MARCELLO CINI(7)

Criteria of Choice Adopted by Scientifie Communitics
for the Control of Disciplinary Developasent

1, THE DIVIDING LINH NETWEIN SCUINCE AND OTIEER CLATM OF EXOWLIDGE

It is by now an almost trivial statement that the growth of scientific know-
ledge is not & cumulative lincar process. - But also the less obvious claim that
& sharp linc cannot be drawn dividing the mational reconstruction of seality.
pexformed by science by means of purely logical proceduses firmly geounded
on factual data, from other kinds of belief based on individual or collective
expericaces aving more or less space o irmtional and ubjective factors, alsa
this claim is o loager considered & unconconventional as it used ta be up to
recent times.

“To make the issuc cleat let me stress. that I am. not qestioaing the claim
that sclence approximately represents. existing features of the piece of seality
whose knowledge is being sought, My point is that it does so only within an
interpretative frame invented by the subject of this cognitive atcivity,
result thezefore cannot be looked at as if it were n pure reflection of the object’s
propertics, always & selationship whose form leads back to
the subject’s active Tole, in spite of the accuracy of the object’s portmit, no
ratter how abundaat its detaily may be.

Traditional wisdom sometimes admits that is the case, bur adds imme-

bution, aftee haring beea scautiized in he light of the sccspted rules, bas hsu
recognied 45

introduced in the cognitive activity have been eliminated hr the sieve nfn!xu\ﬂ
cationlity. The validity recognition simply means that the acoepted coatribution
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conforms to the sndirds established by the social sabject entitied to pesform
this tagk.

The fint thing 10 do, however, in order to explain what my claim implies,
is o caify the meaning of the word * sublect ", A carefl distincrion must
e made between
"To tuote Gexgory Baisons = Thuee 1/ iy golf becween stuscaicat phout
an identified individual and statements ahout a class. Such statemenrs are of
different dsgical iype, and predictions from one tw the other are always unsuze " (1),

This distinction corresponds to two different moments in, the process of
growth of scientific knowledge. The fise, truly individual, moment is that of
invention, in other words, the moment when a proposal it formalated for an
innovation in the body of shared knowledge, The second truly sacial, moment
refiers to the evaluation of this proposal by the relevane disciplinary communiry
and its final acceptance or rejection.

Tnnavation alwaps causes o change in the rules of the game: by chiming
that cestain facts become irrelevant compared to other ones, by discovering
amlogics between groups of pheanmena that fad hitherta been considered

cnpirical dita, by eliminating unsolved problems as pecado-problems, or
by turning into. i il et e o BV

scicatist to the formulation
urdu.prwlorumgc are however aumerous, diffezeat and hidden. Tt
may well be that his idea bty bocn originated by analogies and suggestioas which
are extrancous to his discipline, or inspired by his metaphysical convinetions;
ox, a2 Kho sty by & eamingement Gt evich i the glotul percepion
of the relevant facts.

T all eases no reconstruction, however aceurate, of the historical circum.
stances, the cultural traditinns and rhe social enviranment in which the new
idea was born, can provide a really satisfactory explanation of its origin. These
teconstructions are on the coatrary fundamentally important for the understand-
ing of & scientific revolution because they throw light on the main factors of
the mechanism of acceptance and validation by the disciplinary community
of the individual new contribution to the constraction of scientific knowledge.
The keepers of the rules of the game may secept ar teject requests far their
change. However, in ordes to reach a decision, they must base their judgement
on acher ruks, of a diffcrent logical type, which are ot given once for all, but
are, nonctheless, not arbitrary.

2. THE MIERAKCHY OF LEVELS OF KNOWLEDGE

It is one thing to judge whether a given contribution satisfics the validity
conditions which stem from the ensemble of formalized rules that characterise

(1) G Buvvions, Nutwes s Mind, Wildwood, Loodon 1973,
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& given discipline at & given moment in time. It is quite another one to judge
whether a given proposal to change tiose rules s scecprable in the light of
metarules that fix the norms that should not be abandened, at that given moment
in time, by the practicacrs of that particular discipline.

The distinction is completcly amalogeus to the one made by Grégory
Bateson between diffcrent levels of learning in his cclebrated cseay * The logical
eategorics of learning and communication " (2). 1n particular, the distinction
s analogous to thar betwoen two diffcrens types of change, introduced by
Paul Watzawick, & pupil of Batcson's, in his studies on the * pragmatics- of
human comnnication " (3).

But it is clear that we are not dealing with simple analogy. In all cases,
we ate tlking about scparating the changes that come about withia a given
context from the changes of the contest (and uliimately, ia theic tun, from the
changes in the ciass of changes of the context). The growth of sclentific know-
ledge, therefore, does not cscape the general modalities of knowledge sequis-
ition by humankind. Whether one is dealing with collective or with individoal
Emowledge, these modalities are sl based o0 the. posbility of ordeciog the

ina hierarchy
Mdmm_mhufﬂud:lsmdunm:oflhcmlmledﬂldg above it and which,
at th same time, includes thove at the ncxt lower level, It is thas the identific-
ation of the information contained in cach message, and the attribution of cach
picce of information to the level that is considered appropriate, which produces
a grownh of knowledge.  Knowledge is nor, therefose, any longer seen a8 the
sizaple, of new but a1 & process
of ensichment and ordering of this complex system of elstionships between
classes of propositions about the surrounding, world, classes, of propasitions
about the preceding propositions, and s an.

For the purpose of example, we may recall that the process of learning
“by teial and error ™ s for Bateson only one givea level, which must noe be
confused cither with the Jower ane (learalng lovel acto: & given response for
each given stimulus) or with the hiigher one (iearming level two: ability to change
the ensemble of alicmatives. from which anc mitkes the choice at the lowee
level).

This example appears a8 praticularly significant for the purposes of ous
argument if we secall that Popperian cvolutionary epistemology considers. the
growth of knowledge to be equivalent, in fact, 10 @ process of lerning by trial
and error. * mdmlopmno(hwup" wites Poppec * procecds from
ald problems to new. problems, by means of conjectures and sefutations ™.
And, clsewhere he specifies: " The. solution of problems proceeds always
through trisl and errar: new reactions, new forms, new paueras of behaviour,
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new assumptions are always provisionally proposed oa tral and are conteollad
by elimination of the eeror " (4).
a the light of what bas been said above, the limit of this conception seems
then, cleat it consist in the redacion of the complex leraccy of the levels
coatrol of the process of the development of knowledge 10 the sole level
of the elimination m’enm in & contest assumed given oace and for all. o is

Poppera
ision. of reality s S clocks at the other (5).
Bat we are not something that stands between the formee and the latsee of
these: we are more complicated than cither.

This point of view also facilitates the discussion of Popper's traditional
opponent, Thomas Kuha, It is clear that his periodization of the history of
sclence into phases of bief periods of
clange (6), comes much closer to the rws T have outlined, in the sense that
the fosmer clearly carrespond to the scquisition of knowledge withia » given
caatest, while the sceoad correspond 1o changes st e
is, however, cxcessively schematic. Fo here, too, there is 4 tendency towards
this flatiesing down of the levels which can lead 1o damaging confusions.
Parsdigamatic change is assurediy a change in the criteria that regulate the bounds
of acceptability of the contributions that are segarded 13 valid for the develop-
ment of &' given discipline, but it too is also subject 1o mesmaier which arc no
Jess bindiog even if less formalized. What scems to be missing from Kuha's
conception is again an awareness of this hierarchy of kevels of sclection and
wulml which has the fanction of ensuring the mainteaance of the identity of

at the camme time a5 allowin; the acceptance at the lowest
p-muue level of the changes necessary for its survival.

‘This hicrarchical siructuse explains, moreover, why the entine disenssion
berween Kuhn and his opponcats (7) on the nature of the discontinuity implied
by the concept of scientific revolution i & discussion that cun o on o fefiutin
if it is nor understood that a change In paradigm consists simlateneously in
discontinuous change of the rules that define hew 1o ds phisics and the maintenance
of the mewroles that define whet plysict ir.

“This acticulation of the concept of scientlfic revolution also resolves another
problem that bas been the subject of a long dialogue of the deaf: that
cireularity implicd by the selstioaship betwoen paradigm and community. 1F
the community is defined 45 the cnscble of scientists who share a given pars.
digem, and this lateer s nothing other thac the rules which the scientists belonging
w0 a given community have utilize for the
of their discipline, then neither the former nor the kattet is defined.

) K. Porvun, O Knurladge, Oxfond a8 shie Claswidon Prma, Onfond 1972
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1F, however, the levels are distinguished, everything

who
of the physics commuaity, wis in fict pushed oot onto the sidelines afier 1927,
Ia the same way it also cxplains why & von Neuman, an outsider with respeet
10 the physics community in that by professinn he was 3 mathematician, becume
on the other hand one of its most suthoritative members.
3. SCIENCES OF LAWS AMD ICIENCES OF PROCHSSES

Let ut now bave & look at the whole spectrum of matun sciencss,

Patare — which uxe regardd at having

sccondary
the full right to be called sci they are verifisbic o
0 diffcing pomnofm}wld:m-pcamnmm The latter on the othes hand

wn{m&vb:dﬂhuhuumlmnﬂmehcdhhguphudbh

ly of the contex: luiplicity of the
:h:mwmpklaxuuf!h:dnmmummh 7 to the events that have actually
happescd would, according to the dominant coneeption, justify recourse 1o
these " surogates * of sclence which, are, it s said, essentaly lacking in any

srem from the naturs of the subject, that is to. say from the eollection of pheno-
mena and faces that constitute the (spprozimately closed) ensemble to be inter-
preted and explained, and to what extent on the other hand do they depend on.
the chaice made by the scientists wha select the data and the experiment to
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comseruct their science, thus plackag it on the ane side o on the other? Tt is
commoaly maintained that it is the ebjeet investigated that determines the
nature (the science of wdy or the scieace of bow) of the discipline that studies
it, the scientiss being limited to tking note of what there is before him oc her.
But, in sctual fact, this demarcation is much less objective than ane might
think. The case of the most recent developnicats in the fiekd of bivlogy provides
40 obvious demonsiration of this
Up to the middlc of the seventies, this * scicace with a schisophrenic
"' — a8 M. Ageno defined it zeccntly (8) — was present in two come
pletely different guiscs. On the one hand fonctional biology, ssentally a reduc-
tionist discipline, was given ovee to the anshytical study of esch organises,
determining its structores and intcenal processes gight down o the minutest
details. 1t thereby tended to bring the cxplasation of all bislogical phenomens
dow to the cvents that take place at this Jatter level and thescfore, in point
of fact, to reduce biology to the physics ind chemistry of the molecules involved.
On the other hand, evolutiomty biology, instead, considercd living orgaaisms
s indlvisible entities whose particular characteristicy come out only st the level
of the totality and are only part i g i
subuni
To these two faces comespond two opposed idenlogical conceptions that
characterize thelc respective scicntific communitics. On one side the moleculr
biologists have rrived at the poiat of pushing their reductionism a5 far a5 the
asscrtion that whea " we know all the details of all the chemical steps that take
place in the el in the course of the entire cell cycle, there will be nothiag elsc
lefi t know about the el will bave b P
deciphered ™. On the other side, the students of evolutionary biology reject
this position. that professes to sedace the whole explanation of living pheno-
fend o4 knowledge of the structure and interactions of the atoms and molecules
that constitate the erganism, faling back in their turm o aa inwgralist ideology,
bolistie in nature, that can be summarized in the somewhat cmipty and gensric
slogan * the whole is greater than the sum of the parts ”. We ate faced, then,
with two biologies: the first is to be located in the group of the sciences of
laws, ot of iy, while the sccond ia that of the sciences of processes, or of b,
But the revolutioa that has taken place over the last few years following on the
discovery of unexpected properties of cakaryotic DNA hs changed this picture
quite cadically. Let me quote Agenor “ Far from being something fnvasior,
which it in cssence consceved within the frumework of the dynamic of the
organism, DNA now appeass th be involved in a dynamic all of its own, one
that is focessant and 10 & great extent dominated by mndom events, Molccular
biologists now sce. thenisclves fatced, & litle at a time, t change the type of
questions which, within the framewozk of their sesearch into the fnctionality

(8) BL AGHNG, * Impertanas dells conerione darwiniana nell bologhs odiersa *, unpeblished
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of the organism, they were wont to ask... Face to face with the multiplicity of
a privei equivalent solutions, o el A e

through what chain of events and In what general environmentsl conditions,
Thas narural science and functional biology szc, in acwal fact, Jodng

their common root in the theary of b :-l:m‘uwl For

mena, there are no possible cxplinations other than cvolutionary onu
What has been happening in biology thus indicates that the traditions

demarcation, in this case at Jeast, seema 10 have beca created more by choice

lming, at retaining for its own discipline the notmative scicoce chamctec tat
distinguished it from the scact, has 45 far as is possible climinated from this
disciplioary feld il those phenomens which would have comproniised.irs
image by the imy ing them into the fmmework of genenal and
atemporal laws.  Similarly, they lh-:w that evolutionary biology, by
his division of sphetes of competence, continued — us long a3 d\kdmswndnd
a0t enies into miu—mmumllﬁmlt!muﬁ‘hlmm wa
isreversible and non-sepeatable processes.

At this poiat then, the doubt aiss 2s to whether this mode of procedae,
cansisting in choosing
interpretative categories o 15 to ensure consistency betweea the development
of the, disciplice aad the epistemalogical status b b by definition,
is typical not aaly of biclogy but might be a common prasis adopied by the
different scieatific communities to define their own identities. That this happens
in social sclences probably docs ot come 42 a suprise. But that it alsa consti-
tutes the rule in physics, which has always been considered the science of laws
por exeallency, may scem 3 difficuls assertion 1o maiatin. | am here proposiag
0, show however, that in this case too, at least fn sespoct of & tocent historical

period, aflirs bave In fact developed fust in this way.

As we shall sec, the history of twenticth ceatury physics cquires & new

far 15 possible exluding from its bounds all those
phenomens, together with their interpretations, which could have introduced
into it some characteristics of the scicnces ™ of processes ™.
From this point of vicw, 0ne can for cxample understand why the sensational
that have lartedly taken placo in the field of the dynamics of
complex systerns (9) have been fifty years late with respect to the appearance of

for e L G, A Scorm, = et Progrn i Came] Ko lnss Dy,
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the plancering work of Poincaré (wha in csscace laid the basis for them), despitc
the fact that this work has beea available since the cad of the last cenrury.  And
onc an also understand how these developments bave come abaot in disci
sectors that have now become sutonamous wich sespect 1o th fields that phys-
fcists definc as physics.

The victory of quantum mechanics at the end of the rwentics represents,

1f sccn in this light, the sucecss o this operation of reasserring physics s the
science of laws — albeit ot the price of giving up determinism in the strict
sense — by thrusting back and even vutside its boundarics all that has to do
with the unpredictability, frreversibility, randomness tha charactesize pheno-
mena such as turblence, dynamic instability, stochastic processes, the thermo-
dynamics of irreversible processes, etc. This point of view also explains why
phiysics has maintained and protected its image as selence of the simple, exchiding
complexity as much as possible s one eategory that chameterizes the reality

ibjects. Thusit unchallen-
ged dominance of reductionist inmk-gy, with piosity being assigned to the
search for the * clementary ™ constitucnts of particks, which stll todsy eon-
stitutes the casonce of the most prestigious branch of physics.

T opestion rvolves aound oae ey figas, that o Johin von Nearnann,
the sman who qui f: physics bad to make
with the reaunciation of classical el s supre-
micy, by sueceeding in bringing chance back into the laws. of logic.

Opposition to this operation, as clearly emerges from the reconstraction
that Steve Heims (10) makes of the two personalities in his well-known book,
‘came from Norbert Wiener. It was not however in the sense that Wicner ever
systematically presented an akesnative programme in direct comperition with
on Neumann's on this larter’s own termin. Wiener was contraposed to von

terrain, in essence consisting in an enslegement of the boundaries of physics
o cncompass all those random phenomena which, far from being exhausted
within the confines of the quantum realm, would hive represcated the rule
cven for other filds of physics, within which the reversible. determinism of
Newionian mechanics would then be the exception.

This seconstructivn of the coaflict between diffcrent strategle choloes
secms to me more satisfying than the traditional one that sees, above all, the
apposition (3t the 1927 Solvay Congress) berween the submissive mipi
of & classical dererministic visioa of physics (Schbdinger, Binsicin: *
doss not play at dice ™) and the victorious upholders of & conception bmd
on indeterminism (11). This coatrapositon cerainly took phce in the stages

the vicmry of ics. But the very lightning natun
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of the victory won shows how this conflice was more a rearguard action thun
.l debie b e ek sl ook s e
altermative Faul Forman's ion (12) of the cultural
and ideological dlimate of Weimar Gemany that saw the estsblishment of
quantum mechanics, howevee accutate ind acute I s, seemns to casry little weight
if assumed as the principal explanation of the ready conversion to the new
theory of the Gesman physics communiy, given that  bypothetical falthfulacss
t0 4 determinlstic conception could not have besn trnslated into & scicatifically
valid alternstive. Tt becomes, on the other hand, much more convincing if
scen as the background ta a compromise that saved the fundamental pature of
the scientificity of the discipline (ié. its being the tource of an
togical and empirical logality), rather than as justification for an oppastunistic
surcendes to the dominant ierationalisen. Tt may be said in passing that it & in
Sl ke e cotpliof{ B Wil P gl o
convincing explsnation — between the adbesion to the thescs of the Vicnnn
Ciscle on the part of many of the founders of the new physics and the tendency,
that cermainly was present, towards adaptation by the community 0. pressure
cacrted by the dominant cological-cultural environmenr, s reaolved. At the
same time, it aleo explaing why it was thar Dirae, who, eontrary to Heisenberg,
saw quantum mechanics more as a logical outcome of than as a radical break
with classical mechanics (13), immediately found his place among the fathers
of the new theory alongside the German physicists.

We shall now therefore, Inok in more detail st the reconstruction of
this_contrsposition,

4. THE LOGIC OF CHANCE

L have al zeady bad occasion to refer to the role plaed by von Neamann (14)
in codifying in the form of real and proper vewes, formlated in scientific
language, the two ideologieal strongpoints of the Gittingen-Copenhagen
school:

3) the uitimate and definitive namnre of QM;
b)duh\poﬂbdhryn&mnh}tcmdnmpﬂmnﬁmhthnnnfﬂr
indispeosble role of the observer.
Both these assertions of & metatheoretical nature were transformed by von
Neumsann into propositions that beloag to the theary itself. This fs o polat

12 ¥ o, Weinar Colue, Camaiy s Qs Theor " i Sl Py S 1

2971, 1

(13 M. D Mants, T, La Trawa, * Disa's  Unsethdos * Cosslboshon s Ortheedos Quaseusn
Mecharies”, Fund. Su 3, 1502
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tsat cust be emphasized since it i exactly hese that we find the proof that the
axiomatization of QM is an operation of definiticn of the boundarics of the
discipline, boundarics of whose intcgrity the community had to become gus-
zantor. Which was the goal of von Neumann's program? A biogmpher, Steve
Heims, writes

'nnu bﬂ:lmﬂs

iy Bave sfecred von Newmarar's views s0d
and scie

i i will ever e e
b truths o b gvmn mmh
e charsvesisic that nforms 80 mch of von Newmaan's work

il of life. Ttis a nal ich i machi.
nery. H': is pushing out the bounds of the mhp:: T, logic.

In this way, even chance can be brought buck within the compass of a
purcly logical scherme, and sen. a8 the manifestation of definite, goneral aned
senpoual s, Everying that bilongs to phrllul world s thus I:mgin
| back to the sphere of Iogico-

cutside i, But through this, chaos, duoldcl m:unpmdlmbkmd.ldﬂm
out of science which thus rescquires its uncontaminated puriry.
|

1o the limits imposcd on this contribotion, f 15 not possible t say mote

on this, I should like, however, to emphasize, even though we shall come back
o this later on, that von Neurnann can well ke considered the most represcntative

exponent of the overwhelming majority of the seientific community of those g
theoretieal physicises wh were his contemporarics.

His commitment (o the tools of reason — conchudes Heims — and his
prnwese in thele e, cogether widh bis appotent disinicest i philosophical
E ey the svscrion o the peliiacy o focel stsoceies wad Eilh

06 progres, Balped miking Lith 8. pungon amcay cadly tesacisti-e
scientist-mathematiciass.

We now tam Gur attention to the igure of Norbere Wicner, the person
| who. most conslstently expresses — at the rescarch programme level 25 much
| a8 az the cpistemological ou¢ — & conception of the wotld and of scicnce tiat
is contrary to thar which we have just discussed,

It would b 00 long to illusteate in detail the manifold aspeets of Wiener's
personality that are seficcted in his conceete way of working a5 a scientist, 1
‘shall limit myself to underscaring three fixed points of his coneeption of the
would which appear to be of particular significance. At the age of ten, Wienee
‘wrote an essay entitled *The Theory of Ignorance™ in which he gave **a phila-
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sophical proof of the incompleteness of any form of knowledge ™ (15). (Reme-
mibe von Neumans’s aspication to demonstrate the mmpiiemeer of knowledge!)
This theme semained a coastat conviction for the whole of his ife, Knnwledge
by its nature is Hmited, hence 5o t00 is the ability to. control cvents; this is
homankind's inevitable desting, but st the same time a perennial stimulas to
it insatiable thizst to know. And it is this theme that we sgain find in his scientific
interests. The choice of Brownian motion as the fundsmental problem of his
mast important line of rescarch it exserly the choice of a poblem in which the
incompleteness. of information asd partial jgnomnce play an essential role.
The aim that Wicnec sct himself was that of giving a tigorovs mathematical
form o the descalption of 8 scqaence of cyents even in the case when they are
the product of chaotic actions.

“Tbé excood fundsccnnl polnt of s viion of sty segands the non~
eliminablc pature of time in any valid deseription of phenomens. If von
Neumana is to be placed within the tradition that comes: dowa to us from
Parmenides, Wiencr, on the other band, beloags to that of Henclitus. For
Wiener * scicnce is the explanation of processes that take place in time" (16).
For him, o scicntific problem ought o be fomulated in terms of time-
varying s

Lastly, m third point xs-rél ‘his holistic conception of reality: cverything

conncered with everything clsc. 1t is this which lies at the basc of the ather
fandamental muurhulmn that Wieoer made to twenticth century sclence:
* Control and communication in animals and in machines ™ is,
a3 we know, the subtitic of his boak (i7. Control and communication imply
an end-directed behavioue. In this sense, Wiencr brings back unto scientific
thought & concept that was disesedited: the Aristotelian final cause, the goal.
But this teacquires scientific importance in o far 5 it it identified with the
slf-mgulaiory mechanieen of & spyem waing feod-bick. The mathematical
treatment. an st vatied
aspects of the mld m surrounds us, sccording to Wiencr, makes it possible
10 extend physics from the tealm of matter and energy to that of communication
aad information.

of their dissiplinary sector — the systems engineets, the students of applied

155 Hane, e s N, gt 140
(1) M. Wi, Grbrbeter, Wiey, Now Yock 1941,
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mechanica dealing with turbalence, the medics looking st biomedical techno-
logies, evea the pepchiatrists and psychologists stdying behaviour, but ot
the physicists.

5. WO DUCIDES WHAT PIVSICS MAS 70 mi?

In the introductory parr, T maintained the thesis that the scientifie commu-
mity, through its choice at the cad of the twentics, wanted to restore to phyxics
the chamacter of being & science of general and immutable laws, a Galilesn science
founded on the conviction that * the great book of nature is writicn in mathe-
matical language aad its symbols ace triangles, circles and other geometrical
fignres ", & character that the crisis of the first decades of the century had thrown 3
much doubt on. The esscrtial element of this reassertion consiited in bringing )
the chance, probabilistic sspects of the new mechanics back within the rules
of a logico-abstract algorithm through the elimination of their temporal charse- !
tez. Faom this poin of view, the new mechanics emerges more a3 the legitimate
heie of Newtonian mechanics than a3 its implacable apponcat. For a5 we seq,
the equations of motion in both theories are detcrministic and revenible, and i
the temposal evolution of the quantitics that represeat the state of 3 system is :
a0 other than the deployment of a suecession of changes that contain nothing ~
new, inaseaiuch as they are potentially included in any one of the past or foture
stcs of the succession itsel, chosen ashitrarily,

T now propose 10 coroborite this thesis by showing bow tie way out
selecred was anything but obligatory, and how it has even implicd the semoval
of u nnnniblm problems that the uldsnfu-sldphysrnhd mised l:,-
postponing ing taken into consideration for several decades.
mmul-kwu-hu dﬂx!bﬂIdomrmﬂnmmppw:l position h:d»e
physics community ought at all costs to have tried to formulate an alternative
theory ta QM by the use, for exmple, of the techniques already developed by
Wiener at the beginning of the *20s. 1 should, rather, wish to underscore the
idealogical hostility that for a long time hindered any atempt o explore pass-
ibilities thas esisted in ather diretions.

‘The ficst fact that should make one seflect s constituted by the di
From physics of the concept of imreversibility from the end of the nineteenth
cenmury right up to our times. It is well-known that frst Boltzmann, and then
Planck, maintained that the second principle of thermodynamics was an sbsolute
Iaw of naturc. And as such, it played a ceatral role for them in physical seience.

T wonld recall aly that Plinck's progmimme, which then unexpectedly
Ied 10 the black bodrhwmd to Its interpretation in terms of quanta, st off
with the intention of demoastrating that the contsined
within a cavity would irreversibly reach the equilibtin ata given tem;
ature by virtue of no more than the equations of motion (18). Only when this

(18) T, . Koo, Bk By Thory snd she Qoumtin Doty Clreaion, Ol 1978,



;

— 197 —

abjective proved unreachuble (becasse of the reversibility of the equations
themselves) did Planck abandon iption in terms of a temporal evoluti
hudﬂwlﬂ.ﬁﬁhmﬂn‘ﬂlnxlﬂmd&:rﬂhﬁiﬂqof;ﬂmm
Boltzmann had alseady adoptéd after baving himself run into the same difficaltics.
Pmmimmlh:q\nsﬁnnuflmﬁihﬂiqmﬁnﬁlmﬁmdwiﬂakﬂhem
unity of the chemical physicists. From the Onsager relations of 1931 sight
up to the work of Prigogine’s school this line of research has remained, however,
on the sidelines of physics, 56 much 5o that Prigogine was awarded the Nobel
Prize for chemistry.

Tiase thus disappeared from physics in the sensc that the evolution of
a statistical ensemble towards equilibrium ceased 1o be 3 problem worthy of
interest: statistical mechanics was reduced 0 the calculation of pastition func-
tions a¢ equilibrivm, And it is exactly this point on which was based the iatro-
duction of discontinuity, & discontinuity that was o become - the seed from
‘which QM germinated. One had to wait untl 1954 for the Kolmogoroy
theotem to discover. that the property of crgodiciry postalated by Plnck is
fit from obvious for complex systems. The problem, then, was opencad up
sgain, but history had by now run its course.

“This became the subject of research of another community: other journals,
other congresses, other professorshipe. Whoeve tries to ask him/herself how
physics would have been if the KAM theatem had been known in. 1900 s now

upon as an cocentcic.

Anothee expulsion happened for another subject bota withia classicsl
miechanics at the end of the ninetcenth century with Poincaré's famous pote
heme

fact that completely detesministic non linear dynamic systems can have a
“wildly chaotic bebaviour. Only in 1977 was there held a confecence at
Come on the stochastic behaviour of Hamikonian systems which, for the first
time, bronght together istrosomers, biologists, ccunomists, physicists and
mathematicians who were all working in this arca. It is significant that the
conference was called thisty yeass afice the famous one at Como that gave
QM s official baptism, thus at least in the intentions of the organizers making
the explicit claim that the '77 conference, amalogous  to the previous onc,
represented an historic turning point (19)

A third field of research, which was p\nlniauluﬂbﬂs:lid{linel by the
physics community and which only recently has received 3 great imperus —
coming back into physics by the swindonw afice having been pushed out theough

(19) G. Casars (wl.), Stuchustle Bebarbar af Cleisival and. Hamilhsion Sysomi = Veba
] G e e A
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the door, as ane might say — is that of seochastic processes, We have alceady
seen how the pioncering work of Wiener at the start of the 208 were in essence
ignored by the physiciss who, right up to the "70s, never took into- seriout
consideration the possibility of utilizing the marhemarical tools developed at
that time to deal with problems of intecest fos their discipline. Tt ft of intcrest
@ underline the fact that these instraments, as Battimelli has shown in his
work on the birth of the discipline thar grew up around the rescarch into tar-
‘ulence, were, in the 19405, adopted with notable success by this community
lhlvwﬂ!(h‘dlmhﬂhbﬂwmv«mmdm founder of this theary, J. C.
“Taylor. In the 19305, the very act, ca the part of Kolmogorov and the Russian
schoal, of having founded such & fruitful new discipline as the classical theory
of probability passed practivally unobsesved by physicists: right up uneil the
most recent times. The techalgues of stwchastic processes. began, in point of
fact, to become fashionabls smong theoretical physicists who dealt with statis-
tical mechanics and field theory in the 1970s.
llulmmbwydwdlﬂﬂlutﬂnm which for the moment seems to
consist escentially in the adoption of more efficicat and flexible technigues, is
the prelude to a conceprual change by onc part of the community in
of the attitude to be adopted towards problematics typical of the sclences of
Copi Pessonally, 1 would maintain that the sication s evolving in s
direction analogous o that depicted by Ageno in the biolgical field.

This is the end of my story. Tt shows the type of things that someone like
mysclf, an active meabes of & scientific disciplinary community who refuses,
at the same time, to consider the bebaviour of his fellows 25 the only one rati
nally possible, has the opportunity of uaderstanding.
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