the probabilities for sucb scatterings will take a lot more 
work. We content otirself in this chapter with having, we believe, demonstrated 
that our bit string universe has bees shown to contain the usual kinematics of 
conventional relattvbtic particle mechanics, in spite of its digital basis. Since 
we already have the correct l.orcntz transformation properties for velocities -
a concept defined in both coordinate and momentum space- we trust it is now 
obvious that our elementary scattering events will conserve momentum in any 
coordinate system, and have the needed properties for connecting up to labora
tory scattering events. But we have to do a lot more work before this can be 
made convincing. 
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W« now data that we have shown wit basic Isadora walk model to lead to the 
usual wMiwtic kinematics ot free particles and momentum-energy conserving 
•point" coftisions - points in the sense that we can assume all magnitudes me 
need conifiderJatgecompated to the inverse number of steps 1/6. In fact we now 
have s formal way of taking that limit simply by letting our universal constant 
h -* 0. We emphasise that this approximation is just that and nothing else. It 
txphitu tor us why physics was able to get so far using continuum modeb, but 
it does not mean that, even conceptually, our space time is the continuum apace 
time of special relativity. Ours is a space of discrete events with discrete random 
walks in between, a point which has also been emphasized by Stein. Hence we 
do net have a "correspondence principle" in Bohr's sense. In fact, we claim that, 
contrary to his basic assumption, we bave shown that it it possible to construct 
physics without assuming a continuum space-time background. Parker-Rhodes 
has a different, but conceptually similar, way to achieve the same result.14 ID this 
approximation we can use rods and clocks in the laboratory to connect up the 
firing of oounttn to particular source) of particles, measure moss ratios, cross 
sections, and so an. Thus at 'his point we have the kinematic basis Tor » classical 
relativists particle physics connected to laboratory practice, This theory is, or 
course "senl,* invariant" because of our approximation that the step length is zero. 
To go on to the quantum theory we must obviously retain the discrete aspect of 
our bit string universe and not throw it away in this fashion. We have done so 
here only to establish contact with macroscopic experience. In the next chapter 
we will show that the underlying discreteness also has macroscopic consequences 
in agreement with experience. 
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6. CONSTRUCTING QUANTUM PARTICLES and SCATTERING THEORY 

If we hai a way of "reaching into" the* universe and identifying the precise 
integers between which an wmA occur* and then counting thestcps in the random 
walk to the next event, the "objects* constructed in the last chapter conM serve as 
our basic particulate description. But these events occur at the sub-nicroeeopic 
level which our hands and eyes can never reach. The closest way that ha* been 
found so far to approximate what we are looking for is to construct a "counter" 
of macroscopic dimension &z and time resolution M which will "fire" when an 
event of specified type (learned from experience, and theoretical analysis) occurs 
somewhere within this space-time volume. The counter la constructed go that the 
initial event leads to a chain of events (usually soma sort of ion cascade) which 
magnifies the effect of the initial happening to the point where it can make a 
macroscopic record • an audible click, a bit on magnetic tape, a developable 
grain in & photographic emulsion,... Our problem !»to relate this macroscopic 
result to (he underlying bit airing universe. 

The counter technology just described is already enough to accomplish a 
great deal. In the approximation in which the space-time volume of the counter 
can be considered to be a "point", we have already seen that we have the full 
particle kinematics of special relativity. By finding (eg, radioactive) sources 
of particles in nature, or constructing them using vacuum and electromagnetic 
technology (accelerators), we can give a laboratory definition of a source of parti- ' 
des as anything which fires a counter. We can discover "abBorben" which when 
interposed between source and counter keep the counter from firing. Using these 
we can conetruct s sequence of slits or holes whfch define a beam of particles. 
Using counters tu the beam, we can measure their velocity, \>t velocity distribu
tion, and calculate the experimental uncertainty in these quantities arising (torn 
the finite size and time resolution of the counters. Since this procedure has been 
discussed elsewhere37 , we refer the reader to that publication for details. Given 
coltimated bean» of particles, we can eel up too fe*two out elastic scattering 
experiments and measure mass ratios relative to any particle chosen as a stan
dard using relativMic enciRY'inonientum conservation. From tins we can go on 
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to study more c implicated situations in which novel types of particles are pro
duced in the interaction.38 This suffices conceptually for understanding much of 
the tipcrimtntat practice of high energy particle physics. We see that this type 
of measurement is essentially classical, once we have learned from Einstein thai 
particles can be created out of energy. That fact itself can be understood thanks 
to Wick's profound analysis39 of Yukawa's meson theory,40 as an inescapable 
semiquantitative consequence of the coupling of relativity to quantum mechanics. 
But this still does not suffice for us to construct a scattering theory for quantum 
particles.. 

5.1 "I'KI:K PARTICLE" BASIS STATES 

Returning to the bit string universe, all we have so far is that when two coun
ters separated by a macroscopic space and time interval larger than the volumes 
and time resolutions of the counters have fired, some random walk connecting 
those iwii volumes has occured. But we do not know within those macroscopic 
volumes where this random walk started and ended. To meet this problem, we 
construct an ensemble of objects (which are themselves ensembles) all character-
ized by the same vector velocity 3 and the same label (or mass) chosen in such 
a way that, after Jfc steps, each of length / = (A/mc)[l — (w/c) 2] 1 ' 2, the peak of 
the random wait distribution wilt have moved a distance f in the direction of 3. 
We take as our unit ">r time the time to take one step, 6t = l/c. It is important 
here to realii>> '.hat we are debarred from using any other definition. Our steps 
are dip'tized, and we have no way as yet of assigning meaning to fractions of a 
step. Wo do have a clear understanding of what we mean by a stqatnet of steps, 
which justifies our use of them as specifying a "time sequence", even though wc 
do not carry with that many of the customary concommitents of the concept 
of "time". Once "time" is understood in this digital sense, the velocity of the 
peak of each subcnsemble in this coherent ensemble has a velocity c/k. Wc call 
this tohtreni ensemble of ensembles a fret particle of mas* m, velocity r), and 
momentum ^ = m i ) / [ l - {v/c)'\1^. We assume that the size of the counter Az 
in this direction and in the plane perpendicular to this direction is so large that 
w e can ignore end effects; we return to thjisc below. 
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There is a second "velocity" associated with this resemble of ensembles, 
namely that with which something moves at each step always in the direction t). 
We call this vpi,; dearly up^ = Ac, and vuj,h = c*. Associated with each of the 
two veloe-'.ies 3 id the label (or mass) there is a characterise length 

X p „ = ( = /ic/£;X=AJ = /./P (5.11) 

Our next step is u: show that these coherent ensembles of ensembles, which we 
can clearly construct algoritbmically from our bit string universe by extending 
procedures already developed, bos experimental consequences that can be exem
plified in the laboratory. 

5.2 T H E DOUBLE SLIT PARADIGM 

We now consider our coherent ensemble of ensembles specified by V and m in
cident on a "screen''' perpendicular to 3 made of absorbers containing two holes 
(or slits in the two dimensional approximation in which the distances perpen
dicular to the line between the holes and to D are so large as not to produce 
appreciable end iffects) a distance d apart. This geometry is illustrated in Fig
ure 7. This is all well and good in the laboratory where we have established the 
meaning of absorbers. In the bit string universe the absorbers can be thought of 
as containing so many events that their consequences are so diffuse as not to affect 
the progress of the experiment. Our coherent ensemble will pass through these 
two holes dividing into two subensembles without loosing its coherent properties. 

This is our answer to the old question of "which slit" the "particle" goes 
through. Ho kng a.* the coherence is not destroyed, it goes through both slits. 
This is possib'e for us because our "particle" is a coherent ensemble of ensembles 
of indistinguishablcs, and not a single entity. But if there is a counter in the slit 
and a scattering occurs, the coherence b destroyed; in that case we know that the 
particle went through that slit. More detailed analysis reveals that this class of 
events will lead to a single slit interference pattern. Thus we arc led to the same 
conclusion as the wave theory when it is analyzed in this way3 7 even though we 
have used a digital basis. 
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At some large distance D behind the screen we set up a counter array in a 
plane perpendicular to 3. We further assume that the source is a distance S 
on the other side of .be array, .nd is equipped vith a counter wliich Ores when 
the particle leaves the source. Calling the time interval between when source 
and detector fire T- tbe 'elocity between source and detector is v = (D + S)fT. 
By making O and S large enough, and assuming that the source baa a velocity 
sp^-trum wbicb includes •>, we can select in this way particles whose v is as 
precisely known as w<; likf . This step is necessary to insure that all elements in 
tbe coherent ensemble we consider have the same v to requisite precision. Only 
such pairs of events will provide data for the experiment. 

It is important to realize that our precision is now no longer limited in prin-
tiptt by the finite resolution AzAl of the counters. All we need to do is make 
the experimental setup long enough. It b this fact that makes the concept of 
velocity rather than space-time fundamental for a quantitative development of 
scattering theory, as was realized long ago by the S-matrix theorists. We have 
also seen that, once our bit string universe contains a large enough number of 
labeled ensembles, we can also construct the appropriate binomial distributions 
describing any value of velocity to arbitrary precision. So we are making contact 
at the appi&pviate point. But the T&ndom walks still enter into tbe picture when 
we now go on to God out where we are most likely to have the detectors fire 
iu the counter array as a function of the distance * away from tbe center line. 
Because of the coherence properties wc have built in to our definition of "free 
particle", this will be most probable when tbe two path lengths to the detector 
are an integral number of coherence lengths X apart, since this is tbe only place 
where all tbe peaks of the distribution line up. At any other geometrical con
figuration, some of the distributions will have lower probability amplitude, and 
the occurance of the event will be less likely. Hence our bit string universe and 
definition or free particle predict that wo will find maxima in the distribution in 
x characterized by an integer n (counting away from the center line) which occur 
at positions *„ given by(rf. Fig.7) 

nX =*„*/£> (5.1.2) 
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We now claim to have shown that our bit string universe contains something 
related to "deBroglie wave interference", and that by defining velocities and 
counting cr.axinia under appropriate circumstances, we can measure n, which we 
are now justified in identifying with Planck's constant. We have also derived the 
deBroglie wave length and the relativistic phase wave length he introduced (Eq. 
5.1.1). Hence in the limit of negligible mass, we have the basic Einstein-Planck 
quantization condition E = Ae/X as well. The fact that energy is quantized is 
thus, for us, a direct consequence of our digitized step length. 

It b important to realize that our theory b still, in principle, "scale invari
ant" because all we we have defined are mass ratios taken from experiment. If 
there were in nature stable elementary particles with arbitrarily large masses, we 
could with sufficient ingenuity find a way to measure arbitrarily short distances. 
In fact, all we know how to do is to give elementary particles like the electron and 
proton very large energies. But when we try to use these as probes, what we end 
up doing is to create more particles by the Wick-Yukawa mechanism, which frus
trates any dirtct space-time description of the internal structure of "elementary 
particles". What is usually done is to assume that the second quantized theory 
of tbc matter field, which uses Lagtangi&n densities defined (mathematically) in 
terms of a continuum space-time, can meet this problem. But as was pointed out 
• ~">g ago by Bohr and Rcweufeld,*1 the second quantization of the matter field 
tflnticl be given an operational definition, making this whole conceptual frame
work suspect. Current research by quantum field theorists attempts to meet the 
problem by trying to calculate the quantized mass values round in nature from 
the noniinearity of their fundamental theory, but we believe it is fair to -)&y that 
this program has not yet succeeded. We will see in the next chapter an alterna
tive way to get one stable mass ratio, and the absolute mass scale of our theory, 
from digital considerations. But before we do that it will be useful to show that 
our theory can be extended from free particles to a quantum scattering theory, 
and approximates free field theory in an appropriate continuum limit. 

5,3 "PHOTONS"; WAVE MECHANICS 

Now that we have seen that we can construct from our bit string universe 
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basis Males with the internal periodicities (but not yit the "continuum" wave 
struct lire) of the conventional rclalivistie deBroglie theory for free particles and 
asymptotic energy-momentum conservation, our next problem is to find oar how 
the underlying statistical bit string structure leads to scattering. Although we 
could proceed tv construct our scattering theory directly in an algebraic fash
ion,we choose to first set up the conventional wave theory limit in order to un
derstand in a more familiar context the algebraic rules we invoke in momentum 
space. To do this we must return to the bit string universe and explore in more 
detail (he connection between face/and oddrtsi wbicb we have already built into 
the theory. 

For the purposes of our preliminary discussion it will suffice to use only the 
simplest possible labels, those corresponding to level 1 of the hierarchy. These, 
as we have already seen, arc (10), (01), and (11); they close under discriminaticn. 
Up to now we have concentrated on two in-two out events, which occur between 
TICKs, but if we return to the basic Bow chart (Fig.l), we see that there are 
two other types of process going on between TICKs, namely discrimination and 
complement p.tion. Discrimination between two strings gives us a third string 
which, if it is not already in the universe, is added to it. If that string is already 
present, and the complement of either of the initial strings chosen by PICK is 
not already present in the universe, that complemented string is added to the 
universe. If all five are present, we have what has been called an event and again 
the universe does not go TICK. T us, so far as the labels we are now considering 
go, there arc six cases illustrated in Figure 8. These occur between TICKs with 
equal a priori probability, 

If we now ibink of the label as referring to a dichotomous quantum number 
such as charge, we can, for inc">r.c'j, think of the ensembles of ensembles l&heled 
by (10) its a pariirle of positive charge, labeled by (01) as an aniipQTtitit af 
negative (barge, and labeled by (11) as a quantum which externally will appear 
to be neutral but internally contains the charges of a particle-ant ipartiele pnir. 
This interpretation is reminiscent of the Fermi-Vang model for the pion.*2 For 
the evenly, since ia the universal coordinate system the intermediate state will, 
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by definition, have zero velocity, and the complemented strings reversed velocity, 
these are a primitive version of four leg Feynman diagrams with all particles 
inroming or all outgoing. But since the external time sense has to be established 
by linking these up to other events, as we have already seen in our construction 
of "space-lime", we also have the usual Feynmau rule that an antiparticle moving 
''backward in time" is equivalent to a particle moving "forward in time". In the 
conventional theory, this is derived from the CPT theorem. Here we claim to 
derive this basic theorem from our fundamental definition of event. 

Of course there is a lot more to the CPT theorem than this primitive example. 
In particular, the reversal of velocity direction must not reverse the helicities 
for spin 1/2 particles. If wc treat a second dichotomous pair of bits in the 
label as referring to the helicity stale this will follow in due course, (cf. below). 
Furth< again as we can see from the constructions in the previous chapter, these 
basic processes are momentum conserving. A little thought should convince the 
reader that the complementation rules will also allow us to guarantee momentum 
conservation at the vertices, and that in both cases this will continue lo be true 
in any coordinate system. Thus we have the basic ingredients for a momentum 
space scattering theory. The remaining problem is to construct a dynamical 
theory by connecting up basic events and vertices in such a way that we can 
actually calculate scattering amplitudes for physically observable processes and 
compare the predictions with experiment. 

The simplest case we can consider VJ one in which all the steps in the address 
are taken in the same direction, that is the address strings are all l's or all 
O's. 't is clear in this case that the random walk has no dispersion and that 
our objects [or particles) will all move with ±e, a fact already noted by Slein. 
Thanks to our identification of the step length / = hefE we clearly have no 
trouble in taking the zero mass limit, which is required for consistency with 
our relativistic kinematics. Whether our theory will actually predict that the 
labels associated with such particles have precisely . v;ro mass, is too early in the 
construction to speculate about. Fortunately our theory will not be iii conflict 
with experiment if the photon turns out"*3 to have a mass nr, — m e « ~ 1 3 7 or 
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if sc-mft o> all of the neutrinos have small finite masses, for which there b some 
controversial experiment.iJ evidence- In that case, the present discussion refers to 
an approximate (and convenient) tnorftl, and is not fundamental. We hope this 
will become clearer as we go on. 

For msssless Dart idea it will be simpltJt to think of our dichotomous variable 
as hdieity an J for the simple case at hand to assume that in dimensional units it 
will have magnitude A/4sr. To justify this numerical value will take a lot of work, 
as will the demonstration that it is a pseudovector (i.e. has the transformation 
properties of an angular momentum). For the moment all we require is the 
dicbotomous character. Then the label (10) with the address (1111..1) can be 
thought of as a neutrino with positive helicity and (01) with tbe address (1111. .1) 
as referring to a neutrino with negative helicity. Then the reflection operation 
which takes (1111..1) to (C?00...O) will indeed reverse the vector direction without 
reversing (-e helicity, showier that our "helicity" is indeed a pseudovector. It 
is important to realize that we can define pses -vectors in this way between 
TfCKs because our definition of tbe direction of velocity is defined directly in 
terms of bit strings. However, to define time reveraal we would require a sequence 
involving at least three ticks, and to get time irreversability many more than that. 
Once this is understood the Feynman rules we have already derived work in the 
conventional way. We conclude that ifwestart with only one type of neutrino, tbe 
aatineutrino has opposite belicity and we get the usual two component theory 
in which neutrino and antineutrino have apposite cbirality. Thus we do have 
th« chiral properties we noted in the last chapter as implicit in our method for 
constructing space-time. 

As b well known, neutrinos have no classical analog, so will not directly serve 
our purpose of constructing the photon. In our notation the four possible two 
component neutrino states are 
»L = (01)(1U1...1): left handed neutrino.+c 
vL = (10)|0000...0): left handed neutrino.-e 
&# = (I0)(llll...l): right handed anti-neutrino,+c 
t>R = (01)|0000..,0): right banded anti-neutrino.-c 
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According to our Feynman rules the antiparticle to a left handed neutrino 
is right handed, and the neutrai, ly of the neutrino does not allow us the other 
possibility in this notation, which we will see in the next chapter will require us 
to assign, additional slots (or the helivity quantum numbers of charged particles. 
Of course our choice of the particle as left-handed is made to conform to the 
usual conventions which describe parity non-conservation in beta-decay. As in 
conventional theory, we cannot got the other variety by aLorente transformation, 
since a particle traveling with tight velocity cannot be brought to rest. 

We now extend our discussion to level 2 of the hierarchy, but for the moment 
need not use the full structure, which is discussed in the next chapter. What we 
need is two dichotomou^ variables and the the helicity we have already introduced 
extended to two spin 1/2 particles combined to make spin 1 states traveling with 
light velocity. By an obvious extension of the notation already introduced, the 
four photon states are 
7j£ = (1010)(llll...l); right handed photon, +c 
7^ = (1010)(0000...0): right handed photon, -c 
il = (0101)(1111..-1): left banded photon, +c 
il = (010l)(0000...0):lett banded photon, -c 

Again these slates cannot be brought to rest by a Lorentz transformation, 
and the reversal of 'he velocity does not change the helicity, so the spin is again 
a pseudovector. The Feynman rules still apply. 

It is important to realize that we have to go to this level of label complex
ity before we can construct a classical limit. Our two-component neutrinos are 
the simplest particles the scheme allows, but are intrinsically chirsl and hence 
non-classical. Our^photona" have two internal states which provide us with a 
pseudovector polarization of (in units we have yet to justify) spin A/2ir, torrt' 
lated with the direction of propagation. For our current purpose it is only the 
existence of this internal dichotomous degree or freedom and sot the subsequent 
interpretation which matters, as we now demonstrate. 
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We now have developed enough interna) structure in our bit string universe 
to tzpiaiti, with appropriate pKenomcnological input, the early nineteenth cen
tury wave Jheorj for polarized light. Since our "photons™ arc composed of two 
trhwetit - iiserables of ensembles (particles) with different dichotomous quantum 
numbers, nil that Deed be added to the construction of the concent ensembles 
previously discussed is that when they are combined coherently, a macroscopic 
meaning ran be given lo tbe internal spacing within a step length between the 
two ensembles; this parameter is csjed the phase. By a sufficiently detailed 
operational analysis (standard undergraduate physical optics, if taught from an 
operational point of view) we claim that, just as we were able to understand the 
"double slit experiment* and reduce it to measurements which can be refined, 
macrosicopkally, to any desired practical accuracy, we can give operational (tab* 
oratory) meaning to phase. In the undergraduate laboratory this amounts to 
tbe usual optical bench experiments using polarimeters and quarter wave plates 
and a monochromatic source to construct and analyze elliptically polarized light-
As in classical physical optics, the overall phase of the system remains beyond 
experimental reach. 

Long before the nineteenth century development of the wave theory of light, 
Newton had tried to understand the phenomenon of the rings in terms of "fits 
of transmission" and "fits ot reflection", and tried to understand what we now 
call "polarization" in terms of light particles being rectangular ("having sides"). 
Thus his approach to optics was particulate, digital, and contained two internal 
states. One might say that we are returning to a Newtonian model in that sense, 
but must relate it to a continuum model because of the subsequent development 
of physics. Because of the success of tbe mechanistic interpretation of Newtonian 
physio, as applied to vibrating s» rings, and later to elastic solids, it was natural 
for »ii»>ti>, j)ih century physrisl» to think of periodic phenomena in terms of wave 
motion. Ignoring for the moment the internal degree of freedom, what we have 
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constructed so far from our bit strings, in the zero 'nass limit where X = kfp = 
hc/E = Xp̂  is the coherent amplitude { vie will justify this term below) 

N 
A(2,(;X)= E fi(j + nX±c(J {S.3.l| 

Since tab tells us thai, within the moving region where the b — functions occur, 

A[s + X, t;X) = A{i, l;X) + 0(1//V) (6.3.2) 

this allows us to assume in first order in tbat approximation that J4(S,(;X) a* 
a[(z±ct)/X\. Wi! have seen that the parameters s,t arc maeroMcopieattj/ defined, 
and have computed and related to experiment in a macroscopic context i means 
of mcaturing the mirrosropic parameter X in the laboratory by counting, f* far 
wc have only a start on the Newtonian description. 

In the nineteenth century context, it was natural to interpret these discrete 
phenomena in terms of a continuum theory using the periodic functions sin and 
cos[2x(z/\)±{t/T)\ with T — X/c, or more generally or more powerfully in terms 
of the solutions of the wave equation 

(dfdzfa{z, t) = (l/e aHa/01)V s, I) (5,3.2) 

which are a(: ± ct]. This left open what these amplitudes Trfened to. h the 
context the easiest thing to do was to think of them as the some physical dis
placement in LI elastic solid. This led to a difficulty, since it was obvious from 
the experimental values of the wavelength and the velocity that what was mea
sured must be a time average over many oseillationa, and the time average of 
these periodic functions over many cycles approaches zero. Bat in the vibrating 
string or elastic solid analogy, it was also known that the energy stored ir the 
oscillatioas is positive, and proportional to the time average of the square of the 
amplitude of oscillation. So again it was natural to assume that the tnfeiuify ot 
the light as measured was proportional to the time average of the square of the 
amplitude. 
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The triumph of this continuum model came when it was realized that the two 
states of polarization of light could he modeled as two amplitudes transverse to 
the direction of propagation and at right angles to each other, and by choosing 
the phase between them appropriately could describe either linear or circular 
polarization, or any degree of elliptical polarization in between. Hence Hamilton 
was able to predict conical refraction is*d see it demonstrated in the laboratory, 
which settled the question of tbe adequacy of the wave theory of light for most 
physicists. The critical experiment for the nineteenth century was based on the 
fact that Newton's derivation of Sncll's law required the velocity or light in a 
medium with index of refraction n to be ne, white the wave theory required 
e/n. To explain the experimental result in terms of a particle theory would have 
required coherent ensembles of particles, and a detailed discussion of the coherent 
scattering from atomic centers, as n the theory we are now constructing. The 
conclusive explanation of the tower propagation velocity in material media was 
achieved by Rayleigh using tbe wave theory, with propagation velocity c in the 
space between atoms. Thus in the absence of experimental evidence for the 
particulate nature of light, the wave theory appeared to rest on s"> unshakable 
foundation. 

This long excursio; into nineteenth century physics has been taken for two 
reasons: (a) first, to show that two internal discrete states, plus tbe assumption 
of a continuum model for coherent periodic phenomena gives the macroscopic-
microscopic connection we seek, and (b) second to explain the origin of the 
amplitude squared rule for the interpretation of periodic phenomena. But from 
our point or view, this modeling can just as well apply to oui bit string universe 
provided only the discrete, periodic phenomena «•> have constructed and now 
provided with an internal dichot^mis iegree of .Yeedom allows us to introduce 
a measurable phase between these two degrees of f eedom when they are are 
assumed lobe averaged overtime in macroscopic ex-z-inzuia. A« we have argued 
before, and will continue to argue, this success of classical (and later quantum) 
Geld theory does not allow us to extrapolate '.iia continuum model down to 
infinitesimal distance. What it doa allow us to do b to claim that we have 
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a right, when BII count'-O in an experiment include & large number or steps, 
I — hc/E measured in terms of laboratory standards of length and time, to 
_pproximatt our bit string results by the conventional continuum wave theory 
model for rtfativistic deBroglie waves in terms of the real, complete set of basis 
functions 8in[Zx{pz ± El)fh) and co»[2ir(pr ± Et)fh). 

[From here on we follow the convention of high energy physics of talcing 
c = 1 = h/2r, which leaves the only physical dimensional parameter as mass, 
and dimensional analysis confined to establishing the mass of one reference par
ticle, to which all iimtntionlttt mass ratios of the mathematical theorv are re
ferred). 

In order to justify this statement we consider the boundary condition p.o-
vided by a counts of Suite special resolution Az in the wave theory, and prove 
that the same result can be derived from our digital model (Eq. 5.3.1) to order 
( l /N) where N is the number of steps we need to consider in our basis states-
Assume tbat the counter is centered at 2 and fires at ( = 0; since the finite 
time resolution bos been discussed elsewhere37, and adds nothing conceptual to 
the discussion, we will assume that it is so good that only the spaciat resolution 
matters. Then to insure that our particle was somewhere in this region at that 
time, we must moke up a wave packet with different momenta of amplitude f{p) 
such that 

+00 
/ dpf(p}cW* = e(z~Az)-0{z+Az) (5.3.3) 

—00 

Therefore, by Fourier inversion 

+00 . , +00 +00 
(1/2*) / <!*•* / dpf(p)e»'= J dp8{P-p>)f{p>) (5.3.4) 

—00 —00 - 0 0 

and hencR 

fit/) = ( 1 / 2 ^ ) 1 ^ ^ - e~VA<) = [il^)9m{p'Az) (5.3.5) 

But if we -̂pply the same boundary condition to the basis states of Eq. (5.3.1) 
noting that n must now run between —N and +JV, our boundary condition 
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lu'i-tmn^ 

+ f dvf\p) £+£«(.* + nX) = ©(= - 4 ; ) - 8 | t + 4 i ) (5.3.6) 
—oc 

But tin1 malhtmatical operation of Fourier inversion fan just as well be applied 
to this formula as to Eq. (5.3.3) Doing so, we recover Eq (5.3.5) plus correction 
terms of order (l/.V), which proves our theorem. To extend our discussion to 
detlroglic coherence lengths for finite mass and hence to deBroglie waves we need 
only represent the bit string ensemble by b{z+n\ — cij\pii) = 6{(pz + nh — Et)(h\ 
We therefore claim to have derived wave mechanics o.' an approximation to our 
digital model in a form (laboratory boundary condition based on counters of 
finite macroscopic size) which will serve for most of the practical '^plications 
or scattering theory. Further, we can now derive the Hciscnbcrg uncertainty 
relations for continuum variables in the usual way. Thus we claim to have proved 
that we li.iv!> constructed free particle quantum vave mechanics on a digital basis 
as an approximate theory. 

While this paper was in the final stages of preparation, it was brought to our 
attention hy I. Stein that W.H.Lehr and J.L.Park (J.Math.Pkya. 18, 1235 (1977)) 
have developed a random walk or stochastic model as the basis for a derivation 
of the Klein-Gordon equation, thus getting the continuum limit in another way 
than our approach here. In their model they find that relativity requires them to 
digitize their time with a unit r = 3jf/mc 2, so while not identical to Stein, it is 
closely related. J.C. van den Berg informs us that yet another derivation of the 
Klein-Cordon equation from a stochastic basis has by N.C.Petroni and J.P.Vigier 
ap, ed recently [Foundation! of Phytic* IS, 253 (1°83)). i uls refer"-. t con
tains a number of references to related work. In both cases the "particle" takes 
chaotic step- with the velocity of light, whereas, as we have seen above, in either 
Stein's approach or ours the velocity in the random walks can have any value 
bounded hy c. We have also recently encountered work in the imaging prob
lem i D radio astronomy which clearly indicates that when one b dealing with 
information arriving through continuum waves analyzed by classical techniques, 
one ranuoL tell whether the original input was ic fact discrete or not. In par-
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tirular, the sequence or ^-functions which we have used above to relate our bit 
strings to a wave theory is known as the shah function, named tor a letter in 
the Russian alphabet. The history or this imaging problem ha3 been reviewed 
in a .'->rtbcoming paper by R.N.Bracewell, which will appear in the Proceedings 
of the Cambridge Philosophical Society, and the function itself is discussed in 
bis book, The Fourier Transform and its Applications, New York, McGraw-Hill, 
1065. Also relevant is & paper by Bracewell OD the discrete Hartley transform 
which has been submitted to the Journal of the Optical Society. This is of partic
ular interest because it shows how the complex Fourier transform can be readily 
represented by two real functions that avoid the ±i ambiguity in a way that 
provides distict computational advantages. This material makes it clear that the 
semi-quantitative approach used above to make the passage from the bit strings 
to a wave theory using th«. counter paradigm, which we believe is adequate for 
the purposes of this paper, can be given precise mathematical (emulation in 
a well understood context. It is important to recognize that, although we get 
conventional scattering theory (see below) in this way, our digital basb cannot 
be thrown away. We will see in the next chapter that it allows us to calculate 
the proton-electron mass ratio in ^reement with experiment, a result not yet 
achieved b> the contimum theory. But we have a lot more work to do before 
this calculation can be justified. 

Even more important than the justification of this continuum approximation 
in wave theory by recourse to well understood laboratory practice, is the real
ization that we must take the sqi. >res of amplitudes, appropriately averaged, in 
order to make contact with our laboratory paradigm taken from physical optics. 
Hence we claim to have justified our earlier contention that the basic entities 
derived from our bit string universe are properly called probability amplitudes 
and not probabilities. We reserve the term probability for a number p € (0,1] 
where the value can be any rational fraction in that interval, or an approxima
tion to some irrational or transcendental number in that interval, established 
by some well defined finite algorithm. They obey the u^ual rules of classical 
statistics and are to be interpreted in terms of conventional frequency theory 
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and tbe "law of large numbers". ID an appropriate cor text all their moments 
and correlations can be defined in a conventional way. One of the purposes of 
our "operational analysis of the double slit experiment"37 was to prove that the 
counting itatiitiei of such an experiment, using deBroglie waves and counters 
in both slits, obey these classical rules. Of course tbe probability amplitudes of 
conventional quantum theory, or our own version or it, do not. This is the basic 
problem Tor statisticians, like Patrick Suppes, who try to understand quantum 
mechanics in terms of classical statistics. They are quite prepared tr, accept a 
degree of nonlocality which horrifies many practicing physicists, but find it hard 
to accept probabilistic concepts which do not allow all moments of a distribution 
to be defined, and "correlations* incompatible with the properties of probibibtes 
bounded by 0 and 1. 

As already discussed, a digital theory of light was not considered a viable op
tion in the nineteenth century, in spite of Newton's early start in that direction 
and his continuing authority. The wave theory of light could be well modeled in 
terms of an "amplitude" taken by analogy from experience with clastic solids. 
This model got strong support from the connection Maxwell was able to forge 
between the pbenomenolcgical theory and the "obviously continuous" electro
magnetic waves that Hertz succeeded in generating in the laboratory. Einstein 
got rid of the mechanical aether which served as such a useful and fruitful prop to 
the nineteenth century imagination, but clung to the continuum concept (again 
fruitfully). Yet bis own work in 1905 destroyed, by his interpretation of the pho-
toeletfric effect, that continuum basis and brought the theory back to events that 
are discrete and localized, such as developable grains in a photographic emulsion. 
Careful experimental work proved that the concentration of energy required to 
produce these laboratory phenomena could not be accounted for by the contin
uum theory, except in an average sense. 4 4 We hope that our approach reduces 
the mystery connected with this fact. 

Of course that was the beginning of the story, not the end. For us, that 
comes with the Bohr-Rosenfeld analysis'11 already cited. Their analysis of the 
measurcability of the electromagnetic Geld makes use of complicated, cVbasical 
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apparatus within one wavelength of the radiation being studied (eg & low fre
quency radio wave). Yet, assuming *hBt the material apparatus is restricted by 
the Heisenberg uncertainty principle, they succeeded (after two years of effort*5 

!) in sbowiDg that the usual commutation relations, more economically derived 
by second quantisation, follow from a detailed operational analysis. Since we 
have already proved that we also get the uncertainty relations in the appropri
ate context, we can accept their analysis for the electromagnetic field. BUT, as 
already emphasized, they point out that the the analysis is only possible when 
there are only two dimensional constants (A and c), and cannot be extended to 
the "second quantized matter Geld" with m a fixed parameter- that theivy is no 
longer scale invariant. 

Now that we have free particle wave functions and the "amplitude squared9 

rule in contact with experiment in terms of our model, it might seem that we are 
through. At first sight one might quarrel with our extension [rom the electro-
magnetic case to matter waves, but as already noted, our theory goes through 
just as well for finite mass as Tor the particular limiting case we have invoked. 
To settle any unease on this score, consider the scattering or a spin 1/2 parti
cle from a spin zero target with a p-wave resonance. For the j = 1/2 state, 
this divides an unpolarized beam into two beams in a manner that is precisely 
(mathematically speaking) analogous to a nicol prism. Further, if the particle 
has a magnetic moment, a permanent magnet with a gap containing constant 
magnetic field of appropriate length and strength will change transverse polar* 
ization to longitudinal polarization, which is precisely an&lagous to the action 
of a quarter wave plate. So the whole optical bench type of experiment with 
nicol prisms and quarter wave plates {and a digital detector for the photons) can 
be repeated for spin 1/2 particles. In any case, it would be inappropmtc in a 
fundamental theory for us to introduce more than one paradigm far connecting 
the bit BtriugB to the probability of registering counts in the laboratory. 

What does not follow so easily is the use of complex rather than real (±) 
amplitudes in quantum mechanics. Of course it is convenient, as in electrical 
engineering to use e ± l(P* - , E'' w»/e functions and calculate intensities by taking 
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the ftl>M>lme square. But then* w no ntemity tot doing ihb Tor one particle 
problems in quantum mechanics, In fact Bobm and Vigiw have shown that 
it is quite possible to reproduce all the results of nnn-rclalivbtir one parlitlt 
quantum mccban>'. i wjtb a teal, classical "hidden variable" (hcorj-, - although 
ninny pliyKirists Qnd their theory bizarre, and physically unmotivated. So we nuw 
luru to two particle scattering problems for our attempt to meet this p-oblem. 

5.4 SCATTERING T H F ^ ' I Y 

Siticv we now have standard relntivistic particle wave mechanics for free 
particles, it would seem that we could now develop scattering theory io a con
ventional w»;, fbis true up to a point, but there is a critical conceptual differ
ence. We have DO Hamiltonian, so we taunot calculate scattering amplitudes as 
ttio matrix olomen'. or such an operator between appropriate scattering states, 
""bin problem was mm some lime ago*" by constructing a "Democriiean scat-
leriiig theory" starting from free particle wave functions and arriving at the 
xlandurd (kldbcrger-Watson wave function4 7 for NA particles in and JVfl par
ticles out. The essential point is that the scattering amplitude then becomes a 
h'ttemaf ir quantity describing any conceivable experiment or this type, including 
those which do Dot conserve Dux. Then vve are under the obligation or supplying 
dynamical equations for this amplitude which guarantee flux conservation, or in 
technical terms are unitary. 

Wo Consider Grst the elastic scattering of two particles in the usual geometry 
shown in Figure 0. Since (be technicat prob/em of using "wave packets" is 
adequately discussed in standard text"''7, we will ignore this complication and 
UHe the free panicle basis with p, .cisely known initial and linal momenta, as is 
custom ,'. The initial 3tato starting //om two particles with momenta £,- and 
energies <( = (ft^+ m f ) ^ 4 is then simply «<ft'?i+*V?*-«i<-<«0, Note that we 
are using an en thtli or linjtt time. iodel consistent with our bit string universe. 
If we now define 
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J? = ( m 1 ? i + m a i l 2 ) y ^ i + ni2);!?isi1

1 - ? a 

the initio! state wave function heroines 

#,- = «'•(*•*-«),«•?•* = Ii'»*,*-'B»10,IIJ (6.4.1) 

ODC advantage of this step is that only the first factor rt-fprs to the laboratory 
coordinate system, and is easily transformed to any frame, honoe the remaining 
wave function hsis ji LorenU invariant significance. Further, in thb zero momen
tum frame (where, as we have already seen it is most convenient to discuss our 
bit Strug universe) there is no explicit reference to time; we have "stationary 
state" wave functions. 

So b, our wave function Assumes only the incident state. Both for simplicity 
and oecause we will develop an amplitude of this ty pe from our bit string model in 
tbe D-xt section, we will assume that the scattering is spherically symmetrical in 
the zero momentum coordinate system. Then the elastic scattering wave function 
will be 

<frjtf)WW*> + r{oy»7* (6.4.2) 

in the asymptotic region where tbe ountera arc located. Flux Is conserved pro
vided that 

T[<?) - 7 V ) - ttfiif) I T(aS) I2 (4.4.8) 

where p is the appropriate density of states ia momentum space. The probability 
of scattering, or trot* Motion, h <T(<J2) = 4m | T(<j?) | 2 , and can be directly 
compared with counts » detectors. Thus ow descriptive job is complete. Tbe 
task of the theory is clearly to calculate T(fl*|, 
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The unitaxily condition clearly requires T to be a complex Dumber, and leads 
to well known experimental consequences - in particular wave interference terms 
between tfcc unscattered and Ihe scattered wave function in appropriate angular 
• cgions. We could therefore full back on this as the reason why we are required to 
use complex amplitudes in our theory, just as we justified the amplitude squared 
rule by comparison with experiment. Bat we claim there is a more fundamental 
reason connected with our bit string universe. If we make up wave packets in 
time such that for large times iu the pas' (i.e. in the region of the collimators 
which define the beams) only the first term in the wave function is present. As 
was pointed out by Lippmann and Schwinger** an easy way to accomplish this 
within the formatisrr. is to put into the time-energy factor e~tEt multiplying the 
scattering part of the wave function the replacement £ -»• B + iq where ti is a 
small positive quantity, and the limit tj -* 0 + is implied. Then at large negative 
times (his term is exponentially damped. In momentum space this leads to the 
wave (unction 

where ((o 2) = [q^ + tn2)1'2 b the proper factor for a free particle {not field) Btate 
to guarantee Lorentz invariant normalization, and since we will use it below we 
have assumed mi = m = mi-

In the conventional theory the states with (f* ^ q^ the q1 states are called 
"virtual" and iu the momentum space integral equations for the scattering am
plitude ate summed over. The factor J/Jr1 - 1 ~ tO"*j then guarantees asymptotic 
energy-momentum conservation. Clearly we have to perform a similar sum over 
all possible hit strings when we describe the same situation in the bit string 
universe; we Lave now learned thai this is the proper weighting factor in the con
tinuum limit. The question is whether we can justify it in our own basic terms. 
The limit is easy, since we have the same asymptotic requirement. Dut w« are 
summing over discrete, rather than continuous energies, thanks to the fact that 
our minimum step is it = i/c and the quantization condition E = hc/l. In fact 
we sco thai the minimum energy step 6B =• /it and hence thai for a spread 
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in energy SB and time St we have that 6E6t > h. We emphasize that this ia 
not th« Heiaenberg uncertainty principle, which we nave already seen comes in a 
conventional way from limitations on measurement due to finite counter size. It 
is due to the fact that nothing happens between TICKs; we must take at least 
one step in a random walk for anything to happen. This fact will be important 
for us later when we see how our theory avoids the self energies ot quantum 
field theory. It is certainly natural for UB in the bit string universe to assume 
that the weighting factor as we move away from the asymptotic conservations 
stepwise by £* = E + n6E should be proportional to 1/[F* — E\. But then, 
since n = 0 can occur in the sum we would produce an infinity, violating our ba
sic finite assumptions. Therefore we argue that the best way to avoid this is to 
use instead l/\ff -E — i6E] which indeed goes to the proper limit (iSE *= t'0+) 
in the continuum momentum space theory. We hope at & btcT date to replace 
this plausibility argument by a calculation, but will not hold up this paper for 
that refinement. If this argument is accepted, we have now made the connection 
between conventional scattering theory and our construction, and can proceed 
to N particle scattering theory along the lines previously developed. 

5.5 A MINIMAL UNITARY (RELATIVISTIC) SCATTERING THEORY 

So far what we have done is to worn: up from the bit string universe to rela-
tivistic free particle wave functions, and in the last section to remind the reader 
that if we have unitary two particle amplitudes, no matter how obtained, we can 
from them construct a retativisttc and unitary N-particle scattering theory usiag 
relativistic Faddeev-Yakubovsky equations. Our next step is to show that our 
construction provides us with the elementary driving terms from which this the
ory con be constructed. Returning to Fig. 8b we see that the bit string universe 
provides us with three basic events, so we start with these. 

Since the intermediate state has zero velocity by definition and some mass 
which we will call ft the most probable value for its energy will bv ft. The 
prescription used in scattering theory for the probability amplitude due to this 
intermediate state is to say that the energy as a function of the final momentum 
<f is proportional to l/[t{rf)~ ft — i'0+), which when integrated over all positive 
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valuro uf [iff «.11 give a delta function that insure* energy conservation (c(^2) = 
'It?')2) T1»p simple prescription used here » independent of the direction of 3, 
so all directions of scatterieg are equally probnbfe, and the scattering is spber-
ically symmetric. The coefficient of this amplitude must be chosen such that 
the number of outgoing parlices is equal to the number of incoming particles, 
which is summarized by saying that the amplitude is "unitary". ID the jargon 
oi rulaiit-isiir quantum scattering theory such an amplitude would be the sim
plest vi-rsinn of an "s channel resonance". The t'0+ prescription b required so 
that the singularity t = (i only occurs in the specification of the integral, aad is 
needed to etperify which branch of the square root singularity in c to take is that 
integral ion. 

Tin- sit nation we nre now considering ia on extension of the simple events pic
tured in figure 3 to those possibilities in which the intermediate particle (or mass 
/1) occurs not just between two TICK* but engages ID all random walks which, 
when summed, will lead to tbe energy-momentum conserving elastic scattering 
si'lccicil hy our initial and final boundary conditions. Since we have already seen 
tli;it our vITiins conserve momentum, if tbe final particle; have momenta k\ and 
hi (from which the asymptotic linal Ruination picks out fci = ? and £3 = -(f) , 
the intermediate particle will have energy « p • [(«i + krf + / i a ] ' / J . For tbe 
simple cases where the event is elementary (occurs between two TICKs with no 
interven -g random walk) the vector sum of the final momenta, like that of the 
initial momenta, is zero and tu — p. clearly this will also be true for any other 
raw in whirh this vector sum vanishes. The problem is a Mi to weight these cases 
relativr to those when the energy differs from fi - the off shell* states in the 
language «f scattering theory. 

As we have seen in Sec. o.l, the titnt: unit for the random walk that the 
ituvrtwdiale stste of mass 41 en. ges in between the two vertices in an extended 
vrmt (i.«. t w e that leads to , .̂ mptotic energy-momdittttn conservation when 
e 1 iKHKibiiitfes a w summed) b 4.' « f/e and hence the minimum energy by 
w ic th<-M- intermedratr energies of these random walks can differ from each 
°»hcr. ralM «£ is gives by Et<».l.l| Js 6E « hftt. We emphasize that this 
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is not the "uncertainty principle" but simply the digitization of energy in a 
panicalar circumstance arising From oar discrete time steps. Any extended event 
will therefore have an ""off shell* energy £,*(»)» ft + n6E with ft 6 (ft,1,..., N], 
where as we have seen, it the universe bss been ticking long enough, AT can be 
as large as we like. As we go to more and more steps tit the intermediate states, 
we will have a harder and harder time finding in the Unite segment of U referring 
ti> our particular scattering experiment to find strings which wilt match up to 
our energy-momentum conserving boundary conditions, so it is clear that the 
weighting factor should Tall off as we go r&rthor and farther "off shell". The 
simplest choke would seem to be proportional to l/[£p(H)t> But this will not do, 
because it is infinite when n = 0 which violates our absolutely basic requirement 
that the theory give only finite results. Since we cannot introduce fractions 
of a step, and as we have seen must include tbe n • 0 case, the solution we 
adopt is to use instead l/[cjj(n) - /i - iSE\. Naturally, this choice of a small 
imaginary part to remove the siugulatity is motivated by our desire to reproduce 
conventional quantum scattering thwry In the continuum limit, and we cannot at 
this stage claim that this introduction of Imaginaty amplitudes isforetdon us by 
ibe construction we have been following. But wn do believe it is a straightforward 
postulate consistent with what has gone before, sod hope some day to give a more 
convincing argument. 

Once this argument is accepted, and for convenience (because we have not yet 
gone to the work of reducing tbe whole theory to digital operations) we take the 
continuum limit, we still have the question of how to relate t/, to the laboratory 
variables in terms of which the scattering problem is actually formulates. Thic 
we do by simply equating it to tbe energy corresponding to the external particles 
when they are off shell, S[(o')2 + m2J — (V) 1^, (where, for simplicity we have 
takes both incoming»or outgoing - masses m to have the same magnitude) and 
by adding these scattering processes to the initial state (Cq.(S.3 1)) obtain the 
basic momentum space ware function for two particle scattering 

*.«,?)=<(«V;; -fl-<WM*tf+"fl l / t-.«-*»i (s.3.2) 
The function G wbkb actually determines the strength of the s e a t i n g has not 
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yet been determined by our Argument. It is restricted by the requirement that 
tbe overall normalisation of the wave function be tbe same as if no scattering 
occured, and is lh« technical way in wbicb the "uoitarity" or "flux conservation" 
property of the theory is met. But this b familiar to scattering theorists, and or 
no conceptual importance for us at the moment. 

This startiDg point for the minimal UDitarity scattering theory (MUST) was 
shown by James Lindesay8 to lead to & ciosistent, unitary relalivistic three 
particle scattering theory including tbree particle bound states, elastic and re
arrangement collisions and breakup. ID the appropriate non-relativistic kine
matic region this theory leads quantitatively8,9 to the logarithmic accumulation 
of three particle bound states first found by BBmov49 . In Efimov's treatment 
tbe logarithmic accumulation occurs wbeo |a|//? approaches infinity where a is 
the two particle scattering length and R is tbe finite range of forces. That th.s 
effect should emerge in a relativists treatment which has only one Tree param
eter (/i/inj is somewh(it startling, particularly in what can reasonably be called 
a "zero range theory". Yet tbe lack of scale invariance in the relativistic theory 
provides (be "range" parameter kfmc, which allows tbe quantitative results at 
the two calculations to be compared. This b the more remarkable in that the 
integral equations which provide the dynamics of the two theories are different 
in detail, and the way in which a finite result is obtained (except in the singular 
limit) is mathematically quite different; in particular one cannot go from one 
equation to the other by taking a "correspondents lujnit". This is fortunate, 
eincc tbe occurance of an arbitrary parameter R in a fundamental theory would 
be for us more than ius'. an embarrassment. 

The next critical step was taken by Noyes and Undesay10 who realized that 
this basic mukl could be brought into cioser contact with elementary particle 
theory by assuming that the parameter p. U not arbitrary but connects a "par
ticle'* mass m to a quantum mass mq \a a specific way. In particular, if the 
quantum and particle "bind" kinr.malicdlv to make a "bound state" with the 
same mass [m + mg ~* (t = m) and quantum numbers as the"p&rtic)e" the two 
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particle driving term leads, via the relativistic Ffiddcev equations, to single quan
tum exchange (cf. Figure 10a). In technical terms, &n s-channe! bound atate 
leads by this mecuan^m to the correct lowest order t-ebanael exchange, and the 
amplitude is unitarized is a covariant manner by the integral equations. Further, 
this covariant theory (which b simple enough not to require approximation for 
accurate numerical solution) goes hi the noa-ielativistie approximation to the 
usual equations Tor scattering by a Yukawa "potential". Thus we have derived 
from our bit string universe a first approximation usable in nuclear physics, and 
in the small quantum mass regime an accurate approximation to Rutherford scat
tering and the Bohr hydrogen atom. By adding the postulate that two quanta 
can "bind" kinematically to a particle to form a state with the same mass and 
quantum numbers as the particle we can also describe quantum-particle scatter
ing in the two particle sector of a three particle theory with the correct lowest 
order driving terms (cf. Figure 10b). 

The extension of this approach to the lour pal tide sector via relativistic 
Faddeev-Yakubovsky equations is beyond the scope of this paper. Since the 
theory can be developed from relotivUtic free particle deBroglie wave Functions 
without invoking the digital basis, it is being pursued vigorously in that con
text. In particular, the connection between this relativistic quantum mechanics 
of finite particle number and quantum field theory (where the "kinematically 
bound" stales of the finite theory and the corresponding "time inverse" vertices 
are represented by creation m.:. destruction operators - with resulting infinities 
that have to be "renormalizcd") is being explored50 . So we will not discuss 
this development further here. For the purposes of this paper, what is impor
tant is that WP have made effective, and we claim mathematically and physically 
rigorous, contact between our bit string universe and current active research in 
elementary particle physics. 

ft is important to realize at this point what v.- have, and have not, claimed 
to accomplish so far. We claim that we hive a definite algorithmic structure 
wbicb ran be connected by unambiguous rules to tbe practice of bifcb energy 
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particle physics, with the usual wave interference phenomena, including a prac
tical P'tprcoiimattoti that is (so Tar as we can see) unlikely to get us into trouble 
with known fxpcrimcntal information, AV« have, in common with quantum Geld 
theory, two universal dimensional constants A and c wit _: the same practical con
sequences, What we do not have is a third dimensional constant or the dimensions 
or muSi or energy, or a Coupling constant not expressable in terms of h and c. 
This is, of course, also true of conventional theories. The current frontier of 
rnsearch ia this area consists of attempts to use the phenomennlogical symmetry 
uchemiw and the non-linearities of quantum field theory to yield a single coupling 
constant producing a "grand unification" from which the particle masses can be 
computed. This hope rests on an analogy to the quantum mechanics of the solid 
ttate where many connected modes c?: produce spontaneous symmetry breaking 
and a ground state (with a gap) lower than the non-interacting free mode basis. 
Still more ambitious schemes (eg "supergravity") would take this single coupling 
constant to be deriveable from Newton's gravitational constant G, and to get all 
masses and coupling constants which are observed as deductive consequences of 
onv or another symmetry scheme. 

In tipirit the current attempts at unification are in one sense not very different 
from ours, and have the historical advantage of having reduced an enormous 
amount or very complicated experimental data to understandable form along 
the way. But our basic approach requires us to view the attempts to generate 
order out of non-linearities (which were initially infinities) in the contimium as 
a miifl:ikc, or at least as a very complicated way to get at something that might 
prove to be much simpler, Since we are allowed one mass on dimensional grounds, 
and since the only stable baryon (or quasistable *ith a lifetime greater than 10 3 1 

years) the proton - and the energetic 3cale for many high energy phenomena) 1 
flov) that, superficially at least, Jo nor involve protons are approximately the 
siimtt (1 Ciov % mpe ), we try the simpler alternative of Uking the baryon mass as 
our basic third dimensional unit. In the next section we will try to convince you 
that this gets us pretty far, and provides some justification for the constructive 
mathematical work which his been developed in this paper, and earlier. 
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8. STABILIZATION OF PARTICLES 

We have now seed that our construction gives a complete pktnomtnofofical 
theory for relativistic N-parlicle scattering if we supply the masses and coupling 
constants from experiment. We took care in our original construction to show 
that the labtt-addrtes schema was sufficient to construct the approximate theo
ries of relativists particle mechanics and rdativistic quantum scattering theory 
without specifying the content of the labels. We thought this important because 
it shows how to carry through a reconstruction of quantum mechanics 0D a dig* 
ital basis independent of the combinatorial hierarchy wLich gave it birth. Hence 
we can hope for acceptance of that aspect of the work without getting into the 
Einstein-Eddiugton program of understand how and why it might be possible to 
compute the masses and iimensionless constants of physics from first principles, 
While some physicists can see the point to getting rid of the continuum, which 
after all is never observable in physical practice, the idea that things which are 
clearly physical entities might also have a digital basis tends to stick in their 
craw. 

But one motivation for taking the approach seriously came from the remark
able coincidence between the cardinals of the hierarchy and the scale constants of 
physics, and was strongly reinforced by Parker-Rhodes' success is computing the 
proton-electron mass ratio in agreement with experiment. It is time to face this 
problem head on and attempt to show in this chapter that, given the digital basis 
for quantum mechanics we have now Drmly established, it is possible to obtain 
significant physics out of the combinatorial hierarchy labeling scheme itself. This 
is the objective of this chapter. The work is incomplete, since we have yet to get 
a scheme Tor quarks, larks (i.e. leptoquarks), heavy leploos and all that which 
is competitive with the grand unification schemes on which so much of current 
elementary particle theory and experiment is focused. But we belie* 7 we have 
gone far enough to show that we have exciting possibilities which, hopclully, will 
engage the imagination of theorists who come to our work with fresh eyes. 
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«.l DICHOTOMOUS QUANTUM NUMBERS GIVEN BY THE HIERARCHY 

Is our previous discussion of the hierarchy we showed that the mapping 
matrix scbemo connecting levels 1 and 2 starting from the basis (10), (01) is 
easy to construct. The explicit mapping matrices which have the three DCsS 
formed from this basis, rearranged as strings, are a — (1110), 6 = (U0I),c = 
(1100), From these we can form the Z3 - 1 = 7 DCsS's {a}, {b}, {c], {a, 6, a + 
&}r{6,e,6 + c),{c,tf,e + a) {a,b,e,a + b,b+ c,c + a,a + b + c}. Recalling that 
(with + for discrimination) i -f a = 0, we see that all seven sets are doted under 
discrimination. 

Even at this level, there is an ambiguity in physical interpolation which has 
to date restf-id definitive solution. Instead of taking the obvious basis given 
above, we ccild have replaced (10) or (01) by (11); we cannot use all three 
because, Bint? (10)+(01)+(ll)=(00), o n ' y t w a ° ' tfae possible basis strings are 
linearly independent. Then the mapping would give us o = (0011) in the first 
case or 6 = (0011) in the second. These two alternatives are not distinct, since 
the rule by which we rearrange the mapping matrices as strings (so long as 
it preserves the cyclic order) is stil) arbitrary; further they both lead to the 
same maximal DCsS: {(OOOlJ.fOOlOUOOUMllOO^LIOlUlllOMlUl)}. But 
they produce an alternative choice, not only in one of the basis vectors, as al
ready indicated, but also in terms of two of the three DCsS with three mem
bers, i.e. between UlUOMUQlJ.tOQU)}, UlH»),(U00),(O0Ol)} j n o n e c a s e i 

and {(1110), (0012),(1101)}, {(1100), (0011), (1111)} in the other. 

Nevertheless it is possible to reduce the ambiguity and obtain significant 
clues to physical interpretation. The simplest place to start is with the first 
representation. The three basis strings are of the form (llyz), which guarantee 
that the seven strings in the maximal DCsS are a!> of the form (wwyi). In 
contrast, the eight remaining possible non-null strings are of the form (wxy2) 
with u' jt x. Thus the only 4 X 4 matrix which has these seven as eigenvectors 
and none of the eight is the one illustrated as A in Figure 11. Thus the simplest 
approach to the problem is to leave the first two rows untouched. So far as we 
enn see, the remaining six mapping matrices are unique up to one ambiguity, and 
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are illustrated in Figure 11. This ambiguity is unimportant, since it corresponds 
amply to a relabeling of the rale which takes ua from n 4 X 4 matrix to & string 
with 18 bits. That our choice of representation does indeed give us seven linearly 
independent strings, and hence a basis tor level 3, is also illustrated in Figure 
11. The simplest structural feature that emerges ifl that we can use no less than 
10 slots to meet the problem, and that as aire *dy argued the remaining six slots 
must be null. Thus, usbn, strings of length 16 we Chfi represent the first three 
levels or the hierarchy by using the first two bits for level 1, the next four for level 
2, aod the last 10 for level 3. This will b« used below for physical interpretation. 

Construction of the mapping matrices using the alternative basis is a little 
more cumbersome, and we have yet to approach < iie uniqueness achieved in the 
last paragraph for the first basis. That such » representation can be achieved 
by using the methods explained in Appendix O.c ia clear, but the details are still 
under investigation. We have gone far enough to have some confidence that the 
2+4+10 = 16 representation for the Oral three levels has a basic significance. But 
the reader is warned that the scheme we follow below for physical interpretation 
is tentative, and may have to be revised when the theory is Further articulated, 

ID chapter 5 we showed that the two slot notation for level 1 supports an in
terpretation in terms of the starting point for a two component neutrino theory. 
We now go on to interpret the four slots provides for us at level 2 as referiiig 
to the belicity states of electrons and positrons according to the scheme given 
to Table n. We see that we now have the correct quantum number content and 
connections for lowest order QED, and can go on to a full lowest order dynam
ics once we supply the appropriate momentum factors and interpretation. We 
believe it possible to develop from this starting point and the minima) unitary 
scattering theory8-10 (extended to Fad^eev-Yakubovsky equations7) A finite par
ticle number version of QED; results mil be presented elsewhere60. Further, by 
combining levels 1 and 2 we have the basic six fetfflions {v/,, PK>eL>eL>cfi*efl) 
for Weinberg's51 wcak-electromagn t̂ic unification in the leptonic sector, as well 
us the basic lowcat order diagrams once we invoke the minimal unitary scattering 
theory; our explanation of mass differs from bis, as mentioned above. 
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The full quant um number scheme which relates this construction to the labels 
in the tiit string universe is slilJ umfer investigation5 0. Our tentative scbemp f:-„-
the fir«l three levels, making use of the mapping matrices is given in Table III. 
We sei> that at level I wc have two component neutrino theory in which, when 
we ndd tlte address label corresponding to zero mass, lias Vi = (10...0)io(l t l .J) 
establishing our helicity convention. At the combined levels 1 and 2 we have 
the two heliriiy states or the photon, coupling to electrons and positrons by 
the extension of Figure 2, W + , \V~, 7° as vector bosons, and the longitudinal or 
coulomb photon. At this point the particles and quanta are still inassless; reversal 
of velocity | i .e( l l l . . . l ) -»(000...0)] docs not change the direction of spin, proving 
that it is indeed a pseudovector. At level 3 we fin-i the baryons of strangeness 
0 and ±1 as the obvious interpretation, and the proper number of and quantum 
numbiTS Tor the usual pseudosealar (because they are bound states of fermion-
antifcrrnion pairs) and vector quanta. We might seem to have a problem with 
the appearance of two longitudinal or coulomb photons. However if one take; 
the Wliei'ler-Feynman point of view that all quanta arc ultimately absorbed, the 
unitarity condition in the minimal unitary scattering theory fixes the mass in 
terms nf the coupling constant, or visa versa. J.V.Linden;-, A.Markevich and 
C.Paslrana*2 find that in the weak coupling limit for e2 m i/137 the mass of 
the photon HI-, ~ m e < ~ 1 3 7 which is not in conflict with any known experiments 
as has already bciun noted 4 3 . Then the two 5 f = 0 photons are simply the 
vecto* iiid scalar photons in a four-component theory, and the problem is solved. 
With i,ome rare, and free use of the minimal unitary scattering theory 7 - 1 0 , it is 
possible to show that all the usual Peynman diagram rules apply, and hence that 
our theory is CPT invariant at level 3. At level 4 wc will nave 16 X 16 quantum 
numbers. The problem or getting quark quantum numbers, heavy leptons, or, as 
looks promising from the numerics, rithont will be studied after level 3 is under 
control. 

6.2 THE MASS IIATIO SCALE AND THE UNIT OF MASS 

Independent of the details of this scheme, wo see from the basic randomness 
of o«r construction that at level 3 the exchange of a "coulomb photon* will oc-
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car with probability 1/137 compared to all otb«r alternatives. This allows us to 
calculate the electron mass as the expectation value or its coulomb energy in a 
coordinate system at rest by a statistical average m ee 4 = < e 2/r > using <a = 
nc/2 JT x 137. The calculation itself was originally made by Parker-Rhodes14 start
ing from a very different construction of space time and the combinatorial result; 
we provide here a modification of our previous discussion of this calculation'3. 
Taking as our basic mass the baryon mass rngj (bttauit of the connection to 
('.,.• gravitational constant G) and noting that the heaviest system to which the 
coulomb photon system couples directly is a baryon-antiboryon pair, the minimal 
distance we can consider in a system starting from rest is half a baryon Compton 
wavelength. We therefore scale rby r = {hf2mgc)y, I < y < w. The charge 
in the leptoc must separate by more than r into two lumps which by charge 
conservation we can write in terms of a dimensionless parameter z as tx and 
e(l - r), where x is a statistical variable reflecting the fact that wc have both 
charged and neutral leptons and baryons. Hence 

< e 2 / r > = (A,/2jr X 137) < x{\ - x) > (2m f l/M < 1/sf > = mtc2 (6.2.1) 

and t 

mB/m, = 137:r/ < z{1 - x) > < \fy > (6.2.2) 

Since we have now established our space as necessarily three-dimensional, the 
discrete steps in y must each be weighted by (1/y) with three degrees of freedom; 
bencc 

< i / » > = ISMvPdyfiflfUWtfdv/v*] = 4/5 (6.2.3) 
1 1 

Since the charge must both separate and come together with a probability pro
portional to 2(1 - r) at each vertex, the weighting factor is x 2(l - i ) s . For one 
degree of freedom this would give 

< 2(1 - x) > = Ij x 3(l - x?dz\j\l x2(l - xfdx) m, 3/14 (6.2.4) 
0 0 
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Onw tbe ehofge has separated Into two lumps evcfc with ch-rgc squared propor
tional to «* «t (1 - * ) 2 tespwt«e|yf we cs» *he» writ* a recursion idstion 1 3' 1 4 

and hence 

ff„ - 8/14 + (2/T)ff„„| - (3/H)i?-J[2/7)'' (6.2.6) 

Therefore, Invoking again the three degrees of freedom, we must take < 1(1 -
c) >•= Ka and we obtain th* Fwker*Rhodes result 

mB/mt - 137ir/[(8/14|[! + (2/7) + (2/7)2|[4/S)J = 183B.I51497... (8.2.7) 

Sine* the elcctmo and proton are stable for at least 1031 years we identify this 
ratio with mp/mi is agreement with experiment, thus setting the basic mass 
ratio scale for the theory. Wbetber this mass ratio remains unchanged and we 
e u calculate the masses of tmttaUt baryons and bosons from our dynamical 
theory is under investigation*!). 

As already noted, tbe absolute unit of mass in the theory must be approx
imately the proton mass because of out Ideoti6cation of 2 1 3 7 + 136 with the 
inverse gravitational coupling constant. Since the calculation given above is a 
mass ratio, its success Is independent of tbe absolute value of this unit. The cor
rections which take us from c it single dimensional mass parameter mg to the 
empirical value for tbe protcd man, given G (or equivalent^ to the empirical 
vr i'ic for 0, given mf] and to the empirical value of the fine structure constant 
will have to come from level four of tbe theory, where wc must also find a place 
for tho equivalent of quarks and heavy Uptons, Since we will then have 256 quan
tum numbers to ploy with, this will be challenging but not obviously impossible. 
Other problems, such as building up the electromagnetic field from nur photons 
and the gravitational Geld from gravitons (we cut obviously make the latter - so 
far as quantum numbers go - from teptons aa spin 2 helicity states) is similar to 
that of any theory which starts from tbe weak coupling limit. 
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Hie reader immersed ia special relativity may be troubled by the ticking 
universe, which provides a, universal lime, and the t&fct that our zero velocity 
criterion which defines the basic rnomenttra>colUetvibg events (*.j • • AT1 -/V f l a 
0) would seem to single out a particular coordinate system, We have beea led 
to the construttinn which places scatterings Itlvttn TICKa because we cannot 
allow our events to have a continuum limit La point*; else we would get back 
to the agony or infinite energy at each point, which it has taken BO much hard 
technical work for quantum Geld theory to deal with. Our "virtual" processes 
occur in the "void" u finite fluctuations which cannot he directly accessed by 
experiment. We claim this is a strength rather than a weakness. As to the special 
coordinate system, we claim to have shown that we can still define macroscopic 
velocities v to arbitrary precision, and derive (or, according to some like Michael 
Peskin, define) the Loreutz transformation, thus recovering special relativity is 
a tnaeroteopic approximation. As to the special coordinate system we claim that 
empirically there ii such a coordinate system which defines t> = 0 by the 2.7°K 
background radiation. This is no more tft embwresSBitBt for US than for special 
relativity; tbe fact that it occurs so naturally in our theory we again count as a 
strength rather than a weakness. Clearly we still have to show that we can get 
the particle physics right, and then go on to show that the big bang emerges from 
our initial generation operations. This is a problem for future research. We are 
encouraged by the fact that we have only one type of mess In the theory, and in 
that sense have no place for a difference belwevD gravitational and J&ortial mass. 
Further, if we do indeed succeed in getting epiu 2 gravitoas la the weak coupling 
limit, we can hope to recover gravitational theory from that starting point, a 
problem already discussed by Weinberg*3 . AS to the big bang itself, scattering 
events lab-kd by the full level 4 quantum number scheme can only start when 
the 256 bit hierarchy scheme closes off sod we have 2 5 M - 1 conserved labels 
in It. If we can get our microphysics right, this i» a reasonable estimate for tbe 
baryon number and tepton number of the universe. 

Our final point is that by focusing on vetaeilg rather than space and time 
as baste we believe we hove the correct faQdafneotat starting point for unifying 
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macr(iM'(i|iir qun-si-continuoiis measurement wi**- a digital model, a point of view 
already Mres-sed hy S-matriv thcorisis. Further, our ticking universe allows us to 
fusi' llii> special relativist!? concept of enrnt with the unique and indivisibleevents 
of quantum merlianics. Whatever else survives from this attempt to construct 
a digiinl model for the universe, we are convinced that this is the correct place 
to connect relativity wjt), quantum mechanics in a fundamental way. We close 
hy remarking that HIP cosmolngical implications oC th« model are not in conflict, 
with experience. 

85 



7. SUMMARY and CONCLUSIONS 

In this paper we have argued that the three dimensional constants which 
connect physics (o mathematics arc now, experimentally, defined by counting 
integers, and hence that a digital model for physics is more appropriate than 
the conventional continuum models. We pro ide a simple algorithm which leads 
to a growing universe of bit strings which contains unique happenings which we 
call tvents. To relate these to laboratory experience we assume that when two 
spaciolly separated counters Bre in an ordered BD»1 distinct sequence, there were 
two events in the bi. "tring universe connected by a random walk rcpresentab?-
by a labeled ensemble of bit strings. From this basic interpretive paradigm we 
conclude that OUT connections between events have a limiting velocity which we 
identify with the laboratory limiting velocity c. Prom this we claim that the 
kinematics of special relativity follows as an approximate macroscopic theory. 

By postulating that our labels can be put into correspondence with masses 
measured by mass ratios to a standard mass, we identify our random walk step 
length with the Compton wave length and define energy by B — Ac//. Then 
our spacial kinematics allow us to define relativistic vector momentum and a 
second length h/j>- We postulate, compatible -with our bit string construction, 
that events which lead to the firing of counters conserve energy and momentum 
microscopically. By constructing coherent ensembles of ensembles we find we 
can identify hjp with the dcBrogile wave length in the double slit paradigm and 
hence measure the unit of action »n our theory as Planck's constant. Further, we 
show that our basic counter paradigm then allows us to construct the deBroglie 
wave theory for free particles as a continuum approximation. From these free 
particle states we then can c nstruct a quantum scatteriag theory using relativis-
tic Faddeev'Yakubovsky equations. The driving terms in these equations can be 
related to OUT bit string construction. rompleting the tinlc between our theory 
and the practice of elementary particle physics at the htnomtnological level. 
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At this point we claim to have provided a consistent and rigorous basis for the 
reconstruction of quantum mechanics on a digital basis. Like quantum mechan
ics, this theory so far contains two universal constants h and c, some arbitrary 
particulate reference mass such as m p or n e *nd dimensionless mass ratios and 
dimensional or dii asionless coupling constats whWb have to be taken from ex
periment. In conventional theories this basis is used to construct quantum field 
theories and from them to attempt to identify unifying symmetries which reduce 
the Dumber of empirics] parameters, Sot these theories currently are bound up 
with continuum models and infinities which have to be manipulated away. We 
find this repugnant in a fundamental theory, and take another route to attack 
the common problem. 

We explore in detail the iabel structure provided by the combinatorial hierar
chy mapping matrices and make tentative identifications which at least have the 
quantum numbers for weak-electromagnetic unification and the lowest hardonic 
states described by St/3 when the first three levels are combined. This work is 
still in its infancy, and will not become convincing until the minimal unitary scat
tering theory has led to more detailed results. But we, at least, Gnd the degree oif 
unification we have achieved exciting, and hope others may as well. Independent 
of the details of (be scheme, we claim to have now put the Parker-Rhodes calcu
lation of the proton-electron mass ratio on a firm basis thus providing the mass 
ratio scale for our theory. The previous identification of the terminal cardinal 
of the hierarchy with the gravitational coupling constant in terms or the proton 
m.'.ss then completes the dimensional content of the scheme. On dimensional 
groti'.ds we then have no place for a difference between gravitational mass and 
inertiu mass; in that sense the "equivalence principle" is already built into our 
scheme and is jot a separate postulate. Getting spin 1 photons and spin 2 gr&vi-
to&s from the weak coupling limit is a task we anticipate will be completed in 
the foreseeable future. The construction of general relativity as a gravitational 
tbcorv -Mild then be on essentially the same footing as any attempt which starts 
from the w>:n* weak coupling limit. The cosmologies! implications of the theory 
do not, at this stage, give us any conceptual or experiential difficulty, and provide 
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us with a preliminary estimate of the mass of the universe which is of the right 
order of magnitude. The critical task in that respect is obviously to first get the 
elementary particle physics right. The basic idea with which we wish to leave 
the reader is that by invoking a ticking universe in which everything happens 
between ticks, we avoid the infinities of the continuum theories and believe we 
have unified relativity and quantum mechanics at an appropriately fundamental 
level. 

This paper has benefitted greatly during the course of its preparation by 
comments and criticism from John AnacE, TPH Bast'm, Clivc Kilmister, Michael 
Pcskin, A-F-Parker-Klmdes, living Stein and J.C.van den Berg, but in no sense 
presents a consensus of this diverse group. 
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•Abb I 
The combinatorial hierarchy 

/ mt\ = / / ( l - U i r t f ) - « 4 4 . i A/W = lW{'-l i l 2 Clfl = £$= 1ffljJ 
hierarchy 

level 0 - 2 2 -
1 8 3 4 3 
2 3 7 16 10 
3 7 127 255 137 
4 127 2 » » - l (256)2 

2I27 - 1 + 137 

Level .1 rannot bs constructed because MM) < V/(4) 
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htwprrt*tiaD of the senDil level of the rombinatorial hierarchy 
•a tww>» of electrons, positrons and gamma ray* 

H. *t «R 4 « » 
inside tbe hierarchy 

basis TL + eR I t ' ° "I *'/* 
11 1 1 0 0 0 - 1 
-»L+«J 1 1 0 t +1 -1/2 

discriminate 
closure ejj 

1R 

quaataiutR.Ta 

0 0 1 0 -1 +1/2 
0 0 0 1 + 1 +1/2 
0 0 1 1 0 +1 
1 1 1 1 0 0 

outside «I 4 eft 

e r+ c s i 0 1 
«!+•)« t 0 1 

*i I 0 0 

«! + «£ I 0 0 

't+«5 0 1 I 

4 0 1 0 

*£+*w 0 1 1 
eit + 4 0 1 0 
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tkbtem 
Interpretation of the first three levels of tb« combinatorial hierarchy 

in terms of particles (fermion*) and quanta (bosom) 

1 $ 1 <t G % B 0 of n flff * » it <J if *T 
Level 1: 

partitHS »L 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

»R 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

quantum Zo 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Level 2: 

particles eL 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

*l 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

«H 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

«s 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

quanta: 

basis 1L 0 0 I 1 0 0 0 0 0 0 0 0 0 0 0 0 

"7 1 0 1 1 I 0 0 0 0 0 0 0 0 0 0 0 

K 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 
discriminatr 

closure ^ 0 I 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
wo 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

™ 1 i 0 0 1 1 0 0 0 0 0 0 0 0 0 0 

70 1 J 1 1 1 1 0 0 0 0 Q 0 0 0 0 0 
Levels: 

particles PL 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 

PL 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 

•»£. 0 0 0 0 0 0 1 0 0 1 J 0 0 1 0 0 

« t a 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 

*£ 0 0 0 0 0 0 1 0 0 0 1 0 1 ft 1 0 

*£ 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 1 

Eo 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 

Co 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 

quanta * . A ««». I f , If ' . * ( 1,2,3 tare* Ccmkr.b ( l l l l l l l l l l l l l l l l ) ) 
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Appendix LTHB INCHOATIVE HYPOTrZ^S 

An Introduction to 7*t Tkttry vf fadutin&tiihtUt* 

by 

A. P. tokftt-Rhodes M.A. Ph.D. 

\A version of this paper was presented at the second annual meeting of the 

Alternative Natural Philosophy Association, King's College, Cambridge, 1081.) 

From time to time the suggestion has b«on put forward that the pi .doxes, 

Puzzles, and contradictions, which still plague theoretical physics despite its im

pressive record of successes, might perhaps be cleared up, if we had knowledge 

of a level of being anterior to the physical, which might furnish the raw material, 

so to say, out of which the known furniture of the universe, in particular the 

subatomic particles, could be seen as being made. Such suggestions have all, so 

far, eome to nothing, lot various reasons. The great difficulty in implementing 

the idea is that tin contents of this new level, if it is to have any explanatory 

fwwer, mart be absent from our present world picture. Knowledge about it must 

therefore be gained, if at aD, by using means of knowing which are themselves 

unknown. 

Tb» difficulty would disappear, if weeould use another welt-tried strategy of 

the scientific method, namely to postulate the existence of some entity, mitabfy 
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described so thai inferences could be drawn from its assumed existence, which 

could be tested against known or accessible phenomena. But if this entity is to 

be a new hypo-physical plane, it must be deBncd in such a way that its own 

nun-observability is 3 plausible inference from the definition, nod at the same 

time so that other more constructive inferences about what is observed might 

follow. I claim that such a definition can be found, by a principled search, and 

leads directly, by way of some difficult and at times surprising mathematics, to 

& tenable theory. 

I do not claim however that the theory was discovered in any such principled 

manner. Having no grasp of the difficulties involved, nor any foresight of the 

length of time required to fill in the numerous gaps, it came about by serendip

ity, as do most successful and unsuccessful theories. But an autobiographical 

account of a mathematical theory, even a well-written one, is not the right thing 

if understanding it to be attained. I shall therefore proceed as if I were expound* 

ing a well-known system to intelligent students, except that most of the real 

mathematical bones of the theory, to which I offer here only an introduction, 

will be filleted out. 

I.I Unordtrabttt 

There is a well-knowr theorem in Set Theory, that any Set of n members, 

finite or infinite, can be si.nply-ordered. This is surprising, on two counts. That 

it should be provable from (he axioms commonly used implies that orderabilily 

is tacitly concealed among them and might iced to be extirpated; and that it 

might nol be true is an affront to common sense cf the kind that might well have 

found it its own place in & revised set of axiom.*. Common sense tells us that any 

two things, or concepts, can be arbitrarily labelled as first and second, Common 
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sense, however, refers to the world of experience, and if we are to venture into 

A realm where observations (and a fortiori common sense) cannot ^uidc us, such 

ideas as this might be wrong. 

My first step is then to admit unorderable things into my basic axioms. If the 

hypo-physical plane were to consist of such, our not having noticed it hitherto 

would be superficially accountable (at least), and the first major dilliculty A 

<lofming what we are talking about would be overcome (there are plenty more!). 

This means however that we abandon Set Theory; and since so much of normal 

mathematics is based on Set Theory (or supposed to be), we shall be unable to 

get much help from the exUtov literature iu constructing a mathematical system 

to describe the Inchoative Plane. But if not Sets, then what? It is of course well 

known that not all classes arc Sets, and, assuming that we are dealing with a 

plurality. <s; something with aspects of plurality anyway, we shall at least have 

classes. When we come to setting out an axiom system, differing from that of 

Set Theory as adumbrated, I shall call any class to which the new axioms apply 

a Sort, and the whole system will then be Sort Theory. (1 capitalize "Sort" to 

distinguish it from other sorts of Boris, and "Set", too, to set it spar: form the 

set of colloquial "sets". 

F: <m this point of view, the main peculiarity of finite Sets (which can be 

considered as a special CIFLVI or Sorts) is that their cardinals and ordinals are 

always numerically equal. A Sort, on the other hand, can have any oroinal not 

greater than its cardinal. If all the membrrs of a Sort are mutually unorderable, 

they all occupy the same position in any < Tdering, which we call the Qrst >lace, 

so that the ordinal is 1. If every pair is orderable, then the ordinal in n. These 
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are classed "perfect" and "ordinable" Sorts respectively; in the general case of a 

-mixed" Sort $ we have I < ° S < n, *S = n. 

1.2 Triporitoui Mathematics 

Suppose now that we have & class containing two entities. If these are identical 

the cardinal of the class, and therefore its ordinal is 1. Were we then mistaken 

in saying that the class contained two eDtittesTThat would be too harsh; it mi«ht 

well oe the natural way of reporting experiences we need to discuss, even though 

we know, as ia a fairy-tale, thai we cannot really experience them. If however 

our two entities were not really identical, but still u&orderable, the class will 

have the cardinal 2, and the ordinal I; it is a perfect Sort. There is DO "mistake" 

there; but we have met up with ttotn entities. These don't exist in the real world, 

but of course we are assuming that they do so in the Inchoative Plane. And, 

of course, we might meet with entities which Are not even twins, but orderable, 

and ID that case, back in the everyday at last, we shall have a class with both 

cardinal and ordinal equal to 2. But we stilt shan't Vnow whether to call it a Set 

or a Sort, until we know what else is likely to turn up. 

Wt> have therefore, when dealing with situations such as that described above, 

to reckon with three "parity-relations" among entities; they may be either iden

tical, or twins, or distinct. In normal mathematics we have only two: equal 

or unequal; 1 shall call such a theory "biparitous", as opposed tn "triparitous" 

mathematics, where we have three parity-relations. Strictly, of course, we ar« 

not thrw but six, for whereas not-equal is the same as unequal (and vice versa), 

not-id»ntjraI means cither twins or dis' act, and likewise all the negations are 

disjunctions of the other two. In both system ,̂ cases may arise where we do not 

know what parity-relation obtains between two things, but this is course docs 
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not count as an additional parity-relation, 

Triparitous mathematics (as Tar as 1 am concerned) uses the same system of 

inference as classical, in which a proposition is either true or false (or undeeidable) 

but never both at once and always (if decided) one or the other. To admft a 

third parity-relation is not to be confused with accepting a third truth-value (a* 

in intuitionlat mathematics where uot*not-P does not entail P). 

The imaginary entites among which the "twin" relation of unorderability 

holds are called "indistinguisbaMes", or "ibs* for short. It is important, in enter

ing on an unfamiliar Geld, not to cut corners; that is why I use separate terms for 

the relation of twinship and the things that exhibit it. The ah*'.act relation, and 

the associated notations, exist in the mathematical sense, once they are located 

in a consistent theory, and no questions need be isked so long as we are doing 

pure mathematics. But in a theory that is to be applied, we must at some point 

pass over to thinking what the mathematics means, and in our case we say that 

" a and b are twins" means that there are two indistinguishables, denoted by the 

symbols a,b, or that rt,b are lbs. 

It is pnri of the hypothesis which I am examining tt i t such a remark is 

allowed as sensiMe in relation to the Inchoative Plane. In the world commonly 

thought of as "real", there Bre or course no lbs. They exist, if at all, in a non-

ordinary reality, and we speak of them (as in a fairytale) at if they exist iu 

the same sense that ordinary objecti do, hoping that in the end we shall come 

to conclusions which can be compared with actual experience. ID fact, things do 

turn out thus, and so we aha!) be tempted perhaps to say that the ibs are real after 

all, even "more real" than electrons and protons, this would be nonsense. Reality 

is a different matter in each plane, and it would tend to clarity of thought to 

100 



recognise (liis mure clearly than has been customary hitherto. Some philosophers 

have li.nR born pointing out thai it mokes a good deal of possibly unexpected 

sense uf out sense-data to assume ibat there exists a physical world outside of 

us; in a similarly instrumentalist spirit, I claim that what we have to assume this 

physical world is like makes, here and there, more sense ir we assume that there 

exists an inchoative world, of which the physical world, in part at least, is the 

obscrvrd expression. I don't need to claim tbat the Earth "really" moved round 

the mm (cvvD today a geocentric view would make only a negligible dent in the 

cosiiiulogic&l principle), 

1.3 Indittinguiahabltt or Unorderabla t 

The only virtue of thus going beyond our familiar concepts is the promise of 

more simplicity than physical theories are currently coming up with. In fact, a 

lot follows from the root idea that at the "boUom" 01 i i f objective world there 

exists an in' ..*- "lass of unordcrable entities. But to prove it .ye have to reduce 

this idea i proper mathematical form, and there are many steps before we can 

even begin to look f ossible empirical consequences; it is therefore important 

to keep in mind this initial simplicity of the concept, which it will be all too easy 

to lose sight or. 

The fir.it difficulty is that the property of "unorderability", easy though it is 

to grasp in the imagination, does n.H lead by v:te]f to the more difficult but more 

productive idea of "relative identity". The ibs separately encountered cannot 

be distinguished from one ib; the decision between identity and twinship can be 

made only between members of one class defined in the relevant context. We 

cannot get away with saying that separated ibs cannot be identical if they are 

observed timuttantoutltj, even if we allow ourselves, aa we have not done, to speak 
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or "observation" at all; for simultaneity presupposes time, and time, as a properly 

of the physical world, is one of the tiling* we hope to explain, and certainly cannot 

be used in the beginning without corrupting the whole argument. In fact, the 

nearest we can get to the idea of simultaneous observation is that it defines a 

clase of things so observed — which is where we started from. 

It turns out eventually that, starting from relative identity, we can prove 

that ibs arc unorderable, as a theorem; but not vice versa. So we have to incor

porate relative identity into our axioms, and immediately encounter another and 

much bigger difficulty. For as soon as we make the parity-relation of twinsbip 

dependent on class membership, the notation in which our theory is expressed be

comes context-dependent; for the classes must be defined in tht relevant tanttxt, 

which moans they are liable to change as the argument proceeds. Normal math

ematical notation b context-free, subject to conventionally accepted exceptions 

such as sinztf ^ («iji#p ^ sin sin 9 f£ (sin"1 0 ) - 2 , which are already awkward 

enough. It follows that we shall not be doing "normal" mathematics, but some-

thins requiring unusual care and vigilan :e if propei standards of rigour are to be 

maintained. 

Furthermore, we have *aid little enough, in saying that the notation is 

context-dependent. The rui cf dependence have to be discovered and precisely 

formulated. This can be done thanks largely to work which has already beeD 

done in mathematical linguistics, which enables us to work out, step by step, the 

effect of the third parity-relation on the meaning of various possible formulae. 

What we Gnd t kes the form of a substitution ndt to be pnplied to indistuigubb-

ables, corresponding to the rules allowing "free" interchange between equals and 

no interchange between unequals; the new rule is of course more complex, and 
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refers to the syntax of the formulae. But it is definite and clear, and leads to an 

"axiom-schema" replacing the much simpler (and usually unstated) one of nor

mal mntbema' s. The price is paid when we come to scan all our formulae to see 

whether they mean what we take them to mean in the light of this substitution-

rule; the only compensation is that it is usually (but not always) possible to 

express what one wants to in the new formalism. When this cannot be done, it 

means you are trying to express nonsense. It seems that this mathematics can 

only be interpreted in form alb tic terms — which is more or less what one might 

expect in treating of entities so elusive as our ibs. 

1.4 Petuliaritiea of Sort T/ieory 

In many ways Sort Theory works out differently from Set Theory. One 

peculiarity is for example that the members or a Sort are always Sorts; there is 

no analogue of members of Sets which are not themselves Sets. In consequence 

of this, structures in the Inchoative are not hierarchical in the way of having 

members which have members ... tilt eventually we reach a bottom level. In place 

of this kind of thing however we do have functional hierarchies, the arguments of 

a "higher" function being themselves functions on "lower" argument:*, and here 

we do eventually reach bottom with arguments which are not functions. 

Th<re are may odd things about Sort mappings. Any mapping from a Sort 

onto a perfect Sort (jivty identical images for all its arguments, namely a free 

choice among all the elements of the perfect Sort. But in reverse it is otherwise; 

each element of a perfect may be mapped onto a distinct element of an ordinable 

Sort. Hut of course in neither rase can we have an inverse inippmg. One effect of 

these lapses iato triviality is that the number of different functions which can be 

defined over a perfect Sort is very limited. A function of two arguments can have 
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at most three different values, according to what arguments are chosen; it must 

moreover be commutative and associative. The latter restrictions apply however 

many arguments are involved, and outweigh the slowly increasing number of 

values which might appear; there is in fact only one three-argument function 

(not reducible to combinations of others), and that exists only for the perfect 

Sort of cardinal 4. Nr (irreducible) functions of more than three arguments exist 

at all. 

The only non-trivial functions of one argument are called, witb a little license, 

"endomorphbma", because they carry one element of a perfect Sort into another. 

But there are only two possible results, the argument unchanged, and a free choice 

among the lot. It follows that two endomorphisms which have the same invariant 

subdomain are identical, and it can be shown that those with different invariant 

subdomains are twins; the Sort of endomorphisms over a given perfect Sort is 

therefore itself a perfect Sort. 

There is however one kind of function, of a r.-hir trivial kind, which gives 

a little extra variety, which I call "multiplets*. A multiplet is an ordered or un

ordered class of multiplets, cr an unordered class of members of one perfect Sort. 

The simplest example b a pair; a more complex one b AD ordered quadruplet 

of a pair, a singleton, another pair, and a triplet, where the first two and the 

second two are naturally unordered and the whole has cardinal i, ordinal 3. All 

pairs taken from a perfect Sort are mutually twin, and form the "pair-Sort"; the 

pair-Sort of a Sort of n twins has cardinal An = n(n + l)/2. 

There are no functions definable over any perfect Sort which are not reducible 

to some formula containing; functions of one two or three arguments and multi

plets. Over mixed Sorts of course may more functions can be constructed, but 
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since aoy mixed Sort «an be expressed w an ordmable Sort of perfect, or smaller 

mixed. Sorts, all they yield if reducible to a mixture of familiar bracttois over 

Set* and those over whatever perfect Sorts are involved. 

A particular problem is posed by cTdisable Sorts, which contain go twins. 

They are Sorts insofar as they are associated with other Sorts which ?-e not 

iweMfeatUy ordinabfe; but tu tb«* absence of these they are indUMsguisbuble from 

Sets. U is important, for the exposition of the theory, not to tall them Sets, 

(irovidud we remember that for every ordinable Sort there is an isomorphic Set 

with Hit! tame extent (to use tbc Set-theoretic term). This b called the equivalent 

Set or the Sort. Mixed Sorts also have equivalent Seta, whose member' are Sorts, 

but it is not usually neecsnary to remember this, so that Set theory has in this 

cuo a very limited appltcatioo, 

1,5 Rational Sorlt 

Tbc dttBoitioD of Sorts has been so trained, that any class which is directly 

subject (ci empirical observation, and so for evidential value in the scientific 

method) must be a Set. It cannot bo a Sort, but it may be the equivalent Set 

of an ordloahle Sort (which hides an exception to the rule under & transparent 

verbal camouflage). Thus if we are given s Sort S which is not ordmable, the 

proposition that "S exists4 is empirically undecidsble. 

Now suppose that we can construct, from the members of S and functions 

definable over 5 , a Set S* (that is to say, a class all of w b ^ members are either 

identical ur distinct), in which eaeh clement of S has a representative (that is, a 

mapping exists from S U>$') eucb that the twinsbip or distinction between any 

pair of elements of S can be determined from their representatives; and in which 

eaeh function of 5 is represented by some function defined over & such that the 
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value derived bom given representatives ill S1 u the representative of the value 

given by the corresponding member* of 8 under the function of S represented. 

Then we call 5* (with the required functions) an "autogenous renregewtaUw* 

of S. ID such a. ease, we can legitimately infer, from the propositkxi "S exists11 

alone that "5* wisls", and since 5* b a set, it is possible for Awe to be empirical 

evidence lor S*. If such evidence is forthcoming, we are then justified fa saying 

that tbia evidence would be explained by the existence of $, since that is a 

sufficient condition for the existence of S' also. 

Cloudy, individual instances of this will not be strongly evidential, though the 

more cases we find, and the fewer failures, the better the matter will stand. Much 

depends no bow many Sorts turn, out net to have autogenous representations, For 

if S* were not autogenous, we eaDDot infer S from $*', additional assumptions 

will be required beside the mere existence of 5, so that the existence of S Is no 

longer a sufficient condition for that of 5', and as it is certainly not a necessary 

condition there is no valid ease for S at all. 

Any Sort Tor which one or more autogenous representiiions can be con

structed is called a "rational" Sort, or RS; the above argument shows that there 

could be positive empirical evidence explainable by a rational Sort, but not for 

any non-rational Sort. 

Now thanks to the relative poverty of functions and/or mappings among 

Sorts, it b possible without too much trouble to discover whether or not any given 

perfect Sort is ntnsml, sad in some esses to cwstroV ndmd Sorta woken ate 

so. Mixed Sorts in general can be considered as aniens of perfect Sorts, » d are 

rational if and only if all the tatter are; al ordinabkt Sorts are <fcc4tmtrWiaIy 

rational by virtue of their equivalent SeU of autogenous representations. We 
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csa thus expect a definitive answer to the question, "Which Sorts arc rational?" 

The answer is, hardly any. Perfect Sorts with 0, I, % or 3 members are RS's, 

abo a mixed Sort with 2"* members, and mixed Sorts including any of these 

together with the Sorts of endomorpbisms at) to a certain level, leaving no gaps 

in the series; all other Sorts are RS's only if they are constructed as unions, 

Inters actions, direct product*, etc, from among these basic RS's, and so offer DO 

additional Information to that deriving from the Utter alone. 

It may bi of interest to explain the nature of failures to find autogenous 

representations, by considering the perfect Sort of 4 merabtrs. This turns out to 

have a function of three arguments which has no ̂ presentation, and a symmetry 

condition among its members which is not satisfied by any representation. The 

latter failure is reproduced for all larger perfect Sorts. In the case of Sorts of 

endomorphisms, the only available representations are in terms of structures 

analogous to matrices, the numbers of which that are available can be shown to 

be Insufficient if we continue the series long enough, 

1.6 The Inthoativt Hypothttii 

At the beginning of Section 1.51 proposed that the Inchoative Plane might be 

charnrlirriied as an infinite class of unorderable entities, Even when sharpened up 

by the replacement of "unorderable" by "indistinguishable", which can be defined 

(mathematically) by the theory of Sorts this seems rather a bare statement. We 

can now however IIHU It in a genuinely testable hypothesis, which can be stated 

thus: 

1. There is an inQnite class of indistinguishable propertylesa entities, call the 

Inchoative Platte; 

2. There is a physical entity manifesting the structure of each biparitaiis 
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representation of ereij rational Sort of indistinguishables in the Inehoatrv*. 

Plane; 

3. There are not other physical entities than then, or such as me anajysable 

in terms of these. 

I call this the "Inchoative Hypothesis* fa its "strong form"; a weaker form, 

which alone I claim to give evidence for, is obtained by deleting the clause (S). 

Even the strong form does not make the Physical Plane reducible to the Inchoa

tive, bf-ause the entities it contains may not be (Indeed are act) deterministic la 

their behaviour. U it were true, however, unlikely though that ia, it would SO a 

long way towards validating an apriorist philosophy of physics. This is a strong 

motive for not taking it seriously, though it probably canoed be disproved on 

present knowledge without disproving (2) also; but I shall mention a few proba

ble counter-examples to (3) in Section 1.14. 

Clause (1) ia a mainly metaphysical support for clause (2); but not wholly so. 

The term "propertyless" is iiserted for the following logical reason: had 1 said 

"indistinguishable black entities" this would imply that some more black enti

ties, necessarily not in the Inchoative because they would not he indistinguishable 

from the black ones, exist; therefore clause (3) could not also be true. The term 

"infinite" U also probably consequential for the interpretation. If "metaphysical" 

means "without testable consequences" (as It often does in scientific discourse), 

then the epithet cannot strictly be applied to (1); neither is {1) incapable of ana

lytical formulation, being embodied as we assume m the axioms of Sort Theory. 

Nevertheless, it is clause (2) wbicb has to rott the gauntlet of comparison 

with the known physical world. It comes through, if not scatheless, with no fatal 

wonnds [as presently diagnosed). That it does so u, at first glance, very snrv**is-
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iog, and makes it jiflicult not to take the Inchoative r i A serious hypothesis. I 

shall look iiilo i»,c strategy or testing it in the next section, but meanwhile two 

points in clause ('2) need some comment. 

First, the expression "physical entity", occurring in a context where none 

of the common limitations can be presupposed, has a highly inclusive sense. 

Mitroplij'sical events, space, the uncertainty-principle, protons, gravitation, fcrc 

among the kinds of things comprehended under this term. Second, note that the 

term "autogenous" is not used of the "representations'' mentioned; it is of course 

assumed in the definition of a rational Sort, but if a Sort is known in this way to 

be rational, there is no logical reason for discounting other representations which 

satisfy the mapping relation as candidates for empirical .erpretation. These 

non-autogenous representations I call "secondary". 

1.7 A I'alltrn of Families 

I have mentioned tbaf, for any perfect Sort, there ii another perfect Sort 

whose members are the endomorphisrns on the Bret; and ao on of course without 

limit. In the case of a rational Sort, it can be shown that if on autogenous 

representation can lie found for the Sort or endomorphbms over it the onion 

of these two Sorts is rational. The means for constructing representations are 

however limited, and as soon as we reach the point where none can be found, the 

sequence of rational Sorts terminates. This relation of endomorpbism generates 

Sets of RS's which 1 bave called "families". 

All the RS's turn out to belong in one or another of six such families; two of 

these arc intimately interrelated and are best treated as one, and one is trivial. 

The families contain different numbers or RS's, which form the palindromic series 

1 oo 8 oo 1. The first consisted of the empty Sort alone. The second has the 
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lingular Sort D1Q a [ > d W* initial member, and contains an oidinablc Sort of every 

Kiirrpviling cardinal n The 8 refers to the combined families D2 and D3, which 

contain the perfect Sorts P'ig nnd DZQ with two and three members, which have 

respectively five and one descendants, with cardinals 3, 5, 10, 137, and I7 ( n37 

(approx.) in D'2, and 10 only in 03 . The second infinite family stems from the 

initial Dx>a and the final 1 contains (he all-inclusive infinite Sort representing 

the Inchoative Plane as a whole, which does not call for any specific physical 

interpretation except presumably the Universe. The presence of this totality-

term is an unusual and welcome feature of the theory. 

The second infinite family is sensitive in an interesting way to the mathemat

ical philosophy with which we approach it. If, with the strict mtuitkroiats, we 

will have no truck with 'completed infinities" the initial Sort DOOQ exist* and is 

rational but all the rest and the "total" RS are identical with the first. Iff we ac

cept completed infinities in the Sorts themselves, as being appropriately beyond 

the reach of the mind, but reject them in constructing autogenous representa

tions on the grounds that these have a practical role, then the family is indeed 

infinite, but all have the same cardinality; this is a close analogue of £>1. Finally, 

the most indulgent view about infinities allows the Sorts in Doo to run through 

all the Carnapian infinities tt;y. The "total* RS exists (non-idcntically) only for 

the last two philosophies, the second making it equal to cardinality to the RS's of 

Doo, the third giving it an extent beyond any cardinality. The second allows us 

to see the family P<x> as a picture of strictly objective observations; the first does 

not allow for any representation of observation as conscious, while the third can 

accommodate an infinity of subjective states as well: which neatly explains what 

sort of people prefer each .f,v i f infinity, but tells us nothing about physics. 
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1.8 Secondary Representation* 

It might be feared that the introduction of secondary representations of RS's, 

combined with the strategy of allowing a separate interpretation to each repre

sentation, would widen the field beyond the possibility of definitive testing. It 

is true that the possibility of finding a secondary representation previously over

looked cannot be ruled out, but to entail a new interpretation it would hare to 

be non-reducible to any previous one, which seems unlikely. All we need to say 

about this is that the total system is slightly more open-ended than it may at 

first seem. In fact, there are only two cases where secondary representations are 

known. 

The families DO and D\, being inherently ordinable Sorts, have none (or 

no primary ones, if you prefer). D2 does have collectively a secondary repre

sentation (which however omits the RS D2] with five members), namely the 

combinatorial hierarchy of Bast in, Noyes and Kilmister. This can be axioms-

tized within thn biparitous mathematics of the system, and is thus capable of 

interpretation in directly physics! terms, whereas primary representations can 

only be interpreted as classes of indiatiDguishables which have to be correlated 

with physically observable predicates to become fully empirical. DZ also has a 

secondary representation, but this is contained witbio that of D2. DOOQ has a 

secondary representation by non-terminsting simply-ordered sequences of digits 

(virtually = real number < 1). 

Among secondary representations, the combinatorial hierarchy occupies a 

unique place, since its biparitous character makes it much more straightforwardly 

inlerprclablc than its primary rival. I nevertheless do not count the results from 

that quarter as directly relevant to the success of my hypothesis, since they ore 
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logically incapable of providing evidence for it. 

1.9 Varieliti of Interpretation 

For primary representations we have to seek interpretations which are faithful 

to the logical structure of the Sorts involved. In the case of ordinable Sorts, like 

those in family Dl, we look for an ordered class of distinct things; in general 

however our interpretation must be first as some system of indistinguishable*, 

to which distinct, often numerical, predicates <-*--> be assigned in the course of 

"observing" them. 

The principal types are "aggregates", "thresholds'*, and "liberties". An ag

gregate is a fixed usually small number of indistinguishable!, usually thought of 

in physics as a kind of object but more naturally as so many slots where specific 

quantities of charge, mass, spin, and so on can be entered. This writing-in of 

specific quantities is precisely analogous to the writing-in of specific values for 

the components of a vector, whether they are spatio-temporal coordinates or say 

angular measures defining the orientation of the spin axis. In each case we are 

prtditatirtf somethiLg observable of something in itself unobservable, but suscep

tible of interpretation as having the appropriate role. The temptation to think of 

the coordinates as a "kind of object" arises when their values are dimension&lly 

congruent with those predicated of actual objects, which are then seen as the 

sum of a set of smaller constituent parts. Hence the description of baryons, etc., 

as being made up of quarks*. 

But, it may be objected, isn't there evidence that they are evidence of discrete 

centres of scattering within the proton, for example? If what is an aggregate is 

deemed r,n object, the location of that object is not precisely defined, and if 

attempts are made to fix its position various results within an experimentally' 
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detenmuid raa&e will be oblairsed. H oae can actually "see" U»c object the 

uncertainty may be ascribed Co "vibration" (as with atoms in » crystal lattice) 

composed of vector components; if this description is inappropriate, what one 

does observe will be whatever is understood as appropriate. Call them vector 

compwirins, call tliem quarks what's in a name? 

Tlic «rcond main type of interpretation or rational Sorts is as "thresholds" 

When a number of particles all having the same descriptors (quantum numbers) 

are assembled williin so small a space tLat the spati.il location vectors no longer 

serve to distinguish tbem, they become truly iniii.stinguiHli.ible, and ought then 

to be observable only in the numbers allowed for RS's In fact, experimental 

difficulties make it impossible to assemble in this way more than two or at most 

tnree similar particles, so a direct (est is [as usual) not feasible. But it is possible 

to calculate what would happen if one could collect larger numbers; what we 

find is tli.il in every case there is & threshold number, at which the aggregate 

becomi* unstable. For example, an assembly of (about) I7m37 nucleons within 

the Compton radius of one of them produces the smallest possible black hole; and 

137 electron-positrua pairs so packed initiates a.chain-reaction of pair-production 

and so would "explode''. These thresholds correspond to the cardinals of RS's, 

as the theory says they should. 

Last <,f my three main types of interpretation I have called "liberties", mean

ing by this that the indistinguishables involved in them are mast easily recognised 

as the degrees of freedom of some system. Of this kind are the three dimensions 

of spare, the ten degrees of freedom specifying the Savour and colour of & quark 

(three for colour, and still only seven d.f. among the known quantum numbers). 

This last is one of the few cases where a mixed RS shows its composition from 
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two perfect Sorts of cardinals (three and men respectively) in the interpretation 

assigned to it. Not atl interpretations belong to these three typos, howi-ver, as I 

ihn.ll now explain. 

1.10 Spaet and Timt 

Whereas in the stririly liipariious theory of the rombinatonn] hierarchy ii is 

possible to discern a definite order of appearance or the various structures, no 

siKh ordering can be postulated for the theory of indistinguishables. The tola! 

repertory of KS's coexist with no time-like ordering; at most witlim families 

is there an order of dependence which might be significant (and which in the 

family D2 is in fact the suite as the "order" of the combinatorial hierarchy). 

Thus, while the lattet theory must start without any space-time framework the 

Theory of indiilingmahabh* has one from the first quite independently of the 

interpretation of the finite families, based on the families D\ and Doc. 

The members of the simply-ordered denumerably-infinite family D\ arc the 

only items in our theory which are all ordinable Sorts, and therefore may directly 

represent something empirically observed, It is commonly acknowledged that 

all the empirical data of microphysics comes form the observation of "particle 

interactions" or tvtnh; u-e need therefore have DO hesitation in saying that family 

D\ correspond to the totality of events (in this sense of the term). 

This "totality of events" constitutes a discrete "space" in the topological 

sense, and it is possible to show that to specify any cvat wc need !o give it a 

position in an infinite succession havim a first term, and for any K oh position 

can give it a position in up to three independent twin order in gs, each of which 

Li finite but unbounded, and that this is the auxn total of the information of 

this kino which is available. Any event therefore can be specified by a set of 
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four coordinates, one of which refers to a structure of a different kind from the 

other three; any method of specification not reducible to this form is either in 

general inadequate, or redundant. The space-time structure or the world is thus 

determined o priori, and only the methods by which we can investigate it, and 

the manner of its subjective apprehension, remain to be considered. 

That for everyday purposes space, as thus defined, seems to be "continuous", 

follows merely from the fact that the discrete events, whose disposition it de

scribes, are far too small and close together to be discerned &3 discrete by our 

organs of perception. Physicists however have become accustomed to considering 

situations where only a few events are 'elevant, often indeed only one of them. 

And in this last case at least it is clear that the notion of space as given by the 

above theory simply has nothing to say. At least two events are needed to provide 

any standard of measurement; and to provide an event with a position defined 

as required, at least four other events, making five in all, must be taken into 

account. Very small regions are thus not catered for by the apparatus provided 

by family D\. 

Empty space, if that's what we are tali:ing about, is ^o'Ling much to worry 

about; but the "space" surrounding one event is commonly thought of as con

taining various fields which con be described, we often think, only by reference 

to a coordinate system. These coordinates are in fact derived by imaginging the 

familiar spalial structure interpolated into regions as Email as we rare to con

sider. If the nature of space is as I have described, this must be nonsense, and 

its results must be wrong. As is now well known, they are; quantum theory is 

provided as* a remedy, and for many purposes it works wonderfully well, but few 

would be prepared to explain why it works, except in special cases. 
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1.11 Diaordinatt Space 

Where the space based on D\ fails, we turn to its palindromic complement 

Dec, where we find in D<xa an RS which has like Dl a secondary representation, 

already briefly mentioned. This representation has the structure of an infinite 

Boolean lattice; points are separated cot by apalial intervals, as London is from 

Cambridge, u._t more like the separation of East from North, by rotations. Every 

point has an infinite number of neighbours. Moreover, almost all the members of 

Dooo are twins (£>oop is "almost perfect"), so that any mapping onto this Sort is 

(at most) completely unspecified; for this reasoa, 1 call the space which we infer 

from it the "disordinnte space". If it is right to assume that this is the kind of 

space which takes over when the discrete space of 01 is no longer applicable, then 

the basic trouble with working in conventional infinitely-divisible space is that 

its points are really mapped onto disordinate space, so that literally anything 

can be any where. 

The result is not total chaos. There are few problems that statistics cannot 

be applied to, and this isn't one or them. "Disordinatc statistics" is in principle 

simple enough, and though its results are sometimes biz&rre, that is only to be 

expected. In selected cases, th*> technique seems to work well. 

Disordinate space has infl.'ic. connectivity; it is in fact a realization if a 

concept which has recently come into prominence in quantum physic*, that oi" 

"wormholcs", according to which the connectivity of space at very small distances 

increases without limit. But my disordinate space offers no such gradualism. 

Connectivity it infinite Jbeit in general tempered by a finite probability which 

offers at least a qualitatively similar smoothing of the transition. 

This raises the question, what is the connectivity of ordinary large-scale 
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space? U appear* that this is not a question which it is customary to ask, per

haps bwausc it cannot (yet?) be decided by observation. Now the geometrically 

simplest way of constructing space from the events of D\ gives us a bypcrtoroid&l 

space, whereas cosmologista seem always to assume (so tacitly as to suggest it 

is not an avumptiiui) that the universe is byperspherical (or parabyperboloid*if. 

There are enough data supporting the inherently more obvious assumption of hy-

pBriordd l̂ space to persuade me in general to assume that it is true*. It may be 

long before the matter can be settled by observation, but theoretical consistency 

will probably given the answer much sooner. 

1.12 i'artitUt ai Aggregates 

It is a basic point of my theory that Indlstinguishables as such CAD never be 

observed. Yet there are many things which are repeatedly observed (or so they 

say) which appear to be — apart from accidents of position or momentum — 

strictly indistinguishable*. Electrons with identical spins, or example. Strictly 

speaking, it is only the strong form of the Inchoative Hypothesis which entails any 

consequences from such observations — but if the so-called elementary particles 

ate to be themselves counted among the exceptions, we shall have explained 

very little. Furthermore, it is generally accepted that some of these particles are 

indeed aggregates of unobservable entities, as the theory predicts. If hadrons, 

why not leptonsT 

Because, up to now, there has been no evidence of any kind of composilencss 

for leptoiw, and so no motivation for still further conceptual complications. One 

night add that if quarks ate essentially involved in the strong interactions (as 

ate the forelimbs of birds in Bight) then particles which don't participate in that 

force (flightless vertebrate*) shouldn't have them. All the sane, as many an 
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amateur aumerologi&t must have discovered, it is easy enough to taveBt a « t of 

fepto-quarks which will "Gt" the known Icptons in the same manner that classical 

quarks "explain" the various hadroos. My theory suggest* that it may be more 

profitable to draw inferences from assuming such a structure than to look for 

direct evidence of their existence, which we have no right to expe«t a&yway. 

The theory makes a plain prediction: that, given that there is no essential 

cpititmoiogical difference between leptons and hadrons (which has never been 

suggested) then the former are aggregates of five "parlons" of which at any one 

time three are lepto-quarke ("larks")- These correlate tike quarks with the RS 

D2\ with 3 + 2 = 5 members. As to the partition of the various supposedly 

quantized attributes among these p c DM, the requirements ot the theory entail 

that only identical or random dense values cao be considered for the partons I,I 

ntu (e.g. not —1/3,2/3,2/3), and that identical values would have to bt constant 

and so imply in implausible measure or self-identity for indistinguisbables, as wall 

as contradicting the hypothesised qu nntity of propertylessness. So we end up with 

a. random anc* perpetually shifting partition of charge (and spin?) subject to all 

adding up to the electronic charge (or zero for neutrinos) and a second constraint 

of the same nature — because D2\ b a mixed Sort of ordinal 2 — leaving us 

with a system of three degrees of freedom. 

Any such partition of the electronic charge will clearly endow the particle 

with an intrinsic electrostatic potential, and hence with at least the corresponding 

moss. The madd described enables us, with the help of the Aforementioned 

"dtsordin&te statistic**, to calculate the resulting mass. It comes to 

m = 0.23440233 irf/d 

where a is the iae-structvre constant, if k J- back's constant divided by 2w, and 4 
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ban assumedmininmmdisisAcnof appnaA 

is required by the theory, and of comae a xero vara* leads to infinite potential). 

If we identify thfe 4 a» the Compton radfoa of the proton (this being the heaviest 

stable particle and so giving them smallest d\t and a as 1/187 fotlowing en die 

identification of the BS D2& with the electromagnetic field, and give If its accepted 

empirical value, m comes out equal to m c as near as the known errors in if and 

d allow. 

There if nothing here to call in question the assumed poiton-structwe of 

the electron, except that the value of a assumed is 110! the empirical value of 

the flm-strueturo constant. The latter is defined within the framework or a 

quite different model of the system, and an attempt to quantify the effects of 

this difference in the models enables us to account for most of the discrepancy. 

Overall, this kind of results gives a little support to the mode) on wbicb it is 

based, but is by no means conclusive in that regard. 

1.13 Fvrlhtr fttivlt* 

A number or other conclusions and predictions can be derived in the course 

of developing the interpretation of the theory. Most of these arc relatively or 

little weight, and tome work against the correctness of the hypoth^s. Of a kind 

too general to carry much weight are for example prediction or conservation laws 

applying under specified conditions to energy, angular momentum, and linear 

momentum; and of the irreversability of mass action. Difficult to assess is the 

conclusion that, if the connectivity of space is hypertoroidal, there is no reason to 

expect conservation of chiraHty, which however would characterize hyperspherkal 

connectivity; all one can say is that since (a few) caws of asymmetrical diiralitj 

are known, this favours the hypertoroidal theory. 
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More interestingly, we CM predict the existence of an upper tnoil to the veloc

ity with whien a particle may travel, (rem the minimal topobgteal requirements 

& r ;* - distinctness of time from space; wbfeh» by DO means original, except tor 

the fact that this distinctness h itself predicted by the theory. Much the same 

a:;«iis attaches to the prediction of a finite limit to the accuracy of simultaneous 

complementary measuremen' • {Heiaenberg's principle). 

There is a long but straightforward argument which sets an upper limit on 

the number of distinguishable particles of a given kind who might [ideally) be 

"observed". This leads, in the case of nuctoons, to an estimate of the mean 

density of matter in the universe many times in excesi of current astronomical 

estimates, hut close to the value which, according to relativity theory, would 

make the overall curvature of space zero. This, if not merely a coincidence — 

and the uncertainties in the numerical values concerned forbid us to dismiss this 

possibility — seems to show something, but It Is hard to know precisely what. 

With the same proviso (not almost stultifying) we can derive a tolerable estimate 

of the gravitational constant G. 

It can fairly be claimed that the density of matter is the one apparently 

counter-Tactual result the theory has yet came up with; and J" view of the un

certainties commonly expressed by astronomers when discussing thoir evidence, 

even this may not be so bad as it may seem. So, in the end, the weak form of tfc-

Inchoative HyimUtreis emerge* slightly battered, but surviving. Nothing how

ever can be siiid in favour of the strong form, which maintains tbU everything 

should be in S»IUI- sensv explained either directly or indirectly. The following 

things for example remain untouched; massen and lif«umes of the unstable par

ticles (though Kari Guqybt his' had some success with the masses of hyperons); 
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disappointingly, perhaps, this theory bas nothing original to contribute to the de

scription of the two-slit experiment, only a translation of the "probability-wave* 

account. There are of course many other gaps of n like kind which it would be 

tedious to list. 

I hm 3 deliberately not claimed any support from the combinatorial hierarchy 

work, since this is conceptually independent, even though logically compatible 

with the Inchoative Hypothesis. There are rpany reasons for hoping that some of 

the gaps left by the latter may eventually be filled by the former; if this happens, 

we shall approach a little nearer to the essentially implausible "strong form'' of 

the hypothesis. 

l.H Philo»ophital Implitationt 

The Theory of Indistinguishables bas no immediately evident practical con

sequences. The most it might do is to lead eventually to a simpler and perhaps 

more comprehensible presentation of existing physical theori*^, wbose quantita

tive results, and in many cases the routes by which they are arrived at, will 

remain as they are or nearly so. But it may have an effect on the way we look 

at the world about us, through two factors of which one is new and the other 

revived from long ago. 

The new factor is the concept of "planis". Two of these are generally rec

ognized in one form or another, the physical and the organic The reductionist 

view, that all organic phenomena should be ultimately explainable in physico-

chemical terms, would in eflect abolish the distinction between these, but is 

becoming ever less tenable. Some would claim the "human plane" as a third, at 

least partially within the purview of science. I however wish to odd one at the 

Other end. If my theory is accepted, there is on Inchoative Plane, of which many 
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the physical plane are logical consequences. If the strong form of the hypothesis 

were to be established, this would partially reduce the physical to the inchoative, 

and so threaten the distinction between these planes. This 1 do not expect to 

happen. 

From this point of view, the virtue of the present work lies in the extreme 

simplicity of the Inchoative as described by my theory. Because of this, whatever 

it can explain is explained in a very strong sense, ff sound, therefore, it represents 

a real advance in our understanding of tbe nature of the world, however much 

remains unexplained. It would mean that the physical plane is part transpaient, 

and in part determined by strictly physical principles for which we must continue 

to seek physical explanations as we have always done. In this search however it 

Viill surely help, if we can go some way towards eliminating certain things from 

the latter category, as being inevitable according to the kind of principles I have 

been dealing with here. 

But the notion of different planes is not the only characteristic of the theory 

of indistinguisbables. Precisely because of the great simplicity of the initial 

ossurn' >ns. it takes a rather targe stride in the direction of a-priorism; and this 

will b rekome in many quarters. It is not, in strict logic, an a-priori theory; 

it makes a few non-tautologous assumptions (notably of the existence of the 

Inchoative), from which it draws conclusions which are experimentally fal3i8able 

— and perhaps will he falsiGed. I believe a strictly a-priorist theory is logically 

impossible. But a radical dimminution in the number of presuppositions required 

has much the same psychological effect, in that it suggests that tbe world is at 

bottom unexpectedly timpte. Thrt is far from the impression given by quantum 

theory today, and for many may be a welcome change, so far as it goes. 
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But it cannot but Call ID question a lot of things in which a huge investment 

of dedication, and money, has been sunk, perhaps in vain, There will be many 

deaths before such a conclusion can be admitted. It a still too early to attempt 

to name such lines of research, and I shall not try; but whoever accepts the 

new theory must expect to have some destructive as well as (I hope) constructive 

effects. 

There is one more point to make. It is still part of the conventional wisdom 

that physical science wilt never come to an end. This of course is true, obviously 

so, applied to tbt Investigation of the effects of physical principles in all their 

manifold interactions. The reduction of chemistry to physics has hardly begun, 

u d might have great consequences if it were to be more nearly achieved. But 

it is equally obvious that in certain directions my theory implies that we have 

already reached » non-physical bedrock. In effect the Inchoative Plane is a no-go 

for physicists. It fills, much more literally and plausibly, the rote which Ptidtjof 

Capra tried to ascribe to sub-atomic phys'cs in his book The Tao of Physics" 

— the role of being directly accessible to tii«j mystics. If it does exist, it is a 

terminus. Elow much of the present muddle could that explain? 

US Summary 

The foregoing remarks are, of course, in themselves only a summary of the 

Theory of Indistinguishable*. Further to condense the matter is perhaps to seek 

an excessive shrinkage. The gist of tie matter is that, if we assume the existence 

of an Inchoative Plane (in what sense of "existence" it may not be profitable 

to enquire) sufficiently described by the unusual mathematical system of Sort 

Theory, we come up with the curious theorem that only a limited range or 

structures possess those properties necessary for them to have explanatory power 

123 



in respect of empirical observations. Tb. hypothesis, that all and only these, 

among the infinite contents of the Inchoative PLane, are reflected in the known 

physical world, meets with many successes, a few doubtrul ones, and no failures 

that cannot be, at least for the nonce, outfaced. Some spectacular quantitative 

computations have some relevance to the question. I claim that it is reasonable to 

conclude that if there were iodeed such an Inchoative Plane, a fair scatter of basic 

physical principles would find therein a common explanation; and some might 

think the theory worth attention on the grounds of its unusually wide compass 

alone. For all that, there is plenty of work still for real physicists to do, and the 

changes are that their work will tend both to expand the scope and erode certain 

aspects of the theory. If my work gains any attention, it will long be controversial, 

and in due course superseded. If it has any utility in the meantime, it will be 

to bring into question some of the meta-acientifie attitudes and presuppositions 

which underlie the present chaotic Btate of fundamental physical theory. 

124 



Appendix ll.THE COMBINATORIAL HIERARCHY 

by 

Clive W. Kilmister 

II. I Dromrian Foundation* for the Hierarchy 

[A version of this paper was presented at the second annual meeting of the 

Alternative Natural Philosophy Association, King's College, Cambridge, 1980.) 

The particular algebraic mode) Tor which the results of this paper have bees 

found is developed from one described by Bastin, ef.ii/. in Ref. 13 of the main 

text, It is based on three discrete processes and an equivalence relation. A typical 

functioning or the system consists of discrete steps, in each of which one step 

of one of tbe three processes takes place. Which process is involved may be 

doterrtiinrd by outside considerations or by toe state of tbe machine at the time 

Oust as, in a luring machine, the next act is determined by the contents of the 

square being scanned and by the state of the machine). It is important for the 

particular kind of model we have in mind, however, to realise that the model is 

not to be thought of as being given m a complete form at the beginning of the 

investigation but rather as developing in a recursive fashion as the investigation 

praceeds. A detailed consequence of this is that it is impossible to take the 

equivalence relation as given is the usual way, and a recursive way of specifying 
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it has to be found. 

The constituent, parts are> 

{%) & gpnerotinĵ  process *3 wbich yields Dew element!) to adjoin to a set S of 

previously constructed elements. The acteai form of C is not or much importance 

later, but one suitable form which we have employed is that given, in a completely 

different context, by Conway (Ref. 17 of the main text). A single operation of G 

is then of the form: 

If L,R are disjoint subsets of S, adjoin {L\R} to S, 

The great advantage of this form of G is that it U completely recursive in 

the strong sense that no starting point L» needed. The first element generated 

has to be {l|8}, where 0 denotes the empty set; this clement plays a special role 

and will be denoted by 0. The two possible next ones are {O|0} and {0|O}, and 

so on. 

(ii) We now introduce an equivalence relation, D, on S; the equivalence classes 

under D will be called fata'ions and any member of a location A ( written a 6 

A) will serve as an addrttt tor A.[Note that the word address is used here in a 

different sense than in the main text.] Tbe relation D Is specified recursively u 

follows: Let S = {0, GJ , ii2,..., <n}, be the set of elements already in play (either 

as a direct result of processes of G or from other operatiopj to be described 

below) and a new element 6 be generated by G. Define by some recursive means 

a function / of two variables, called a di$criminattott funttton, so that, if Z is a 

particular subset of all posssible values of / then the condition 

Ox? *•/(*,») 6 Z 

defines a relation which is an equivalence relation. (To put it more directly, / 

discriminates between purs (x,y) which are equivalent and those which are not, 
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because its value foi as equivalent pair is never the same as for a non-equivalent 

pair.) The requirement that D should be an equivalence relation imposes obvious 

restraints on / . Sufficient (but not necessary) conditions to insure that these 

restraint* are satisfied are 

/(*.*) € Z for all x, 

f(z,y) = f(y,t)ioT*Uz,S, (//.LI) 

/(/<*.»). /(». *)) = /(*. *) for aU *,», *. 

For simplicity in what follows we assume all of these to hold- If 6 never turns 

out to be equivalent to any of the existing members of S, it is assigned to a new 

location. 

(ill) In the course of determining the location of b, a number of values /(a,-, b) 

will have been determined and (by (II. 1.1)) two of these will be equivalent only if 

the corresponding a,- 's are equivalent. Accordingly for e&cfc existing address Ai 

we generate a new address F{Ai,B) and for each of these we introduce a minimal 

addrtu rule of the form: 

Number the addresses 0,1,2,..., where 0 is the address of element 0. Then 

F(A, fl) = the least address (in the usual order) different from ail F(A, &) 

and all F(A', B) where A1 is different from A and Sf is different from R. 

Successive values of F can now be found recursively, and it is easy to verify 

that F sfilifTies the restrictions 

F\A,A) = Q;F[A,B) = F[B,A)]F(A,F{B,C)) = F[FiA,B),C)- (//.La) 

Values for F for small values arc given in Table All.lfa.). 

Tho form of the identities (II.1.2) suggest a change in notation, writing 

F(A, B) m A + B. VW udopt this in what follows and reft>r to thus process, 
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between addresses, as ditcriminaiian, It a now straightforward, if a little te

dious, to establish the result: 

Theorem I. Let S be a doted diitriminatitm tvttem. (The table shows how 

closed systems arise if we stop at 1,3,7,...} Then \S\= 2" for tome integral n and 

thert it an itomorphi*m between (S,+) end (V„, +), where Vn it the n-dimentionet 

vector tpatt ever the field Z% with two elementt, the + in the second bracket 

denoting the usual vector space addition, (Conway (1076)). 

(iv) So far the construction of the model has stressed the process aspect, but 

not the self-organizing one, which involves a hierarchy with interaction between 

levels. This is introduced by an economy protest, in which certain special sets of 

locations can be given a single address, without disturbing the discrimination in 

the minimal addressing process. Suppose that T is any set of non-null addresses, 

and define the diteriminate cloture of T. T* say, recursively as follows: 

(ajrer, 
(b) If B,C are any two different members of T, then B + CeT*. 

(Note that this form of definition makes a closed discrimination system S 

have the form 5 = {0} (J T*, for some T*.) 

Consider now a mapping 0 of a closed discrimination system, St into itself, 

which preserves the discrimination: 

4 : 5 - S, 4>(A + B) = ey{A) 4- <j>{B). 

Th»n, from theorem 1, there is an evident representation of ^ i i u n X n matrix 

over Z-t, and since such matrices constitute a vector space at dimension r»2, the 

set of all such 0 corresponds to a new closed discrimination system, S a nay. 

(N.B. The vector-space picture suggests that ^ is an element of % different logical 
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type from the Addresses A, B, but this is just an illusion produced by the special 

representation.) We may use this Tor the economy process as follows: 

I«et T* h* any d.c. (diseriminately closed} subset. Then it ess be proved that 

there exists one mapping ^ with the property thai 

If also « is chosen (as it can be) so that 

(4 Bousingular), we may use the new address 4 to repieseat th« «U set of ad

dresses T*, so that the information contained in T* is represented In a more 

economical way at a higher level. 

K, moreover, we choose the 0's for different d.e. subsets to be independent 

(that is, so that any k such themselves generate a d.csubset of 2* - 1 numbers, 

and no fewer), these #'s will serve to allow the whole process to bo repeated, so 

that we have a hierarchical structure as required above. 

Let us call a generation of such a heirareby tomplttt when it so happens 

that the creation and discrimination operations have been carried out in such an 

order as to maximize the fefonaaiio&-earrx tag et the structure. The complete 

hierarchy serves to define bounds on the amomtolinformation that e ^deatt 

with. We can then prove 

Theorem t. There at « tmiqv* complete hierarchy with HUM than taw leveUnt 

hag taceeMWetf completed tenth ojt, 10,137,ftm-l+137 « 1 . 7 X 1 0 * efsBwnrj, 

htyoni which further externum it impmuUt. 

Tn^rnoof<4thur(^teB lengthy and at present chunsy. Instead or describing 

it, 1 prefer to indicate bow the construction can proceed at lower levels. It wiD 
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be convenient to have an abbreviated notation for vectors Mid operators. Write, 

for any vector v, v = i + j' + ... + Jfc, where the only rows occupied by 1's are 

the ilh,jih>— (If we ate in a taw dtauiaafan so that none of i.j,... exceed f>, 

we can amply write t>'uJL) An operator tan then be written » an assemblage 

of column vectors* and this allows calculations to be earned out quickly, since 

(p.«/.rU — ft {PtltfP ™ 9- To begin the construction choose two bans vectors 

in two dimenawttM, 1 and S. Then we lunw to find operators with the invariant 

spaces: 

(a) (!}, and this is evidently the operator (1,12). 

{ » {2}, and this is (12,2). 

fc) ( l t £, 12}, and ttiis the unit matrix (1,2). 

It should be noted that there Is no choice at this stage. These operators 

may be rewritten at the next level as vectors 134, 124, 14. For some purposes 

it is necessary to keep them in this form but for the mere existence theorem 

it is possible to simplify by taking these u a new basis 1,2,3. There are now 

7 invariant subspitces, and it is possible to find 7 corresponding operators, in 

a number of ways, which are linearly Independent. For example, in the three-

dimensional snbspaeev the operator (1,3,23) baa unique eigenvector 1, and so, 

interchanging the first and second direction* (3,2,13) has % and (12, J,3) has 3. 

In much the same way the threv (13,2I3),(1,23,3),(1,2,13) serve for s three 

dement spates, and (1(3,3), the unit.• -Uix for all 7 rectors. It is not hard 

to verify that these are all linearly independent* It is harder to establish the 

existence of the 127 operators at the next level, bat several different versions of 

this have now been carried oat. The termination of the process arises because 

the dimensionality of the spaces does not increase fast enough to accommodate 
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the number of linearly independent vectors, as is demonstrated in Table AD.1(b). 

We need to understand something of the "geography" of the higher levels. 

Some of this information is really about the structure of the finite group Gt^n, 2) 

where n = 256 (or perhaps 16). Such a project will evidently require compu

tation, but it is important first to determine what should be computed. The 

"model" cases of Ci{3,2) and GL{A, 2) will be presented at ANPA S3. A certain 

amount of assistance comes from the feet that, if n > 2,GL(n,2) is simple and 

therefore has been an object of study by simple group theorists, but to a large 

extent the information they derive is not sufficiently specific for our purposes. 

The number of elements of GL(fl, 2) is *<t.:'y seen to be (2 n -1)(2" - 2)(2n -

22)(2" - 2 " - 1 } . It is easier to express it as n* • 2(n - 1|* • 22(n - 2)*... = 

2 n(n- i ) /2^ ( n . | ^ ^ r* = 2 r - l,tf(r') = r ' ( r - 1)V..2*1'. Thus GI(3,2) has 

order 8-7-3- = 168. Its structure was further anylyaed by Steinberg (&.Steinberg 

(1051), Canadian Jour, of Math. 3, 225.) and he divided it into classes containing 

1, 21, -12, 56, 24, 24 elements. If we compare these figures to some due to Amson 

(private communication), who finds one member with 7 eigenvectors, 21 with 3, 

AS with I and 48 which unfix every -^ctor, there is obviously some connection 

In fact Amson's 08 with one eigenvector split into two subclasses, one of 42 mem

bers which permute the remaining 6 vectors in a 2-cycle and a 4-cycle, and one 

with 56 which produce two 3-cycles. This points to the need io find all possible 

combinations of cycle-lengths, and Ibw U a project OD which some members |of 

ANPA| did some calculations (up to the u=lfi case) some years ago. The division 

of the uiilixi'TK is more obvious. If A is an unfixer, then for any vector v, Av is 

neither v nor zero; Hence also (A + I)v is neither 0 DOT V, and so {A + I) is an 

unfixcr. Tho'igh it is possible to carry the analysis of CL(3,2) much further, it 
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should he uoted that the order of GL(4,2) is 2D 160, so that already (at the first 

stage where the results would be of interest to the stud/ of the hierarchy) the 

numbers are beginning to become unmanageable. 

However, matters are not quite so bad; in the first place, it is not actually the 

whole group with which we are concerned. We have to deal with a construction 

which considers just those non-singular operators for which none of the vectors 

not in a preferred subspace can be eigenvectors. This lowers the number of 

operators to be considered by only a trivial amount (for example, when n=4 

from 20160 to 18816) but the new set of operators is no longer a subgroup, and 

this suggests that the group theoretic analysis cannot give the fine detail needed. 

This work is continuing. 

Appendix 11.2. On Generation & Discrimination 

|This paper was presented at the fourth annual meeting of the Alternative 

Natural Philosophy Association, King's College, Cambridge, 1982.] 

The algebraic model is based on tLree discrete processes, and a typical func

tioning of the model consists of' terete steps in each of which one step of one 

of the three processes takes place. Which process is involved may be determined 

by:-

(i) outside considerations 

(ii) internal ones, e.g. state of the system at the time, or the. constraint that 

the third process cannot be carried out in th early stages. 

What ix important here is the requiremen* that the model is not given in s 

complete form at the beginning but develops as uie investigation proceeds. 

The fir a I. process is a generating operation G which adjoins elements to the 

(finite) set S of elements which have already arisen. [1 do not know that the 
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details of Conway's {L{R\ construction arc important, but <* should have in 

common with Conway's construction thfr ability to start wiib nothing. Since the 

only "nclMng'" which ) V.*ow or as freely available is the oull set, this suggests 

that G must be *o le sort of construction in terms of sct&j 

The Hccttod process is needed to check whether elements generated are really 

B%w niiw f>r not. A formalist way of putting this would be to say that there 

was an equivalence relation 0, and the question, when z is produced, is whether 

Dry holds for any y in S. We cannot use this way of putting it because, both 

in th. specification of D and in checking Dry (or <uiy JI in S we are supposing S 

completely given, contrary both to the original requirement and to the fact that 

5 is growing with the development of the model. None the less this formalist 

approach gives two insights: firstly that umttotm of memory is essential. I shall 

assume Hint I can call elements of S but only at random. Secondly it suggests 

a. recursive specification, instead of D, of & function / : S x S — T ( here T is 

some set, which includes S) with Ibe property that there b a fixed subset Z of 

$ and fry £ Z If and only if x and y art the same element. 

Since / is our recursive substitute for 0, we must require 

( i i ) /« g 2 -* fxy £ Z 

(iii) Jzy € Z and /»« € t if and ©aly if fxz € Z 

Any such recursive f will be called a preifscrtmifialton. Two predbcrimioa-

Moos /,) will be called equivalent, / m J, to fxy C Z if and only if Jxy e £ 

where / : 5 X 5 — f a n d l b some subset of S. (Of course it is not ruled out 

that 7" - f and 2 = 2. j 

Theorem t. Every f it tquittaltnt it tome ffer whith 
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(l) gxx = 0 

t*»> s*» = 9*y 

(iii)gx(ftrz) = g[gxy)x 

(where 0 is written for th* unique dement of a one clement Z) 

FrooJ 

[ a) Define J = 0 if r = g, — f*U otherwise. 

Evidently ? = / : and ~ftx = 0. 

(b) Suppose the elements gf 5 to have been numbered by any recursive pro-
• 

cess; and define 

Fzy = min\JxyJyx) 

(where 0 is counted as the Least element and the others 1,2,3,.. are regarded as 

ordered in the usual way). Easily FsJ = f and 

(c) (Conway's trick} Define 

gxy = the [east dement z aveh thotF tigty) *4 Q,Fz(gx[)) f&0, 

for all l < x, y < v- TV n, easily, g&Fmf, and, sisee yxy w 0 if and only 

if x and JJ aw the same clement, j satisfies 

gxx = 0 

gig = o on d £p2 = 0 - • fiz = 0. 134 



It remains to prove that 

ax(gys) = g\gxy)z. 

It is simplest to verify this by explicit construction as in Conway's book. Prom 

the definition gOO — 0, jrDl = i, so gll cannot be 1 but can be 0: g 11 = 0. g&2 

cannot be 1 or C but can be 2. Then g\2 car not be 2,1,0 so must be called 3. 

Next g22 = 0 and so on. 

The requirements on g are exactly those of a discrimination function. It is 

straightforward (if a tittle tedious) to prove 

Thtortm 2. If S ii a clottd lyrtem then [S|= 2"/or integral n and there u 

an isomorphism 

(S,g)=z{Vn,+2) 

where Vn it the titdor space ofn dimensions over Z%. 

The third process is an economy process Tor labeling sets of elements with 

& single clement.[Here follows the usual eigenvalue construction given above in 

AIM.] 

The throe processes are carried out in various orders and in this way generate 

a hierarchical structure. Call tbis hierarchy complete (perhaps some other word 

e.g. maximal would be better] when it &. happens that creation, discrimination 

& economy proresses have been carried out in such an order as to maximize the 

structure. A complete hierarchy then serves to define bounds on the amount or 

information that ran be dea.lt with. Then 

Theorem 3. There it a unique complete hierarcky with more than two levels 

having successfully completed levels of 3,10,137, 2 1 2 7 - 1 + 136 elements, heyond 

whieh further extension it impossible. 
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However, alter the complete hierarchy has arisen (so that the third process 

can no longer intervene) the generation process and discrimination can still pro

ceed. One can picture this best in the vector apace pictu. •. The elements of the 

vector space have a 256 - bit segment t" which further strings are affixed. We 

can cat) the 256- bit segment the label and the remainder the addrtit. 

Appendix U.3 HIERARCHY CONSTRUCTION {second version) 

[This is a new version for work done about three years ago rewritten for this 

paper 10 April 1083] 

By a hierarchy is meant a collection or ttvtl* related as follows: 

a) The elements at one level are a basis of a vector space V'jZ% a subspace 

of Vn/Z2. 

b) The dements at the next (higher) level are non-singular liDear operators: 

Vn —t Vn (again, of course fZ^). 

c) Each element A at the higher level corresponds to a subset 5 of the elements 

at the lower level by the correspondence: the proper eigeuvectors or A are exactly 

the linear subspace generated by S. (NOTE: Proper eigenvector means Au = u.) 

d) The operators {.-1) are then vectors in Vnj. In order to repeat the opera* 

tioo, they must be chosen linearly independent at the higher level. 

Evidently if there are r elements at one level, the next one must contain 

2 r — 1 = r* (say) elements. 

Theorem I. (The Parker-Rhodes theorem) There is on/y on* candidate for a 

hierarchy with more than two stages (S levels) and that has successive numbers 

of elements. 

2,2* = 3,3* = 7,7* =127,127* 
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ProoJ: Ibe prooT is easy, since impossibility results from the fact that the 

operators, have n~ elements and 2" increases too fast. In the case given above 

(Table II. 1(b)), however, it may be possible to find a candidate, though at the 

last stage the operators cannot be linearly independent, so the construction ter

minates. The point of this paper is to show that it is indeed possible. 

Notation. Write for the rector having I in its Jt'* place and zero elsewhere 

simply it. For Jfc + /, /Zv.write JW. For an n X n operator form an ordered set of 

vectors (its columns) in the form [A\,A<i,...,An), Then 

[Ai.Aa, .,An)i~>Ai 

At (he first level of the hiurarehy assume that the two vectors chosen ini

tially arc 1,2. (The other choices, Involving 12, give very similar algebra.) The 

upeu <rs with given invariant subspares ue then, uniquely 

Subiftaci Operator 

{1} (1.12) 

(2} (12,2) 

{1,2,12} (1,2) 

Writing the operators as vectors in 4 dimensions th«y are 134,124,14 respec

tively. One can perform a basis transformation to turn these into 1,2,3. Before 

we go on to finds the appropriate 7 operators, it is useful to look at the remaining 

tXMf-stagntar operators at the first level, These are* in turn: 

(2.1) with proper eigenvector 12 and 

(2,12), (12,1) which unfix *"»•«"' vector. 

So there are, at this level, exactly two unfixets. 

137 



As a next exercise, consider the 3 vectors 1,2,3 in a Mrce-dhnensktta) spam. 

Wc discuss ia some detail bow to construct operators having the appropriate 

eigenvectors, as the same methods will be needed again. 

(a) Firstly, fur all three vectors {1,2,$}, only the identity operator (1,2,3) 

will serve. 

(b) POT the stibspace generated by {2,3}, which we denote by P(2,3) we use 

the Noycs trick ot getting the operator (13,2,3). 

(c) For the subspsce {3}, we use a direct SUIT representation, and an un&xer 

on the 1,2 columns, so, for example (12,1,3). 

Consider now the operation of interchange two basts vectors, say 2 and a. 

This is a linear operation, L, on vectors; in fact £ = (1,3,2). But if, say, Au = v, 

thfcQ Lv = {LAL~l)Lv., &o that the Toaull 4 tuth a change of basis is to make A 

become LAIT1. Now L~l = L, SO if A " (AI,A2,AQ) we have 

.4' = LAL~l = LAL =- (lp3,2)(Ai, A4p/*s)(l,3,2) = 

s ( l , 3 , 2 ) ( 4 l A 3 , i l 3 ) , 

and to evaluate this product notice that if a column contains a 2, it becomes 

a 3, and viio reran. So A1 = (Ai,^3, Aj) where bars denote the operation of 

interchanging 2 and 3. We can sow use these to tabulate the seven operators in 

the following way: 

Svbapatt Operator 

ALL (1,2,3) a 

P{«,3) (13,2,3) fi 

P(l,S) 1~2 ( I J l A i 
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0(1,8) 1 ~ 3 (1,2,13)0 

{3) (ItAQi 
<1> I - « (1,3,23) 4 

{2} 2++» ( l3Al)f Tuese«n operator* eo found are, rafa^ linearly 

independent. This caa be teen in the foBmingmj (tor which I am indebted to 

Dr. Marjr Warner): 

A basis for 3 X 3 matrice* H obviously provided by (L,A£), (2,0,0), (AE.F), 

(Q.l.C!), (0,2,H), (O^K), (0,0,1), (0,0,2), (0,0,3). One simply worb systematically 

to put the given set in this form. 

or = (1,2,3)* First step: 

< + o -(2,12,0)' 

y3 + o = (3,0,0)' Second step: 

T + a - ( 0 , 3 , 0 ) ' 

S + a =(0,0,1)* 

r, + n = (0,23,2) r,+7 - (0,2,2)* 

0 + f - (0,0,13) 0 + f + i + f t ~ (0,0,3)* 

The final starred elements are obviously 7 of the basis mentioned and so are 

linearly independent. 

The above argument is for the set of vectors {1,2,3} in three dimensions. 

The hierarchy construction has them in four dimensions. However it ts easy 

to derive a corresponding solution. Let Afc = I, ...,7) be the seven operators 

starred, and adjoin >ne more eolumn. Then the operators 

A f « ( ^ , 1 4 M » - l 7) 

trill be lin«arty independent, and ham the same eigenvectors. 
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Th» has cstabnskA then, the Bnfc two stages of the hierarchy construction. 

The next step u the cote ol the proof. H is equivalent to proving: 

Theorem B. Given «nt; 7 fm«erfy mitptmittA vectors m 2$°, ttere «xwt i<7 

tinewfy independent 16 X 16 matrices fZ% ntth Out 

(a) radb if wm-mnsvltir, 

(b) eocn wrespenoV to 0 outfit* fAw«r spoce guuraUd tg a *«>**(*/ tte 

7 eteefan fry fAe proper d§em€ticr correspondence. In order to prove the we 

fint make a. basis tra&sformatio& to thai the seres vectors are respectively 

1,2,3,4,5,6,7. The proof relies oa two simpler theorems?* 

Theorem 3, 

fa) There ezitt (many tttt ef } 117 tt«n*ifayvfar operator* Z\ -+ Z\, one /or 

each »ubt«t of {1,2,3...,7} in the proper tiftnvtttor eomtpondtntt. 

(b) These 181 operator* can t« ekoitn to ipan Z\ X Z\. 

Theorem 4- For n>£, unflxtrt. pa\ **J K Z$. 

The use of the theorems (o prove ' \eorem S is as follows: 

From theorem 3(b)we can select 49 linearly Independent operators, say A&i ••• 

1,2,..., 49). Denote the remaining operators by Bj{j — 1,2, ...,78). By Theorem 

4, for n = 8, there are 81 linearly independent unflxen on Z\ X Z\* OhoosQ any 

70 of them, f£k —1,%-^9), Since 7+9 •» 16 one can construct operators of 

the direct sum form; (Aj, ̂ jO), (Bj, tyK« a 1,2, ...t 46, j s 1,2,.... 78) which are 

127 in namber corresponding correctly and are linearly independent. This proves 

Theorem 2. 

It remains to prove the subsidiary result*, Theorems 3 and 4 We begin with 

Theorem «, that unfixers span (if n ^ 2, since, if n •> 2, there are only two 

unfixen). 
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ID II dimension* go obvious unfixer if A = (2,3,4 n, U) where (from non-

singularity )t' cannot belong to 0(8,3, i,...,n) and so must be 1 or iv, where 

« € 0(2.3,4,...,»). Gut V — L will Dot serve since 123,..n is then an eigenvector, 

so (/ =i lv. 

So hn$ atn>3, two us fixers Are (2,3....,n,)?) and (2,3,,..,13) and their sum 

is (0,0,...,0,23). Interchanging 1 and 2 will similarly produce (0,0,...,0I13) and 

adding resolto will give {6fi,...fi,lt\. 

Now perrorm the automorphism M ) i - 1 , where & = £~ l = (12,2,3,..., n). 

Then 

(12,2,3 D)|0 (0,...,0 112|(1*,2 13 n)= (12,2,3 a)(0,0(.,.)0)l2)=(0,0,...,0,l). 

Since this con be produced, we can, by interchanging 1 and 2, I sod 3 

1 vol (n-l), produce in turn (0,0 0,2), (0,0 0,3) (0r0,...0,n-l), In order to 

produce (0,0,,..,0,0] begin with the two unfixers (2,3 n,12) and (213,...,n,ln) 

with sum (0,0,,..,0,2a) which, by adding (0,0,..,0,2) gives 10,0 0,n). 

Since there is evidently nothing special about the last column, it is clear that 

unfixcra may be found to give a 1 in any place at all, i.e. usfixen span. 

Now to Drove Theorem 3 one uses the same procedure In Z\ x Z\ as has 

been used above In Zf X £f - It is, is fact, sufficient to consider the eases: 

Eiftavtctert Operator 

ALL (1,2, ,7) 

0(2,3,4,5,6,7) (17,2 )7 (The Noyes trick), 

0(3,4,5,8,7) (12, t,3 7) (unflxerin (2|), 

7(4,5,6,7) (2,3,13,4 7) (unfixer in |3]). 

When all possible interchanges between 1,2,...,7 are performed so as to list 

the 6,5,4 dimensional subspaees and their operators, the numb** fisted will b*> 
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I+7+2J+35=M. Applying Ibe Warner technique, it will be found that tLese 64 

operators include 40 linearly independent ones. This completes th- .̂oof. 



Table AIM 

(a) Values for F lound recursively. 

(b) Dimensionality of the spaces vs. no. of linear!, independent vectors. 

A= 0 1 2 3 4 5 » 7 S » 

*)F(AB) 
5 - 0 0 1 2 3 4 s 6 7 8 9 

1 1 0 3 2 S 4 7 6 9 8 

2 2 8 0 1 6 7 4 5 10 11 

S 3 2 1 0 7 6 5 4 11 10 

A 4 5 6 7 0 I 2 3 12 13 

S 5 4 7 a I 0 3 2 13 12 

6 6 7 4 5 2 3 0 1 14 15 

7 7 ft 5 4 3 2 1 0 15 14 

8 8 9 10 11 12 15 14 15 0 ] 

0 8 I) 10 W 12 15 14 1 0 

b) vectors and diniet .ODB 

No. vectors: 0 3 7 127 2 W - 1 

Dimension: 2 4 16 256 65536 

(terminate*: dimensionality of tbe spaces falls behind no. linearly independent vectors ) 
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Appendix DJ.OOMPLEMENTAMTY AND ALL THAT 

by 

TedBastin 

[Thb is Chapter 3 from Ted Bftstu's unpublished book Tht Cvmtinolpfid 

/fasts of tht Phytic* of tht Quantum] 

Bobr is credited with tbe remark that "truth and clarity are complementary" 

and Peierls to whom I am indebted for the quotation, adds that Bohr leaned 

heavily to the side of truth. Attempts at clarify about observation, in the sense 

of a brief and definite statement within tbe intellectual structure that we eall 

the quantum theory, tend to run into the difficulties that have occupied us at 

some length already- For example we find the kind of clarity that the physicist 

is used to expect admirably provided in tbe statements on the subject by Dirac 

that were extensively used in the arguments of tl.c last chapter. Howovor, tbe 

more satisfying the clarity, the more we find the difficulties thrown into sharper 

relief, and wc may set our desired succinctness and clarity only at the expense 

of our being prepared to live with an underlying muddle. From this point of 

view the surprise felt by many physicists at the prolixity of Bohr's discussions 

of complementarity is misplaced; it is, to say the least, a moot point whether 

or not Bohr should be taken to task for failing to be clear in his presentation 

of a muddle. Is any case I shall be presenting tbe very different judgment tbat 

Bohr differed from his contemporaries in the mainstream of quantum physics in 

being not prepared to temporize with an incomplete understanding of the basic 

quantum principles, and tbat die difficulties being as inveterate as I claim, tbe 

cnJ'essness of Bohr's search was an inevitable consequence. 

la this chapter I shall be concerned with one question: does Bohr's comple-
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metit&rii) |irittci|tU> wiable us to deduce the differences between quantum physics 

and classical physics that appear - jn particular - in the uncertainty principle. I 

shall conclude that tbcy do not. It will also follow that - Bobr's profound critique 

not having Issued io an explanation - no understanding of these differences exists 

At present. 

The di ctrin* railed "complementarity" b one of the principles which guide 

the treatment of observation in mainstream quantum theory. There, it usually 

refers either to the n' •tionship of the particle picture and the wave-picture, or 

to a more technically articulated relationship that exists between certain pain 

of dynamical variables that appear in the specification and solution of a single 

dynamical problem. In both cases there is an idea or exclusivity in the application 

or two analytical techniques or concepts at a given time, even though both we 

required Tor the full understanding of the problem. I shall criticize the use that is 

made* <>r the iuuu uf complementarity in mainstream quantum theory severely, and 

it therefore matters what form of presentation of it one takes a representative. 

One could scarcely hope for a more insightful brief account of it as an element iu 

that corpus of thinking and knowledge than the following f om Born ("Atomic 

Physics", Klackie, Hlrd Ed. 1944, p. Hi). 

The true philosophical import of the statistical interpretation ... consists in 

the recognition that the wave picture and the corpuscle picture are not mutually 

exclusive but are two complementary ways or considering the same process -

a process whose accessibility to intuitive apprehension is never complete, but 

always subject to certain limitations given by the prin^'* of uncertainty. ... 

The uncertainty relations, wbieb we haw obtained simply by contrasting with 

one another the descriptions of a process in the language of waves and in that 
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of corpuscles, may also be rigorously deduced from the formalism of quantum 

mechanics - at inexact' .equalities, indeed: for instance between the coordinate 

Q and momentum P we have the relation 

* W > fc/4* , 

if tQ and 6P are defined as root squares ...." 

In thb account, Bora is unusually definite among expositors in making the 

Heisenberg uncertainty relation depend upon the complementarity or the wave 

and particle pictures ("corpuscle" picture, as Born colls it), However eves he 

leaves the deductive situation ambiguous, he suggests that tbe strong expectation 

that the complementarity principle gives us tb-* th;re must arise an uncertainty 

relation, will then be happily confirmed by the more rigorous treatment. Of 

course thin would be fine if the more rigorous treatment included a more rigorous 

formulation of the wave/particle duality, but the actual situation Is that the 

treatment of that topic that appears in the above quotation is all the justification 

of it that he provides. As a result, his readers are left chasing round and round, 

and never sure at what point they are meant to break into the argument. The 

evident - though perhaps never consciously expressed - invitation is that one 

should build up support for the quanlunvmecbnnica) approach as a whole by 

deriving a. little frr i each of an array of principles of which the complementarity 

of the wave- and particle- pictures is one. 

We might argue tb&t this is what happens in classical mechanics. There, 

if we ask for a definition of mass, we are referred to statements which presup

pose that we already know what force and Acceleration mets; and vice versa. 

And so on round and round in circles. The closure of Ute syotem of definition* 
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works, tnoreovw, Erctyon* who b trained in physics knows exactly how to ap

ply the classical theory and what constitutes a proper argument within it. The 

miraculn«is-jeeming quality of the coherence La what I tried to draw attention to 

in chapter I by my introduction of the term "theory-language". In the classical 

case we indeed bave a closure of the definition system that justifies us in starting 

from any of many equivalent points in our deductive treatment of any problem. 

Moreover, as happens with a language, every piece legitimately contributes to 

the meaningfulness of the whole. The vital point, ID the case of the classical 

theory-language however, is that the principles that would be invoked in justi

fying fw one piece would be consistent with those for all the rest, whereas in 

the case of the quantum theory, this consistency is just what is being called in 

question. 

In any caie, Bohr did not regard the complementarity principle as being at the 

same level aa the technical constructions of the quantum theory. lie regarded 

it single-mindcdly as an autonomous principle which required no justification 

backwards from the success of the quantum theory. On the contrary it was this 

principle which should carry the weight of the quantum-theoretical vision or the 

world, 

To pu-sue this programme, Bohr's first effort baa to be to provide a conceptual 

framework within which the complementarity of pairs of dynamical quantities 

was natural and pre .̂cable; subsequently he has to show that the rest of quantum 

physics could reasonably be seen in this setting. It was this second effort thut 

made bis writings so voluminous, and so involved as to give him his reputation 

for obscurity. It is, as a matter of the general way theories evolve, likely, and 

in my own opinion demonstrably the case, that the difficulties of exposition that 

147 



Bohr found, and the way in which he found his arguments gutting ever more 

complex, indicated that he had not assembled the essential ingredients for the 

solvlion of the task, he had set himself. Whether or not this k t\-un, there is no 

one writing on the foundational aspects of the quantum theory at the present 

time who will accept, or even attempt to argue tbe case for the correctness of 

the cr?~eptual framework supplied by Bohr in tbe detailed context of the mutual 

exclusive of the pairs of dynamical variables. 

The position of von Weizsaocker on complementarity will be discussed in 

ct &pter II. It is worth putting on record an opinion expressed by Heisenberg 

a few months before his death, what be now felt about complemen

tarity, and whether in particular he would support the possibility of there being 

simultaneously incompatible dynamical variables, as a matter of general princi

ple, Heiseberg said that he thought that science does indeed throw up situations 

of this sort from time to time where there seems to be a conflict of principles 

operating in such a way as to close investigation. He said he thought that such 

situations were an augury of major simplifications at tbe most profound level 

about to emerge, but as yet only to be guessed at- Heisenberg was not to be 

drawn by the further question whether this point of view did not strike at the 

heart of the Copenhagen philosophy, and drew tbe conservation to an end by 

remarking that it must be time for lunch. 

in spite of this absence of currency for the complementarity idea as a piece 

of organized thinking at the technical (as distinct from the general philosophical) 

level it continues to be presented as an element of the mainstream position on 

quantum theory. V one enquires about the relationship between canoftieally 

'''Conversation with the author. 
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related dynamical quantities, as the accepted way of reaching an undr 'standing 

of the quantum-mechanical doctrine on observation, one is likely to find oneself 

n>fr,ri''J to Bohr's discussion of the general concept of comptrmentarity. It is 

for all iIn- would as though thai discussion could give the technical form of the 

dual nlations the validity of a sort of counter which could be played at will in 

sonic sort of game in complete disregard or the circumstances under which the 

exclusion prescribed by the principle would be expected to manifest itself. 

It i* not impossible to obtain a short statement by Bohr himself of the com

plement arUy concept in its general form. The following appears in an essay by 

Bohr entitled "Natural Philosophy and Human Cultures'' (Address at the Inter

national Congress or Anthropologira! and Kthnological Sciences in Copenlti^cti, 

delivered at a meeting in Kronberg Castle, Elsinore, August 1038. This essay 

appeared in Nature, 143,268, (1030), and was reprinted in Bohr's book Atomic 

Phi/sirs and Human Knowledge, Wiley, 1057.) 

Information regarding the behavior of an atomic object obtained under deli-

uite experimental conditions may, however, according to a terminology often used 

in atomic physics, be adequately characterized as eompttrntniv y to any infor

mation about the same object obt&tacd by ««nc other experimental arrangement 

excluding the fulfillment of the first coaditiona. Although such kinds of infor

mal iim cannot be combined into a single picture by means of ordinary concepts, 

they represent indeed equally essentially aspects of any knowledge of the object 

in question which can be obtained in this domain." 

This defini ion makes use of several principles which Bohr considered estab

lished in current theory, or which he considered be had himself established, and 

which euu be though about separately. Firstly there is the statement about the 
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obtaining jf information by an experimental arrangement. This refers to Bohr's 

position that the units into wh'di it was alone legitimate to analyze knowl

edge about the world of quantum objects was the whole experimental procedure 

together with whatever logical relationship!* are necessary to demarcate the ar

rangement that we have in mind off from the rest of the physical surroundings 

of the experiment. 

This position sounds arbitrary until we see it Bgainst the special operational 

cirmmstaHces of the quantum objects. It is part of what we mean by the term 

"particli'" iu the classical way of thinking that there should automatically be a 

possibility of defining other particles in the neighbourhood of the first without 

making any special theoretical provision for their intrusion. If we could not as

sume this without question we should not be able to use the dynamical variables 

with their usual meaning. Now in the quantum domain this assumption its con

sistently and as a matter of fundaments! principle invalid. It' we wish to refer 

to a new particle then we must specify a new, and usually much more complex, 

theoretical background capable of describing the combined system. Fc- Bohr, 

the right way to express this specifically quantum view was to stress the unity of 

observed entity and observing system, and indeed to insist that neither should 

be ascribed reality independently. That it is a correct understanding of fiohr 

to interpret bis assimilation or the atomic object (1 use Bohr's phrase) itself, to 

the circumstances of its measurement is further borne out by his giving central 

importance to what be called the "quantum postulate". This, he says (Atomic 

Theory end the Dtitriplion of Nat we, Cambridge, 1034, p. 52) attribute to 

any atomic process an essential discontinuity or rather individuality, completely 

foreign to the classical theories, and symbolized by Planck's quantum of action.'' 
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One sees from tLis quotation that Bohr saw the very discreteness or particularity 

of the quantum particle as something to be imagined in quite a different way 

from the way we imagine a classical particle (and the matter of the existence of 

a background of related particles -would certainly be an important part o! tbe 

imaginative apparatus that Bohr w^uid require us to renounce). To set a right 

view of the atomic object we had to preserve a lively consciousness of the unity 

of ob:net-system and experimental milieu. 

Bohr's insistence on the quantum postulate was needed as a protection against 

the sort of crudity in thinking about quantum particles which retains elements of 

the "atoi^s a'e bits of matter cut up small" variety. The combinatorial principles 

to be developed in thij book are easily misinterpreted as putting the theory into 

the class of statistical theories which use particles whose discreteness is of the 

classical kind, a.id it wilt be useful to bear in mind how important it was to Bohr 

to ftvuiii this mUconceptK" This part of his doctrine is absolutely integral to 

our way of thinking.!2' 

Tlie second of the principles which contribute U, Bohr's idea o! complemen

tarity concerns tbe inevitability of the classical description using the classical 

dynamical concepts as the only possible way of talking about the physical world 

in any of its aspects, and in particular in the quantum aspect. This principle is 

obviously connected wilb tbe first; hr.-evtr they are not equivalent. The second 

gc • nuvh farther than first in the way that it asserts that change from the clas

sical language is for ever ruled out. Bohr **as insistent on this strong prohibition. 

>£'In chapter 1 we discussed bow far the classical concept or the particle could 
be laid at Newton's door and how far he was careful not to commit himseir 
in this way. A later discussion in chapter 11 of the ideas of Bohr on what be 
called the "mechanistic concept of the particle" is also relevant. 
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Any suggestion that one should be open to the possiblity of change in the way 

we imagine the physical world at th>~ v isie level of the intuition or spatial events, 

seemed to him entirely fanciful. To the criticism that such self-assurance could 

hardly be reconciled with a modest awareness of the infinite corrigibility of sci

ence, Bohr would simply be incredulous. He evidently thought that anyone who 

made proposals of the sort that he was brushing aside had failed to consider the 

vastness of the task they were proposing, or indeed to set its real nature clearly 

into focus. On Bohr's side one does have certainly In recognized that most of 

Ihe tot ditant exercises in the invention of original conceptual frameworks for 

physical thinking which are intended to handle the uofamiliarity or the quantum 

world, do fall back for their very expression at a very early stage on the familiar 

imaginative pictures that they were meant to replace. 

The conclusive failure of attempts like t> .se lend colour to the working physi

cist's belief that the familiar approach is simply commonsenac about the reality 

of the world. Bohr's position, however, was poles removed from that o' the 

naive realist, In his positivistic attitude to the language of physics Bohr was, 

in a way, being explicit about *.ue dominance of what I have called the classical 

theory-language. He was rejectiug the view that the dominant language was an 

expression or common sense about the reality of the world for, of course, sophis

tication about the pari played by language in affecting what we say \vc observe 

is at tbc opposite pole from simple realism. Yet to a great extent the effect of his 

argument was to make him an ally of those who never questioned the inevitability 

of tbc classical language because it never occurred to them to do so. 

Among the quantum pbyictsts there is a further class of those who have 

given thought to the pussiblity of profound conceptual change, and who perhaps 
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would \M l.>>n«' ii m principle but who cannot sec any likelihood of its earning 

about It'hr was n<tt in this class cither, for he made a very positive virtue nf 

thf ni«'ivti> f>r th<- classical language. 

A t;i»") Ucal liu. been written abcut tbe influence of idealist ways of thinking 

iliai may haw made Bohr feel that be was on the right track in insisting on ihc 

<-la*s.'r:i( bngungp as a necessary form »r thought, or at least as a precondition for 

all limiting III at. could be labelled "physics". In particular, Bohr may have seen 

an »ntilir|ry between the part played by tbe classical language and the tyntttetit a 

priori place of ftpwe and time in tbe Kantian philosophy. However philosophical 

tenets which do not play a part directly in scientific argument arc beyond the 

scope of my discussion. Reference may he made on this, and similar point-, to il 

Quantum Fhyxiiw and the Philosophical tradition by Aage Petersen (MIT, 1BB6). 

Tin1 hu<! component that w« always End in Bohr's statements of the com

plementarity principle, such as the one quoted above, is that or incompatibility. 

We iklrcidy linvo ihe unity of the oporatinns and language that go to make up a 

rmuMjreiin'ii'; we have the restriction on tbe scope of (bat language to that which 

is current in th« classical understanding of the world; now we are to understand 

that there will typically be more than one such description required to present 

the iwwilinta of any given quanta! situation, and that these will consistently so 

appear licit the provision or <i;ie wilt prevent ihe provision of the rest. As IV 

UTM'H puis it: 

". i h*» experimental arrangements that d.'-fin: elementary physical concepts 

are th* sam<' in quantum as in classical physics. For example, in both cases, the 

concept of pwnUiua rrfvrs to a <<>t>rdiiKte system of rigid riders and the momen

tum concept refers <o a system of freely moving test-bodies. In classical physics. 
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thi-p instruments can be used jointly to provide information about the object. 

In the quantum domain, however, the two typos of instrument are mutually tx-

clusive; one may use cither a position instrument or a momentum instrument, 

but one cannot use both instrument*) together to study the object." (Petersen, 

Aage, Quantum Phytiet and the Pktlntophicai Tradition, MIT, 1866). 

Why not? It is wry difficult even to imagine what it wouli be like to argue 

in favour of Petersen's assertion, let alone actually to produce the argument. 

(Let me agaio remind the reader that my purpose is not to a.'gue that it is 

impossible to pottatatt an exclusivity; it is only to show that there can bu no 

case internal io I he physical argument in favour of it.) What sort of thing 

could it be that would prevent one kind of instrument being used becauso of 

the presence of the other? Or would the argument be that it was the successful 

operation of the one instrument that must inhibit the operation of the other? In 

the latter case, what would the mechanism of the interaction between the two 

be? It is obvious that if one restricts oneself to classical argument then there 

is DO reason why one should not, for example, construct measuring techniques 

whi-fi measure momentum and position and other dynamical variables as well 

in indefinitely complex relationship. Indeed it is notorious that, tar from it 

being the case that simple dynamical variables force themselves on the attention 

or the experimenter, his ingenuity is always stretched by the need to provide 

experimental irrlmiques tbat exhibit those conceptually simple properties of a 

system that theory dern-nds. 

Commentators usually continue the argument at this point by appeal to the 

uncertainly principle. Thus they may argue as follows: "Suppose we measure 

position. Then if we measure momentum this must by the use of scattering with 
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some sort of "test-particle''; however w e ^ ' t tave test-particles which areamal 

compared with the particle being observe? (BO we always do classically). Hence 

the monuntvin measurement must disturb the position, end thb » so merely as 

& foct about nMaswemesi.1' In fact we cannot permit recourse to this argument. 

Tlw finiteaesB of teat- sad all other- particles ia supposed to be a consequence 

of whatever quantized theory we tome up with, aad to we it in the argument 

about the most fundamental step in establishing discreteness is to beg the whole 

question we are trying to answer. One it inclined to sty that if one is allowed to 

assume be uncertainty principle then one has already got quantum theory, and 

has no need of complementarity. Such a claim may be too strong (though Noyes 

has argued that one may build a quantum theory upon an operational basis of 

counts of particles ia detector* with an assumption of aa irreducible statistical 

fluctuation io the counts that has the uncertainty relation as a special case, [see 

main text and references tnerein|). The correct relationship in Bohr's eyes was 

probably more that the complementarity philosophy was needed to make the 

uncertainty principle a comprehensible assumption. The fact would remain, in 

that case, that the former bad to stand In Its own right, 

Buhr's position on the incompatibility ol simultaneous description* is rem

iniscent of an argument that I have already maintained to he the best way of 

summarizing the difference between the quantum sod the classical views of mea

surement. A quantum measurement does not presuppose the potentiM existence 

'of a background of related experimental results in lb? *?r **»«t classical measure

ment does. Even for such a simple case as the measurement of two momenta of a 

particles at contiguous points in space at high energies, we require a quite differ

ent expvrinwntal arrangement from what is needed for the single measnremnrt, 
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•'d on* thai is usually of • different order of complexity. Then b a complexity 

•D the experiment*) step-up ttiat provides the irfonnatto about the spatial rela-

tionskips of the separate components of toe complex measurement, and to assert 

tVis seems to come near to saying, as Boat does, that different ways of measuring 

imply that different things are measured, indeed ft would only be a small step 

to suggest (hat the whole quantum theoretical concept of measurement could be 

built round &% application of this Ede» to the central concepts of momentum and 

spatial position. Then one would have, in ill essentials, this unceiiaiuiy principle. 

There aeema nothing wrong with this way of looking at the complementarity 

principle; the error is to try to make H follow from the tttuitul concept or 

observation, ftohr bad stressed that his quantum postulate wu something quite 

new ou the horizon of pbysies, and it is ironical tbat It was also his embargo on 

attempts to transcend the classical description of of experiments that made him 

locate the characteristics or tbat postulrts in a place which could not have th" 

right kind of room for them. 

In the dutuastott of the EinsUk-Pooolsky-Rosen paradox in the previous 

chapter the center point of principle in the controversy was shown to be over 

the proper requirements that scientific enquiry in its mosf general aspect ought 

to impose on measurement. The VHHy principle" that was set tip by the 

crhks of mainatTwn quantum theory was an ottempt to separate tb* result of a 

•neasvremrni from any essential dependence on the techniques that are involved 

\: making it. and in thai way to ensure that the results of measurements have an 

objectivity of the familiar sort. It was as though this kind of objectivity has been 

presupposed by everyone so implicitly that DO one had noticed that th* quantum 
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I henry had d.iuc away with it: at any rate that is one way of putting the critics' 

case. 

However it wis n'li to be the rritics who were generally held to have won 

the day, for Hohr's arguments were generally assumed to have answered the 

opposition, however carefully or casually they were, considered. Summarizing 

the outcome, Jammer (The Ccnreptual Dtvtlopmtnt of Quantum Mtthanitt, 

McGraw-Hill, 105$, p. 382) has this to say: 

"The challenge was soon answered, at least from the viewpoint of the com

plementarity interpretation of the theory, by Bohr's insistence on the essential 

influence of Lr-e j ro'edure of measurement on the conditions underlying the very 

definition ul physical quantities, considering these conditions as an inherent cl

ement of any phenomenon to which physical reality can be attributed. Hohr 

pointed out tbat a mechanical system, even though having ceased to interact 

dynanircalfy with any other system, does not contribute an independent set of 

'real* attributes. Bohr's rejection of the possibility of associating quantities with 

physical systems in a possessive manner, which rejection invalidated the episte-

rnological premise of the paradox, was dearly DU£ an expression of the fact that, 

within the framework of the Bohr-Hcisenherg interpretation, quantum mechanics 

is ultimately a physics of processes and not of properties, a physics of interactions 

and not of attributes, even out of primary quantities of matter. 

"From this point of view quantum mechanics may rightfully be regarded as 

falling in line with the general development of theoretical physics." 

This passage puts the contrast between the opposing views in such a way 

as to make very clear the importance of the issue as a turning point in physics, 

but arguments of this kind which point out the desirability of change cannot 

157 



lie said In inivc jus. iod the Him (if, indeed, thp turn was io be as irrevocable 

a*; tlic victors at tbat time supposed), i'or wiiat was at issue was whether the 

"essentia! influence of the procedure of measurement" could really be shown to 

replace the reality condition ul Kin si cm and to put something in its place which 

should he as satisfying as the old, though in the new framework. According 

to the discussion of this chapter Bohr has not supplied this demonstration, and 

therefore the challenge of Einstein, Podolsky and Rosen had not been met. 
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Appendix IV. PROGRAM UNIVERSE 
A Constructive Bit-String Model of the Early Universe 

by 
Michael J. Mauthcy 

const doomsday ^- f alse; 
type onebit ^ (0,1); 

Upti: |j.,l'iiic]; {index uf 3 string in U.} 
ensemble ^ record 

last: |I..*|; {index of cuirenl last element of E.} 
E :nrra)|l..»}olUptr; 

end; 
string ma record 

bits: j inj | l . .» | of onebil; 
try : boolean 

cod; 
semaphore •= (av&il.busy); {used to guarantee mutual exclusion 

00 updates to U) 

var V: array|l..*] of string: 
Usiie: integer; {initially it re = DO strings in universe) 
Umulex: semaphore; (initially = avail} 

{level i n III IV 

I 2 (3) 4..6 (7..101 11. .17 (18.137) I38..255 {256.2" 127-1) 

bwis .2. I .3, J .7. I .127. | 
size I ) J J 

j I strings in closures | 

LereU- arra;(l ([ of (indices into U} 
record {buis slots} 

LB. {1,1,11,138} 
Cur. 
UD {2,0,18,?&&} 

! ! • • • ] 
end; {nb:e]osurr slots from (i][UB (- lj-[i+ 1|{L.B-1]} 

Lat> Is: record 
Kit: ||..«J; (index of current last clement of L.) 
L : arrayll..»| of 'ensemble 

end; 
empty: <Lrinr,; {an cmrty string, i.e. one whose length is tcro,} 

slenglh: record {current leagth of strings ID UJ 
scni: semaphore; 
len: integer 

end, 

Dit: oaebil; (one random lit,see function Random below) 

CurLvl: 1,.4 {the level currently being "constructed"} 
BasesComplcte, {all four basis vector sets formed yetf} 
HierafchyCfmiplcte (all four baics and closures formed yel?} 

: boolean; 
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(- Synehroaliatlon - - - } 

procedure wailfvar n^cmaphorr); {poll a until it's avail} 
var I: &cmaphure; 

begin {presumes mutual exclusion on procedure swap, which 
in formally undefined (universal primitive) and 
which interchanges [be values of two variables.} 

t: —busy; 
tipcat »nap(s,t) until l=avail; 

end; {wait} 

procedure iiignal(var ^semaphore); {signal that a U available again} 
begi' 

ov p(s,avai1) 
end; {signal} 

{ Ran .cm 1/0 Generation - - - -) 

procedure FlaadomBil; {Actual random bit generation...a function of} 
var ij: integer; {the strings in U. AD independent process. } 

begin 
repeat {Dip Bit forever) 

Bit :=• I; {important when U h small} 

Tor i:*=»l to slenglh-lcu do (set Oil as a fen of U} 
for j: = l to Usiie do 

Bit := (Bit + l![i][j]) mod ; 

Bit :— i); {important when U is small} 

until donmnday 
end; {FtandoinDU} 

[The randomrtcu or the value returned by function Random below 
depends on the f« l that procedure RandornBil runt u so independent 
uynchronous process to everything, constantly Manning V'» strings 
and updating the value or Dit apptopri&tely. This occurs even as 
U is locked during discrimination and pre-scattcring calculations.} 

function Randor»:onr.l>il; {Called whenever a random bit U needed.} 
begin 

Random : « Hit 
end; (Random) 
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{ -Munjieljig the Un'.vcrse- } 

f'.inrii.in Oneralr *lrin|;. (generates the first two firing* in U.J 

begin 
if t'>.i!<- —0 linn fifnrrale — Random 
rlsf (I'^ire i-nn .mlj be 1} 
begin 

repr;it r, - lliindoin ui lil r , O l ' [ l ) ; 
Cen'Tjtr . = g 

rod 
end, {Generate} 

( J 
procedurr Lorlil/nivcrer; 
begip 

wil(s] fn£lh.M-iii); 
wait(l !inutoit) 

end; 

procedurr L'nliKkl'nivi-rje; 

signalfUmulrx); 
sign alfslengiti .item) 

end; 

I ) 
proerduie Tick; ( iscmncnls tbe universal string length by one bit. 

This is done uti.lcf mutual exclusion, to U grown, but DO one 
ever Mrs it. and all bit strings are (for all practical 
purposes) always of equal length.} 

vai ttolrger; 
begin 

LocLUnivrrse; (btop the world while wt cliaugr It) 

•length.Icn :»• ikngth.ka + 1; 

if Usije^O then 
begin 

U|I] := fiencrate; 
Usiic;<=Usizc+ 1 

red 
'Is* [inerea.se the length of every 6lring in U by 1 bit.) 

for i r^l io Usize dp U|i][flcngtli.teriJ : = Random: 

if BisfsC'nuivrL-ip and not HicrartliyCompHe th^n 
begin 

for i;—1 i<j Uiiie do 
if U[i[ not in Labels then {U|ij not yet io a clusure} 
begin 

fur j;™l to 4 do 

1 6 1 
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if net ClosijrdMjll(j) then 

if L«v«ls(jl.closure;=tiil tfira 
I.cvdjjj.closure : = (,cnclosuft(j); 

if U(ij in Lcvclsjjl.c'oaure then PutClnsurf (i,j) 
i-uri; (j-loop) 

rnd; {"-loop} 
• f /MIClosuresrull thru 

Hierarchy Complete : = true; 
N :•=• slcngth.lcn 

end 
else DiscardlncnmpleteClosure* 

«D(J; 

UnlockUniverse; {(tt the world hreille again) 

end; {Tick} 
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{ DU*FkklDg Routine* } 

function ones(»:$lri»|):iDlcgcr; [count } of onea in »} 
w i#; integer; 

begin 
«:=d; 
for fc=l to tlcnglbJen do 

if 9.bils[i|—I (DCD e :•= c + 1; 
ontf :•»< 

end; {fen one*} 

function i«row(?:5U.,is):inteEer; (count* # of xeroea in a} 
begin 

zeroes .-» »lcc8lh.Iett • ones(a) 
cad; (fen zeroes} 

function, comrt?mcot(»:*ttinj|ittiog: { eotnptKnert * ) 
YET i:ipt*gtr; 

bexin 
far i :=l 'a tfcnglB.len do complemcnt.bi[«[i]:=(s.bits|i]+1) mod 2; 
compltmcnt.lcD :=• (t«i£tu 

end; 

<- } 
function discrirn(s,l:string):string; (cxcluiiw-or of s and t) 
begin 

for i:a 1 to slenglh.les da 
Lfi[iJ = l[i|(heodUcrim[i|:-0 

tltt ducrim[i] ;= 1; 
end; {fen disc rim) 

i i 
function Pick'.itriflg {pick* a tiling at random rrom U} 

»w (.index: iatcgcrj {index will bt riadom in ]..Usiz<} 
begin 

indexj— 0; 
repeat 

tor LKO to r«i)iDg[lg(Usii«)) do index :— 2*ind«x + Random 
until index in [1..Utite|; 

Pick :•= U[indcx| (assign random string to Pick) 

end; {function Picl) 
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{ Hierarchy C o n » t r u c t l o n - - • - • - - - - - } 

function InU(*striog):booleali; {tree U> in U else false) 
var i j : integer; found: boolean; 

begin 

for i : = 1 to (Jsiie Jo {search all ot V] 
begin 

round : = tine; 
for j : = 1 to Slenglb.leo do found :=* found and (•[r]E*U[i|I0)l 
if foand then goto 1; 

end; 

I: InU : = foand 
end; {procedure InU} 

function LindepL(S:ettiat; trlt[L.4|):boalt»K 
[truer if S is linearly independent of the string* to level M 
only.) 

begin 
-mueho recursive- generates n(b) - B(l)!/{b![B(lfb]!} 

discriminations with S. 
end; (fen LindcpLJ 

lunction Lindep(3;striDg; M:|l,.4}):booleas; 
{true if S is linearly independent of all U*eU 1 to tvl. 
NB: Assumes (correctly) that it la sot called if there is 
no room in basis[M]...because of the value of CurM.] 

begin 
Lindep := fake; (default value) 
if U K 1 then Lindep :«• true [base case) 
else [chtci previous levels, then current level) 

il Lindcp(S,M-)) then Liadep :=» LbdepL(S.M) 
end: [fen l.indep} 

procedure PulBasi^Si; Uptr); (inserts U|Si] ioto bail* of CorLvl} 
{if the current level is foil, increments CotLvl.) 

begin 

index : = Le**b[CafLvlJ.Car; (find ottwKjttnw an} 
n<ar(l.ahels[ittdex]); (make an 'r.*ernbl«} 

Labeb[indexj°.E(l] : = Si; {point l it ewerotle element to its string} 
I abelsjindcxj'.last : = Latei«liDdex]Ma3t4- [ (point to next open 

•lot In eneemblo) 
Uveh(CDrlf IJ.Cot : = LeveU{Gul.v(J,Cui + 1; 
•rL«veb]CarLvl|.Cur > L«*eli|CurUlj.UF then CurLvl:—CurLvl+ I; 

{Current basis is complete, .start basil of next level In hierarchy) 
it CurLvIx then BswCowplet* ;=» true 

end; {procedure PnlBaais} 
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luwcdurt Puin,,.urr(5i. L'rtr. M.[1..4]); 
{inwrts UjSi| iNt.i lie ilosurc of M( 

UrgtD 
—'—•—simil,ir In ibc abovĉ —*—•-•-

profcdm* Lalii'ljSi. Uplr|, (c-ilfj;nriie U(Si] in trims of Hie hierarchy} 
brgin 

it not Risf'tCninpti"- *"..cn {try to put S into Labels amy} 
begin 

itUndcp|S". C'urt.vl) lh<-n PulHasis(Si) 
rod 
else 

if L s i i t < ; N [hco (iheir are fewer than 2"N labels currently.} 
begin 

For aJ] S IQ U B'jch that S not in any basis or closure YET 
do 

far ill Jvls in Levels, do 
if S in ciosurc[basis(lvl)) then put S iî to that closure 

if ti) <-|..surei ore full thru df fine N else scrub all 
incompleLf closures; In Tick ^ , pat any remaining strings 
in U into ensembles, 

end; 

to cn&(S) {en5= cjven Sj returns ptr U> 5's th&emble} 
i-od 

>-n>l, {p(«edurc l.atri) 

105 



( The Life of a Bit String- } 

procedure &lnnjjrvoliiti(iii(var Iistring; nie:Uptr); 
{every string (except empty) becomes 3 separate incarnation of Ibis 
procedure, i.e. a separate, independent asynchronous process. J 

var d,m string; (IKII norking variables) 
home; boolean; (true = > I am a member or a basis, closure, or 

*-n.icmble.} 

begin 
»epe.\t 

if Usiie«™0 then {we need two strings to get started} 
Login 

Tick; {go from no strings in U to one.} 
] :"» Pick; {we become tbis Erst string i.e. 

tbe original empty-process becomes 
the U[l| process herewith.} 

m ;=> Generate; {generate a second string} 
Utile :•= Usite -t I; {Universe now has two strings) 
U[2j : - m; 

spawn etriDgevolution(U{2]); {give U|2[ life.} 
end 
else {universe is already rolling, so just scatter w/someoae) 
begin 

Labet(me); 
if HierarchyComplete and not home then 

(Pierre - is this the right place for ibis insertion?} 
begin {insert} 

i:=l; 
while nut dome and i<=I,abcl5.1aat do 
begin 

j :=l; 
while not home and j<=Lab<ls[i],L'.lut do 
with Labrl'Ji] L' do 
begin 

dome ;= Si=E|j|; 
j:~j+ 1 

end; 
if not home 
and l„ab«lParl(LaD<>ls|i].I, \E[l]=i.»beirart(S) then 
begin (I belong in this ensemble} 

Putl̂ nsrmbk-fSi, Labels|ij.L~); 
home := true 

end 
end; 
if not home (hen 
begin 

Labels,tui := Labcfo.last -!- 1; 
Dew(l.,ahels.L[Labcls.la5t]; 
with Labels.I.[Labels last]" do 
begin 

E|l] := Si; 
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ta t :=. 2 
end 

end 
end {insert} 

IJnlockUoiverse {spawn untoclo what spawner locked... 
extra Ualtitk okay...} 

LtKlcUniverse; 
in :— Pick; 
d;~ diserim(l,i:i); 
if dOiMosirins lb to 
begin 

e ^= woitribg; {"««" S for lata} 
if not loU(d) tben §:s=d 
«IM 

it sot fnU(complenwnt{l)) t ie* a;acompIein«at{l) 
else if not InU(<iQmpltnifEt̂ rn1)) then r,«=«rapi<inent(m) 

else i tonn(d)OMoe£(d) then Tick; 
{else we have ta, elementary scattering event,} 

if lOtt 'os lr ing tntn {put»into U (novelty)} 
begin 

Uaiie : B Usiie-t- I; 
UtUsite] : = »; 
spawn stringeTOlation(U|lfciie],tfsrie); {gire S life} 
{dinarchy eostlfttctina iiwrted faew} 

rod 
else UntoekUaivene 

«vd 
end 

until docmsd»y {strings never die] 
end; {string evolution.} 

begin ( . Unlveren itu-t* h e n -
{InitialiiMion} 

BunCompttte :•= filse; 
CuiLvl := I; 
HieranhyCoraplele : » fake; 

Levrjg (i,;^,„ 
{end or initialiiat1'-:) 

spawn FtsndomHit; (start tandem number generator going} 

QigBang: sUinttvolulioDicmptjKt); 

end. {UniveIM (we - iti get tcse) } 
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Cri^truction of a Random Walk Ensemble £(v,b) 

{U(JV + B + *,St/)exbt9} 

{PICK (L*b) ;= Prom the ensemble in U labefe 1 by L pick at random one string and 
delete all but tbe last b bits. For tbb string v = (AT1 - N°)/6} 

Begin 
E(I1 := PICK (L,b) 
iap'.t values p, 4 
« « '•— v(l) 
CJ; :ssf(I) 
SE : - l 
k : = 2 
While ] » - » „ ( > o 

Begin 
if u < t>d» then 

repeat £<*) : = PiCK (L,b) 
until v{k) < v 

else 
repeat £(*) := PICK (L,b) 
until t)(Jt) > >/ 

tfc :=«£ + «(*) 
SE:=SE+l 
Vav •— VzfSE 

End 

End 
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FIGURE CAPTIONS 

1. Definition: and Cow chart for constructing a growing universe U(N,SU) 
containing i ' ' distinct hit strings each containing N bits. 

2. Bask fr w chart for constructing the four levels or the combinatorial 
hierarcl j . and using them to c-nstruct ensembles of labeled addresses. 

3. The random walk paradigm. 
• t . The paradigm for constructing spate time from three events, 
a Paradigmatic configurations for the construction of 2+1 Minkowski 

space. 
6. The geometric paradigm for constructing 3+1 space. 
7. The double slit paradigm. 
8. The six basic processes in U for [abets of bit length 2. 
fl. The basic elastic scattering paradigm. 

10. Driving terms for the integral equations of the MUST theory: 
(a) p rticlc-particie scattering via single quantum exchange; and 
(b) quantum-particle scattering via single particle exchange. 

1). Mapping matrices for the It el 2 to level 3 conlcctioo. 
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rLOW CHAHT FOR PROGRAM UNIVERSE 

ENTER 

i 
J N ^ O ; B L ) : » 0 , ' K ( N , S U ) : Empty Suing ~| 

r a 
| U f l J - R : N i ' l ; SU: =1 j ( R O random choita of 0, l } 

{Since we hawc lailEd to jenetawl 
a now string or on e*enl we 

{o N S| s r " • ' - • « i + a , [ 2 . ~ \ ) 

rn b. this construction \ 
I does not offec) «i i 

o-jomtnl oil slriAosi.iBbya I S U : - 2 I / S i consuls of 0,1 f 
fOndom nil (or Bach siring t 1 1 ' l ' 

Construe! 
Labels 

a Lubtltd 
Ensembles 
and lir.d o 
home for S 

(Nj=naaf Is inS 3 

(Nj'no. of OS in S3 

—*—^ No , 
s^ojtTy—s{ s=-s5 

Fig. 1 



CONSTRUCT LABELS FLOW CHART 

Enter 
JriltiS < ls the hi«rardt/\ W o -jT I: 

compete? J s \ j 

YM 

JrtS):*<st N, 
or s 

i -

Bits 

/ i s y(S) in «nextantS 
[ \ l o b l e «se<ntal«? T 

Adjoin S 11 the 
ensembli. labeled 
by ^(S) as the 
ant element 

IT 

No 
Make '/IS) first 
label in o new 
ensemble, $ the 
1st element in 
the ensenble 

[ Exit " 

Is the hl-rafrty 
basis oon.pi«te? 

YES 

/Art all the dtarimin-
f ate closure of the 
, basis olteody * 
| fN.Sim (Includes S 

In Ihe tB?t ilnce It 
will be edjoined 
lo « ) 

V*> 
Is S iinearlj 
independent of 
all extant basis 

K t:»N 

Yes 

Add s as the 
next element 
in the bail* 
array 

± „ 
Exit 

Fig. 2 
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(a) Particle-particle and porticle-anliparticle 
scattering in the MUST theory. 
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(b) Quantum particle scattering in the MUST 
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Fig. 10 
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Demonstration of linear independence 
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