Chapter 1. The emergence of the physical world from
information processing
Brian Whitworth

Not only is the universe stranger than we imagiis, stranger than we can imagine
Sir Arthur Eddington

ABSTRACT

This chapter links the conjecture that the physiealld is a virtual reality to the findings of
modern physics. What is usually the subject ofnseidiction is here proposed as a scientific theory
open to empirical evaluation. We know from phybim# the world behaves and from computing how
information behaves, so whether the physical warldes from ongoing information processing is a
guestion science can evaluate. A prima facie cas¢ht virtual reality conjecture is presentedalf
photon is a pixel on a multi-dimensional grid tlgtes rise to space, the speed of light could cefle
its refresh rate. If mass, charge and energy aaifrom processing, the many conservation laws of
physics could reduce to a single law of dynamiormftion conservation. If the universe is a virtual
reality, then its big bang creation could be simpliien the system was booted up. Deriving core
physics from information processing could reconediativity and quantum theory, with the former
how processing creates the space-time operatintersysnd the latter how it creates energy and
matter applications.

INTRODUCTION

We know that processing can create virtual worlith their own time, space and objéctsut that
the physical world arises this way is normally pi¢oof science fiction not physics. Yet the reader
asked to keep an open mind and not reject a tHeafore evaluating it. Theirtual reality conjecture
is quite simply that the physical world arises frqmantum processing as images arise on a computer
screen. A method to evaluate this conjecture @ aleposed.

Strange physics

The theories of modern physics often seem straagg,in many-worlds theory each quantum
choice divides the universe into alternate reali{ieverett, 1957), so everything that can happes do
happen somewhere in an inconceivable “multiver§gasallel worlds. In Guth'’s inflationary model,
our universe is just one of many possible “bubhbiéverses” (Guth, 1998). In string theory the
physical world has ten spatial dimensions, sixhefm “curled up” and hidden from view. M-theory
puts our universe on a three dimensional “brarlegting in time on a fifth dimension we cannot see
(Gribbin, 2000, p177-180). The cyclic-ekpyrotic nebgostulates that we are in one of two 3D worlds
that collide and retreat in an eternal cycle alarigdden connecting dimension (J. Khoury, 2001).

Yet the empirical findings of physics are evenrgex, e.g. the sun's gravity bends light traveling
past it by "curving" nearby space. Gravity alsorslalown time itself, so an atomic clock atop a tall
building ticks faster than one on the ground. Yetagk in a moving plane ticks slower than one on
the ground and is also heavier, as movement ineseamss. Despite this malleability of space and
time, the speed of light is fixed, e.g. light shdrem a spaceship going at nearly the speed of ligh
still leaves it at the speed of light. None of thiakes much common sense but the experiments have

! For example Second Lifettp://secondlife.com/
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been done. In 1972 one of two synchronized atordcks was flown in an airplane for days and
another kept stationary on the ground. Less tirdeetl by for the moving clock. Time really does
slow down with high speed travel (Hafele & Keatit§,2).

If cosmic events are strange, micro-cosmic evemsexen stranger. When quantum particles
entangle what happens to one instantly affectstther, even if they are light years apart. The uatu
energy of "empty" space generates virtual partielgh measurable effectdn Young's two slit
experiment entities somehow manage to go througfhdlits at once, even when sent through one at a
time. Quantum events like gamma radiation are @gtirandom, i.e. physical effects without a
physical cause. Even Einstein never came to terittisguantum physics, perhaps because it makes
even less common sense than relativity.

In conclusion, it isn't the theories of physicstthee strange but the world itself. Physics hasedol
our reality and the results are the physical world is stranger than it seems

The semantic vacuum

Modern physics began with Maxwell's wave equationshe 1860s, Planck's quantization about
1900, Einstein's special relativity in 1905 andegahrelativity in 1915. Despite scientific skejiin,
these theories met every experimental and logiestl their critics could devise. Their predictive
success surprised even their advocates, e.g. B BE88ni pre-discovered the neutrino before research
verified it in 1953, and Dirac’s equations simijagpredicted anti-matter before it too was later
confirmed. These and other stunning successeshade quantum mechanics and relativity theory
the crown jewels of modern physidfiey have quite simply never been shown wrong. & eentury
later,they still justdon’t make senseds Ford says of quantum theory:

“Its just that the theory lacks a rationale. “Howome the quantum” John Wheeler likes to ask. “If
your head doesn’t swim when you think about thenqum,” Niels Bohr reportedly said, “you haven't
understood it.” And Richard Feynman ... who underdtqaantum mechanics as deeply as anyone,
wrote: “My physics students don’t understand itheit That is because | don’t understand it.””
(Ford, 2004, p98)

Similar statements apply to relativity theory. lperhaps the first time in the history of any scenc
scholars simply don't personally believe what teigming theories of their discipline are sayingeyh
accept them as mathematical statements that giveat@nswers, but not as reality descriptionef t
world. This is, to say the least, an unusual sthtdfairs.

Relativity theory and quantum mechanics contradait only common sense but also each other.
Each works perfectly in its domain, relativity foosmic macro-events and quantum theory for atomic
micro-events, but together they clash, e.g. intikét@ nothing travels faster than light but one
entangled quantum entity instantly affects the o#mywhere in the universe. As Greene notes:

“The problem ... is that when the equations of gemetativity commingle with those of quantum
mechanics, the result is disastrgu&Greene, 2004, p15)

The problem isn't lack of use, as these theories@gte modern physics applications, from micro-
computers to space exploration. By some estimates 40% of US productivity derives from
technologies based on quantum theory, including mgiebnes, transistors, lasers, CD players and
computers. Physicists use quantum theory becaus®ks, not because it makes sense:

“... physicists who work with the theory every day dogeily know quite what to make of it. They
fill blackboards with quantum calculations and aolubedge that it is probably the most powerful,
accurate, and predictive scientific theory everaleped. But ... the very suggestion that it may be
literally true as a description of nature is stireeted with cynicism, incomprehension, and even
anger” (Vacca, 2005, p. 116)
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We have precision, proofs and applications, but untderstanding. We know the mathematics
exactly, but it doesn't connect at all to how weerience the world, e.g. Feynman's “sum over
histories” method calculates quantum outcomes lsuraimg electrons simultaneously take all
possible paths between two points. Yet how canschahysical entity like an electron traval
possible paths between two points at the same tilftdl2 most theories increase understanding, such
theories seem to take it away.

Despite a century of validation, neither relativityquantum mechanics concepts are taught in high
schools today, not because of their complexity, lmdause the emperor of modern physics has no
semantic clothes. Who can teach the unbelievable?

Physics has quarantined the problem behind a déarsse” of mathematics:

“... we have locked up quantum physics in “black boxedijch we can handle and operate
without knowing what is going on insidé@udretsch, 2004) (Preface, p x).

Physicists use these mathematical black boxesntiigic wands, but why the “spells” work we
don' really know. Like monkeys in a New York apagnt, we know that pressing the switch turns on
the light, but not why. Pragmatists say that if themulae work we don't need to know why, but
others feel that the formulae that describe ultametlity warrant an explanation:

“Many physicists believe that some reason for qumanmhechanics awaits discoveryFord, 2004,
p98)

One cannot relegate quantum and relativity effecthe “odd” corner of physics, as in many ways
these theorieare modern physics. Quantum theory rules the microcosndrld, from which the
world we see emerges, and relativity rules the oosmorld that surrounds us. These two poles
encompass everything we see and know of the pHysigdd. It is unacceptable that their prime
theories, however mathematically precise, remaagop to human understanding.

Traditional objective reality concepts have had roee
century to give meaning to relativity and quantumygics. That
they have not yet done so suggests they neverhghce let us
now think the unthinkable alternativiiat the physical world is
not an objective reality but a virtual reality

THE VIRTUAL REALITY CONJECTURE

While never commonly held, the idea that physiesllity
isn't the ultimate reality has a long pedigreeBlrddhism, the
discriminated world is just an effect created bywrdversal
"essence of mind" that underlies all. In Hinduidm tvorld of
Maya or illusion is created by God's “play” dila. In western
philosophy, Plato’s cave analogy portrays the warédsee as
mere shadows on a cave wall that only reflect derpal light.
The idea that the world is calculated has an egualhg
history. Over two thousand years ago Pythagorasidered
numbers the non-material essence behind the physirdd.
Plato felt that God geometrizésand Gauss believed thaBbd

Figure 1. The Ancient of Days

compute’ (Svozil, 2005). Both derived nature's mathematics
from the divine mind, as Blake shows Urizen, “Theckent of Days”, wielding a compass to calculate

% From Wikipediahttp:/en.wikipedia.org/wiki/Urizen

% In the analogy, people are tied up in a dark eaitke their backs to its exit. Looking at the cavallwthey
see only their shadows, created by sunlight froenatitside, and take those shadows to be the aalijyre
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the world (Figure 1). Zuse expressed the idea idero scientific terms by suggesting that space
calculates (Zuse, 1969), and since then others évgslered the concept (Fredkin, 1990; Lloyd, 2006;
Rhodes, 2001; Schmidhuber, 1997; Svozil, 2005; Begm2007; Wolfram, 2002). Some common

responses to the idea are detailed in Appendix A.

Existence axioms

A virtual reality is a world created entirely by information procagsiwhereinformation arises
when a value is chosen from an available valu¢Stginnon & Weaver, 1949) apdocessings the
transformation of information values. As virtual Ngs exist by processing, by definition nothing in
them exists independently in or of itself. If th®gessing stops so does the virtual reality. Intremn
anobjective realitysimplyis, and needs nothing else to sustain it. These twothgses are:

1. The objective reality hypothesi§hat our reality is an objective reality that éxig1 and of itself,
and being self-contained needs nothing beyond.itsel

2. The virtual reality hypothesisthat our reality is a virtual reality that onlyists by information
processing beyond itself, upon which it depends.

Whatever one’s personal view, these hypothesemataally exclusive. An objective world can't
be virtual, and a virtual world can't be objecti&ach theory has implications, e.g. if the physical
universe is a permanent objective reality, thérag nowhere to come from or go to.

To illustrate the contrast, consider what sometballprime axiom of physics:
There is nothing outside the physical univgiSmolin, 2001 p17).

So for example, space is assumed to have no mearogpt as the relationships between real
objects in the world. Yet the virtual reality cocijere turns this axiom it on its logical head:

There is nothing inside the physical universe thasts of or by itself.

This alternative axiom applies because every Mirteality must arise from processing outside
itself, or its creation couldn't begin. These drdre only statements possible about the world,asut
mutually exclusive statements they provide a cebtfzat science can evaluate.

Philosophers have long known that one can't preadity assumptions (Esfeld, 2004), so claims
that the virtual reality conjecture cannot be teédtg science to the standard of objective reality a
hollow (Mullins, 2008), as science has nepssvedthe world is a objective reality, either by logic
experiment. It is hypocritical to call a new theamprovable when the established theory is in the
same boat.

Science doesn't prove theories, nor test themdlatisn. In practice, it merelpicks the most
probable of mutually exclusive hypotheses, here that theldvis an objective reality or that it is a
virtual reality. It is thiscontrast,not virtual reality theory alone, that can bedddby science.

A virtual reality must have a containing reality

An objective reality's extra dimensions must existide it, so string theory's invisible extra
dimensions are assumed “curled up” so small we sag'them. However in a virtual reality, invisible
extra dimensions can be very large, if they existhie containing reality. Indeed a corollary of the
axiom above is that every virtual world must hatvéeast one dimension outside it, in @sntaining
reality. If the "extra" dimensions of physics can be iesat outside the physical world, nothing in
science favors either view, as the contrast betveeennknowable “in-the-world” dimension and an
unknowable “out-of-the-world” one is untestable.

A common critique of the virtual reality conjectusethat it gives:
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“...no means of understanding the hardware upon witet software is running. So we have no
way of understanding the real physics of redlifipeutsch, 2003).

That any containing realitynust use “hardware” like ours, or that everything realist be
understandable to us, are just assumptions. There lieason per se why our reality has to be the on
reality, or why all reality must be knowable to T#%is conjecture is not nullified because it doesn'
meet the convenient and habitual assumptions dflifective reality theory it denies.

Yet the virtual reality conjecture is still a thgamboutthis world, not another unknowable one. It
states thathis world is a virtual reality created by processing, notodmjective reality that exists
inherently by itself alone. Unprovable speculatiab®ut other virtual universes (Tegmark, 1997), or
that the universe could be “saved” and “restoregithfmidhuber, 1997), or that one virtual reality
could create another (Bostrom, 2002) fall outsidescope. It certainly uses non-physical concdjuis,
only as other physics theories do, e.g. the quant@ave function has no counterpart in physical
reality.

Science in a virtual reality

Science, our way of finding the truth, needs phajsitata to work because that is\a# canknow.
This is a limitation of ourselves, not of realigqually, science is a way to ask questions abalitye
not a set of fixed assumptions about it (Whitwo&@0Q7). It limits not the questions we ask but how
we answer them. So to question physical realitysdbedeny science, but engages its very spirit of
inquiry. Science itself is not limited to physicalbservables”, as it includes mathematics, and non-
observables like electrons and quarks are accéptbdy areevaluatedby observation, e.g. the big
bang is by definition an unobservable event, bignee accepts it as true by the observable evidence
of cosmic background radiation. If data from therldocan decide if an unobservable big bang
occurred, it can also decide if the virtual reatibnjecture is true.

Conversely, could a virtual reality support scieh@uppose one day the processing behind the
virtual online world The Sims became such that s&mes began to “think”. To practice science, they
would need information to test theories againsts Bhvirtual reality could easily provide. If sinattd
beings in a simulated world acquired science, waliéy find a world like ours? Could they deduce
that their world was virtual, or at least likelylbe so? They couldmterceivethe processing creating
them, but they could stittonceiveit, as we do now. Their science could then evaltiaht conjecture
by how their world behaved. Not only does scierimethe virtual reality conjecture, a virtual régl
could also allow science.

A virtual reality can be a local reality

In the science-fiction movie The Matrix, peopleclivin a virtual reality that appeared real to them
as long as they stayed within it, knowing their ldarnly by the information they received from i§ a
we know ours. In the story, when a pill disconngbts hero from the matrix input he falls back into
the real physical world, where machines are farnpiegple's brains in vats, i.e. the physical waosld i
the primary reality creating the simulation. Thetwal reality conjecture is thepposite ideathat the
physical worldis the simulation, not what creates it. It impliegj@antum containingeality behind
physicality, but gives it no physical properties.

Still, the usual straw man objective realists dttiscBishop Berkeley'solipsism,that the physical
world is a hallucination, where a tree falling imvaod makes no sound if no-one is there to hedrit.
Johnson is said to have reacted to the idea ofvthilel as a dream by stubbing his toe on a stone and
saying ‘l disprove it thus The virtual reality conjecture is again tbpposite ideaas it accepts that
there is indeed a real world that exists apart fusmit just adds that the world we see isn'tlitaflthe
physical world is a virtual reality doesn't makeait illusion, and that the physical world is not
objectively real doesn't mean that nothing is.
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To clarify the difference, viewed from our physieedrid a simulated game world is “unreal”, but
to an avatain that world its events are as real as it gets. Even if aalifilow only creates virtual
pain to a virtual avatar, toe stubbing will stilih Further, if a person identifiedwith a virtual game
its events become real - imagine the identificafpossible in a multi-media, multi-player game with
the bandwidth of our reality. A virtual world thiatreal within itself but still externally createdn be
called alocal reality. Local and objective realities differ is not how ith@habitants see them, but in
whether they need anything outside themselvesisb. ex

Even physical existence is relative to the obsemrvgy. a table is only “solid” to us because we are
made of the same atomic stuff as it is, but to lmost massless neutrino the table is a ghostly
insubstantiality through which it flies, as indeedhe entire eartfOnly things constituted the same
way are substantial to each oth&o in a local reality, pixels could register otpetels as "real", but
still be just information patterns to the contamireality. Such a reality could look like an objeet
one, as Hawking says:

“But maybe we are all linked in to a giant compusienulation that sends a signal of pain when we
send a motor signal to swing an imaginary foot mtirmaginary stone. Maybe we are characters in a
computer game played by aliengVacca, 2005, p131)

Yet to give context, the next sentence wdaking apart, ... For some reason even to imagine the
world is virtual can only be a joke with aliens.tY&logically the worldcouldbe a local reality and if
physically itbehavedike one, shouldn't we at least consider the jbdgg?

Information processing and physics
One could connect the physical world to informafpoacessing in three ways:

1. Calculable universe hypothesiBhat processingouldcalculate physical reality.
2. Calculating universe hypothesiBhat processing calculatssmephysical reality.
3. Calculated universe hypothesiEhat processing calculataf physical reality.

The calculable universe hypothestates that information processing could simulatgsizal
reality (Tegmark, 2007). Calculable here does naam deterministic as processing can be
probabilistic, nor mathematically definable as it definable mathematics is calculable, e.g. an
infinite series. Many scientists accept that thavense is calculable in theory, as the Church-Tairin
thesis states that for any specifiable output tlier finite program capable of simulating it. liro
universe is lawfully specifiable, even probabitisily, then in theory a program could simulatd iis
hypothesis doesn't say the univeissa computer but that it could be simulated by dme it does not
contradict objective reality. This "thin edge oétivedge" could be falsified by a non-computable law
of physics, but so far none has been found.

The calculating universbypothesisstates that the universe somehow uses informatiocessing
algorithms in its operations, e.g. quantum meclaniormulae. Supporters of this view include
mainstream physicists like John Wheeler, whose gghrtt from Bit’ suggests that objects (“it”)
somehow derive from information (“bit”"). Now infomtion processing doesn't justodel the
universe, it attempts texplainit (Piccinini, 2007). While a computer simulationmparests output
to the physical world, now that processicigatesreality is a theory about how the world actually
works. The world isn't judike a computer, but to some degree at leass, atcomputer. This option
would be unlikely if computer simulations of physigave no value, but they do.

The calculated universeypothesigyoes a step further, stating that all physicalitsearises from
information processing outside itself. This is thetual reality conjecture, that the physical worsd
nothing but the processirautput. Supporters of this “strong” virtual reality theoaye few (Fredkin,
1990), with none in mainstream physics, due toeitsstential price. It is unlikely to even be
considered, unless it does what nothing else chithvthis chapter argues it does.
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These then seem to be the three options for infiomarocessing in physics.

The world is not a computer

The above three statements cumulate, as eachasdh@ previous to be true. If the universe is not
calculable it cannot calculate its operations, #irits operations can't be calculated then it cha'ta
calculated reality. They are also a slippery slamif physical reality igalculablethen it could be
calculating and if it is calculating then it could lalculated i.e. virtual.

Currently, the calculating universe hypothesisraspnted as the best option, mid-way between the
normalcy of an objective universe and the shock aftual one:

“The universe is not a program running somewhere. éfss a universal computer, and there is
nothing outside it.(Kelly, 2002)

Some explicitly suggest a universal quantum comprtgbedded in our space-time:

“Imagine the quantum computation embedded in spadeime. Each logic gate now sites at a
point in space and time, and the wires represegsighl paths along which the quantum bits flow
from one point to anothér(Lloyd, 1999) p172.

However processing embedded in space-time caneetecispace-time, and in general a virtual
world cannot output itself (Whitworth, 2010), eifj.the physical universe is a computer with by
definition nothing beyond ithow could it begifi An entity creating itself must already exist efi
does so, and that the universe computes the unii®i@E impossible recursion (Hofstadter, 19909).
physical universe can no more output itself thaphgsical computer can print out itseBiological
properties can evolve by bootstrapping (autopadiebist existence itself is not a "property" thahca
arise in the same way. No amount of "emergencet fnothing can create something. To argue that
existence emerged from itself is to return to mieyajral mysticism.

So if the physical world is the processimd)at is the output®r if the physical world is the output,
where is the processing®hile the brain inputs, processes and outputs imédion like a computer,
but most of the world does not (Piccinini, 2007y. avhat "input" does the sun process or whafsis it
“output™? If one part of the universe outputs arotthow did it all begin?

Suppose string theory's hidden dimensions somehogupe the universe we see as output. If these
curled-up dimensions are "in the world", the bigdpshat created matter, energy, space and time must
also have created them. If the processing thategsss the world was itself produced at the begipnnin
the circular creation illogicality remains. Or He big bang didn't create these extra dimensions, b
what logic are they "in the world", as they existedore its creation? If the extra dimensions ohgt
theory are "beyond the world", then something nbysgral is creating the physical, exactly as in the
virtual reality conjecture.

The physical world can't be both processor andutuipcaus@ne can't have the virtual cake and
eat it too Either the physical world is not virtual and sut & processing output, or it is virtual and its
processor is outside itself. If the physical wakla universal computer outputting itself is indathe
three earlier options reduce to two - that the f@aysvorld is an objective reality or that it isvatual
reality.

Duality and non-duality

These considerations reflect a deep philosophinadial stretching back to the contrast between
Plato's ideal forms and Aristotle's empirical pragjism. Platoniddealism that the visible physical
world reflects a greater unseen world, is incontpativith Aristotelianphysicalismthat the world we
see is all there is. Logically, one of these wetklvshasto be wrong.

After centuries of conflict, protagonists of scierand religion agreed to a compromise, that as well
as this physical reality below, another spirituabrid also exists, somehow apart. dlualism,



The emergence of the physical world from informatiwocessing, Brian Whitworth, 27Nov2010

developed by Descartes, the realms of mind and botlyexist equally but separately, side by side.
This compromise let the physicality of science dstewith the spirituality of religion. It divided
scientists into atheists who believed only in thgsgical world, theists who also believed in a world
beyond the physical, and agnostics who didn't kndwat to believe.

Today, dualism seems increasingly an illogical gkidf two essentially contradictory ideas, a
marriage of convenience rather than truth. How twem entirely different mind and body realities
simultaneously exist, or if they do, how can indegent realms of existence interact? Or if they
interact, which came first causally? If consciousdri'emerges" from neuronal physics then isn't the
mind created by the brain, and so superfluous? tBeimind causes the body, as it does a dream, why
is it constrained by the laws of physics? Why cadteam whatever | want, or fly anywhere, as in
out-of-body experiences?

The dualist view of reality, as two independent ld®iin one, is currently in retreat before the
simpler non-dualist viewhat there is only one real world he scientific audience of this ideological
battle has generally concluded that if there isyarle world, it better be the physical one science
studies. So scientists increasingly accept as-tsédfent” the physicalist canon that only the pbgbi
world exists.

Yet, while rejected by both conventional sciencd egligion, another non-dual player is still
logically standing on the ideological field, nameiytualism (Raspanti, 2000). Iphysicalismis that
only the physical world exists, armtlialism is that another non-physical reality also exishgen
virtualismis that only that other reality exists. It claithat the "ghostly" world of quantum physics is
the actual world, and that the "solid" physical ldoxe perceive is just an image thrown up.

Virtualism is the non-dual converse of physicalidtmis non-dual because, like physicalism, it
asserts that there is only one world. It is theveose of physicalism because it sees the physicdtw
that instruments register as information patteike,an image on a screen, rather than as "thitigg"
are real in themselves. It avoids the illogical lduma of a quantum computer creating itself, and
postulates no imaginary "hardware" in a metaphysieality beyond ours. If the physical world is
virtual, it makes no sense to make physicalityyelstick of reality. In this view, the physical sab
is not even a drop in the universal ocean of extsigbut just the wave patterns on its surface.

A PRIMA FACIE CASE THAT PHYSICALITY IS VIRTUAL
What evidence is there that virtualism is even ssiimlity?

Initial requirements
Any processing that simulated our world would htavee:

1. Finitely allocated Information as a choice from a set of optionsstdegpermit infinite processing,
nor can a universe that began expanding a finitee tago at a finite speed be infinite. The
processing needed to simulate a universe as bay@sis enormous but not inconceivable, e.g.
under 16° calculations could simulate all human history anglanet sized physical computer
could do 1¢?operations per second, let alone a quantum oner(Brs2002).

2. AutonomousOnce started, it must run with no further input. ilWhthuman simulations need
regular data input to run, in our world such inpaiuld constitute a “miracle”. As these are at best
rare, this simulation must generally work withoutaules.

3. ConservedA system that takes no input after it starts lmges the processing it has will “run
down”, which our universe hasn't done for billiarfsyears of quantum events. If matter, energy,
charge, momentum and spin are all information @®icg, their partial conservation laws could
reduce to one law of dynamic information conseoratEinstein’s matter/energy equation is then
just information going from one form to another.
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4. Self-registering.System interactions must allow internal observati@/hile human computer
simulations output to an outside viewer, we seewsrtd from within. We register “reality” when
light from the world interacts with our eyes, whiate also in the world. This system must be able
to consistently register itself, locally at least.

Twelve reasons to think the physical world is a vir tual reality

One of the mysteries of our world is how every photelectron or quark seems to just “know”
what to do at each moment. Super-computers rurmingllion-million cycles per second currently
take millions of seconds (months) to simulate net jvhat one photon does in a million-millionthaof
second, but in a million-millionth of that (WilczeR008) (p113). How do these tiniest bits of the
universe, with no known structures or mechanismakarthe complex choices they do? How can one
photon in effect do all that processing? A lateaptlr attributes this ability to information copgin
Other reasons the physical world could be a vinteality include that:

1. Itwas createdin the big bang theory our universe began as aikinity arising from “nothing” at
a particular space-time event. This makes no sensa objective reality, but every virtual reality
boots up from nothing (in itself).

2. It has a maximum speebh our world nothing can exceed the speed of ligthile odd for an
objective reality, every virtual reality has a mraxim pixel transfer speed, set by the refresh rate
of its screen. The speed of light could simply Eacessing limit of our system.

3. It has Planck limitsNot only energy but also space seems quantizedaak Fimits, and loop
guantum gravity theory uses discrete space to avaithematical infinities (Smolin, 2001). An
objective space has no reason to be discrete, bintual space must be so, as it is built entirely
from discrete numbers.

4. Tunneling occursin quantum tunneling an electron suddenly appéayond a field barrier
impenetrable to it, like a coin in a perfectly sshflass bottle suddenly appearing outside it. This
is explained if quantum events are just a serigg@babilistic state transitions. So reality iseli&
movie of still frames run quickly together, wheteveing the projector gives a series of discrete
pictures. A world of objects that exist inherentlgd continuously can't allow tunneling, but a
virtual reality built from discrete probability efxistence frames can.

5. Non-local effects occuQuantum entanglement and wave function collapsenan-local effects
thatinstantly affect quantum entities anywhere in the univefgeobjective reality can't do this,
but all virtual reality processing is "equidistant the screen, and no pixel further from its
program than any other. As code can run pixels hGeyg onscreen, so entangled photons could
just be information objects run by the same program

6. Space-time is malleablén objective reality's space-time should be aedias it is, but in our
world dense mass and high speeds alter time armg Sphis is strange in an objective reality, but
if mass, movemenand space-time arise from processing, loading onedcaffect another, as
online videos slow down if the local server is hu$ynatter uses up processing, a massive body
could both dilate time and curve space. If movemess up processing, it could shorten space
and increase mass. Relativity is then just a Ipoatessing load effect.

7. It has an uncaused causEinstein never accepted that quantum choice wallyrrandom, so
invoked unknown “hidden variables” to explain ititlover fifty years later none have been found.
If every physical event is predicted by otherst theadioactive atom decays to emit light by pure
chance, when “it decides”, regardless of all pghysical events, should be impossible. Yet in a
virtual world, choices random to that world candasily generated by a processor running outside
it. Indeed, a virtual world needs randomness tdveyas it is entirely predictable without it, i.e.
has zero information.
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8. Empty space is not emptiEmpty space” is the medium that limits the speétight, and its
vacuum energy spawns the "virtual particles" of @asimir effect. In an objective reality space is
"nothing at all" and from such a nothing, nothirmmacome. However in a virtual reality "nothing"
could benull processingwhich can host light and spawn temporary entities.

9. Existence can dividdn the classic "two slit experiment" a singleatten goes through both slits
at once to create an interference effect with fitsel Feynman's path model "particles”
simultaneously travel all possible paths betweem pwints to pick the best one. Such effects are
only possible if quantum entities exist in manygelsiat once, which they can't do in an objective
reality. Yet a virtual existence can divide up likés, as it is just information.

10. Quantum entities are equivaletifvery electron or quark in our world is like eyather. By the
guantumindistinguishabilityprinciple it is in impossible to mark any electrapart from another.
This is odd in an objective world of things thahénently exist, but in a virtual world "objects",
like electrons, are just digital symbols. If evedgctron in the universe is from the same code, as
every “a” on this page is, they afistantiatethe same progragiass

11. Complementarityln quantum theory simple "object" properties Ipg@sition and momentum have
complementary uncertaintgo knowing one 100% makes the other entirely dawerThis isn't
measurement “noise” but a property of reality ftsél complementary properties use the same
processing, one could trade off against anotheo@B$, 2001).

12. It is algorithmically simple The algorithmic simplicity of physics is far baybwhat one might
reasonably expect of an objective reality:

“The enormous usefulness of mathematics in thealataiences is something bordering on the
mysterious and there is no rational explanationitdr(Wigner, 1960)

The laws of a virtual reality are expected to lmee if they are actually being calculated.

Perhaps individually none of the above points coowj but together they cumulate into what the
courts callcircumstantial evidenceTwo properties of our world that the virtual ligalconjecture
explains but objective reality theory cannot arevigiven in more detalil.

Why did our universe begin?

In the traditional view, the objective universesius”, so while its parts may transform, its tatah
steady stat¢hat always was and always will be. One doesipeexsuch a universe, that is all there is,
to be created in hig bang Over the last century, steady state and big Iaegry battled it out for
supremacy on the stage of science. Steady-stappmeats were respected physicists who found the
idea that the entire physical universe just "popmgtout of nowhere highly unlikely. Yet since #ike
galaxies were expanding away from us at a knows @ie could calculate the expansion back to a
source occurring about 15 billion years ago. Theealery of cosmic background radiation leftover
from the big bang confirmed its reality for mosiypitists today.

The failure of the steady state theory removed merstone of support for the view that our
universe exists in and of itself. If it does exisat way, there is by definition nowhere outsideelit
from where it could have come in the big bang. Bagg theory neatly sidesteps questions like “What
existed before the big bang?” by saying that thegis no time or space before the big bang, so the
guestion is irrelevant, i.e. it "defines away" fireblem.

Yet even withoubur time or space, a universe tligganis a dependent one, so what it depends on
is a valid question. Conversely, if time and spswgddenly “appeared” for no apparent reason at the
big bang, could they equally suddenly disappeatigeytoday? If nothing in our universe comes from
nothing, how can the entire universe have come fiothing? That our physical univeraese from
nothingis not just incredible, it is inconceivable. Oranctate the problems simply:

1. What caused the big bang?

10
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What caused space to start?
What caused time to start?

How could a "big bang" occur without time or space?

o M DN

How could space "start" with no time flow for thtarting to occur in?
6. How could time start somewhere if there is no “tidor it to flow in?

That the physical worldheganimplies that something began it. That it came fromathing", or
somehow emerged from itself, are both highly usattory answers.

In contrast, virtual reality theomequiresa big bang. No virtual reality has existed foresad all
virtual realities initiate at a specific moment lwia sudden information influx. It is a virtual rigal
hallmark that a single event begins its existemakits space-time. Anyone who boots up a computer
begins a “big bang” that also starts up its opegpsiystem.

If the world is a self-sufficient objective realjtits space and time should be the same, i.e. exist
independently of anything else. So that beforehiigebang there was a "no time" or a "no space" is
inconceivable for an objective reality. Yet thatigual world's time and space were started upois n
surprise. Its creation was indeed from nothimghat virtual world and before it there was indeed no
time or spacén that virtual world To a virtual world observer, its origin would leeall the properties
of our big bang. In the virtual reality conjectutbe big bang was simply when our universe was
“booted up”.

This approach is distinct from current attemptsttoibuteeverythingto the physical world, e.g. in
Zizzi's Big Wow theory consciousness somehow entengben the inflating physical universe
reached the information potential of the humanmriiken as the yardstick of consciousness (Zizzi,
2003). That machine complexity can create consoesss (Kurzweil, 1999) or that voltage changes
will somehow become conscious qualia, are theefumilaginations of physicalism. Super-computers
are no more conscious than ordinary computers tyevof their processing architecture (Whitworth,
2009). As piling many rocks together merely givasigarock, so piling together many graphic boards
into a supercomputer just gives a big machine.hia model "consciousness arises" when virtual
systems by self-awareness recognize their origimreBit computing design avoids self-awareness, as
recursive programming is risky, so computers wilf become conscious any time soon.

The big bang is now an accepted part of physiégmglies a universe created by something outside
itself, a concept objective reality theory can'‘t@omodate but virtual reality theory can. Science
accepts the big bang based on data, even thougiamitego back to witness it, i.ecanjecture about
an unknowable cause was resolved by knowable wiatid If science can resolve the steady state vs.
big bang hypothesis contrast, it can resolve thecatibe vs. virtual reality contrast. To do this we
need only examine with an open mind a knowable dvibrt:

“... has some important and surprising things to sayuaiiself’ (Wilczek, 2008) (p3).

Why is there a maximum speed?

My interest in this area began by asking why thigense had a maximum speed? Einstiduced
that nothing travels faster than light from how therld behaves, but gave no structural reasontfor i
to be so. Why can't objects just go faster anefastvhat actually stops them?

The medium of light

If light is a wave it needs a medium to transmitais water waves use the medium of water. Its
speed should then depend upon medium propertesglasticity. If the medium is space, the speed of
light should depend on the elasticity of spacspHce is nothing it has no properties at all, lEe@an
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elasticity, so scientists originally thought thaeeything must move in luminiferous etheras a fish
swims in water.

However if the earth orbits the sun at 108,000 len lpour, which turns even faster around the
galaxy, we must be moving through the ether (Fi@)reThe ether as the medium of light is a frame
of reference for it, so if we are moving througk #ther in some direction, light should have défer
speeds in different directions. However in 1887 Mdison and Morley found that the speed of light
was the same in every direction, so there couldaa physical ether.

Then Einstein showed logically that the speeddgiftlinot the ether, was the real absolute. This lef
space, the medium of light, as “nothing”. Some thayspeed of light defines the elasticity of space,
but this argues backwards, that a wave definesmiédium, when really the medium must define the
wave, i.e. the speed of light should conclude tlyggiment not begin it. The nature of space should
define the rate of transmission through it, but hkam an empty space devoid of physical properties
transmit light and limit its speed?

The object context paradox

An argument that physical objects need a non-physiantext is as follows:
1. A world containing an inherent object must also

\ Luminiferous Ether contain something "not-that-object"”, as a boundanytext.
L 2. Unless objects entirely fill the world, the sstall
objects implies a "not-any-object" context (space).

3. If space is "nothing at all", the world consistdy of
objects, so has no basis for movement.

4. If space exists in the world as an object, bg th
previous logic it also needs a context, which logicle
continues indefinitely.

R For example, fish are physical objects that exisamn
Y YY Y Y Y IV Y Y ¥ ¥ | ocean. Ifthe ocean is also a physical, it too sdeaindary

Figure 2. Luminiferous ethér context to surround it, say land or air. If thedas also

physical, it too needs a context, and so on. Tincslarity,
of physical objects requiring physical contextss ba stop somewhere, and in this model space is it.
Yet if space exists, it can't do so as the physib@cts it contains do.

Empty space exists

The ether error was to assume that everything exist as physical objects do, so objects must
exist in space as a fish exists in water. A phystlaer isn't justified by experimental sciencebgr
logic, as an object cannot be an ultimate contégtially space as nothing at all contradicts much
modern physics, and a world entirely of objects hadogical base for movement. The inescapable
conclusion is thaempty space exists but not as physical objects.elothe medium that transmits
light doesn't exist physically.

Einstein discredited the idea of a physical etharrbtained the idea of physical objects. He traded
Newton’s old absolute space and absolute time favabut equally absolutgace-time

“...absolute space-time is as absolute for speci#dtidty as absolute space and absolute
time were for Newton ...” (Greene, 2004, p51)

He shifted the problem of how light vibrates emgpace to how it vibrates an equally empty space-
time, whose mathematical properties of length, dtfeadepth and sequence still give no basis for

* From Wikipediahttp://en.wikipedia.org/wiki/File: AetherWind.svg

12



The emergence of the physical world from informatiwocessing, Brian Whitworth, 27Nov2010

media properties like elasticity. Einstein felt stsongly as Newton thabbjects exist in and of
themselveswhich implies an ether-like context:

"According to the general theory of relativity spaeithout ether is unthinkable; for in such a
space there would not only be no propagation ofitligout also no possibility of existence for
standards of space and time (Einstein, 1920, in May 5th address at the Universi Leyden)

That an ether must exist but that it can't be mlyded to a logical impasse he never resolved. An
absolute physical reality can't have a non-physather around it, but a virtual reality can. If the
physicalworld is virtual then the processing causing ibisdefinition non-physical Every virtual
world exists in a processing "ether" that contatasexistence. So null processing can host photon
calculations, as the "medium" of information wavbkst still manifest as "nothing" in the virtual
reality.

While physical objects existing in a physical spacélogical, virtual objects existing in a virtua
space-time is not, because processing “stacks’piaessing can run processing, e.g. an operating
system running a word-processing application i€@ssing inside processing. Virtual objects can run
in a virtual space-time if both objects and th@iace-time context are processing outputs. Mattdr an
energy are then just local applications in a spswe-operating system. That mass, time, space and
movement all arise from processing explains nog tiolw their object properties change, but also why
they interrelate, e.g. at high speeds time dilapace shrinks and mass increases because allénvol
processing. Information processing as the "quietess' of the universe could reconcile the clash
between relativity and quantum theory, with thenfer how processing creates space-time and the
latter how it creates energy and matter.

The speed of light is one

To understand this theory, an analogy with our aste@pprocessing can be useful. When a pixel
moves across a computer screen, its maximum trarafe depends on how fast the screen refreshes,
e.g. a TV screen looks continuous because it tedsefaster than our eyes®din the virtual reality
conjecture, a photon is just processing passedeaetithe nodes of a universal screen that Wilczek
calls The Grid(Wilczek, 2008). As a screen’s frames per seconid how fast pixels move across i,
so the grid refresh rate defines the maximum teansfte we call the speed of li§hindeed every
virtual reality has a finite “speed of light” foodal pixel transfers. The values we use, like 188,0
miles per second or 299,792,458 meters per sequstdieflect our units. Actuallythe speed of light
in a virtual reality is always just oneone grid
node per processing cycle.

In this analogy, physical matter is the
pixels a screen creates. Empty space is then just
a part of the screen that happens to be blank. It
is "idle", as it creates no pixels, but is stilh"o
which null processing is the proposed vacuum
energy of space. Only turning it off could show
the screen (grid) itself, but that would also
destroy the images on it (us). Distinguish the
pixel patternscreating the virtual world, from
the screennodes processing its pixel values,
and theprogram calculationsthat direct the
processing. In this model, the physical world is

d the pixels, an unseen universal grid is the screen
Figure 3. A virtual reality game and the equations of quantum mechanics are the

® Usually 60 or 70 Hertz, or cycles per second iugh to look continuous to us.
® Given Planck time is 1 second, the rate would be a mind bogglin$’ hertz.

13



The emergence of the physical world from informatiwocessing, Brian Whitworth, 27Nov2010

programs running on it. If everything arises from seen quantum grid, can we “hack” into its
processing? Scientists developing quantum compuataysbe doing just that (Lloyd, 1999).

So space is ndhe screen the virtual reality appears on, egFilgure 3 avatars are just pixels, but
so is their background. As an avatar moves throtingh forest,no fixed node-pixel mapping is
required as any screen node can process any pixel, wheftesratar or background. Programmers
can "move" an onscreen avatar image through atfogeshifting all its pixels equally relative toeth
background, but often prefer to "bit-shift" the kgwund behind the image, leaving the avatar centre
screen as he/she "moves" through the forest. A ttepter attributes relativistic frames of refemn
to this. Only at a processing cycle instance doesspace pixel “point” necessarily map to one stree
grid node. Recall that the grid proposed is notepme, or space-timbut what creates them

Processing as the ultimate context explains wagsparent materials like glass slow light down,
though it still goes at the maximum speed possilblehe grid that processes photon transfers also
process the atoms of glass, their extra load redieetransfer rate, making the light go more sjowl
The fastest possible transfers occur when thetgridnothing else to do at all, i.e. empty spadight
passes through glass wayits medium is glass, and if it goes through watersay its medium is
water, but this is just our physical bias. If watethe medium of light traveling through water,at/ls
its medium in empty space? In this model, whethareling in space, water or glass, the medium of
light is always the unseen grid that processesythiag.

That our world has a maximum speed is another a&ededipct about it that virtual reality theory
explains but objective reality theory cannot. Wi is the "tipping point" for this case?

EVALUATING THE VIRTUAL REALITY CONJECTURE
This prima facie case that the physical world Vértual reality could be:

1. Spurious One can satisfy any requirements by approprisseraptions. A model can always be
found to explain anything. This is less likelyhitassumptions are few and reasonable.

2. Coincidence The matches between virtual reality theory anddeno physics are lucky
coincidences. This is less likely if the matchasnith are many and detailed.

3. Useful Seeing the world in information processing termay open up new perspectives in
physics. This response is more likely if virtuadlity theory suggests new ideas.

4. Correct Our world is in all likelihood a virtual realityThis is more likely if the virtual reality
hypothesis explains and predicts what the objecteadity alternative cannot.

How can one decide the best response?

In science, one can't test a theory by selectirig ttasupport it, as choosing data to fit a case is
bias. So that selectedomputer programs (cellular automata) mimic setbcteorld properties
(Wolfram, 2002) is not evidence if the researctienoseswvhat is explained. Finding facts to fit a
theory is not a new kind of science but an old lohBias. Hence the method of this model idéoive
all core physicdrom information first principlesi.e. begin with processing and derive space,,time
energy and matter, explaining not just selecteddwevents but its operational core.

This method is the usual hypothesis testing ofhegie assume a theory true then “follow the logic”
to see if it fails, i.edesignthentest If the theory isn't true, assuming it is shoubthrs give outcomes
inconsistent with observation. If it is true, itoshd explain what other theories cannot.

Valid theories should be falsifiable, e.g. virtuaklity theory is falsifiable as any incomputable
physics would disprove it:

“... the hypothesis that our universe is a programimgn on a digital computer in another universe
generates empirical predictions, and is therefadsifiable’ (McCabe, 2004) p1
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If reality does what processing can't, then theldvean't be virtual, but while incomputable
algorithms exist, all known physics is computable.

Objective reality theory is equally falsifiable arddeed has been falsified Aspect and his
colleagues showed decades ago that our world cdrain objective reality (Aspect, Grangier, &
Roger, 1982) in a well replicated experiment thallenges these assumptions of physical realism
(Groblacher et al., 2007):

1. Object locality That physical objects exist in a locality thailis their interactions.
2. Object realismThat physical objects have intrinsic properthet fpersist over time.

One or both of these objective reality assumptionsst be wrong (D'Espagnat, 1979), but the
theory remains unchallenged today, not because right but because no theory exists to take its
place. As Chaitin, following Goédel, showed, theeilucible axioms of physics aren't logically
“proven” but exist by fruitfulness - they explairone than they assume (Chaitin, 2006). Without such
axioms, physics itself couldn't stand, so theyraedropped just because they are "disproved". Like
house foundations, an axiom can only be removadather can be put in to bear its load.

Foundationaxioms only change duringaradigm shiftgKuhn, 1970), when intellectual structures
are renovated and expanded, e.g. removing Eudid@n that parallel lines can't converge allowed
the development of hyper-geometries, where partitels on a curved surface like the earth do
converge (at the poles). Euclid's geometry is nost fhe zero curvature flat surface case, i.e. what
was once the only possible geometry is now justadmeany. If the virtual reality conjecture is alao
paradigm shift, it will be evaluated by its fruilfiess not the logic of the previous paradigm, which
may remain as the special case of a local reality.

DISCUSSION

About a century ago Russell used Occam’s fapocut down the idea that life is a dream:

"There is no logical impossibility in the suppositithat the whole of life is a dream, in which we
ourselves create all the objects that come beferdut although this is not logically impossibleette
is no reason whatever to suppose that it is truml g is, in fact, a less simple hypothesis, vieaga
means of accounting for the facts of our own tii@n the common-sense hypothesis that there really
are objects independent of us, whose action orausas our sensatiofigRussell, 1912)

The virtual reality conjecture is not so easilyndissed, as in physics today it is the simpler
statement. Given the big bang, is it simpler tlmabbjectively real universe arose from nothinghatt
a virtual reality was booted up? Given that nothgmes faster than light, is it simpler that the
"nothing" of empty space limits its speed or thatpmcessing limit does? When information
processing explains more physics than common-gdiadde 1), Occam’s razor cuts the other way.

Egocentrism

The equations of modern physics wouldn't changkefworld were a virtual reality. Indeed, their
status would rise, from convenient fictions toriletruths. That our physical bodies are pixilated
avatars in a digital world challenges not matheosatiut the human ego, as science has done before:

“Since our earliest ancestors admired the stars,lmman egos have suffered a series of hlows
(Tegmark, 2007)

Copernicus challenged the paradigm that the Ead$ the center of the universe. Science now
knows that our little planet circles a mediocre sta-thirds of the way out of an average size xgala

" Occam's Razor is not to multiply causes unneciégsiae. prefer the simpler theory
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of a million, million stars, in a universe of abk as many galaxies, i.e. we aren'tghgsicalcenter
of anything.

Table 1. Physical outcomes and virtual causes

Physical Outcome Virtual Cause

The big bangThe universe was created from a | Virtual reality creation All virtual worlds arise
“big bang” event that also made time and spacé when an information influx starts their space-time

QuantizationMass, energy, time and space all | Digitization. Anything that arises from digital

seem to be quantized at the Planck level processing must be discrete

Maximum speed\othing in our universe can Maximum processing raté screen cannot
travel faster than light transfer pixels faster than its refresh rate
Wave function collaps&he quantum wave Non-local effectsProcessing is “non-local” with
function collapse is a non-local effect respect to pixels on a screen

Gravity and speed effectdear massive bodies | Processing load effectProcessing outputs like
and at high speeds space shortens and time dilaipace and time reduce with network load

Physical conservatiorPhysical properties like | Information conservatiorA stable virtual reality
mass either conserve or equivalently transform| must conserve dynamic information

Physical law simplicityPhysical law formulae | Algorithmic simplicity A virtual universe works

have a remarkable mathematical simplicity best if it is easy to calculate

Quantum randomnesQuantum choice is randomChoice creationA processor outside a virtual
and unpredicted banyworld event reality can create randomness in it
ComplementarityQuantum entities cant have an Common processin@Complementary properties
exact position and momentum at once could just use the same processing

Quantum equivalenc@ll guantum entities, like | Digital equivalenceEvery digital "object" created
photons or electrons, are equivalent by the same code must be equivalent.
Quantum transitionsin quantum mechanics an | Digital transitions In digital movies events are g
event is a series of state transitions series of picture frames

Darwin challenged the paradigm of humanity as theaxle of a biology built for us. Science now
knows that we only evolved about three million geago, and that over 99.9% of all species that ever
lived are now extinct, e.g. 65 million years age tbntire dinosaur class mostly died out after
dominating the earth for two hundred million yearsjch as mammals do today. Insects and plants
exceed us in biomass, are often more complex getigfiand are much more likely to survive say a
nuclear disaster, i.e. we aren't thielogical centre either.

Today even the paradigm of a unitary self is cingiéel, as the brain is “split” at its highest level,
into autonomous right and left cortical hemisphdi®gerry & Gazzaniga, 1967), i.e. we don't even
have thepsychologicakentre we think we do (Whitworth, 2009).

The trend is cleanve repeatedly imagine ourselves at the centreinfjghthen science repeatedly
finds that we aren'tEvery generation thinks it has the answers amdyefollowing one finds them
wrong. Why then isnow the end of the line of human fallacies? Is notinglour reality as the
existentialcentre of everythingust another egocentric assumption? And wouldayetther ego blow,
that our physical reality is not actually "realdgntral”, be so unexpected?

In the virtual reality conjecture, physical realisya processing output, not something that eiists
itself. The evidence presented for this view igrfrecience not religion, e.g. the physical matter we
generally take as "reality" is only 4% of the ums& with dark matter (23%) and dark energy (73%)
the rest (Ford, 2004, p246). If most of the uniegss't the world we see, why assume the world we

16



The emergence of the physical world from informatiwocessing, Brian Whitworth, 27Nov2010

see is all there is? Indeed, how can a finite maysiorld created by a "big bang" a finite time ago
conceivably be all there is?

The challenge of physics

Fundamental physics is currently in a bind. Ondhe hand objective realism faces paradoxes it
can't solve and probably never will. On the othemdhthe speculative mathematics of string theory is
going nowhere, as it can't even manage to be wiait, 2007).

In contrast, that processing creates physicality Isgical option not yet explored, as calculated
entities can be started, stopped, re-started, darid merged in ways that "objects" can't. Thisat
the "brain in a vat" idea of movies like The Matnixhere a real physical world creates a false airtu
one, nor the hallucinatory dream of solipsism.

Yet it is true that in a virtual world, views aralp calculated as needed - if an avatar looksdeft
left view is created and if they look right anotieshown. Everywhere one looks in a virtual woitd,
exists, yet the views are still only created on dech This cracks the quantum measurement préplem
as observing a virtual entity indeed creates (e @8 it, but raises a realism problem.

Does virtualism denyealism the idea of a real world "out there". As Einsteaid, surely the
moon still exists if no-one observes it? If braimyvats hallucinate reality from data input, how ¢a
all be so realistic? If no-one is looking to sea ifee falls in a forest, then no tree can falt,\what if
someone looks later to see if it fell - does theteay calculate a consistent history to get theecdirr
view? Did it fabricate the billions of years befamankind arrived to observe?

In some models our consciousness is critical togum operations, but in this model humanity has
no such central role. In igvery quantum interaction creates a "view", so everghis always
"viewing" everything else, and everything is evehgne always "being viewed". The observer of this
virtual reality is not human existence, but allst&hce. No tree can fall in a forest unseen, asghe
ground it hits "sees" it. As there are no "gapsthis virtual reality, so there is no view histdry
recapitulate.

The physical world as an interface

In this view, the world "out there" is a quantuneasf probability waves processed by an unseen
grid. The "solid" matter we see then arises frogttebns and quarks, which physics knows are just
qguantum probabilities, i.e. information. If phydicaality is just probability waves interfering,athit
inherently and continuously exists in and of itsel&n unnecessary belief.

Yet if the world is a virtual reality, who is théager? In our single player games, virtual worlds
respond consistently to one person according to they were designed. The knower and the known
are in separate realities, the one virtual andther containing it. Players interact in the vittwarld
using an avatar, then log off to return to a caonitgj world. Multiplayer games allow more realistic
worlds, because their responses increasingly coome éther players. This model takes that principle
to the extreme, attributing physical realism to muen "players" in the most massive multi-player
simulation conceivable.

Figure 4 gives the reality model options. The fissa simple objective reality that observes itself
(Figure 4a). This gives the illogicality of a thilsgeating itself and doesn't explain the strangeiés
modern physics, but it is accepted by most people.

The second option argues that since all human piocs arise from neural information signals,
our reality could be a virtual one, which in figtigtories is created by gods, aliens or machies, f

® The quantum measurement problem is that obsemvingve function makes it take a physical
state, so in quantum mechanics our observatiotazeaality.
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Virtual Reality Virtual Reality
Observer Reality
Observer Observer Observer

¢ Areality sees itself objectively & Areality sees a virtuality

c Areality sees itself virtually

Figure 4. Reality models

study, amusement or profit (Figure 4b). This isindiact illogical and explains some inexplicable
physics, but few people believe that the worldrisllaision created by our minds. Rather they baiev
that there is a real world out there, that exidietiver we see it or not.

The third option, of a reality that uses a virttelity to know itself, is this model (Figure 4&)s
this paper asserts and later papers expand,dgisdlly consistent, supports realism and fitsfdets
of modern physics. In it, the observer exists asurce of consciousness, the observed also exist as
source of realism, but the observer-observed iotiergs are equivalent to virtual images that arg on
locally real. This is not a virtuality created byeality apart, but by a reality to and from itsdifthe
physical world is an interface to allow an existene interact with itself, then it is like no infoation
interface that we know.

APPENDIX A. COMMON RESPONSES
Common responses to the virtual reality conjectuckide that it:

1. Is just meta-physicsMeta-physical speculation is untestable ideasualmknowable entities
outside the observed world, like the number of &nge a pinhead. In contrast, the virtual reality
conjecture is a hypothesis abdhis world, albeit thatmeta-physics (outside the world) causes
physics (the world).

2. Can't be provedTrue, but objective reality theory isn't “provedither. Science doesn't prove
theories absolutely - it just rejects improbableesanin modern physics, it seems increasingly
unlikely that the world is an objective reality.

3. Postulates the unseeBeing perceivable is not a demand of scienceneramuld argue that since
we can't see atoms they don't exist:

“Atomism began life as a philosophical idea that i¥dail virtually every contemporary test
of what should be regarded as ‘scientific’; yetemtwally, it became the cornerstone of
physical science.[12] p3

4. Contradicts Occam’s razorOccam's razor is not to multiply causes unnecidgséw take the
simplest theory that fits the facts. A hundred geago it favored a common sense view of the
world as an objective reality. Today virtual pdeg seethe from empty space, quantum objects
teleport past impassable barriers and space amdbiEnd and dilate. Now virtual reality theory is
the simpler explanation, i.&ccam’s razor cuts the other way
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5. Means the world is faké virtual world need not be a fake world. The vatueality model
contradicts physical realism but naiilosophical realismthat there is a real world “out there”
generating experiences. A virtual world can be tedtls participants, i.docally real

6. Contradicts common senséommon sense one told us that the sun rose artss the earth.
The same senses that tell us the earth is flattelsthat it is objectively real, but common sense
no longer mandates truth.

7. Equations are enougtiquations without understanding are not enoughta@®dy they work, but
what do they mean? Physics cannot {lestlaremeaning to be meaningless.

8. Implies dual realitiesThis theory postulates no dualism. If physicalitg is entirely virtual, then
it is a derived reality, not a dual reality. Th&s@nly one world, but it isn't the world we see.

9. Is wrong because objective reality theory is trlikis circular refutation goes like this:
a. You propose that the physical world is created tog@ssing
b. But processing is always based on the physicaldMf@dsumption)
c. So everything is physical reality anyway.
A well known British physics journal dismissed thédeas as follows:

“The author insists on the "virtual reality" analodyut seems to fail to notice that virtual reality
practiced on computers deals with a physical rgdiidsed on the known laws of physics which govern
electronic or other computers. ... Thus we are bacghysics and asking ourselves which physical
laws would be governing the computer that is suppgithe virtual reality framework that the writer
is proposing: back to first base as they 5ay.

The reviewerassumeghat only the physical world exists, then by thasumption manages to
falsify the conjecture. When it was pointed outtthidis was circular reasoning, “disproving” a
hypothesis by assuming its antithesis, the editepty was that you write, we decide. Logic is no
grounds for editorial appeal in academic publisk{ipitworth & Friedman, 2009).

QUESTIONS

The following questions highlight some of the issaevered:

1. Are quantum mechanics and general relativity ttatements about reality?

2. Does science require an objectively real world?

3. Would a virtual reality allow science?

4. How does a local reality differ from an objectivec®

5. What is the logical opposite of physicalism, thalydhe physical world exists?
6. Could the world be a universal computer that cal@s and outputs itself?

7. In what ways does our world act like a virtual itg&l

8. Could an objective reality arise from a "big bang"?

9. Iflightis a wave, what medium does it travel in?

10. Why cant anything ever go faster than light?

11. Is the virtual reality conjecture testable? Isalsffiable? Is it provable?

12. If modern physics has falsified objective realttgory, why is it still the accepted?
13. How would the mathematics of physics change ifphgsical world was virtual?
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14. If the world is a virtual reality, who is observiitg
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