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Imagine a crystalline world of tiny, discrete “cells“r each knowing only what]
its nearest neighbors do. Each volume of space contains only a finite amounﬁ
of information, because space and time come in discrete units. 1In such a
"universe, we'll construct analogs of particles.and fields -- and ask what it
would mean for these to satisfy constraints like conservation of momentum.
In each case classical mechanics will break down -- on scales both small and

Jarge, and strange phenomena emerge: a maximal velocity, a slowing of‘l/,
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Zoj\ishternal clocks, a bound on simultaneous measurement, and quantum-1like
effects in very weak, or intense fields.

This fantasy about conservation in cellular arrays was inspired by this first
conference on computation and physics, a subject dettined to produce profound
and powerful theories. 1 wish this essay could include one such; alas, it
only portrays images of what such theories might be 1ike. The "cellular array”
and Von Neumann's work on self-producing machines. This essay exploits many
unpublished ideas 1 got from Edward Fredkin. The ideas about field and
particle are original; Richard Feynman persuaded me to consider fields instead
of forces, but is not responsible for my compromise on potential surfaces.

I also thank Danny Hillis and Richard Stallman for other ideas.

0 )




MASSACHUSETTS INSTITUTE OF TECHNOLOGY

ARTIFICIAL INTELLIGENCE LABORATORY

A.l. Memo No. 647 ' August §, 1981

[Tenut'dn For
4 NTIS CRAa!

‘ . DTIC Tak ‘
Unannounced

NATURE ABHORS AN EMPTY VACUUM Justificatios, .

e

! Marvin Minsky by -
' LD!stribu(xc,—,/

‘ fvollnbtxxtv Jotes

4 .
I b‘.‘ 3 ';:c ;“::I"

Al

ARSTRACT: Imagine a crystalline world of tiny. ducecte “colls™. sech insewng enly vhat © sseen
ncighbors do. Each volume of space containg only & finue amount of miormatns. beiauss Pt 20d Sue
] j come in discrete units. In such 8 univene, we'll constnuct anslogs of pericios snd olth  sad &b ot 8
would mean for these (0 satisly constraints ke comsern ation of mumenten Jo cach coss clesssl Cuhantes
will break down -- on wales both wmall and largs. and sange phonamens cacige s mmwnd whally o
slowing of internal clocks, 2 bound on smuUilaneous Messurcamcal nd Quantum Bibe (fixn & o) sl @
intensc felds.

This fantasy about conssrvation in colluias artags »as mepeed by i At (cafiren: =  Taputiling snd
physics, » sabjoct dastined  predxce prafound and pueerfl esenn | vub B ey could sulald e
such; ales, it only pertsags image of vhat such Bsons anght e M¢ Tix wliuie oy e & ppuis
siready in such forms oo lsing medsh. rensrmelisstion Goureee s Uan of L " nd Yo Moummed
work on ssif-producing meshines. This essay caploih sy wapuiiihed wem | g Sep bouwd Puiie
‘The ideas shout fReld and pasticle ars enginel. Richard Feyamen pomuated o © cnagy bih sl o
forcen, but is ast respenaibis fir My campremne o8 puteatiel werfcm | die Ghost {meny 0 ond B
Sialiman for ether idem.

Thes repoet describes ressach dune & B Assth o lnrlligew « | Svemye ) « S Mengtwe e Sl @
fcchnalngy Suppunt b e Lbnnatery « ufh ol Bl fund o praavd @ por- = & Olle o
Naval Nowarch wader (Wuc of Noral Rewant .o a: WG ™« A0




Muarvin Minsky -2 Nature Al hurs An Empry V acuum,

NATURE ARIORS AN EMPIY VACUUM

Marvin Ml y

Could any uarverse satinfy here too cundaiens’

tad vohane of ac cumtoum unly & finde ane f Ghsmaing basur Pac and Bme
st @ Sucosts e

(Degr wmng tongs of wix ond Pord B B hatits b of B Surld P PPrESERRrY \cng

imagnr o iyt oetld f W S vt W ca® bore g T GRS B WV gl & ia mad
somreru W RN sehgr @ BN I ond At ond ob oba § Svadlld e b Bwrw & e

oomprgan S o e o TummTtet ([} 8t ow .lovas Tnbam: od vl deer @
coirs tunt wnall nid WP B G P BN B s Fesams Br 4. s eng AW ma vad.
¢ matd o8 RIEPUIDS FREESTEIVe. sl goten M. s s . e ) v owen WAR

e tonagty VAl BRET - @D © NP Griy: *@ Syove = G S+ @ai-ome @ guap- > o
e . 5wl Srweitd v ghde « poufiegnl end prwerfin e col) OB W il oubmd -
wl dAm « Eh pwes P o ohe wsd B angh W B 'w i gaey G 0 puply
vt + wat boun o bugg Gl VEVESleEss Bovean @ g o 1 B o ‘o “BulaEne
C R e x P aprdm g Sl T cme gl s qpdiied dee g b P Sood e
- e dums Wl W oY o oges Bohen Vi ame weaalii e v Sl WSAD omvel <
S W o et rgueeedily B - A -— 0 & - e el e Geg . wre. Nilln g §orlee
g v A e

« BB s

S e e e vl 8 K fpmen . s AR oW +  devatann t e e cg® A hy

rnmyp O @idlp . B W B e e B Mgl ww el » i we o B . v
i) e i LT R ] e s A e QDWpemndii..d b &, -
AP g - B P Y AR g S g G - e W . W A vy @
- . G-am ges PSP o o Game




i

Maurvin Minsky -3 Nature Abhors An Einpty Vicuom
)
t=0 ¢ ¢ s | | ] ] Pt re e
1 ®***1 11 PP **>*>
2 o o o l l P P P [ ] s ® & @
} ***1 PP PP *
‘ ® ® s P P P P [ ] o o & @
s [ ] ¢ ° Q P P P L} [ ] [ ] ® o
‘ [ N ] [ ] L ] l Q P P ® [ ] [ ] * o
7 ® © o o l l Q P [ ] s & o @
. e ¢ o @ l ‘ l Q L ] . & ° »
’ ® * o ] l I l l P ® [ ] L N

SIZE AND PRECISION  tn thes cxample. the size of 4 packet 1inverse 1o s speed  In general, there is an
udut o tamt heteecn e amout of nfuormation in any packct and the volume of that packet! And,

! o onburg s poumoplc B MK s mch a paramicter’s calue that detepmines packet size, as s
;o s v i oof Dets of inkormation ncded eospeaty 8 {3}

e mbhomatun coirwd w2 pa bt were  opumalhy cnooded’ i accord with Shannon’s information
wwsis  Um - Uee P Bet o wer wuuld depuad on e Rase O loganithen of #s preasion Then why s there no
swabn o MHemnbergy prmaple®  Woll oapctune thea most physe ol information (partcularly a
e manld me o Reng ) Dt v U owe e Buse o tloim |ator we W atgud that partcles with
- . ar . wepriisy d wert coliry! {4

v N RN e e e R o ek pa b whet ooy within g regolar lathce mas
-t B i aa sy hrms Wagm W) Mk am coine e e porfocthy strasght on any lerge cnough
dm % s e Sedae eoum s e o i (o apa | parte bes) dircathy froam the rogulanty of e

- wmaYy

[ st A N Y LR A g Cotha 1 bk ettt ¢ spaed of ane cell per
- - 2 s o andly yuid W e adt e Seect ot Laght s Casy we dengn
- gt o e L W I S R AL LU SRR N IR RN T (A ncghbor  more
. - e A N et WgPggred progragecna  toc o tamdar no Jiticrcie e e e con hghtapeed
- el et and the n e e st ad 4 pedon v o« ient Can never
- R TR Y IV T N e Y Y [ P : T umpke ik anod do three
-~ oo v, ewm g g dn L. Han ohae . and wnprule ('NI‘ w

* W - 3 e
e s NN [ VO L . . e N S R Y YT 1)
-~ - B ™™ 3 PPy ) Pk e va b angd hob !h"l\‘l [~
- W O e et Mg el Al e o el vl o b v e s (N VN
- -« I o grals ww e o » o 4 o ke ™ N e ey v dets
e e AR T TN TR v e e the wdet o el T herchnee e

- g o - - P, - . > w )owe NN
Py s e e e . ' IR . A DI TR S~ |
[ ca [N . A VY %Y
. : 4 - v e th o m
Ve by
&

NI R w ——




Marvin Minsky -4- Nature Abhors An Empty Vacuum

ANGLE and APERTURE. In real optics it takes nwice the aperture, for any given wavclength, to halve a
beam's divergence -- while "optimal” encoding of the angle should only nced a single extra “bit” -- another
hint that nature uses "Basc-1" codes for photons -- perhaps because only Basc-1 codes could let a discrete
mechanism “add” fast cnough to make things linear at lightspeed. {6).

FREQUENCY AND TIME. The angular precision of a real photon depends only on how many wavelengths
cross the aperture. So onc can keep a beam's shape fixed while shrinking aperture and wavclength both -
and that must mcan the wavelength information must be stretching longitudinally -- just as implied by the
energy-time form of Heisenberg'’s principle. {7).

IL -oeeeees SPHERICAL SYMMETRY

No regular lattice is invariant under rotation, Euclidean or Lorentz, since it nceds different information to
move along different axes so, just as waves in crystals show Bragg diffraction, "discrete vacuums™ must show
angular anisotropics (that might reveal themselves on some small scale of size or exireme energy). But we
won't touch such problems here -- because | feel they've deflected almost everyone from more important,
finite things! Physics has to face some day those problems anyway -- of finite geodesic, differential, and
isotropy, because ('l argue) they already lurk beneath the surface of our modern theories. But here our main
concern is secing how a discretc world could have some other ordinary properties on ordinary scales. We'll
Just note scveral possibilities. {8).

LIQUID [LATTICE MODEL.. One could imaginc cell connections so randomly irregular that, in the large,
the space 15 isotropi -- like water, which is almost crystalline from each atom to the next, but isotropic on the
larger scalc. But then. to build our packets into such a world, we'd have to find transition rules insensitive to
local cell-connection fluctuations.

CONTINUOUS CREATION. Instead of starting with a liquid vacuum, we could randomly insert new cells
from ume to time. This would cool and rcdshift cosmically old photons (by lengthening their unary
frequency counters) and uniformly expand the universe. But, again, it would be hard to design things to
survive such changes without changing.

SPHERICAL PROPAGATION. So little is known about approximating isotropic propagation in regular
latix es that we can only pose some problems:

1 Describe a cellular array in winch local disiurbances cause asymprotically spherical expanding wavetronts. 1
don’t think much would come from secking this in finite difference cquations, because one must bound the
vanabics. One can mvent constructions that slowly grow increasingly spherical polygons -- but a solution of
physical intcrest must propagate at hightspeed.  The next section suggests doing this with an “exchange
particke” mechanism. | suspect some such technique may be necessary -- physically to uansfer information
o one place to another, 10 maintain long-1ange metric constraints.

Y Describe a celhular array in which “particles” e xert inverse square forces on one another, with only light- speed
el Such rses concerned physics Jong before relativity. but “ether” theorists aever found good solutions.
Owe wdea w.r for partscies continuously to emit forcc-waves that increment other particles’ momenta. Bt
then the mformation contemt of such waves would grow as their ntensitics decay -+ and that would be
ncompatthie with o bound on mfvrmation deasiy . {104

PORCE STREAMS  Aboe o particke aont showers of randomby oniented “force peliets” solves both
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inverse-syuare and weak-ficld mformation problems.  But it leases a probably cquivalent problem of how
cach partcle could approximate a umiform sphencal distiibution of its pelicts.  Another varniation fills the
universe with a gas of light-specd momentum pellets whose “shadows™ cause inverse-square forces. This
transfers the sotropy burden to the universe as a whole. Unfortunately (according (o Feynman {Kef. 1]) this
too quickly drags everything to rest within the distinguished incruial frame of that isotropy. {8}.

CURVATURE. Suppose a spherical force field were known (o have emerged from a “unit charge”. Now
represent that ficld by marking space itsclf as a family of equipotential surfaces. These markings need no
further local information at all, because the field intensity at any point can be determined just from local
curvature. The trouble is, for such a ficld 1o act on any panticle, the particle will have to to find that curvature
-- and when that curvature is very small, the particle must probe great distances. How, then, could any
particle respond as though the interaction works at lightspeed? We have an answer, shortly.

I -------- FIELDS

The ideca of ficld abandons that of force, and only asks the vacuum to constrain some local quantity. This
promises to reduce information density, just as a single diffcrential equation replaces infinite summations in
Huyghen's principle. It might seem natural to start applying difference equations (instead of the partial
differcnuial cquation of physics) to discrete quantitics (instead of continuous vector fields). But that won’t
work for us. because it needs precision beyond bound -- which would make the computations take so long
there'd be no link between causality and speed of light. {$}.

" Acuon at a distance” was solved by fields -- by writing nature’s laws in differcntial form. But what of "action
at a differential distance™? Modern theories still assume that nature can use methods that are infinitely rapid
and precise.  (When wave-cquations specify relations between partial derivatives, how can the vacuum
measurc and compute those "informational infinities™.) To be sure, a discrete theory asks its cells to acts upon
their neighbors. But there, where distance is itsclf defined in tcrms of “that which interacts” it's really quite a
differcnt kind of question.

We've all become so comfortable with “real” numbers that we've come to think they're really real -- and then
we grumble when our theories give us series that make us pick and choose which terms to keep or throw
away! I'll argue that the finite view might show us how to make such choices. But let us set philosophy aside
and try to make mechanics come directly from the ficld, avoiding all derivatives and rcal numbers. We'll try a
scheme in which the state-change laws control a family of surface, to operate directly on the field's "shape™.

MECHANISM 1: FIELD AS SURFACE WITH EXCHANGE FORCE

Consider now a classical potential field. To represent the ficld, we'll simply "mark” those vacuum cells that
happen 1o be near some closcly-spaced potentials. {11}, Then (o obtain mechanics, the structure needs a way
to act on charge: each lime a particle crosses a surfacc it adds, to its kinctic encrgy. a unit veclor normal to that
surface This

(1) Jwminates the need for a locil gradient computation
() smphfics inicractions for the panicle.
(1) pemuts hght-speed reactions on the ficld.

How conld o partn e comprsie that sattace nonmal wibiont Baving o passe Jor kateral eaxplotation? A ek
amn © cgpee il b sces et nhe paaadicl e e o cm mske e evplantien s moaes abong #e
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proper trajectory! ‘This is because cach surface, in this discrete space, is locally composed of polygons -- that
separately supply components as the particle goes through!

N\

Each surface micro-polygon is normal to a lattice axis. so the particle need only add a unit scalar constant to
its kinctic cnergy component along that axis. This solves the particle’s derivative problem.{12}. But how can
the ficld maintain those surfaces? Some sort of local "force™ must work to move them in accord with the

Laplacian, :
SGRETG R

0 some physical activity must represent the information in those derivatives. We now propose only a sketchy
“approach” to this. hoping the reader won't be upset when left in hopeless tangles of loose ends. We'l fill the
vacuum with a gas of light-speed “exchange” photons -- call them "ghotons™ -- that bounce between, and
push apart adjacent surfaces. A perfect gas won't do, because the "pressure” must depend on local distance
between surfaces -- so we'll give every X-surface element an X-ghoton. to bounce between that surface and
the rext. and same for Y and 7. (To ensurc a single ghoton for each oriented surface clement cach clement
emits ghotons continually -- but returning ones annihilate the oncs they meet.)

The fickl mtensity components Fx - d@/dx, cie ., are imerse o the axial projections of the interaiifice
drtmees Mence exch a-sirlne element sees one refiected photon cach 27Ex momnents. Thercfore the
mnpact B quency s prepotbional o 1 and the “vedtor pressare™ s propothional (o the el s pradient. So
the Jifterenoe from both sickes i
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1(.42) . 4o
dx\ dx dx

This shows how differentials can emerge, in spite of focal finiteness. by using “exchange forces”. My intuition
is that cven if mechanics were continuous -- but still had information limitations, some process like
“cxchange™ would still be needed. (The extra factor dd/dx could be taken out, by ghoton-counting tricks,
but actually it cancels anyway when Maxwell's scalar equation is re-written in terms of surface motion rather
than potcntial change at a point. Would this reveal a fatal flaw because, when weak ficlds change, the surfaces
must move faster than light?)

To realize the wave equation, the ghotons must cross-interact so as make the Laplacian sum accelerate the
potential -- but 1 don't sce exactly how to do this. 1f each surfacc of an analogous family of continuous
surfaces were to emit ghotons in proportion 1o arca, the pressures would be in cquilibrium when the
intersurface spacings are just like those of a Coulomb ficld with the same curvature. But it looks hard to make
a discrete version of that, and I'l} only mention some of the problems.

The wave cquation’s second time derivative means velocity must be represented, not just position -- we'd
need to, anyway, for representing field momentum. ‘There’s room cnough because both gas and surface
clements are onc-dimensional (velocity could be coded into ghoton-trains). We also nced machinery to keep
the surfaces smooth -- perhaps by some exchange inside the surfaces. Surcly the whole thing must be done
with a vector potential. Best of all would be to find a way to do without those surfaces at all, to lcave the field
as nething but a cloud of interacting ghotons -- from which particles could directly draw momentum, as
Robert Forward pointed out to me. {13},

Given so many problems, is the subject worth pursuit? 1 think it is because our present theorics have such
wcak foundations. We tend to view (for instance) terms of Feynman diagrams as mere approximations -
because we see them as low-order terms of power scries. Our finite information theory hints, instead, that
thosc exchange devices are what's really real -- because there must be something physical to transfer
information. And then (oh, joy) those scary analytic intcgrals become the artifacts -- originating from the
crror of continuous approximation to somcthing that by naturc is discreic!

MFECHANISM 2:  INTERACTIONS RETWEEN DISPERSED QUANTITIES

How could two packets ever interact, if information is dispersed in space? Consider a collision between (wo
bodies A and B whose momentum information is very precisely specificd -- hence very large in sice. In
classical physics momentum is itself distributed, and in quantum theory its probability amplitude. But in a
discrete theory what is dispersed is neither momentum itself -- nor its probability -- but the information that
delines . This gives the problem a different character, onc of access to information. What happens when "A
reaches B”, 1f some of Ii's momentum information lics halfway across the galaxy?

If A must "know" the farthest fringe of B's momentum-data, the intcraction must be delayed -- confirming
ncither classical nor quantum expectation, It scems to me there's just onc way a discrete vacuum could
approximate a classical collision; by “estimating” the dispersed parucles’ momenta.  In order that they
interact at all. the particles must work with less than all the wformation classically required. So now we'll
sketch a scheme for prompt, conservative interaction that docsn’t achieve all its goals, hut illustrates again
how decrete iodehs ead to quantom-hike phenoriena. Wee shall issuiie that it A and B eract it is because

a0 AL some space-tme oo e Tevert” ovcuts an which the i oning particles” monicnta are
“Cstimated”and the cat ame momenta i der roon 3 by appiung s al tales o these edimtes,

{14}.
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Because of estimation errors, the scaticred momentum sums need not exactly equal the initial sums, so we
need an “error conservation™ mechanism:

2b. Each scattered particle leaves a “receipt” with the other, recording how much momentum was
actually removed. The "cvent locations™ of (2a) are the receipts from previous interactions, because
they contain information nceded to estimate the new “real” momenta.

We shall assume further that

2c. The new trajectories are determinced only by the "estimates”; the reccipts go along invisibly until
combincd into subscquent interactions.

It might well seem more logical for "receipt” momentum to continuously cancel, between interactions, against
"observable” momentum. However that would violate least action, producing interference paticrns
corresponding to curved trajectories.

If we combine mechanics in this way with unobservable receipts, deterministic systems show some qualitative
features that resemble quantum, mixed-state systems. Thus one can always measure the “real” momcentum in
Event 1 by the location of Event 2. But onc cannot yet “observe” the “receipt” momentum of Event 1,
because it is not until Event 2 that it first combines with any “real” momentum -- which cannot be “observed”
until some subsequent Event 3 -- by which time it is alrcady mixed with another estimate! And so on. One
can never simultancous measurc both estimatcs and reccipts, though all adds up cventually. And all this
involves no probabilities at all, just temporary inaccessibility of information! .

Estimates and receipts also permit tunneling -- interactions that involve more momentum than av.alable. All
is repaid when receipts eventually return their information in new csumates, but every parucie at every
moment carries some invisible receipts not measured yet. The modcl can even show some qualitativ ¢ features
of quantum interference; if ever two particles werc involved in the same interaction, they can share identcal
reccipt information that gives them some coherent. “same random” properties in later interactiors Perhaps
any information-limited mechanism for conservation and fast interaction needs seme such two-p in scheme

Could anyithing like this yield “correct” quanium mechanics? Almost surcly not, since that would solve the
“hiddcn vanable” problem -- which probably has no solution under hghtspeed hmiations  (Wathout that
limitation, one might imagine ways to make the invisible reccipts diffuse erg Wdically between i itera Lons
gathering information: and using that to control the disinbution of cyents  But that exploration would have
10 proceed arbitranly much faster than hght -~ and it would not help 10 appeal 0 an easembic of sunilar
situations, since some nccded information he s outside the relevant hght-cone ) Its hard o ke causabty, but
better to face facts. {14).

MECHANISM 3: PARTICLES AS PRODUCTS OF V ACUTU M SATURATION

Why do we have paricies with rest mass? 'l arguc that they re necded to consenve fickis! We have supposed
that ficlds use Base- 1 in order 1o he fast. What happens when a ficid gets soointense that (in owir surface
maodel) neichbor plancs are forced together” Must then informanen be dostfoved” No- hetause there s a
loophnic we can provide that at some cerramn threshold of mensit 10 v oot siodd tuhcs hap o things i
acbhig thts morccompact - o Wose Y That ot soand sl b e mo i e o g e
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.

’ To be concrete. we go back to that ficld-surface representation. and propose that: when field-surfaces are
Jorced into contact, they are replaced -+ in pieces -~ by "Base-2 abbreviations”. Now, this “abbreviation™
process must be almost instantancous, or clse the threatened information will be permancently lost. But
then the lightspeed limitation means that this “abbreviation” can‘t depend on much! So we “dcduce” that

i 3a. Each “abbreviation” replaces a standard unit of field

‘ Since the locally compresscd surfaces are nearly parallel, we nced only o record a single spatial oncentation:
3b. Each “abbreviation™ contains a single unit direction vecior.

Perhaps this is why “spin” comes in absolutely standard units  The potential encrgy of the compressed field
must also be recorded -- and (3a) means that its magnitude is a fixed "quantum®.

3c. “Abbreviations” carry fixed amounis of potential energy.
The surfaccs of squashed. time-dependcnt, fields also contain momentum 1o be conserved:
3d. Fach “abbreviation” carries a (variable) mumenium vecior.

If the cnergy encoded in these "abbreviations™ 1s ever to interact again. or even 1o decay back 1o ficld. they'll
need 1o be able 1o do some computation, hence

3c. "Abbreviations” must move at less than hghtspeed
These properties so unmistakably rescmble particles with rest mass that we conjecture:

Particles with rest mass are compressed. densely-encoded representations of fragments of unan-~(oded

Jields t

Since the rest mass corfesponds 10 the potential energy drawn from the field m (3c). the velocity of (Je) &8
determined by the momentum drawn from the field in (3d) Thus we “deduce” (without relativity?) that of
energy and momentum are conserved throughout. then

M A particle s rest mass is proportiona’ 1o the potennial energy of the field consumed 10 create i

Soom dus faniasy it s pureh (¢ preserve oncrgy and momentum of suo g fickds that we must suffer the
cheation of panacles  Botause conserson e more Compact Informabon code s the only way 1o conserve
informatwn  The resulng “abbreviations” must move showly and act slowly  They must act strangely (0o,
BrLause we cannot Kcep re using that watagem of extending conscrvation by re-coding  To be sure. there are
many cncasdings iniermedialc between Base | and Base O the latter are the most compact possible codes.
INe cunct the cncoding approaches that ulmate denaty the fewer ways remain for different particies o
hare the womc spa e W wc musi \er cithee rmeer cu luson rules of moge interachions i which parucle
)b nutes Az changed of oad onbitehs Soowe Caneconcbade it s gualiatn ol that

3 Surtsc iy with ot vudsy Ay e AIfLng whort 1an g torcey
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that road:

3h Parucle creatton cannot consenve all of a ficld's topology.

This s because a Base 2 particle moves slower than s ficld and hes me o "decay™ Ihordt o whee
returns ats anformation to s field, tis will happen at some remoic "wrong” place s e ) ba,

p
configuration of the ficld will have been changed. We speculate neat that properies b caur, e unt b
! imperfuct attlempts 10 conserve the onginaung ficld's topology.
MECHANISM 4: CONSTRY ATION AND TOPOT(G)
! What happens to the torn edges of those disrupted surfaces”  Could one smply romees o nr e
! equipotential? (Physically. the ydea seems nonsensical -~ but we'll ignore that ) Topologralls rem g oow
potential shells would seem equivalent to creaung dipole pairs of chatge So making charges car s e
wpology” provided that (1) they're made in pairs and (uh they carry charpe fields ke the Heds 00 ame
from. 1o the extent that chaiges represents abbreviated topulogy, of. would certandy cape e :

charges never vanish,

Can we pursuc this down to the very lattice ¢lements? Mechamism h argues that & “Lmitve 10 L o
abbreviate the surface nomual of the collapsing ficld. But at Jattice 1esolution there are no umit se e
microscopic collisions between axis-paraliel “ficld-surface polygons™. These have thiee an: somitctre Olaswe
cach with eight different signed ways that dihedral edges can meet surfaces (and other waos 10 ooy ol
cdees 1w colhde). Abbreviating any such event replaces some local ficld configuration by st :
oriented A(xas)-O(bject).

Fach such sub-clementary event creates a pair of these AO's, and each must soon be yjondd B v 0, e
other axes -~ but thuse may be quite far away, depending on the ficld's direccuon cosines Ny =

scarcely imagine creating an observable particle from a single AQ - with its sinple-anis Scaiar 14 1o
better o wait until enough AQ’s combine to make a "genuine”™ momentum vector How mapnt 0 v
find thair complements? The simplest scheme would keep cach AO attached to its dimrupted s e L
propelled by unbalanced ghotons unul another is encountered; then a “2/3 AO™ 15 formed 1w v

one axis will be twice represented -- so the two of them must wait 10 cancel with an appropristc ¢ 0 0
and so forth. Of course that “so forth™ is pure bluff; I've said too much alreads, and real phosiis - w o '
of better reasons why and how sub-clementary particles must be bound by unobservably large for

IV, --eoeee SUMMARY AND CONCLUSION

We started with the 1dea that in a ccllular array, no ficld can work at hghtspeed cacepr wit b

! information codes. We found that to approximate a Coulomb field necds something fike anooact ange 1os
Finally we saw that "Basc-2" things with “rest mass™ must emerge from suitably intense acles just
conserve information before it's squcezed to death. So, starting with a simple. fimite ficld Wdca. we ended with
a cluttered world of sluggish, complicated objects with queer interactions, internal structures. exclusion tules
and short-range forces,

Conservation also caused "uncertainty” to invade our simple world, because the local fimtenes 1oquares that
allinformation be dispersed. To make fast interaction possible at all. and conservation too some thing mus
heep the books -+ and we proposed o complicated system of “events”. “receipts” and Testimaios” N tho
much wmpler schemes that permit both eaact conservation and hightspeed mersction?  Fhe prosent schon
Hoagh incomplete. seem oo complex alicady.
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I» Waichrantsy) Geowth of the wdelobes of divergang beams can be controlied b “werfesence”™ from the
beasms wicnion. Bocanse ablgue costshutioms frum the fromt can meet less oblique contributions from
wudc Mt mbsmation can mone dwecthy forward, only when portions of the front “hetaie™.  If hat
hapetn ninndually the group vohxty falth below C. and there's no photon  But for cxpandiag waves,
oha b g syogiata ally planar the Wiality of wnh delays can be buunded W a Aaste delay (or phase shilt)
< ad e tn

[ tacrgy amd Tumcy bFur o Sfftmuon ust anywdsy For 4 cucular apenure something's wiong, because
B oy B Jaameert iudd sabe the mlrmatiun wickh o umes further alung ume whcre the uaccriamty
Mo @it Aas amdy o Listes of tew

P Achepesy) The Sousete mac dusm anph on dncbute Kunmatx frame. sand a8 b lule disimction

veore guoet and GEe  (J0e coneut Guasrel o5 redatnty Wil fram an mfurmationsl view i & hard 0 o

e pérun ol S ratsehy dupradent of hane e Blormatun s be somewhere W repecsest cach

~5.+ \od ot s ghoans ey a0 and hat lads | urcnts mvanamc on wrdnary waley sull o one
~ whst hagpren 2 e sitenae . sircan

~ - to orasme il e swsrvements 4 e puTRdial B TOBaves gt show i o divtinguishved

o Neme wWa plwem el el ngm el e Sun ml wdait cgErnsie e Buiause |\ Cny o sueld

N w et el OERPEBeves Swgpers Suagh st wems Wt doy ivvealh e rodhhufiy of the oldewt

frow— ws Duwbiing ~ wathertailr  And mre ductscn 0 Gwa dsffereat frames st (ruly find e

A e . amee we 4 ah SArerel mmawecy by tusm tayn Mot bkely huugh wcll nevel
o g il W wcmadTy ¢ g o cenpia s of rolasesty coudd rexch shae far”

ey 6 Rgrd dlim swetod ca - i et o B capamus of e uatvore o W ke dly uieae

A gms RO PGB 5 % R b svund Br nca et e namnber of ol e e weluIe i1 Wi cale,

B ot e e o e v plu s lghet vl s cpabl oy s one can hasdly hangd th o number of
» - g 4 P En e B 2 RS

W S d whiy kel aum cemaad A orsd hebds wmply W vaanh boltre o coHam thresold.
N s o CwlF pwusn: B 8 Gaw Shrmatns dabuicoa e LWvalon can be
—rmsen . e B S Benvtd WAW Gasamitass < s thas . ondsistet

e vodeteemy Dhs ard wxe wgh On tixe have' I adgamont putcatiaby diffuied by 10?®
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e o e arans) B8 ot d ol g o0 B wdni of 10% cth ame s ma ko o Ruthing:  hanged Jowa
- O cabe vor Du gy & hangs Burre  oc i argaec R Dungs bk prutom €3t broause that
com it s e SOmEn) AT 1 Swrl’ S Raltw sy 1 Briwcen sught du, a3y 1070

Ty \Gd @ prond The et mos sbove 8 moorrect bocauss e cruss-soction for the differest
m wlar swstawe duprads @ “w partaic s modence angie  The correct componcnts mighit be
GO imaard  ersusrung O Shiom < ouhen eah wrface, W the A “uep” m each anai direction. Bt
Ba i m sl Sugln al Ix  usepadbir wuth (v WicTABOR.)
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|13: Encrgy). The surface-ghoton impact rate is proportional to the ficld's potcntial encrgy density. (The
unpact rate per surface element is proportional to ficld intensity, and so is the number of surface clements per
unit volume. Hence the impact density scales with cnergy.) ‘This could produce a space curvature
proportional o encrgy -+ if every ghoton-photon event caused the photon 1o hesitate for a moment! Could
somc analogous processes yicld spacetime curvature?

{14: Events). It certainly seems unlikely that there is any way to define deterministic “events” to be consistent
with quantum facts. (Some might prefer alternatives with no “events” at all, as in a quantum theory with
amphitudes but no probabilitics, but then we must suffer the dreadful spectre of Schrodinger’s cat.) Perhaps it
might still be possible to approximate the standard view (in which “observations” replace mixed states by
pure swates) in discrete models with symmetrical past-future state-change rules -- i.c., with bidircctional
causality. The basis of this thin conjecturc is just that this permits global constraints to hold in spacetime
regardless of lighispeed limits, hence opens again the hidden variable problem.

It might be worth exploring “discrete phase™ models in which states can cycle through some large but finite
group of phases. Then one should obtain some "all possible paths” phenomena, and interesting kinds of
interference. A remarkably simple example of such an array, that can "sclf-rcproducc™ arbitrary spatial
patterns at remote locations, was discovered by Fredkin and described in (Ref. 4].

|15: Reversibility). That is, unless the basic state rules themselves are reversible. Fredkin has shown local
ume-reversibility to be compatible with many cellular array computations, and it would certainly seem of
physical interest to consider time-reversible vacuum-state rules, for in some scnse they would conserve
cverything. [Ref. 5).
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