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Summary


At the end of the nineteenth century the triumphant “scientism” left almost no room to consciousness and claimed that it will soon rule everything. The determinism was considered as the main property of scientific facts while freedom, will, free-will were considered by most scientists as illusions. 


The danger of this evolution was pointed by Henri Poincaré (1854-1912) that developed many philosophical considerations on the future of science and its relations with mankind. He was also a major scientist opening the gate to the theory of chaos that was for decades considered as an odd singularity and revealed its fundamental importance in the seventies when chaos was acknowledged in most domains of science and technology. 


The other main philosophical upheavals of science were of course the intrinsic presence of random, irreducible to determinism, (theory of quanta) and the trouble of scientists confronted with the terrible misuses of science. All this has led to new perspectives on consciousness and freedom while materialism is no more a must. 

1. Introduction. 

The absolute or ‘’Laplacean’’ determinism.


The idea of determinism has a very long history and various meanings. Its absolute meaning was defined by Pierre Simon de Laplace in 1814 in his book «  Essai philosophique sur les probabilités » (Philosophical essay on probabilities) where he has written :

│          «  Nous devons envisager l’état présent de l’Univers comme l’effet de son état │antérieur et la cause de ce qui va suivre. Une intelligence qui, pour un instant donné, │connaîtrait toutes les forces dont la nature est animée et la situation respective des êtres qui │la composent, si d’ailleurs elle était assez vaste pour soumettre ces données à l’analyse, │embrasserait dans la même formule le mouvement des plus grands corps de l’Univers et │ceux du plus léger atome : rien ne serait incertain pour elle, l’avenir comme le passé serait │présent à ses yeux » (Laplace, 1814).

│
«  We must consider the present state Universe as the effect of its past state and the │cause of its future state. An intelligence that would know all forces of nature and the │respective situation of all its elements, if furthermore it was large enough to be able to │analyze all these data, would embrace in the same expression the motions of the largest │bodies of Universe as well as those of the slightest atom : nothing would be uncertain for │this intelligence, all future and all past would be as known as present »(Laplace, 1814).


Such an absolute determinism is known as ‘’Laplacean determinism’’. All along the nineteenth century it was considered as a fundamental element of scientific facts and we must recognize that it has been very useful, it has help scientists to classify and understand the huge variety of physical, astronomical, chemical, medical and biological phenomena. It is certainly one of the major reasons of the fantastic scientific progress of this century.

2. The creed of Scientism and its discredit.


In the decades 1880-1910 the impressive progress of science had led to an entirely new situation. Most scientists, but also many writers and philosophers as well as a very large proportion of the public feel that mankind was at the dawn of a new era.


Science was considered as almost infallible, as able to solve all problems, worries and miseries that were the age-old share of human condition, as able to answer to all questions especially the philosophical ones : where are we? where do we come from? where do we go? why are we on Earth? 


Many scientists had acquired a very high pride, considered that any scientific progress was a progress of mankind and refused all exterior interventions or considerations. This state of mind was particularly well reflected in the following profession of scientific faith presented August 19, 1880 at the city of Reims by J. Mercadier, chairman of the Physics section of the French Association for the Advancement of Science, during the yearly general meeting of this association :

│
« La liberté est la condition essentielle du développement des sciences. Aussi n’existe-│t-il parmi nous ni castes, ni sectes, ni coteries ; toutes les convictions sincères y sont │respectées. Tout ce qui touche au domaine de la conscience est systématiquement écarté de │nos débats. On ne discute ici que des questions véritablement discutables et sur lesquelles │l’expérience a quelques prises ; mais toutes les questions de ce genre sont admises à la │discussion. 

│
Nous écoutons toutes les doctrines scientifiques, sérieuses ou non, peu nous importe, │car celles qui ne le sont pas ne résistent pas à un examen rigoureux, fait librement et en │pleine lumière.

│
Nous avons une foi sincère dans le progrès continu de l’humanité et, jugeant de │l’avenir d’après le passé et d’après les conquêtes que le siècle actuel a faites sur la nature │nous n’admettons pas qu’on vienne nous dire à priori en quelque branche que ce soit de la │science positive : « Tu t’arrêteras là ! ».
│
Il y a donc place parmi nous, vous le voyez, pour tout homme d’initiative, de bonne │volonté et de bonne foi ». 

│
« Freedom is the essential condition of the development of Science. Then among us │exist neither castes, nor sects nor political sets ; all sincere convictions are respected. All │that concern the domain of consciousness is systematically discarded from our discussions. │Here we only discuss debatable questions upon which some experiments are possible ; but │all these questions are debatable.

│
We listen to any scientific doctrine, serious or not, as these that are not serious will not │resist to a rigorous examination done freely and in full light.

│
We have a sincere faith in the continuous progress of mankind and, judging future │with the help of the past and of the conquests of nature that our present century has done, we │refuse that someone tells us a priori in any branch of positive science:“You will stop there !”
│
Thus as you can see, we are ready to welcome any active and honest man of good │will ».


This very optimistic view of Science was still cautious : it avoided the domain of consciousness. But twenty years later this prudence was over and the triumphant ‘’Scientism’’ claimed to rule even that domain. Its particularly optimistic and dominant ideology can be summarized into what can be called the ‘’creed of Scientism’’:

1) Science will explain everything.

2) Religions belong to the past (Auguste Comte).

3) All that actually exist can be proved (I only believe what I can see). 

4) God is an invention of men (Freud, Feuerbach).

5) The Universe is infinite and unchanging, it has always existed, it will exist forever.

6) Man is an animal, that is some organized matter.

7) Evolution only depends on random (Darwin).

8) The Bible, the miracles are only legends (Renan).

9) The finality is only an appearance, only the determinism actually exists.


Of course the  philosophy  corresponding  to  this  creed  is  the  materialism  and  the determinism and the corresponding belief is atheism. But even in the vicinity of 1900 this creed was impossible to accept fully and the German biologist and physiologist Ernst-Wilhelm von Brücke (1819-1892) has claimed : ‘’The finality is an exacting mistress and a biologist cannot avoid her, but above all he refuses to be seen publicly with her !’’ . We will see below the more serious objections of Poincaré.


Let us notice that even if this creed has met many difficulties, contradictions and refutations all along the twentieth century, it remains for many scientists the unconscious, but still very active, basis of their vision of science and of their definition of scientific facts. Furthermore many laws of modern nations reflect this philosophy of determinism, and murderers are sometimes considered as not guilty : are they not predetermined ?


Today we know that this 1900 creed of Scientism has always less and less grounds. It has been under fire from both inside and outside science.

A) The scientists have met many limits of science, the most famous being the following :  

The uncertainty principle (Heisenberg).

The Gödel theorem of incompleteness.

The chaotic motions, the strange attractors, the sensitivity to initial conditions, the butterfly effect (Henri Poincaré, Gaston Julia, Benoît Mandelbrot, Michel Hénon, E.N. Lorenz).

The Liapunov time, the time of divergence (Ruelle, Takens, Bergé, Lighthill). 

The paradox of freedom.

The limits of information theory.

  Even in astronomy, this stronghold of determinism, the time of divergence of motions is not infinite ; it is about 10 to 100 millions of years for the motions of planets (and much less for the motions of small asteroids). Celestial Mechanics cannot decide alone of the origin of the Moon or of the long-term evolution of the solar system.

  B) A completely unexpected phenomena arose in the first half of the twentieth century and was qualified by Robert Oppenheimer in a dramatic statement : ‘’The scientists have met sin ! ’’ 

  Today it is difficult to imagine the disarray of people of the twenties and the thirties : ‘’How is it possible that scientists have participated to the 1915-1918 war  of  asphyxiating gas ! Have led experiments to determine which gas was the most efficient in killing human beings !’’ These scientists were chemists and their inventions were also used for the industrial death of nazis camps… ; but the physicists had their burden with the atom bomb and the biologists with the temptation of eugenics, the genetic manipulations and the experiments on aborted babies collected still alive at the gates of hospitals…The image of science at the service of mankind has gone.

     As a result most scientists are now modest. They know that Science cannot, by far, explain everything. Unthinkable for nineteenth century scientists, many ethics committees have been established by teams of scientists, philosophers and even theologians. The most known examples are the following :

A) The Nuremberg code of 1947 that gives the ethical limits in medical experiments on human beings (these human beings must have given freely their consent, they must have a fair knowledge of the experiment purpose and of the possible consequences for their health, they must have the right to stop the experiment at any time, etc.).

B) The Russel-Einstein manifesto in 1955.

C) Since 1957 the yearly Pugwash conferences on atomic weapons (Nobel prize for peace in 1995).

D) The non-proliferation treaty (1969).

     E) The Asilomar moratorium on genetic manipulations (1974).


     Etc.

     Let us add many scientific studies on the dangers related to Science : nuclear wastes, accidents of Tchernobyl type, contaminated blood, etc. The scientists have looked outside of science for directives and justifications ; they have recognized, after René Cassin, that the main references of human condition, such as the Right of Man, have an ethical and religious origin : the belief in the dignity of human beings.

3. Henri Poincaré philosopher.

   Henri Poincaré has written many books at the boundary of Science and Philosophy such as : « La Science et l’Hypothèse » (Science and Hypothesis), « La valeur de la Science » (Science’s value), « Science et méthode » (Science and method). But we will here only consider his reflexions on determinism and irreversibility as they appear in his last and unfinished book that has been entitled « Dernières pensées » (Last thoughts).

  In the relations between Ethics and Science, Henri Poincaré recognizes many benefic effects : The scientists are looking for truth, their ethics lead them to be honest and to have a collective and general point of view leading them usually to the good of all mankind. However he was distressed by the philosophical problem of determinism :

│      « Mais nous sommes en présence d’un fait ; la science, à tort ou à raison, est │déterministe ; partout où elle pénètre elle fait entrer le déterminisme. Tant qu’il ne s’agit │que de physique ou même de biologie cela importe peu ; le domaine de la conscience │demeure inviolé ; qu’arrivera-t-il le jour où la morale deviendra à  son  tour  objet  de  │science ? Elle s’ imprégnera nécessairement de déterminisme et ce sera sans doute sa │ruine »(Poincaré, 1913).

│         « However we are in the presence of the following fact : truly or wrongly Science is │deterministic, its extension is also an extension of determinism. As long as only Physics or │even Biology are concerned the effects are minor ; but what will happen when Ethics will │become a subject of science ? It will be impregnated with determinism and will probably be │destroyed »(Poincaré, 1913).


 We can almost read that Henri Poincaré was already horrified by the future horrors of the reign of such a dogmatic Science and of  ‘’scientifically founded regimes’’ that send you to the gulag archipelago not because of your crimes but because of your social origins… (today such a policy is qualified as ‘’crime against Mankind’’ ).

4. Henri Poincaré scientist.


 We have seen in the first section the definition of the absolute determinism ; its main application in science is : « Two experiments with exactly the same initial and limit conditions must gives exactly the same results ». It is easy to understand how precious this idea has been in the development of science and in the observation of the innumerable phenomena of nature.


Celestial Mechanics is the best example of the application of determinism. The wonderful law of universal attraction was sufficiently simple to be discovered by Newton’s genius and sufficiently complex to give a wide variety of motions with many perturbations and inequalities. It was above all a deterministic law leading to an accurate prediction of planetary motions and eclipses. These success were the major reason of the consensus of the nineteenth century scientists about determinism and the discovery of planet Neptune after the long calculations of Leverrier an Adams was of course an excellent positive argument.


However, long before Heisenberg’s uncertainty principle, Henri Poincaré presented scientific elements going against the absolute determinism.

│
« Une cause très petite, qui nous échappe, détermine un effet considérable que nous ne │pouvons pas ne pas voir, et alors nous disons que cet effet est dû au hasard... Mais, lors │même que les lois naturelles n’auraient plus de secret pour nous, nous ne pourrons │connaître la situation initiale qu’approximativement. Si cela nous permet de prévoir la │situation ultérieure avec la même approximation, c’est tout ce qu’il nous faut, nous disons │que le phénomène a été prévu, qu’il est régi par des lois ; mais il n’en est pas toujours ainsi, │il peut arriver que de petites différences dans les conditions initiales en engendrent de très │grandes dans les phénomènes finaux… » (Poincaré, 1908 a).

│
« A very small, unnoticeable cause can determine a visible very large effect ; in this │case we claim that this effect is a product of random…However, even if the natural laws │were perfectly known, we will ever be able to know the initial conditions with some │approximation. If this allow us to know the future with the same approximation that is all │we want. We will say that the phenomenon is foreseeable, that it is governed by laws ; │however this is not always the case, it is possible that very small initial differences lead to │very large one in the final state… »(Poincaré, 1908 a). 
            As examples of this sensitivity to initial conditions, Henri Poincaré presents the trajectories of  hurricanes (almost the ‘’butterfly effect’’) and, more striking, the conception of Napoléon by his parents…(Poincaré, 1908 b).


Thus we must consider that the idea of absolute determinism only reflects a particular state of the conditions of the development of science : It was indeed easier to study first the most simple, regular and foreseeable phenomena such as the free fall, the rise of the Sun, the periodic recurrence of full Moon, of seasons, of high tides etc. and an obvious, but too large, generalization has led to consider that all natural phenomena must be deterministic. 

We must then first make a clear distinction between what can be called ‘’mathematical determinism’’ and ‘’physical determinism’’. The mathematical determinism reflects the definition : « Two experiments with exactly the same initial and limit conditions must give exactly the same results » and the mathematical model of a natural phenomenon is considered as deterministic if the mathematical conditions of existence and uniqueness of solutions are satisfied, which is generally the case for models using systems of differential equations.


The physical determinism is very different. For many reasons, for instance because of the motions of planets, it is impossible to do twice exactly the same experiment. Thus a useful  physical definition of determinism must be : « Two experiments with almost exactly the same initial and limit conditions must give almost exactly the same results ». In other words the stability of a phenomenon is an essential condition of the usefulness of the idea of determinism. For unstable phenomena, as soon as we consider durations longer than the time of divergence, a statistical analysis is more useful and more efficient than a deterministic analysis. 


Are this physical indeterminism, this sensitivity to initial conditions frequent ? We have seen that Henri Poincaré presented several examples : the meteorology, the conception of Napoléon, etc. But he is also the initiator of what is called today the theory of chaos, an essential feature of motions that are sensible to initial conditions and he recognized that chaos appears extremely often: it appears in all non-integrable problems.

│
« Que l’on cherche à se représenter la figure formée par ces deux courbes et leurs │intersections en nombre infini dont chacune correspond à une solution doublement │asymptotique, ces intersections forment une sorte de treillis, de tissu, de réseau à mailles │infiniment serrées ; chacune de ces deux courbes ne doit jamais se recouper elle-même, │mais elle doit se replier sur elle même de manière infiniment complexe pour venir recouper │une infinité de fois toutes les mailles du réseau.

│
On sera frappé de la complexité de cette figure, que je ne cherche même pas à tracer. │Rien plus propre à nous donner une idée de la complication du problème des trois corps et │en général de tous les problèmes de la Dynamique où il n’y a pas d’intégrale uniforme et où │les séries de Bohlin sont divergentes » (Poincaré, 1957 a).

│
« If we try to represent the figure formed by these two curves, by their intersections in │infinite number each of which corresponding to a doubly asymptotic solution ; we will find │a kind of lattice, a texture, a net with infinitely tightened meshes. Each of these two curves │cannot intersect itself, but it is folded on itself in an infinitely complex way in order to cross │ an infinite number of times all the meshes of the net.

│
The complexity of this figure is striking and I will even not try to draw it. Nothing can │give a better idea of the complexity of the three body problem and of all problems of  │Dynamics without uniform integral and with diverging Bohlin series »(Poincaré, 1957 a).


Of course the importance of chaotic motions varies very much with the domain of interest. When the perturbations are large almost all bounded solutions are chaotic while most of them are regular in almost integrable problems. However, even in this latter case, the presence of a small proportion of chaotic solutions challenges the long-term stability. 


An example of almost integrable problem is the classical problem of planetary motions in the solar system : the Keplerian motion is an excellent first order approximation of these motions, and the method of small perturbations leads to very useful and very accurate expansions. However the accuracy of this method is limited and Henri Poincaré has demonstrated that the corresponding series are generally diverging (Poincaré, 1954 a, 1957 b).


As example of problem with very large perturbations, we can consider the kinetic theory of gas (Poincaré, 1954 b) . The instability is so large and the Avogadro number is so huge that the statistical methods give excellent results : the aerodynamicists uses the statistical elements called temperature, pressure, density, etc. and they use the corresponding system of partial differential equations as if this model was absolutely accurate and  deterministic.


Of course statistical models cannot be with an infinite accuracy, but they have also an unexpected property : they give irreversible evolutions even when they describe a reversible phenomenon, such as the motions described by the kinetic theory of gas. This property is a pure mathematical effect but it leads to the second principle of thermodynamics and to all the related irreversibilities, the essential elements of what is called ‘’arrow of time’’.


There is there an obvious contradiction : Let us consider two vessels full of gas and let us open the communication between these two vessels. The Brownian motion will equalize the temperatures, the pressures and the compositions while the opposite evolution never appears.


However :

A) The Brownian motion and the kinetic theory of gas are conservative and reversible, as conservative and reversible as Celestial Mechanics itself.

B) Henri Poincaré has demonstrated that for bounded and conservative systems, almost all initial conditions lead to an infinite number of returns in the vicinity of initial conditions (Poincaré, 1957 c). The mathematicians specify : ‘’in any vicinity of initial conditions’’.  

Of course these returns in the vicinity of initial conditions are contradictory with the equalization of temperatures, pressures and compositions.


In front of this contradiction there are several classical but unsatisfactory answers :

A) ‘’There exist perhaps some very small, irreversible and dissipative hidden    phenomena that forbid the application of the Poincaré return theorem…’’

            All known law of nature are reversible (if we consider that the second principle of thermodynamics is a ‘’principle’’ and not a law) and this first answer is thus the rejection of a major symmetry of nature…We will see that it is not necessary.

B) ‘’For a given phenomenon the notion of trajectory remains accurate for only its time of divergence that is about fifty or one hundred “Liapounov times” and much less than the Poincaré return time that has never been observed in this type of experiment.’’

        
This answer is true but insufficient. The impossibility of accurate long-term computations of future evolution doesn’t resolve the contradiction…

C) ‘’In principle Poincaré is right and for strictly isolated systems there is indeed this mysterious correlation between initial and final conditions (after the Poincaré return time). But our systems are not strictly isolated and even very small perturbations, such as the attraction of planets, destroy this correlation…’’

 
These ‘’mysterious correlations’’ are imaginary, and it is in a natural fashion   that the system returns towards all states attainable from the given initial conditions. The ‘’very small perturbations’’ will not modify the order of magnitude of the Poincaré return time, even if it is true that they can modify very much the evolution in a relatively short interval of time (a few ‘’Liapunov times’’) and thus contribute to the disappearance of correlations.


The true answer is related to the chaotic motions. It is because a system is ‘’sensible to initial conditions’’ and because it depends of billions of parameters, while we measure only a few of them essentially the statistical ones, that we ascertain an appearance of irreversibility and that the Poincaré return time is very large, much larger than the age of Universe.


We thus reach the physical irreversibility of our experiments in spite of reversible and conservative laws.


Notice that for non-chaotic evolutions, for instance for periodic or quasi-periodic evolutions, the deterministic previsions can be excellent even if the knowledge of initial conditions is weak. A solution of these types has a natural reversibility and remains in a very small part of phase space, a part much smaller than that corresponding to chaotic motions. 


The chaotic evolutions compensate their impossibility of long-term deterministic previsions by excellent long-term statistics previsions (notice the similarity with quantum mechanics). This excellency is related to the chaos itself that reintroduces randomness permanently and, even if it is impossible to predict the future motion of a given molecule in the Brownian motion, we can modelize very accurately the statistical elements such as the temperature and the pressure. 


This strange result was reported with humour by Henri Poincaré :

│
« Vous me demandez de vous prédire les phénomènes qui vont se produire. Si, par │calculs inextricables et je devrais renoncer à vous répondre ; mais, comme j’ai la chance de │les ignorer, je vais vous répondre tout de suite. Et, ce qu’il y a de plus extraordinaire, c’est │que ma réponse sera juste. » (Poincaré, 1908 c).

│
« You are asking me to predict the phenomena that are going to happen. If I was │unlucky enough to know the exact laws of these phenomena my predictions would require │tremendous computations and I would be unable to give you the answer ; but fortunately I │ignore the exact laws of these phenomena and thus I am going to give you the answer │immediately...And , which is fantastic, my predictions will be correct ! » (Poincaré, 1908 c).


But how is it possible to reconcile the reversible laws of individual elements with the irreversible laws of averaged statistical elements ? The reconciliation is in the difference between the average and the reality of these statistical elements. For systems with a large number of independent parameters this difference is usually extremely small and inappreciable but it can become large, after a ‘’sufficiently long time’’, for instance for the Poincaré return in the vicinity of initial conditions. 


In most cases this Poincaré return time is so long that it has no physical meaning. For instance in the example presented in Marchal 1995(Two identical vessels containing a, rather small, total of 1018 identical molecules at the same temperature, with initial pressures of 1.4 and 0.6 bar and with an exchange rate of 1015 molecules per second) we obtain the following :

│
With the exception of the very small proportion of 10200 of initial conditions, the │Poincaré return time T at the initial pressures of 1.4 and 0.6 bar will verify :

│

│
T = 10R milleniums  ;  with : 35 735 000 089 859 491 < R < 35 735 000 089 859 696

│

│
This is of course a purely theoretical result ! 

Thus the paradox of reversible laws associated with irreversible phenomena can be explained without ‘’small hidden irreversibilities’’, ‘’perfect isolation’’ and/or ‘’hidden correlations’’. The main reasons of physical irreversibilities is the chaotic character and the very large number of parameters of irreversible systems.


The Boltzmann hypothesis of ‘’molecular chaos’’ is excellent and allows very accurate computations. The correlations will not increase slowly and insidiously after a very long time and we can almost write that the return of Poincaré occurs by chance which requires such a large delay, much larger than the age of Universe, that the corresponding decrease of entropy never appears in our experiments.


If we meet so many phenomena with an increase of entropy, it is because desequilibriums are easy in our world : the smallest valley has a sunny side and a shady one…The fundamental reason is our existence in the middle of  a giant  stream  of  energy (1.73 
[image: image1.wmf]´

1017 watts) that arrives continuously from the burning Sun and escapes to the frozen space.


At all scales of nature (quantic, microscopic, ordinary, geographical, astronomical, cosmological) the chaotic motions destabilize the individual elements (position and velocity of a particle) but stabilize the corresponding mean statistical elements (pressure, temperature) that become the basic elements of the larger scale. Phenomena are thus nested in one another up to the astronomical and cosmological scales that use the notion of ‘’center of mass of a celestial body’’ and study its motion without being disturbed by the inner motions and the streams of this body. The corresponding time of divergence is a rapidly increasing function of the scale of the phenomenon of interest ; extremely short at quantic scale (in agreement with the statistic and probabilistic character of quantum mechanics), it is usually a few seconds or a few minutes for ordinary turbulent flows, about two weeks for meteorology and several millions of years for the planetary motions in our Solar System.


Of course Poincaré did not reach the undeterminism as a principle, as proposed later by Heisenberg in quantum mechanics ; in 1910 these questions were not sufficiently studied and understood. Nevertheless, in the last months of his life, he has analyzed the theory of quanta and has recognized that the discontinuity of quanta was a necessity :

│
« Donc, quelle que soit la loi du rayonnement, si l’on suppose que le rayonnement │total est fini, on sera conduit à une fonction w présentant des discontinuités analogues à │celles que donne l’hypothèse des quanta »(Poincaré, 1954 c).

│
« Thus, for any law of radiation, if we assume that the total radiation is finite, we will │be led to a function w with discontinuities similar to these given by the hypothesis of │quanta »(Poincaré, 1954 c).

5 « God doesn’t play dices ! ».


In spite of Poincaré philosophical analyses and scientific discoveries, in spite of the limits of Science and the discredit of scientism, in spite of the ethical problems arising all along the twentieth century, many conservatives remained stubborn supporters of the absolute determinism.


Upset by the probabilistic character of quantum mechanics, the most famous of them has claimed  ‘’God doesn’t play dices’’ and, with two friends, he has proposed in 1935 what is now known as the Einstein-Podolsky-Rosen paradox. The main idea is that quantum mechanics cannot be at the same time ‘’complete’’- that is with its statistical expression of reality without possible deterministic improvement - and ‘’local’’- that is without the need of  transmission of information at large distances beyond the limits given by the velocity of light. 


For Einstein, Podolsky and Rosen, for which the velocity of light is an absolute limit and the determinism a requirement, the quantum mechanics must be improved. A possibility is the existence of still unknown or hidden variables inside quantum particles : their different possible states would explain the different possible motions of particles from apparently the same initial conditions.


On the contrary for Niels Bohr and his supporters of the Copenhagen school, the probabilistic character of quantum mechanics is fundamental and that theory is complete. They simply consider that their quantum theory is not local, which, for them, is not a major drawback.


This controversy  remained a philosophical one until 1964. Then J.S. Bell discovered an experiment in which the two opposite opinions lead to clearly different results. This difficult experiment has been realized by several teams with many controversial results until the beautiful tests of Alain Aspect on metric distances in 1979 :  Niels Bohr is right and quantum physics cannot avoid an intrinsic random and a statistic character. 

This experiment has been renewed over kilometric distances in July 1997 at the CERN, near Geneva, with the same results.

However let us notice that Einstein is at least partially right : because of the random and statistic character of quantum mechanics the Bell experiment cannot be used for the transmission of information faster than the velocity of light…which is really an extraordinary conclusion !

6. The second line of defense.


‘’Of course, it is now obvious that quantum mechanics is intrinsically mixed with random and statistics. But let us be serious, these infinitesimal effects cannot affect the fundamentally deterministic character of ordinary Physics and above all of Astronomy’’.


Even today many scientists still continue to believe in the absolutely deterministic character of their discipline. If you point out the phenomenon of the ‘’butterfly effect’’ in meteorology either they consider that this is something particular to this domain in which many progress have yet to be done, or, worse, you discover that for them this butterfly effect is a pure image of theoretician, an image having nothing to do with reality.


The mathematics are not ignored and most scientists know that in unstable phenomena (in mathematical terms : when one or several Liapunov coefficients are positive) there is ‘’sensitivity to initial conditions’’ and ‘’exponential divergence of neighbouring solutions’’, but they consider that the gap between quantum mechanics and ordinary Physics is so large that no divergence, exponential or not, can ever fill it.


They also know that a diverging exponential is a very rapidly                                                        increasing function, but they have not realized how fast it is. When you ask them to do the computation, which is easy, you get answers as : ‘’so fast ! incredible ! I would never have believed that !’’. It is then that they understand that the randomness of quantum mechanics invades rapidly all Physics and how it is important to know if, in the conditions you are studying, the phenomenon of interest is either regular or chaotic. In the former case a deterministic analysis is the best, in the latter a statistical analysis is very useful.


Fortunately, even in astronomy, many scientists have learned to deal with the new concepts and the research of the limits between regularity and chaos is now usual.

7. The next step : freedom and free will.


The evolution of ideas leads now to a new major step : the scientific analysis of free will and freedom.


Of course that subject has been analyzed by philosophers since centuries and even millennia : are we really free? or is our impression of freedom a pure illusion? It is possible to classify the philosophers in terms of their answers to this essential question (Honderich, 1993), most of them remaining in doubt.


The scientific analysis has led to a strange result : a scientific conclusion seems impossible and no known experiment has given unambiguous results. In front of this problem, and in  spite of their scientific method and their huge scientific success, the scientists remain in the powerless situation of philosophers (Burns 1999).


The present tendency is to consider that freedom and free will really exist, and indeed with this hypothesis our world is much more understandable than with the opposite hypothesis, but also that they are not provable.  They must be considered postulates no more provable than those of geometry or arithmetic :

Postulate : ‘’There is a source of freedom in each human being’’.

           For the philosopher Patricia Churchland in ‘’The astonishing hypothesis’’ (Crick, 1994), the existence of so many chaotic motions with their corresponding butterfly effects is the real reason of the possibility, and the existence, of freedom : our free will has constantly a very large number of opportunities to act decisively for almost nothing…


Along with the ethical problems of scientists, that stream of ideas has had an unexpected consequence (that nevertheless was guessed long ago by the great mystics, Juan de la Cruz, Thérèse de Lisieux) : a fantastic modification of the image of God.


We must understand how, in the past centuries, hard and severe was the image of an Almighty God counting our sins and using revenge…an horrific and repulsive God. 


Voltaire was so upset about people telling him that the sins of the people of Lisbon were the reason of the 40 000 deaths of the earthquake of November 1755, that he had written this very famous sentence :

│


    Lisbonne, qui n’est plus, eut-elle plus de vices

│


Que Londres, que Paris, plongés dans les délices?

│


      Lisbon, that is no more, had  it more vices

│


      Than London, than Paris, living in delight?


Much more later, in Paris as recently as 1897, the catastrophe of the fire of the ‘’Bazar de la Charité’’(117 deaths, mostly women) raised up the same kind of rhetoric about the revenge of God…in total contradiction with the teaching of Christ (the born blind, the Siloe tower, Pilate and the massacre of  Galilean pilgrims, etc.).




        .      


Among the victims was Mrs Marie-Annaïs Borne, the aunt of my grandmother. Surrounded by the fire and unable to escape she had thrown her five year old daughter Lise through a very small window, in order to give her a chance to live…Falling from the second floor, Lise was lucky enough to fall on the hay of a stable and later, when she had become Mrs Gaucheron, we were extremely impressed and horrified when she told us her adventure… and my grand-parents, that were speaking of this tragedy from time to time, were always indignant about the iniquitous comments surrounding it. They already have a modern mind. 




                                                
Today God is completely different from these images of the past. He is no more Almighty : He has given to Man the marvellous but also terrible gift of Freedom and this limits His Power.


God doesn’t correct the bad consequences of our sins : we would not be free, but He suffers from them. His interventions are in the light He brings to our consciences, as formerly Christ accepting arrest, condemnation, torture and execution in order to teach us concretely how much we can be unjust.


This new image of God had spread surprisingly fast and it is now usual to hear, even among old people, comments as : ‘’God is pure love. How is it possible that, for instance in Algeria, people kill in the name of God ?’’ They have forgotten how God was so few decades ago…and how He remains in the mind of fanatics.


And the scientific proofs of the existence or non-existence of God ? It is certainly impossible to conclude on this subject for to believe or not to believe this is the first freedom.

Conclusion


In less than one century, among tremendous scientific progress, the foundations of Science have been upset. The classical and absolute determinism, so useful formerly, has shown its limits and all branches of Physics up to Astronomy are today a mixing of determinism and random. Furthermore the ethical problems arising from misuses of Science have completely modified the point of view of scientists on philosophical questions. The materialism is no more a must and freedom, will, free will, these essential pillars of human dignity, are no more considered as illusions. It is impressive to realise that all these fundamental transformations have their origin in the philosophical and scientific works of a great pioneer : Henri Poincaré.

│
« Le savant n’étudie pas la nature parce que c’est utile, il l’étudie parce qu’il y prend │plaisir, et il y prend plaisir parce qu’elle est belle. 

│
Si la nature n’était pas belle elle ne vaudrait la peine d’être connue, la vie ne vaudrait │pas la peine d’être vécue ». (Henri Poincaré, Science et méthode, 1908).

│
‘’Scientists don’t study nature because it is useful, they study it because they delight in │it, and they delight in it because nature is beautiful. 

│
If nature was not beautiful it would not be worth studying, life would not worth │living’’. (Henri Poincaré, Science et méthode, 1908). 

__________     
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