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The nature of physical law
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physics




Universe generating
mechanism




Life and mind

T

The universe, matter

T
s of pavsies
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Mathematics




[.aws are...

Absolute
Universal
Timeless, immutable

Perfect, infinitely precise, mathematical
relationships

Independent of states of the world






Pierre Laplace

“An intellect which at any given moment knew all of the forces that
animate nature and the mutual positions of the beings that compose i,
|if this intellect were vast enough to submit the data to analysis,|
could condense Into a single formula the movement of the greatest
bodies of the universe and that of the lightest atom; for such an intellect
nothing could be uncertain and the future just like the past would be
present before Its eyes."




The laws are imprinted on the universe at the moment of its birth



Central claim

« The concept of an externally imposed set of
Infinitely-precise transcendent immutable time-
symmetric mathematical relationships (“laws of
physics”), together with their attendant
mathematical entities such as real numbers, is an
Idealization with no justification in science, and
represents an act of faith that is a hangover from
European medieval theology and Platonic
philosophy.



“It from bit”

We investigate nature via discrete yes-no

acts of Interrogation, and deduce physical

laws as an idealized thread connecting the
resulting informational bits, so...

LLaws are informational patterns



Information

T

Matter




“The laws we discover about nature
do not already exist as ‘Laws of
Nature’ in the outside world.”

Anton Zeilinger



Wheeler’s law:

“There 1s no law except the law that there
1s no law”

The appearance of law emerges ‘from
higgledy-piggledy...’



Universe as computer:
laws as software

Ed Fredkirﬁl' Stepheﬁ Wolfram
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Rolf Landauer

Information is physical!

“The calculative process, just like the measurement process,

IS subject to some limitations. A sensible theory of physics
must respect these limitations, and should not invoke calculative
routines that in fact cannot be carried out.”



Self-consistent loop

* The laws tell nature how to compute
« Computation tells nature how to legislate



physical states







fime
The universe has finite
computational resources
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Macroscopic Poingaré fluctuations
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Truncating the quantum vacuum
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A possible experimental test!

tt N W

n particles — 2" possible states

2" ~10%%? — n ~ 400 particles



The trans-Planckian mode problem
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“This work 1s based on the 1dea that... [the] resources required to
determine the properties of systems may influence what is true in
physics and mathematics at a foundational level.” Paul Benioff

Resource Limited Theories and their Extensions

Paul Benicf
Physics Division, Argoone Nations]l Laboratory
Argoone, [L ao4as
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L INTRODUCTION

As is widely recognized, quantum mechanios and its
gerernlizations, such a5 quantum fiel cheory, is s highly
mecsssful thecry. So far it has survived svery sxperimen-
tal tbest. Yet in spite of this, nagging problems remnin,
The problem of mensurement is one. Although the use
of decchersnce to solve the problem ﬂ,a helps in that it
explaing the existences of the pointer hosis in mensuring
spparatuses, questions still remoin that are related
to whether quantum mechanics is really & theory of open
systems only or whether there is o system such as the uni-
verse that con be considersd to be closed and isalated.
This is the approach taken by the Everett Wheelsr inter-
]:u'etu.t:\:\n ﬂﬁ

There are other mors fundamental questions such ns,
why space-time i 3+1 dimensional, why there ar= four
fundumental foroes with the observed strengths, what
the resscm is for the ohaerved elementary particle moss
spectrum, and why the hig bang cocurred. Another ba-
sic question relates to why quantum mechanics is the
carrect physical theary, There are papers in the livera-
ture that address some of these questions by attempting
to show that if things were differsnt then life could not
have evolved or some physical catastrophe would happen

, [, 8 E] Hemeever these are sll beuristic afer-the-
nct types of arguments and do not constitute proofs,
The poasibility of constructing a theory to exploin these

Y L L S FLR— I Y B B | T ——

o nn ohservers wae of experiments to construct o theory
of the plysical universe. In particular it is felt that the
properties of physical systems are indepeodent of the ba-
gic properties of how sn ohaerver acquires knowledge and
constructs o physical thecry of the universe. This view
is expressed by such phrases ns "discovering the prop-
erties of noture” aod regordng physics as "a veyage of
discovery”.

A similsr sibuntion exists in mathematics. Most math-
emsaticinns sppear to implicitly sccept the realist view,
Mathematical ohjects have sn mdependent, o priori e
istence independent of an chesrvers knowlsdge of them
[14, [1Z). Progress in mathematics consists of discovering
properties of these chjects,

This is perhops the majority view, but it is not the only
view. Other concepts of existence include the formalist

aach and wrious constructive spprosches (18, [17, 13,

. These approsches will not ke ased here ns they do
not seem o take suficient acoount of limitations imposed
by physics. These include [unitskions resulting from the
physical noture of languags E]

This cealist view of physics and mathemotics has some
problems. This i especially the case for the widely ac-
cepted position that physical systems exist in and de-
termine properties of o space-time framework.  How.
ever, mathematical ohjscts exisk cutside of space-time
and hove nothing to do with space-time, If this is the
case, then why shewl machematics be relevant or wse.

Bl st all +0 rhuwice® T ie cbaicrie that Fhetr srm o lemedar



physical states

But... what 1s the feedback mechanism?
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Wheeler’s delayed-choice experiment






Hawking and Hertog

The top down approach we have described leads to a profoundly different view

of cosmology, and the relation between cause and effect. Top down cosmology is a
framework in which one essentially traces the histories backwards, from |

the present time. The v histories of the universe thus depend

on what i1s being observed, contrary to the usual idea that the universe has a unique,

observer independent history.




“It 1s feasible and even suggestive to consider an extension
of quantum mechanics to include both a wavefunction
arriving from the past and a second ‘destiny’ wavefunction s

' = N
2N

~ %% Coming from the future.”
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