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what makes the iystem capable of remaining in equilibrium" 
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subject is capable of constitute a structure such that these 

is in equilibrium when the operations the 

condenses the explanation: 

found in Piaget & Inhelder (1955). The following paragraF~ 
The reply ta this second question is used by all adults. 
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that is at issue. What is involved }~ere is only the stable 

(or the successive equilibrations of the cognitive system) 
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condenses the explanation:
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subject is capable of constitute a structure such that these

strict inversion or negation. or by reciprocity). In other

what makes the system capable of remaining in equilibrium"
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"The PiYchic development t.hat. be,;;ins at b í r t+, -::1n,j ·~nds 
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is characterized by the termination of growth and the
maturation 6f the organs, similarly ment.al

conceived of as evolving in the direction of a form of final

fonn,-~lat.edB.nd e::.:;p1a i ned t.h i s "final eq:.~i 1ib, ..ium", in
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·The problem formulated by Bertalanffy i.s how a system 
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steady state and in constant exchange of material ánd energy

with t.he ;e::<t.ern?1 The thermod~narnics of

due to the impulse it wai gi~en .by Prigogine during the mid~

1940s, gave a precise answer to this question (Prigogine,
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reached when energy is unifürmly distributed, implying the
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In the study of irreversible prücesses,
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In the publicatiüns mentioned, Prigogíne an~lyzes in
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''pt-oblem8.ti·::¡ue''. po·::;,2,j by po·;::.,2d _ci.nd by Pt-i·;:::109ine at. th•2 
Once again here we can see the identity of the. 

-evolution of 1 i fe" (op. c í t., p.· 107). 

value of the entropy. Therefore_such_states_ma~_be_exeected 

we may have a specially high-organization measured by a low 

in regions ~of space where $~ch stationary states occur that 

·i' 

will.return to this theme further on). 

transformations capable of compensatin9 for perturbations (1 

trans.f,:,rmations." 2.nd 

·11 s. t.::e.b 1 e by 

ztates- __ of d~namic equilibrium 

operator~_eguilibrium des¿ribed by Piaget. is striking. I~ 

stead~ __ state __ outside __ ther~odynamic_ eguilib~ium and the 

The similarity between the preceding expl~nation of the 

state rrti:IY be CB.l led st2.ble. t\-8.n::::.fonn8.tions". (p. :::::3). 

the system :to its initial ~tate~ which may be refe~red to 

interna! changes·will take place and bring back thi-~ st.2.te, 

as a result of sorne fluctuation, it deviated.slightly fro~ 

leave this state by. a spontaneous irreversible cha~9e. lf, 
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leave this state by. a spontaneous irreversible cha~ge. If,

as a result of sorne fluctuation, it deviated'slightly fro~

t.h i.s s t.B.t.e, internal changes-will take place and bring back

the systern 'to its initial state~ which rnay be referred to

The similarity betweenthepreceding explanation of the
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in regions of space where ~uch stationary ~tates occur that

importance from the poir~ of view of the
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Once agaln here we can see the identity of the.

"pt'oblem 2'. 't.i'::¡ue".po'sf2d by pos,'2d ,B.nd by Pt'i90gine ato th"2



i nt.e t· Pt'" eta t. i or.s , 

not t~-,·~ be ·~a-zi 1 y 

t.his ~..¡ i der In the . t t . l . • . ·1 t .. pro ,a ,1_1sc1c _exp_an2~1on. 

interpretation_of_~the_succ~ssion __ of_sta2es_deeends_on_this 

the __ interpretation __ of_~oeeratorL eguilibriumL __ nor __ th~ 
o f bein9 t·ep,:!titi··/e, it is nec:essc1.t·y t,:, in·sis.t thB.t. t}§iib§!:: · 

of the expJanatory scheme becomes evident. Desp~~e the risk 

theory of the cognitive sysfem proposed; then thé weakness 

?.· '• 

only operatory eguilibrium is to dealt with; but a general 

structures. However, it la¿ks explanatory cap~city when not 
restricted to a success1on of is 

probabilistic processes). The ~echanism is plausible because 

( s.e,::¡uent i a 1 rea,.ched. is e·::¡ui 1 í b r í urn 1.mti 1 

mechanism that determines t~e ~uccessive re-equilibrations 

in L<:::,gigue __ et __ E·=iui 1 ibt·e as te, the 

f r om the structurés, showing its indépendence 

In section I, I referred to the theory of equilibratioh 

III. The_equilibration_of_th~_cognitive_system 

devel6p once a9áin with an intriguing parallelis~. 

"pt.·,:::,b 1 emi:1ti que" widened the range of the 

decade, both the Geneva school and the Brussels school had 

stable organizatioh and mah1tain it. Towardi th~ end of the 

8.ch i eve . c1. 'in the ,:,ther) 

. i . ' -it• l . .;. l. " - l. t~I ,•_,t•1e 
t · · t- '-l - 10_,~_··.1·_1·_=.·. L-1,-_,,., ,j,-_,,=._~_-. a s·ys :.em ,.,:o·=· 1 ·-· • '=, ,e9 1 nn 1 n9 o ·1.-r"10: • r .,., 

.: 
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beginning 01" the 1960s: how doei a system (coghitive, ih one

.8.nd biolo9icé:<.1", achieve 8.

decade, both the Geneva 5chool and the Brussels school had

widened t.he t-8.nge 01" t.he

deve16p' once a9áin wit.h an .inb~igu'in9parallelism.

In section l. I referred to the theory 01" equilibratioh

structures, showing 1"t-om t.he

in bº~i9~g__~i__g9~ili~~g as to the
I

mechanism that determines the ~uccessive re-equilibrations
l.mt.i 1 is

probabilistic processes). The "mechanism is plausible because

is restricted to a succession 01"

structure5. However. it lacks explanatorycap~city when not

only operatory equilibrium is to dealt with. but a general

01" being repetitiVe, it i5 necessary to insist that D~iib~~'

In U-le ~~)ider t.his

be ,~asi 1y B.b2.ndoned.

'.

noto t.h.~
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but now~rom the point o~ view of the object and not that of 
tl1us to begin thé analysis of cognitive development again, 
systematically take up once mo~e the study of causality js 

is 

itself and not with the causal '.effects of action 

. - 

wor~. we h~ve not dealt much with causa1ity, beginning with 
But after old and now surpassed actions and his ,thought. 

re'.:Últs o f h ís, since, in effect~ we are dealirig with the 

we have above all logical-mathematical op~rations, 

operations themselves. 
in the area of cognitiv~ the effect of a renovation 

only mention one which- forme has already produced I will 
"These,projects for the future are multiple ahd varied. 

1 966) he vff i tes. 

"the t-enovation · i:::,f the he vérY moment ~hat he announ~ed 
Piaget:anticipated the need for this reformulation from 

general'theory of equilibration. 

involved in the development of rethinkin·:i óf the i=·t·i:cblems, 
concentrate on the, study of causality and a profound 

Epistemology were to o f Genet i e International Centre 

L§'-!:::.::;l i t::r:_2r,,j_ the sierei,- a 1_ thec,t~y of _ e·=iu i i i br e:t ~ ·=·D 

T,:,~·>c:H-d:, the end of the 196üs:,, the t-es,ei:<TCh·~,:::; of t~-ie 

/ 
'/ 

/ 
/
/
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Towards the end of the 1960s,

International Centre Epistemology were to

rethinkin~ of the problems involved in the development of

the ~ognitive system. This was to be the source of the
general'theory of equilibration.

Piaget anticipated the need for this reformulation from

field of studieso. At the endof his autobiography (Piaget,
1966) he \l-H" i t.es,

I will only mention one which- for me has already produced

the effect of a renovation in the area of cognitive
operations themselves.

logical-mathematical op~rations. we have aboye all other
issu~s insisted onthe spc~taneous activities of ~'e subject

since. in effect~ we are dealirig with the res~lts of his

actions and his .thought. But after o~j and now surpassed
, -

work. we h~ve not dealt much with causa1ity. beginning with

the causalef~~cts of action itself and not with the
inte~nal logic of action. is an operation

(¡:.

systematically take up once more the study of c2usality .is
~hus to begin the analysis of cognitive development again.
but now ifrom the point of View of the object and not that of



dis.e·::¡ui l í bri a ar.d const.2.t·1t t·e-e·=iui l i b r a t.a orrs ? , (p. 120). 

fundamentat processes of progressive e~uilibration, periodic 

manner, in reality domihates~_all_mental_d~velopment in it~ 

the same time differentiated and coordinated in a coherent 

a s,:~rce of interna! oppositions, tQ ~tructures which are at 

il . , ut·rd i f f et·ent'i at•'.:!d co·::1n i ti ve -~tn.Kt•.u-e::. arid , fót· t:h is reas.on, 

ini +í e l l"y of cr ob l ern "The 

and content1, undergoes successive de-eq0ilibratic~s, 

equilibrium. The cognitive system as a whole (that is, form 

The new 

t·esp,:,n-::::.,2s. of the object 2.r,2 -<:<.dded, ·ar·id t.h ís í s ess.entia.l". 

in this manner, is When the 

< ••• ) Bt~t the supposes the employment of such operations 

phenomenon certainl~ To explain a physical ':-ub j ect ( ••. ) 

of ~ausality presents much more "th,2 deve.l ,:,pment 

!n the "Avant (Piaget-Garcia, 1975>. E:,-::e l i ci:<. ti ons_ C2.us.1=<. les 

is th~ source of Le~ 

whose analyses he did not 2.nd m2.ny, various volumei, 

. i 
1n on causality weré published 

rnanv sun=·t·isesll. 

the subject: 

/ 

1 ,:, ·-· 

, .. --------~----~-,..
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t.he SI.Jb j ect.: is C<.nimmense domain which may well hold

on causality were published . ¡In

various volumes, B.nd mC<.ny, whose analyses he did not

This i5 the source of bg~

(Piaget-Garcia, 1975). ln t.he 11 Avant.

of ~ausality presents much more

difficult problems than' the study of the operations of the

'E:.ubj ect. ( ••• ) To explain a phvsical

supposes the employment of such operations ( ••. ) Bt~t. the

The new

conslst of a

equilibrium. The cognitive system as a whole (that is, form

~nd content), undergoes successive de-eq0ilibrations,

"The of J='aS~.2'~e ini t.iall'y
.,

undi ffet-ent.iat":2dco'=wdt.ive '::st.t-uct.I.u-esc<.nd,f.;;:¡t-fhi s t'ea'E:.on,

the same time differentiated and coordinated in a coherent

When t.he in this manner,
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contain t~e beses of the Recherches_sur~_la_contradiction, 
c1.nd works, Les Exelications __ Causales Thes.,'.:! t1tio 

e·:iuilibt-ation". (p. I-10). 

relationshi~s between the reversibility of thought ~nd 

is complementary to the contradiction and disequilibria 

the examination of the relationships between 11 

reli:<.tions.hip bet1rJeer, contt-2-,,jiction ·and the dise·:¡ui Lí b r i a ,:,f 

i s to l ,:,o:k "The Óbjective of this work 

i·Jh id·-, two - qu,:,tc1. t: i ,:,ns We will onlY take 

latter 

solidarity with the coordinations should be s6ught in the 

enclose implicit or the -. ,:,ut·:::.et., undifferentiated from 

domei rrs "In a 11. 

sufficient evidence of this. 

alréady anno~nced in this boók. The following quótations are 

~ . The sólution to the problem of disequilibration is 
from the béginning. 

.• 

-------~--,----------~------,----~.1r•· ---~\ '¡ _--------~-----~-----r---:j':i----:-~\\
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its explanatory power. Thet~eory has to be formulated anew.

froro the béginning.

TI~e sólution to the problem of diseql~ilibration is
already anno~nced in this book. Tha following qu~tations are

"In 2111 dom8.ins. the notions of structurés,

w-,diffet-ent.iat.ed ft"orn

"t.he dt- i \/in9 force of t~e differentiatiohs and their

"new opet-at.ional st.n_~ct.tH"e".(P., 122) .

The research which led to a basis t.his 1at.t.et"

assertion are .found in the two volumes on ~ºDi~ª~i~iiQQ
(Pi8.'3et., 1974). W,~ wi 11 only take two quotations which

11 The óbject. ive c.f t.his wor k is t.o fotO the
relationship between contradictionand the disequilibria of

11 theexamination of the relationships between

,.
contradiction and disequilibria

e':¡uilibt-at.ion". (r--. I-10).

is complementary to the

ét.nd



(Concl1.~'.::-ion, p, 1.70). 

it. re-=11.~it-es t·e-eq1 .. r í Li br a t.r orrs.:". i mp1:1 t· tance si nce the f i r st. 

and in all domains diseguilibrium plays a functional role of 
in continuous development elaborated icience thus rem~ins 

opens on to new problems as a result of the operations that 

closure_ins~res __ local_stability, this completion constantly 

eve; reg~rdinq loqic~l-mathematical stru¿tures ~~ose ------------ ----- ------------ ·-· ------------------ s. t.Et.•:}t~=·; 

without ever achieving them, except sometimes in provisional 

consequently tends to~ards certain forms of equilibrium. but 

and the iubje~t t~ies to avoid 11 

that they d~velop at different speeds (p. 18). 

,~ausal systems n~ver are) and accomplished from the itart 

coordinatio~s. and to the fact that none of thes~ carefully 

obsetvables ~nd ,' the diversity of systems or sub-systems, 

due t,;:, development implies, c,:1nfl í c+.s that · al l hi'.::-t-or· ic a I 

(or contradicti6ns) "The di·~equi 1 i b r i a 

system undeigoes in the ·torm of contradictions, 

disequilibr~tic~s generated ·by the perturbations that the 

operatory e~uilibrium to the explanation of the ~uccessive 
the pt·obl em fro~ the explanation o1 

only take tow quotations which confirm t~e I viill 

''p r ob 1 ema t. i ·i::¡1..1e 11 1>> i th t· 12'.;::.pect t1:1 the 1 957 te:,-::t. 

,:,f the :i.nd l C.,:;.te::::. 

in the book whose title L'Equilibration_~~§ F' i é<.get ( 1 '975) , 

general theory •of equilib~ation which was to be ~~esented i~ 

· 20 

· l 
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general theory 'of eq~ilibration whieh was to be presented ln

lnd 1 C-:<,t.e'=:. t.he of

"pt-c.blemat.i'=!ue'"IrJit.ht-I~:::;pectt.c,t.he 1957 t.e::-::t.•

1 will only take tow quotations which confirm the

t.he Pt-oblem fro~ the explanation of

operatory e~uilibrium to the explanation of the ~uccessive

disequi1ibrations generated .by the perturbations that the

system undergoes in theform of eontradictions,

"The di'::;equi1ibr-ia (or contradictions)

conf1icts that a11 histori~al deve10pment implies,
"the diversi~y of systems or sub~systems, obse~vables ~nd

coordinations, and to the fact that none of thes~ carefully

accomp1ished from the itart (~ausal systems never are) and

t.hat.t.hey'develop 2<.t.di ff.:::t-ent.speeds.(P. 18).
11 t.he s.u!;:. j eet. t.t-ie.::;t.o avc.iel

consequently tends towards certain forms of equilibrium, but

without ever achieving them, except sometimes in provisional

:. t.8.':tt~::.; eveh reqardinq loqic~l~mathematieal stru¿tures whose----~--~--_._~~----~-------------_.~-~----------------.

opens on tonew problems as a result of the operations that

elaborated selenee thus remains in continuous development

and in all domains ~i~~g~i!i~(i~mp1ays a functiona1 role of

impot-t.ance since it.t-equi tOes r-e-equi 1 i bt-B.t.ions.".

(Concl,-~s.ion,p. l70).
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in the first approximation of what biologists descr~be, 
senses, one could be tempted to think that we have here a 

aging associated with its. own interna! properti~s. In sorne 

words, the svstem has a natural time scale of irreversible 

" instants after- t~e beginhjng of t~e whole p~ocess; in othé~ 

furthermore, these Jumps can occur only at given time 

evolves toward a new structural and functional organization; 

it. spcintaneously and i.rreversibly a point of instability, 

must __ be stressed¿ __ is the __ fundamentall~ ir~eversible 
development~ viewed as a sut~ession_of_instabilities,_whicb 

self-organization of fe2<.tut·e "An 

The comments made by Prigogfne and Lefe~er are worth 

re,::iul;..te the b,:,und;..r·v candi t.ions. of t.he s.vst.ern". ---------------- , _ 
but_also __ t.he_instabilities __ must_in __ some_wa~ 

order to regulat~ such a passage, not. only must the systefu 

set o f distinct s.t.ates.".· This papet· poir;t.'::'.. out that. "it·1 

cells can evolve by a succession of inst.abilities through ~ 

dernons.tt·ate·d ''h,:,vi, in the · ·=out·s.e. o f devel,:,r:·ment., .a s.ys.tem o f 

Her e, ( 1975). vol. 2·:1 Advances_in __ Chemical_Ph~sics, 

t.heot-y o f e·::¡u i 1 íbr at ion of co9n i ti ve s.tt·1.~ct1At·es .•. i::•.n · 8.t-t i e le 

In t.he sc1.rn·~ yeat· t.hat Piaget pub J. i.s.hed. the ·~enet·al 

Th~ dis~a1Jilibra~ion_of_dissipative_stru~tures -------------------- IV. 

21

IV.
In the same year that Piaget published the general

t.heot"y of e'::¡ui1ibt"atoion of cc.gnit.í\/e =:.t.t-uct.'At-e=:."c'.n'i=<.t-t.ie le

by Prigo':J.ine

vol. 29 (1'3'75) • Here, t.he

authors cornment ón a paper by Martinez (1972) in which it 'is

eells can evolve by a suecession of instabilities through ~

seto qf dist.inct. st.at.es.". This paper points out that "ih

order to regulat~ such a P2ssage, not only must the systefu

t-equli=<.t.et.he boundB.t"V c(.ndit.ion=:.of t.he =:.v=:.tern".__ ~ L __ ~ .

The comments made by Prigogine and Lefever are worth

"An import.¡:I.nt. fe8.t.Ut"e self-organization B.nd'

a point of instability, it spontaneously and irreversibly

Evolves toward a new structural 2nd functional organization;

furthermore. these jumps can occur only at given time
"inst.2t",t.SC<.ft'~.t-.t.he b.:2':J.it-,nin';of t,he !fJhol.ep;'"oees's.;in ot.her

words, the system has a natural time scale of irreversible

aging associated with its own internal properti~s. In some

senses, one could be tempted to think that we have here a

first approximation of what biologists descr4be, in t.he



following development of the theory. In a series of papers 

V FluctuationsL_instabilit~_and boundar~_conditions. 

the ~xternal environment (boundary conditions). 

structure) also regulates the exchanges of the system with· 

instability (peri6d of transition towards a new - The 

- The .structuril changes take place according to a 

by new perturbations. 
structure that remains stationary until it is de~stabilized 

generating a ne~ reorganization of the- system, t.,:, a 

The pr,:o::e~s- is in·evet··:;;ible; the ins.t..::,.bflities leE<.•j 

instabilities. thE<.-Í:- p2.s.s. "t.ht·,:,u9h e<. s.et ,:,f dis.t.i:nct. s-t.ét.tes." 

ét. as t.8.kes · p l-ét.ce· E vol ut i on 

e,:¡ui 1 ibrati,:,n: 

of the cogriitive system according to t.he Piagetian theory o1 

t.he tc,t.2.lity ::,f the el~ménts t.hét.t chF<.t·.:1.ctet·ize the ev,:,lutic;n 

is even gr~ater. In effect., ~e have he~e 

with of 

· L i jj +·L t ti t -rnF-'· -· .,_ 1· -t• t.,-_, . ::._- ,._-,,-_1· ::._+ __ . .::._ thi:<.'t- l>Je m 1 •:;lr"1 :. F<.• , .-r"ti:t. •. •. ··,e ··'= ,1 • '-·<='. ,_. •-• 1 ~· ~· 

arid structur·F<.l 1 eve 1 s. o f i nto2gt· E•.t ion o f 

· ~ t t ~-~ + .. ~,~- ~_-uccessive 
t · t j- L· l. -,L· l \' ,-_,t·,;¡~.•·11 -_¿i;:!t.J --:= .• ¡:..e'=.. ~• - r evo 1 u .· 1 ,:,n .. ,:,wa t·, =-~ r 1 '::,r I Y ~· • 
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evolution towards highly organized states, as the successive
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éI.nd

funct iona l~=omp 1.2>:: it.y.11

-'j t'l t ti t F J. _. J_ l' - t- t..'_-1 . ::'.~_-.~_-."_-'l-_iat.e t.hél.'t-\.LJe rn i .:;ht. éI.'::l' .fICt. _' _' '-1e _.em 'I .. c:'. l.. 1_1I ~,

of wit-h

Piagetian theory is even gr~ater. In effect,0e have he~e
. . ,

t.he t.clt.alit.y of t.he el emént.s t.hCt.t.ChCtT.;:;ct.et-i ze t.he evo 1ui:.ier'n

of the cogriitive system according to the Piagetian theory of

t.akes' as él.

The pt-oces:;.is it-t-evet-':=;ible;t.he ins.t.¿<.bí'litiesle<:t.d

reorganization of the. system, generating a ne~

structure that remains stationary until it is de~stabilized

by new perturbations.

- The ,structur~l changes take place according to a

ternpot-al scale

t.he syst.ern11 •

"as.sociat.•:::d~.Jit.ht.he int.ernal pt-opert.ies. of

- The instability (period of transition towards a new

structure) also regulates the exchanges of the system with

the external environment (boundary conditions).

For our present purposes we will. only refer to he

following development of the theory. In a series of papers



well established for the cae of chemical processes. However. 
There is no ~oubt that the mechanism described above i~ 

fluctu2.tion'.::'.- drive the 8.vera.::1es.". ---------- - ------------------· Here, on the contrafy, 

average pro~ides an adequate d~scription of t~e system. 

the 1law of large numbers'. When this law is satisfied the 

We may consider such processes as expressin9 a breakdown of 

their new macroscopic state. We see h~re very ~learly th~ 

introduction to their book ·the authors make the : In the 

~ , 

seontaneously in the _system'1 CNicolis & Prigogine, 1977) 

. . 
of the fluctuations fron ·the Poisson distribution 11 and to 
instabilities in macroscopic systems is dueto the deviation 

t.hc1.t is ,:,f. "the conclusion 

instability. The size may t(igger the appearance of ah 

important r~swlt is that only fluctuations beyond a critical 

that the behavior of fluct~ations in hon-linear systems fai 

syste~s led to the ide~ Detailed studies ~f-che~ical 

i ns. tab i 1 i ti es • 

i::-he rnechét.n i sms. t.hc1.t. on the in pa1··ticul2!t·, 

fluctuations in the formation of dissipatiVe structures and, 

to hc1.ve attention appears 

written by Prigogine, Nicolis and collaborators, the group's 

.-.•...')
¿"..._I

written by Prigogine, Nicolis and collaborators, the grc~p¡s

\
l
I
I
i

attention appears cent.et-¡~d on t.he

fluctuations in the formation of dissipative structures and,

ins.tabilit.ies.

on t.he rnechi:<.nisrns. t.hi:<.t. t.he

Detailed studies of'chernical systems led to the ide~

that the behaviOr of fluct~ations in hon-linear systerns fa~

from equilibrium depends on their 5pace dimensiohs. Th~

important r~swlt is that only fluctuations beyond a critica1

sizemay tfigger the appearance of ah in5tability.The
is t.hi:<.t."t.he ons.et of non-e,=!ui1ibrium

of the fluctuations fronthe Poisson distribution II and to

i
.i •~EºniªQ~º~~!~in the .5ystem'l (Nicolis & Prigogine, 1977)

..In t.he introduction to their book the authors make the

followin';?comment.s: "Beyondt.he inst.B.bilit.y, t.he st.a.t.istici:<.l
fluctuations increase

their new macroscopic state.We see h~re very 'clearly the

We may consider such processes as expressing a breakdown of

the'law o~ large numbers'• When this law i5 satisfied the
average provides an adequate d~scription o f t.he 5ys t..:::rn.

There is no doubt that the mechanism de5cribed aboye is
well established for the cae of chemical processes. However,



(with increasing numbers of waves) until 
in more an more cha6tic stage to once again re-or9anize 

structure of the movement of the fluid, passing through a 

Proce~s continues as a succe~sison of 

the movement of. the_ fluid becomes a certair, 

without int~ruption in a ~ontinuous_and linear manner. After 

then becomes chaotic when the interna! temperature gradient 

2<.nd í n í t.a l s.t8,te 
fashion. The pattern of the curr~nt in the fluid in its 

in a continuous _and intrease gradually Wci.l l is 

the.temperature of the outside gradient is, _absent. Then, 

the fluid rotates togéthr with the tank and the femperature 

The experiment starts from an initial 

temperature, _and the outside wall. 

be established between the axis, which is kept ata constant 

allows a temperature difference, which can be regulated, to 

and the axis is filled with· liquid. A thermoele¿tric devie 

mechanism. ihe annulus between the.outs{de wall of the tank 

axis and· arotation wi th e<. 

the ase of 'a thermo-hydrodjnamic system coniisting of a 

inverse mechaniim. This is experiment that demonstratés an 

1 ':190) to .an We have referred elsewhere 

and instability does not seem to be universal. 

the relation cause-effect between the growth of iluctuation 
/ 

!· 

/

I

the ~elation cause-effect between the growth of iluctuation. ,

and instability does not seem to be universal.

We have referred elsewhere 1990 j t.o .an

experiment that demonstrates an inverse mechaniim. This i5

the ase of athermo-hydrodynamic system coniisting of a

cylindrical tank, w i U-, B. axis and arotation
¡:

mechanism. The annulus between the outs{de wall of the tank
'.and the axis is filled with' liquido A thermoele~tric devie

allows a temperature difference, which can be regulated, to

be established between the axis, which is kept at a constant

temperature, and the outside wall.

The experiment starts from an initial

the fluid rotates togéthr with the tank and the temperature

gradient is .absent. Then, the-temperature of the outside

fashion. The pattern of the current in the fluid in its
inital state i5 cir¿ular (when observed from aboye), 2<.nd

then becomes chaotic when the.internal temperature gradient

without interuption in a ccntinuous and linear manner. After
moment., t~e movement of. the fluid becomes

structure of ~~e movement of the fluid, passinq through a

chaotic stageto once again re-or9anize in more an more
(with increasing numbers of W2ves) until

reaching a final state of p¿rmanent t~rt~lence:



at 

is 

,¡ 

. -,e: ....;.._. 

s.tc1.b1e tt·E:<.ject.ot·i_es. The fluid is "ordered" once -mot-e, é<.nd c1. 

random motion until there are furt~er coincidences with 

fluid remain .on that traj~ciory. The others continue their 

As a result, thóse parcels of the acguires_at __ that_moment. 

r ancíorn , w i Ll coincide with trc1.iectot·i,2s. that 2<.re s.t.2<.ble Hith --------------------------------. ------- ----------- 
some of these diSpla2ements, disp1aceme0ts. How~ver, 

instabilit.J oPens up the p9ssibility of alf ·sorts of 

l>Jhat the is- a 

the f Lu í d 

;· 

' Obviously the __ instabilit~_provokes random motion. The 

forcing function imposed by th~ varying boundary conditioni. 

i The system is driven by a generated b~ the instability. 

Cha os the __ fluctuation __ increase __ and __ not __ vice-versa. 

[, 1. 

·=--ePc1.t·2,te it further f r orn í ts i=·a.th. He,-·e, -_ins.t.::c.bi_lity_meike·::::. 

small, is submitted to forces that fluctuation, however, 

separated from its t~aj~¿tory by a par¿el of the fluid, 

pattern which destabilizes the movement. Th1s means that a 

critical value ~f outside temperature 

within certain ranges of thermal gradient. 

with __ fluct0ations, Each pattern is maintained, sys.tem. 

in . u-,.~ temperature that 

s. i nce i t is th.e 

'-In this experiment; the_ boundary conditioris play an 
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In thisexperiment, ~he boundary conditions play an
J!

since it. is t.he incre2se in the outsid~

temperature that
sys.t.em. is m2.int.2.i n,=:d,

Th,=:t-e

critical value ~f outside temperature fOI'- e2.ch

pattern which 1~~iª~i!i~~~the movement. This ~eans that a
pareel of the fluid, its traj~ctory by a

fluctuation, however, small, is submitted to
separate it further from

Chaos.
generated b~ the instability. The sys.t.em i~.dt-iven by a

.forcing function imposed by the varying boun~ary conditiohS.

"
,

Obviously ib~__iQ~tª~i!itL_erºYºt~~random motion. The
t.he fh-lid follow disorderly and arbitary
vJhat. we have is. 2. t.he

inst.ability opens up the pqssibility of allsorts of
displacements. How~ver, sorne of these displa2ements,
t- andorn, wil1 coincide with traiectories that are stable with

-----------------------~---- ~------------------ •• 0'-

As a result, those P2rcels of the
fluid remain on that traj~ctory. The otherscontinue thei~
random motion until there are ftn-t.her coincidences with
;:::.t.c<.blet.t-8.ject.ories.The fluid is "ot-dered" oncemot-e, 2<.nd2.
Ctwrent. pat.t.etTIiss.et. it",t.hat.will m.:<.int.ains.t.2.bilit.yw.,til
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•=oni:.t·a,jictii:,ns. refet· te, t.he. interpret2ti,:,n of b ad l v rec,:,t·ded 

s t. r uctur· e ne•,, ope t· a. to t· y (. .. ) 

cannot solve problems that. occur t.he ::::.ub j ect 

These contradictions arise when fhe explanatory system df 
as a factor destabilizing the system. of equilibration, 

indicated the role of contradict.ion in he Piagetian theory 

,:,f t.he subje,=t wit.h the. "óut-s.ide 1ric,r-ld". We have already 

the boundary condit.ions are determined by the interact.ions 

, The_e'-l:01 ut ~,:::in_,:,f _ the_c,:,sn i ti ve_sxstem_ ir,_ t.h~_C·'=''=-e_of _a.,-~, 

individual subiect 2p6eirs to obev similar· mechanisms. ~ere. ·----·-------·----~--·----!..----- ·-------4 ...... ------~-------------- . . 

where the flows across the 

us to expl~in the evolutioh of much more complex QE~Q 

hydrodynamic system that wa have looked at here has allowed 

and c,f t.het·m,:,- _t· ec, r ':3·=<.t·, iza. t. i ,:,n de:::::t..at,i 1 i za t. i ,:,n 

of inter·preta.t. i on Th i =-· 

generat.e the situations of instability. 

boudnary of the system modify the fnt.ernal gradients and 

conditions is clear enough. The heat flows across the outer 

The role of t.he boundary remain bounded or will grow. 

instability that determine whether t.he fluctJtions will 

In this experimeht it. is the conditions of stability or 
2'.Ct i[c,n. 

ths. t. at· e with fluctuat.ions -~t<:<.t.e rno t. i ,:,ns t.,:, s t•2a.dy 
/ 

~------~----------~--"T)-~-\\
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1,

2E.

with fluctuations t.h.s.t.atOe

c..ct. ipn.

In thi's experiment ,it is tMe conditions of stability or

remain boundedor will grow. TMe role of the boundary

conditions is clear enough. The heat flows acrO$S the outer

boudnarv of the system modify the internal gradients ~nd

generate the situations ofinstabilitv.

Th i =.. ,;::,f

de~.t..::o.bi1iz::o.1:.ion and t.Me
!

hydrodvnamic system that wa have looked at here has allowed

us to expl~in the evolutioh of much more complex ge~Q

)~ wherethe flows across the

individual subiect ap6ears to obev similar mechanisms. Here .
._-------------~------~----~------~------------------- .
the boundary conditions are determined by the interactions

indicated the, role of contradiction in he Piagetian theory

of equilibration, as a factor destabilizing the system.

These contradictions arise when the explanatory system o~

t.he ::::.t~bj ect. cannot salve problems that. occur in neltJ

ne1tJ ope t-8.t.ot-Y st.t-uct.tU-e L .• )
l.

coni:.t-aojict.ions refet- t.o t.he.intet-pt-E'::t.at,io:ono:.fbadl V reco:.t-ded



this is an:issue requiring ~xtensive develoPment and wé 

theory that has .been the theme of unending discussions. But 

that, in my view, may clarify sorne aspects of the Piaget.ian 

role of society in psycho9enesis takes on a new perspective 

environment that determin~s its boundary condijions, the 

an phys. i cc1. l immersed in a social subject as a syst.em 

If we concei~e of the co~nitive system of a~ .individual 

or p,: .. :,t·ly e::-,:plai.ined fai.ct.s ( ...• ) then a new cc:1.u·~·=<.l z t.r uc t.ur e 

·-:,, 
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If we conceive of the cognitive system of an .individual

I

subject as a system in a .=:.CiC i .::<.1 an phys. ice.. 1

environment that determines its boundary conditions, the

role of society in psychogenesis takes on a new perspectiva
that, in my view, may clarify some aspects of thePiagetian

theory that has .been the theme of unending discussions. But

this is an issue requiring ~xtensive development and we

shall have to leave it for anot~er occasion.


