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Henry Poincaré (1854-1912)

nonlinear dynamics
theory of chaos

* planetary system (2-body problem) is an
exception

» most dynamical systems are chaotic

* long term evolution very sensitive to initial
conditions

» trajectories in phase space strongly
intertwined



Chaotic systems

the greater the precision with which we wish
to know the future 2

or

N&U

the farther the future we wish to predict

the greater the accuracy with which we need -
to know the initial conditions

Prediction of the future requires knowledge of the present with infinite
accuracy

Ap(0) >0
AX(0) >0



Heisenberg uncertainty principle

position ( x ) and momentum ( p = mv ) cannot be known
simultaneously with arbitrary precision.

h
APAX > —
¥ 2

— The precise prediction of the future is forbidden by quantum mechanics

[ local hidden-variable theories rejected by experiment (Bell’'s theorem ...) ]
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Poincaré: practical indeterminacy

Poincaré + Heisenberg — intrinsic indeterminacy

Future is not determined

There is room (although it does not prove) the existence of

- Free will (human design)
- Providence



Quantum measurement. “Wave-packet collapse”
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‘ X > , ‘Y> : ‘ Z> are macroscopically distinct
—> in practice only one of the possible states is observed:

eg. YY), 0 [2]2)  coomer

Quantum mechanics only predicts (and very well) the statistics of
results in identically prepared experiments.

—> cannot predict the result of an individual experiment <

The “collapse” or “reduction” of the wave function is essential to convert
uncertainty about the present - unpredictability of the future



Schrodinger’s

cat paradox

(0+IA) = [9IX)+W)]Y)

~ # == mechanical * - g
atom cat  yetector ~ entangled state atom-cat

X)| X ) =|excited atom)|cat alive)
y)|Y ) =|decayed atom}|dead cat)

- in practice we observe the cat alive or dead
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chaotic rotation

W H Zurek (1998)

t > t, prediction prohibited by QM

mass ~ 6x1078 kg

information is nowhere

Lyapunov ~ (40 days)’

( solar system:

t. ~ 700 million yrs )
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Future is not determined

There is room (although it does not prove) the existence of

- Free will (human design)
- Providence



What or who determines the future?

Initial conditions (determinism) ruled out (except for
marginal proposals)

Human design non-controversial
External (intelligent) design very controversial

Chance, randomness...



Godel’s incompleteness theorems (1931)

A logical system with a finite number of axioms and rules, sufficiently complex to
include arithmetics, and consistent (without contradictions):

is not complete, i.e. contains theorems which are true but unprovable.

We cannot know which ones are those theorems.
Given a non-proved and non-refuted conjecture, we cannot know whether:

- It's true or false

- In any of the two cases:
- whether the proof exists but we don't find it, or
- whether the proof does not exist



Undecidability

There are classes of undecidable statements:

Neither “T” nor “no T” can be proved, in the general case

(although, in each particular case, one of the two has to be true)

Example: the halting problem ...



Alan Turing (1912-1954)

Turing machine =
universal computer

 The halting problem (1936):

* No general algorithm exists to know if a program will lead the computer to a
halt.

Another instance of undecidable problem: the proof of randomness ...



What is randomness (chance)?

Algorithmic definition:

A number secuence is random if it cannot be
compressed, i.e. if no program exists which, being
shorter than the sequence, does completely
determine the sequence.

314159265358979323846264338327950288419716939937510 58209749445923078164062862089986280348253421170679
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seems random but is not



Gottfried Leibniz (1646-1716)

Infinitesimal calculus
binary system

philosopher, mathematician, jurist, politician

(precursor of information theory)

T 111111
4 35791113

_ i (_1) Leibniz

formula



algorithmic
Gregory Chaitin (1947- ) theory of
information

No general algorithm exists to decide if a sequence is random

The random character of a sequence is undecidable
(in the Godel and Turing sense)

E— Randomness cannot be proved



We can’t be sure about randomness ...
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Randomness cannot be proved

—> The absence of design cannot be proved

Randomness (understood as indeterminacy without design) can be a
reasonable, useful hypothesis, essential to make progress on some
occasions (e.g. statistical physics, quantum physics, evolution theory),

but not provable stricto sensu.

The concept of randomness cannot be ascribed with certainty to any
process.

Randomness is a phenomenological concepit.



Jacques Monod (1910-1976)

(translated from the Spanish version”

“Selection operates with the products of chance
indeed, and cannot be fed in any other way; but it acts
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Jacques Monod (1910-1976)

(translated from the Spanish version”

“Selection operates with the products of chance
indeed, and cannot be fed in any other way; but it acts
on a domain of stringent requirements from where
randomness is removed [natural selection].”

“Randomness must be here regarded as essential.”

‘ circular argument ... if the existence of chance is

presented as a scientific conclusion.

A ¥



Jacques Monod (1910-1976)

After describing some genetic mutations, he writes:

“[mutations] constitute the only possible source of modifications in the
genetic text, itself the sole repository of the organism's hereditary
structures, it necessarily follows that chance alone is at the source of
every innovation, of all creation in the biosphere. Pure chance,
absolutely free but blind, at the very root of the stupendous edifice of
evolution: this central concept of modern biology is no longer one
among other possible or even conceivable hypotheses. It is today the
sole conceivable hypothesis, the only one that squares with observed
and tested fact. And nothing warrants the supposition — or the hope —
that on this score our position is likely ever to be revised.”

[Monod, 1970].
Emphases by Monod.

Jacques Monod

Le hasard
et la nécessité

Essai sur la philosophie naturelle
de la biologic moderne




KARL POPPER

Karl Popper (1902-1994) derlggr%gumg
falsability criterion
10, Auflage

A theory is scientific if it is refutable by a conceivable event
(experiment), if it is “falsable”.

Stricto sensu, a scientific theory is never verified in a definite way, but it
can successfully pass many probes in each of which it could be refuted
(falsified).

Practical certainty about some theories can be reached.



Mathematical
= Undecidability,
" Quantum Nonlocality
and the Question of

the Existence of God

Edited by
Alfred Driessen
d I"ld

Antoine Suarez

H. C. Reichel:

“The hypothesis of randomness
is unprovable in principle, and
conversely, the teleological
thesis is unrefutable in principle.

| add:

In this sense, the teleological
hypothesis is not scientific either,
since it does not satisfy Popper’s
falsability criterion.



Statements about the existence of design may be, occasionally, very
reasonable philosophical statements, but are not scientific in a strict
sense.

Statements about the absence of design are not scientific either, since
randomness cannot be proved.




Finality hypothesis is not scientific (stricto sensu) because it's
irrefutable in the general case.

Chance hypothesis is not scientific (stricto sensu) because it's
unverifiable in each particular case.




What or who determines the future?

Initial condition (determinism) ruled out
Human design non polemic
External (intelligent) design very polemic
Randomness unprovable

Science may suggest the existence of design, but cannot prove it. It
cannot prove its absence either. In particular, it cannot prove the
absence of Intelligent Design (or its presence).

Questions about finality may be of high philosophical interest,
but must remain outside the scientific debate.



“Provisional’ limits of science

» Pushed further by any sound research program.

* Those facts which, being currently unknown, can eventually be
unveiled by scientific progress.

Realities within the domain of science

and within the reach of science




“External” limits of science

« Creation from metaphysical nothing

« Conscience as subjective experience

« Ethics (human rights, ...)
» Aesthetics (artistic experience)

» Concept of God

realities outside the domain of science and

therefore outside the reach of science

(element of immateriality)

(Popper’s net analogy

e =

)



“Internal” limits of science
* Incompleteness (Godel)

* Undeterminacy (Poincaré, Heisenberg)

realities within the domain of science

but outside the reach of science

future not contained in the present — nonobservable causes
mathematical truths not reachable by human reason

- The myth of an all-explaining science is unjustifed,
a remnant of 19th century world view.

- aperture to the idea of trascendence
(God, soul, concepts outside science)



