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Imagination and Intuition in the sciences

Academy of Sciences of France and Institut of theance - Fondation
Simone and Cino del Duca Deutsche Akademie derridasicher Leopoldina
Foundation Khor, Ecole Normale Superieure ParisutEer Akademischer
Austausch Dienst, organized in Paris a symposinm-8 November 2008 on
the theme Intuition and the imagination in thesces..

Everyone knows the story of Newton and the falbnfapple that would
suddenly open their eyes to the universal graematOr Archimedes, which
plunged into its bath, exclaimed "Eureka!" And dwer the famous principle
that bears his name. These are obviously legendsthB share of imagination
and intuition in the world of science and discovesyreal. And to better
understand its importance, a symposium meets fragday morning for two
days, dozens of prominent researchers, French awmth&, the Foundation
Simone and Cino del Duca, under the auspices oAtiaglemy of Sciences and
of the Academy of Moral and Political Sciences. An@ can say that
imagination is not just for poets or, conversehattscience is also poetry and
intuition. "This conference has two objectivegsEito offer a unifying theme
through a meeting transdisciplinary, says academi&lierre Buser, one of the
initiators, with Claude Debru, also academiciartt@ symposium. Almost all
disciplines will be represented. The second objecis to deepen all that the
history of science can give us in the current medbthe scientific process® "
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The introduction was made by the academician PiBusef on the
following questionunconscious in disceveryAcademician Peter Buser think
that in our time Two modes of knowledge of reabftyist, the discursive one,
that only reacheeeality through concepts and reasoning, and thetive one,
that directly bringknowledge into consciousness. Intuition has beeacrdeed
by many philosopherand outstanding theorists in the previous centurless
also since long thgbhilosophers became convinced that there exist tahe
activity besides (oroutside) the conscious one. The list could be lofg
precursors in this line, who i@ way or another, mentioned the unconscious or
“deep” mind : Galien, PlotinAugustin, Thomas d’Acquin, Paracelse, Bohme,
Shakespeare, and then of couBescartes. It has often been said that the
concept of unconscious processes “ wamceivable idea around the 1700th
century, became an idea of the moment ardwndi800th one, to finally become
an operant idea in the 1900th ”. Since thd" tentury, the concept of an
unconscious has become almost unavoidable w&ibniz, Maine de Biran,
Hegel, von Schelling, von Hartmann and many oth@nee. Interestingly,
Fichte is probably one of the first philosophershtove clearlyintroduced the
concept of the unconscious, developing the idearofintellectual intuition,
showing how this function can be conceived in thadition of rational
psychology. It is only somewhat later that the imi@oce of unconscious
mechanisms has appeared in the psychopathologt@l becoming at the turn
of the 19th century the clinical approach termegsghoanalysis, with Freud,
Jung and so many others. This analytical unconsdimcame considered as a
major agent governing mind processes and behawvidy as a consequence,
masking and putting aside the intellectual int@tiinconscious processes, those
in the line of many pre-freudian philosophers. Tdiger unconscious, that one
may term “cognitive”, has now gained ground, bedfign suggested to play an
essential role in scientific research and theaomatOne of the domains where
this class of intuition has been intensely suggegtebe active is mathematics.
In the late 19th group of mathematicians, initially lead by Poincadagéer on by
Hadamard, then by the Dutch mathematician Broud/886-1966), and more
recently by Jean Largeault, Laurent Schwartz andcolleague Alain Connes,
all developed arguments in favour of intuition irattmlematical discovery and
even reasoning. Against them were of course HiliE862-1943) and many
others who argued in favour of the formalist antiitionist position. To
designate this unconscious intuition, an often usea is “incubation”, one of
the four proposed stages of creativity, togethah yreparation, illumination
and verification. As strongly emphasized by Hadamdthat those sudden
enlightenments cannot be produced by chance atoeeident; there can be no
doubt of the necessary involvement of some menmtagsses unknown to the
inventor, in other words of an unconscious one”.

My friend Jean Piere Kahdneand Academician and the greatest
mathematician of France, member of the my Pawdg, hade his presentation
on the theme A Quotes From CONDORCET, NUMBERS, HESNAND
IMAGINATION; According to Academician Jean Pierkahane, In public
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opinion, and also in the official instructions, isssociated with

mathematical rigor more often than the imaginatidowever, in the creation
mathematical rigor and imagination are focusedpacgic ways. What is it

in education? Two sentences of Condorcet, in gpmeéch on mathematics”
indicate an access road: "The first concepts ahematics should be part of
children's education. The figures speak lines anderthan previously believed
usually their imagination emerging, and it is aesway to exercise without
misplaced. "You put these phrases in parallel wither languages, or from
not in the same direction, and will attempt to itfgnsuggestions for the time
present.

Académician Jean Pierre Kahane and Prof ClaudeuDeb
Professor of Philosophy at the Department of Pbpby at the Ecole

Superieure de ParicClaude Debru' presented his briefing following
IMAGINATION AND REASONING: CLAUDE BERNARD'S RESEARCHES ON THE ACTION OF CURARE

Claude Bernard started experimenting with curarel844, at a time when
almostnothing was known on the mode of action of thisstamhce. He explored
almost unknown physiological territories, and continueds hexperiments,
projects andeflections on this subject until his death in 18HA& experiments
are generallgonsidered as laying certain foundations of mogé¥armacology.
They can bepictured as a mixture of powerful and strongly epttory
formulations, and ointerpretations which would never be confirmed. y'aee
good examples of th@ambiguous role of imagination in physiology. The
historian of medicine Mirk@rmek made a detailed study of this material. More
recently, a new study of thehole set of Bernard’s manuscripts on curare was
started, using the techniquesasfificial intelligence applied to textual genesis
and to modes of experimentaasoning. In the present contribution, we will
study the role of imagination in theo-called « experimental reasoning », as
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well as particular modes of Bernardimaginative faculty with help of later
distinctions (proposed by Wundt or Ribaggarding the varions forms of
imagination in the sciences. According to Rilmpgative imagination in arts and
sciences finds its origin in motor elements linkedimages. It has also an
unconscious dimension, often noticed by Bernardsklfn It can be intuitive
and spontaneous, of combinatory and discursiveudel@ernard’sesearches
offer numerous examples of these two types: thiénfgethe intuition,creates
the « experimental idea » ; the combinatory imaginacreates itsiumerous
forms and variations. Active imagination (Wundteates schemes aftions,
which are found quite frequently as drawings in ri2ed’'s laboratory
notebooks. At the same time, Bernard had an aeudeeaess of the fragility of
theoretical hypothesis. His researches on the nuddaction of curare, his
reflections and discussions, which he never consitlas entirely settled, the
ideas he proposed on the basis of his powerful imaéign, far from being
really confirmed, are good examples of this fragiliof physiologica
investigation dealing with almost unknown phenomena

The creative experience was considered by Acadamitians-Jorg
Rheinberger on The Creativity of the experimenThis paper is concerned
with the experimental exploration of the unknowtthéracterizes scientific
practice as a process of the production of unpetedevents. Such events
happen, in the context of modern science, in erpartalsystems. They can be
addressed, with Gaston Bachelard, as ,culturegmérgence.” The French
molecular biologist Francis Jacob has characterszethsystems as “machines
a fabriquer de I'avenir”. The question to be askadanswered is how the new
is made to happen in the sciences. Whereas intar@lghilosophy of science,
the “context of justification” of knowledge is centstageand the “context of
discovery” is marginalized, the kind of historiogpistemologythat | pursue
here moves the latter into the foreground. | wilistrate myconsiderations
with an example from the history of molecular bgjo It shows how
experimental systems evolve over time in relativelgbroken material
continuity, and yet allow for major re-conceptuatinns to happen.

Positivistic imagination: Ernest Mach’s topics of sientific presented
By Gereon Wolter® There are two basic competing approaches to sci¢nee
Enlightenment and thRomantic approach. The Enlightenment approach {whic
is related to“positivism”) regards science as a rule governescuisive
enterprise that isniversalistin the sense that in principle everybody can learn
its procedures and thas results hold for everybody. The Romantic apphoa
(which is related to“intuition”), however, relies not on determinate,
universalizable procedures brather on individual intuition. Its results are
relative to certain persons or at mostataertain culture. They are, in other
words particularist In the history of science the Enlightenment applois
represented by standasdience, whereas clear traces of the Romantic jbint
view can be found in Nazacience as well as in the “romanticism on the [eft”
the second half of the lasentury. These days Romanticism it is present in
many “green” conceptions or etter, misconceptiohscience..
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The most perspicuous example of the Enlightenmegmproach in
philosophy of science was logical empiricism, wiasréhe present Romantic
approach was inaugurated by Paul FeyerabeAdanst Method1979), and
has found most variegated followers, e.g. in theated Strong Programme in
the Sociology of Science.

Mach’s philosophy of science appears as a coniowabf the
enlightenment approach, which avoids the one-salgdrithmic conception of
methodology that is attributed to logical empinisMach, rather, regards
scientific discovery as not following strict rulesit, what | would like to call,
“topical” points of view, found in the history o€i®nce: such topics of scientific
research are: analogy, simplicity, continuity, edxstion, and paradoxes.

| think the exhibitions "the scientist svaresented bRRoger Balian’ on
Quantum Physic conflicting with intuition. Since B0, deeper understanding
of physical reality often contradicts everyday'tuition. This trend has become
dramatic a century ago, rendering modern physisgrade to the laymen. The
scientist can exert his intuition and his imagioatiwithin an elaborate
mathematical language, but it is impossible todiae his ideas faithfully into
ordinary language; this difficulty may be one of ttauses of the present tarnish
of the image of science. A first shock was broughtby relativity, which
revolutionized our conceptions of space and timearum physics presents
even more counter-intuitive features. We have Hednto represent physical
guantities, such as the position or the velocityaoparticle, no longer by
ordinary numbers but by “observables”, mathematigécts which may take
only some discrete values and which belong to aebab. If two such
observables commute (AB=BA), they are compatiblethbmay take well-
defined values. If they do not commute (AB.BA),yleannot be measured nor
even specified simultaneously: each of them presstdtistical fluctuations
which must be larger than some lower bound (Heisagib inequality). Thus
quantum physics, our most fundamental descriptiomature, is an irreducibly
probabilistic theory. Its predictions do not reter a single system, but to a
statistical ensemble, and the observer cannot impletely disregarded.

Moreover it may involve aspects whick apparently contradictory. For
instance, microscopic objects behave both as pestand as waves, each of
these descriptions being blurred with probabilit& will discuss the so-called
GHZ paradox, due to Greenberger, Horne and Zeiljngkich exemplifies the
most troublesome conceptual feature of quantumighyBideed, it baffles not
only intuition, but also current logics. It dealstlwa physical system made of
three correlated particles. Various observables, A2, A3, B1, B2 and
B3=B1B2, which we do not need to specify here, bamrmeasured on such a
composite system. Each of them may take discrdteesal, a2, a3, bl, b2, b3
equal either to +1 or to —1, and we have blb2b&dhsider now a statistical
ensemble of systems, all prepared identically inchsua way that
Al1B1=A2B2=A3B3=+1, through a control of the latteree products. (This is
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possible because they are compatible.) If then wasore Al and B1, we will
always find al=bl, either with al=b1=+1 or with B1=-1; likewise for
a2=b2 and a3=b3. Since b1b2b3=1, we are temptiedetothat a simultaneous
determination of the values al, a2 and a3 of Al, ak@& A3 (which are
compatible) should verify ala2a3=1. However bothotly and experiment
provide in all cases ala2a3=-1. In fact the thte¢ements al=bl, a2=b2,
a3=b3 are true, but only separately. We are nawakdl to make a logical
reasoning based on a simultaneous consideratiéd @ind B2 because they do
not commute. No calculation, no experiment can &eneously provide values
for al and b2. Hence, we cannot regard as trughegéhe statements al=bl
and a2=b2, although they can be checked by sepaxptgiments. Each one is
true, but their union is meaningless. The truth golantum statements is
contextual, in the sense that we can draw conclgsioy putting together
several of them, only if theory allows us to imagithought experiments in
which they might simultaneously be checked. Quantoethanics does not
provide truths about objects per se, although i& iperfect tool for making
(statistical) predictions. Its logics, as well a@s probabilities, obey rather
shocking new rules.

Prof.Yves Jeanriin has raised the fundamental question of the Torah
knowledge of how to desig#nalysis, Build and provide in Chemistery « |
write in my brain ». By these few words, the fremubvelist Jean Jacques
Rousseau in the eighteenth century expressed tiverpof imagination. To
build up new developments on the basis of knowladge precious faculty of
human beings, this is imagination. To guess abauitfdl developments in an
unexplored field is another capacity of human bgirtbis is intuition. Those
two valuable properties of human brain are verpfuglfor chemists as well as
for other scientists. A few examples of the rolenodgination and intuition will
be dscribed ; it resultetd rarely in errors but muawore often in real milestones.
The theory of phlogistics met a considerable suc@dsthe time it has been
eveloped although later on Lavoisier demonstrateat tt was wrong. The
discovery of rare gasses occurring in air is a rkatde example of putting
together logic and intuition. The chemical routeétenanes, molecules looking
like chains, is the result of a very imaginativegess. The idea of the nylon
synthesis and then the foreknowledge of its apjdinaand of its present
industrial development demonstrate the fascinatmgact of imagination and
intuition.

One of the issues of the phenomenologthefepistemology of logical
positivism was raised at the Symposium on Industivi hypothetico-
deductivism and scientific discovettyy Martin Carrier °

The demise of a logic of discovery has createdlprob for philosophical
accounts of confirmation, namely, a more pronounced emergeraf
underdeterminationHypothetico-deductivism entails a liberation of atreity
which goes along with aimcrease in the difficulty in capturing empiricaliye
entities and processes assumathin the theory. The loss of empirical grip
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needs to be compensated by insertingvel conceptual elements in
philosophical accounts of scientific confirmatidn.particular, epistemic value
assume a role in such procedures which is analogotisat played by the
requirement of inductive ascent within the industivframework. Such
reflections about the general relationship betwestounts of scientific
discovery and theories of confirmation are madeentangible by analyzing
examples from the history of science.

It is interesting to écoueter on our Colleague Bed Saint-Serni! On
Classic design of the interaction of minds. FortBerd Saint-Sernin, In The
Banquet Socrates notes that the knowledge would be masiydf there were
between minds a bit of wool "which, as between twts unevenly full, put the
liquid in the fuller than what is less. Kant, iretiCritique of wisdom, takes up
this issue and are two cases very different: thelacs and poets. Only the first,
he says, leave enough traces of their thinking kat twe can save
our steps in theirs and even go further they hageeldped themselves.
Imagination, at the age classic, and until todags Been his role increase:
First entrusted with a representative role, shaimeca translator, then engineer.
The current design of the interaction of minds B tearly 1940s, major
changes in the form classical rationality. 1 <Norenscientist is able to
dominate a discipline or even a theory. 2 <Majolertific programs and
technology involving multiple disciplines and tectogies. 3 <The
implementation of projects involving players notlyras individuals but
communities.

The nature of the interaction between miclisnge: 1 <Each scientific in
its specialty, operates as the classical age. her\We leaves his specialty, it
deals as truths, proposals that can neither eslahbtior prove himself
It is therefore trust their colleagues in other cgibnes, knowing
that even if it wanted, he could not turn his Heliato knowledge.
The issue of the strand of  wool (Wollefaden)  today
Unlike the classical theater, the unity of placens longer required: the
Scientists away by the hundreds or thousands ofesmilworking
concert. It discerns the circumstances that leadutth developments. It was
more difficult to see what, in the form of scidigtiexchanges, has changed.
How to discover this strand of wool? At first glaycone can discern three
tracks:
1-neurophysiologist ask if they can teach us aboditow
which can improve the interaction of minds to makeir collective action
more productive;
2-Observer research institutions and educational rkwowvell and
learn from their example;

3 -do as the three protagonists of the Laws of oRPlathen they look
how to build a city of good new laws.

10 Bertrand Saint-Sernin, Professeur émérite, Université de Paris IV-Sorbomkeadémie des Sciences
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A scientific discovery inspired by the mythologlget case of the
multiplier installed Schweigger by Andreas KleiterA scientific discovery
inspired by ancient mythology: Schweigger’'s inventiof the multiplier, the
first instrument for measuring electric current@r F Andreas Kleinert The
physicist Johann Salomo Christoph Schweigger (:71857) is best known
as the inventor of a device for measuring weaktetecurrents, the so-called
multiplier. As early as in November 1820, he aptted Faraday’'s
electromagnetic rotation apparatus by suggestiagdhlization of a permanent
mechanical rotation based on @rsted’s discoverglettromagnetism. In his
research on electricity and magnetism, Schweiggerguided by the idea that
electromagnetism had already been known in antiguBeing trained as a
classical scholar, he was familiar with Greek amtn@&n mythology, and he
believed that physical knowledge was hidden inemtanyths. According to
Schweigger, the Dioscuri Castor and Pollux werelsymof the electric poles,
and a picture representing Castor, Pollux and dgneiater nymphs served him
as a guidance for the construction of physical desiike the multiplier and a
rotation apparatus. Neither by his contemporariesr by posterity,
Schweigger’'s opinion about physical knowledge inticuity was taken
seriously. Nevertheless it is remarkable that saidtrange speculation led to
far-reaching scientific results, the multiplier bgia basic requirement for
quantification in electricity. Thus Schweigger’s yglts is a convincing
evidence that logical reconstructions of scientifievelopments are highly
problematic.

The scientific and philosophical element were stdddy mathematicians
and by Etienne Ghys on The mathematical space as a network
Frequently, mathematicians compare themselves foloexs discovering
unknown territories. Thiss somehow analogous to searching the best itiperar
between two cities However, usually mathematicidas’'t even know where
they want to go and they basically want discover « interesting things ».
Again, this is analogous to the google search @sgiwhich try toclassify
websites according to some « relevance ». In #tis t would like to describe
some of thestrategies used to analyze the gigantic cyberspatveork. | would
also like to discuss, versuperficially, the question of the significancetbis
kind of analogy when one tries to describe shrategy of a mathematician at
work.

Mathematical creativity And transgression limibati or restriction was the
statement of mathematician

For Eberhard Knobloch There is a close relationship between
mathematical creativity and the transgressibhmits or restrictions. Often the
creative mathematician is able to imagine objélutd are seemingly senseless
or impossible (imaginary numbers, divergent seri@sdimensionalspaces,
actually infinite sets etc.). He disregards seemmegessitiegthe sum of the
angles of a triangle is equal to two right angldde is able toimagine

1 Andreas Kleinert, Emeritus Professor, Martin Luther Universitat (EfVittenberg), Deutsche
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mathematical area that is strictly forbidden orcoessible, that has nevieeen
entered before or that does not exist (as it seéifisg essence ahathematics
resides in its freedom"”, as Georg Cantor stated883. The lecture will
illustrate this statement by two case studiesh&)emergence afon-Euclidean
geometries, 2) the solution of the Basel probleam{®mation of theeciprocal
square numbers):

1)The parallel problem is the question whethertthe parallel postulate is a
theorem of absolute geometry. The thesis will m@n that - contrary to the
usual historiography - the solution of this problems neither sufficient
(Aristotle, Euclid) nor necessary (Reid) for the ezgence of non-Euclidean
geometry.

2) Euler was able to solve the famous Basel prollecause he did something
forbidden, He considered infinite power series #&gelaaic equations of
infinitely large degree.

Yves Meyer spoke of Fiction , Art and tlkematic prophets. For Yves
Meyer Goethe was fascinated by the beauty of @ig;she collected throughout
his life. Carl Friedrich Naumann, a professor afi@enalogy in Leipzig offered a
Geethe copy of its "Summary of crystallography.'e®e replied on 18 January
1826 to thank him: Your important work | did, anddad and reread with
pleasure until the Page 45. But what happene@ thierpage 45? Goethe Why
could not he continue his reading? We frankly esaf | am absolutely unable
to operate by signs and figures in any manner wkaty, and to use this
language in which spirits are so eliteeasily. AsetBe said, mathematicians
have created a language that is own and in so d@ng built a fantasy world, a
perfect beauty and a rigor impeccable logic, whiets often decried. However
in this language that the laws were written in taljsgraphy. Goethe regret.
Without leaving the crystallography, we will shoWwat mathematicians are
sometimes prophets but they are sometimes outsttippy the artists.
Goethe would have so loved what | will say abowsiperystals, as the Science
and Art, East and West, timeliness and the MiddiesAit together. It all started
by a geometry problem posed by Johannes Kepledatidg back to Aristotle
in fact: Are there any paving exact space using arfinite number of "building
blocks" and not are not regular? The forms usedkbriare finite, but
each form, there are an infinite number of idemtisacks. One thinks of
mosaics where small stones fit exactly. The "Penroslings"
invented in 1976 by the mathematician Roger Penrsskve this problem.
These are geometric figures paradoxical and difftcudiscover. The existence
of these pavements is demonstrates reasoning andbyoa computer
calculation. A piece also it may be extended, angaPenrose does not, if we
do not know the rules of construction, continue tiesign of quasi-crystal.
Eight years after the work of Penrose, these qurgsials were found in nature.
The paradoxical atoms in some alloys exactly olbey rules established by
Penrose in the construction of pavements. The eefer is an article of D.
Shechtman, I. Blech D. Gratias and J. W. CahntledtMetallic Phase with
Long-Range Orientational Order and No TranslatidBgainmetry, Phys. Rev.
Lett. 53, 1951-1953 (1984). D. Shechtman and engg@syhave not been
influenced by reading the work of Penrose. Theyafamiliar; their discovery
thus met with strong opposition because it seemmdate the laws of
crystallography. Finally two years ago, physicistd? Lu of Harvard noticed on



the wall of a madrassa in Bukhara, Uzbekistan,canggric pattern identical to
that of a quasi-crystal. The building dates theeéhth century. Peter Lu today
consult books written by artists Muslims from thé&lile Ages. It seeks if some
geometric patterns that are proposed comply withidimg regulations
established by Penrosel can not conclude, as tleingebetween the Art of
Islam, mathematics and Chemistry is lovely, steangd therefore asks to be
discussed.

Balancing vision and product requirements CrucialChallenges in
Engineering Designprésented by Walter Michaeli *Engineers create and
design physical objects which shape and changevodd and make our lives
easier. — Engineers have been around for 6000 yeady.Engineers have
visions and translate these into real objects e-tiathnical artefacts. In the first
instance there is always an idea, a determinaéwen an obsession to find a
solution. However, in many cases engineers didgeoierally understand the
full implication of what they were inventing. This illustrated for the motor-
propelled aircraft of the American Wright brothenrsd for the German Rudolf
Diesel and his fuel-driven compression-ignition ieeg Engineers have
generally been in a contractual relationship antl @t today. They have to
translate clearly defined specifications into tecahproducts and processes.
Doing this they mostly remain in the backgroundndotheir complex and
responsible job. Work engineers must always ctljicgaflect back their own
ideas and visions from the given requirements gretifications; they must
accept compromises and in some cases, they mudtifbarenounce their own
wishes, ideas or visions for the sake of the oVe@ution. Maintaining this
balance, while obtaining a functioning and affollégtroduct at the same time,
is the critical challenge that is involved hereisltshown how engineers cope
with this challenge in engineering design of prdadudhe systematic design
procedure considering creative and routine elemémtproduct design is
described and explained. A key element of thisés“tequirements’ list* which
states all the demanded and wished functions aopepies the final product
has to fulfill. In a systematic and methodologicalay (“planning
phase“,“conceptual design®,“embodiment design“belation”) alternative
design solutions are found and finally evaluated fiarther consideration,
materialisation, and use. During all this, achiepeaperties and especially costs
play a significant role. Engineers always have ovisi but they have to be
realistic in accepting also existing constraintd given limitations.

The reality beyond the imagination and purpose hif briefing by
Pierre Lend* Prof. Pierre Lena think In astronomy, question®uabthe
universe have been formulated as soon as thiscgckas born, 25 centuries
ago at least, in the West as in the East. The gexp@nswers were largely
marked by myths, as possible verification, or exbatidea of verification, were
lacking. In this science where it is impossiblaliectly experiment on celestial
bodies, observing them is crucial. Observatiomaeed stimulated or limited by
the techniques available at a given time, but bisthe questions which can be
formulated, i.e. by the available representationd theories. This constant

B Walter Michaeli, Professor, RWTH (Aachen), Deutsche Akademie derfdetoher Leopoldina.

1 pierre Léna, Professeur émérite, Université Denis Dideroti@fatcadémie des sciences.

10



interplay between an objective knowledge of the aky theoretical thoughts
has marked, and still does, the development obmstny. How, in such a
specific context, do new ideas pop up ? Are thayuated by unexpected
observations, becoming possible thanks to technjmadgress and not
understandable in any existing conceptual frame @rCthe contrary, are they
the result of a new theoretical concept, whichdshew observations, or even
instruments, and becomes confirmed ? Each of tteeses has happened during
history, and could be well illustrated. But the mastonishing is the fact that, in
either case, the discovered reality is always beéyatat imagination had
conceived... We shall develop an example of a remarkable instnial
concept, the Young holes, which has had since a8@@hsiderable fortune and
fecondity in physics and astrophysics, despite ecause ?) its incredible
simplicity. To analyze how imagination and inturtimay have been stimulated
by this concept is difficult, but the contributishall try to explore the question.

Dr Ali KILIC Paris le 06-11-2008
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