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asheral way, the fundstientzl .phesomena of  1ife cam be
conzidered az & conzequence of thiz fach'.

The problem  formulsted by Bertaianffy 12 how

i
1
o

1
ot
QZ:

that i=  far from  thernodvranic equilibrium may ramsis i &

steady ztate arnd in corstant sexcharos of matari:

i
i

1 a&nd ernaray

Pl
.

with the mmtarmal &1 1 SIS

zZiz= 1% laraqae

ly

irreverszsible procezzes. whose svstemztic arnsly

dus to the impulze it wasz given by Frigocgine during the mid-

1940z, gave & precize answer bo thiz guestion (Prigoai;e,

1947, 1955). ' o i

furndamentzlly restricted o fthe ztady  of 1

Procoine ) tates of Itz sapplicatice 12

The therpnodyrnamics of

s" .



'

14

. ol N o e

limited +o the  domain of

part 1Lu1ﬁr15.’df izolzted syzhens.

3

The iﬁtFHuHsflaﬂ of the comcept of  entropy by Clauzinz

permitted the definition,.  in thiz formuiation ™ of

thermodyrnzmics, of & mathemsticzl fumcticr  that  remained

S

conztant in Lhe reverszible proceszzesz and which  incresze

monctomically inn the irreverzible proceszez (Snd. prifciple

of thernodynamics) . Apelisd to the “emtire umiverze®, this

Frimziple led 5] Thnmp Swlal _iLord Falvimn | to predict

"tharmodyrnemic death':s  in an 'taiated zystem equilibrium iz

reached when  enseray iz wuniformly disztributed, implying the

dizzogresaticn  of 211 the structures. It is thuz
urnderstandabl & that ulnln; =tz have zustainad ol 5T

inapplicability of +hﬁrmndfn~m1|f oo bicloay, since - as
Bertélanffy Qrdté -'é‘ llv‘hﬁ fhlnq remaing o as zuch  and
conzerves & shable structure baecausze of combtinucus sxchanas
with the eﬁtérnal sy lronmant,  that iz, becauy ize it iz an

In ths study of irreverzible proceszes, FPrigogine

gztablished am . important distinchtion betwessn the gtate of

tb:Lmugvrqu; gouilibrivum  and the  zhbeady state of 2 zystem

It the Hublzr'flnn et Lored, FPrigogire arslyzes ity

" may be  charzscterized by am

particular steady

1

stramnum principle whickh states that entropy producticon has

& exchangse of ansro
E'virahmﬁﬂf Thi= i
ial or = ErEr gy .

of materizxl withk :
zyztam doasfﬂat estcharioe mat




v"
it= mirimum value compahbible with zome au=ilizry conditions

e

pacified in  each o

+
2
ng
ig
m

i
T

2" {p. 7). The result  that
ibere=ts wus  kere iz bhe demonstraticn that "whern 8 sysztemn
iz irm & =zhtate of micdoun EHfrﬁpu produ;tion, bz 1t cargeat

leave thiz state by. & spontanscous irreversible chaaoe. IF,

az o tresult of  =zome Tluctusbion, it deviated zliaktly from

w

thiz ztate, irternal chamgss will take place and brivag back

the z=vstem to itz 1n1+ =l ztate, which may be  referred to

az a zhable ztate. the transformationzs which coour in such &

Thw zimilarity betweer t

e opreceding explanation of the
. ] :
Eheady  shate owtzide thermodyrmamic wﬂullxbr1um ard the

opsrabtory egullibrium ﬂEE:rlbwd by PFizoet iz =ztrikira. In

bath  cazes  we have §i§£é£;~_2£_~_§ZQimlC“»w:iulll§F—Um
characterizad By - owhat Frigogine calls "stable
tram=fornabiconz" and Fizmast refers o &

=z Ureverzible
+rdn:fnrmd+1an" In"both cazaz  these are oo more .thaﬁ
trandrurna+1nnr carable DT compenzating for perturbatianzA(I
will returm b this thiemne rurfhw‘ Dﬁ).

Thez bG;k=CDH11H|EE with é zignifitaﬂt paragraph: "it iz

i regicms 'of space where such staticnary states cccur that

we may have & specially hish.ocrgamizatior messured by & low

Lo have = spacizl.  ilmportarncs from the point of view of the

aevalutian of life" {op. cit.,xp.~1ﬂ?).'

mn
1T
i
1

Myoe  agailn here we o Can T

"proElemnatique pozed by posed  ared by‘ Friacaime at o T

iderntity of the

- e
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yeten {(coomitive, i one

]

1260z how doss &

il

beairming of th
crse, cemiczl  and biclogical, in the other) achisve &

ztable craznizaticrn and maintain it. Towzrds the end of the

I B

1

zohoal Rad

X

in
i

L]

n

decade. bothl  tlhe Geneva school and the B

widered the range  of  the “problenztiaus which waz tao

develdq orce sazsin with an intriguing parallelizm.

It =action I, I referred to the theory of sguilibraticn

of logical  structures, showing | its indepaendence  fram  the

explatigticn, given in Logiaue =2t Esuilibre az to th

10

mechamism that determimes

it
3
]
1t
i
1
il
in
4]
[
<
it
i
i
D
L
- fhme
[
oot
[N
T
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4
ot
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D
=
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urntil operatory equilibvrium iz reachad {zequential

proababilizstic pracesszes). The mechamizm iz plausible bhecause

¥

e amalyziz iz reztricted to & =zuccezsiocn of  loaical

structures. Howsvetr, it lacks explanagtory capacity when mob

]
—'.

otrly operatory eguilibrium i Lo dealt with, but 2 gsneral

-

theory of the coanitive  svsten proposed: then the weakrnessz

of fhe esplanatory z2cheme becomas evident. Dezpite the rizk .

titive, it iz mecss=zary bo. insist that neither

of being  rep

i
0

"

Y __eEguilibeiun, oy the

interpretation of Lthe succession of

robebiliztic  esplansticon. In the wider theary, thiz

explamatior can ke sasily. abandored. bBub ot the
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Towards the  end of | the 19602,  the reszesrches  of the

Internaticrmal Centre of Geratic Epiztemalogy waerse to
concentrats o bhe shtudy. of causslity snd  =a proFound

rethinking &Ff  the prqblemz ifvalved inm be 1ev~1upm~ﬂ+ af

the coanitive syvzten. This was to be the  zource of  the

Fizast amticipsted the tread For thiz reformulstion Frorm

bz vy mume it that  he anmouncad “hie refovaticr  af the

Field of studiez'. At the and. of Miz aut@bioéraphy {(FPizget,
’ o

i"Theze‘perects for the fubure ars mu1+1p1H atrvd varied,

I will only mErticr ore whickh. for me has already produced

the affect of & rencvaticr in the  ares  of L-qn1+1Vﬂ.

oEEtratioczs themzelves, While ztudvicg  the desvelapment of
logical ~mathamatical épératiaha, Wwe have above a1l obber
izzues insizsted ﬁﬂ~+P‘ Epotitanecous activitiesz of tle sk ject

Tince, it effect, we are dHHllhﬂ With the results of iz

actlﬁn— a2d hiz thowakht., But aftepr cld zand mow surpassed
wark, we  bave Fot dealt much with causality, hegirming With
the cauzal feffecta» of  moction itzelf amd  Fot o with fha
Lﬁtaﬁﬁallloéiﬁ = f é:tioﬂ.v_Eut céuzality iz an ‘GPE'atiQH
attriboted to abje:leand not'éimply Epelied to tham. T

aticxlly take up orca more Lhe study of cauzality di=

‘.‘:

Iﬂ

A

h.’

thodz b beain e analysiz of coarnitive development zaz:in.

bt mow sFrom the point of view of the abject arnd ot that of



urdi Fferentiated cognitive  structures

re

;

ar immernse domsin which may well hold
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many surerizezt,

Fart of the rezsésrches . on causality wers publizhed in

vari;uz volumes, &and  many. whose  analyszes he  did  not
&on:lude; dere " fot  edited. Thiz iz (Ehe . stufes of Lez
E:x El;:gt;g[__ggggélgg (PIBQEt"GE%CIE- 1975y, Irm the "QVsrf
Fropoz" Plagef‘declarez.

CMhhe developmernt of  rcausality prezents much more
dlleLHl* prnblw mz  thar the  shudy qf'thevoperatiprz of fhe
Eubject {...) Tao explain & ghvsical pheronsmoe cértaihly

suppozes the emplaymeﬁt of _Such oparations (...) But tha
responzes of Lthe obhject ars ddwd,'éﬂd thiz iz ezzertizl’.
The rew  "problemstigue” was  to be .develop&d' o bhe
baziz of the abb?e, beﬁause the azsimilaticn of content dgez
igale con51;t of c& Frocess of chcezsive partisi
aquiiibratf&ne that 4HﬂFlHdH‘1H & ztate of “flril‘ stabkle
equilibriun. The cogmitive'zyztem\az & whole (Lhat iz,-rnrm
arid tomtem?), :d*"nmm~ suc:Geéive.de—eqUilibfatiDhs,

"Thiz problan af  the  pazzaas from initislly
&

i.ﬂ

a zource of internal oppoziticnz, Lo stre wstures whick are at
the =zame time differentizted and coordinated in & coherent

S, in»3reality dominsbes 211 mental developmant in 1t

n

furdamartal proceas:s of Frﬁarezsive ea 4111br"f10ﬁ,,periadic
dizegquilibriza ard comstant re-equilibrationzs! {p. 120,
Wz the problenm iz - formulated in thiz  mareer,

gauilibration beccpss__the cenbral _erobler

dize:

b




propabilistic interpraetation

itz explanztory powar. The theory bas ftao be f
froo the begirming. ‘

Tl =

(=3

zsufficiant evidarcs of thiz.
"I all domains roticns of
wundi fferentiated from thie .

TR WN = _ er'u:ll'r:."

+

explicit combradictions to different degre

11
L]

L=

in

"the driving  force of  the differentizstiors
zolidarity with the coordinations

zhould be

proazeszes bthat pravoke

corbradictionzs iz, in effect, to

Frew eperaticeal structure’. (@, . 123 .

hee two o volumes  ar
(Pizaet, 1%74). We will only take fLwo  aucktationzs

il
fa
1

14
-
(]

y define the cbjectives and the conclusidn,
"The =

objective  of thi:. wark iz to

-
14
Jred

_____ &

100

& o Lhowaht”, (Introducticng .

Yo ee  bhe examirnaticon of the relaticnzhis
contradicticon and  dizequilibriz iz comelemsrtary Lo
relaticnzships  betwesr  the 'reveraibility of  fLhcogoht

equilibration". (. I-100,

CTheesse  Lwo

Rechérchaa

Fecherchez sur . la combradictior.

ictadd Bheory

1réady ammoumcsed ine thiszs book. Thiz followireg guastationzs ar

zoabt in s

the corntradictions!

Ao comstruct g

latt

e look For

armuelated ar

clution  to the problem  of dizequilibraticn iz

-

ztructgrés,

mEx imelicit  ar

ard their

=

ct

1]

-

corbradictiog

whiich

the

wdicticrn zond the diseguilibria of

ad

it
-
o
1
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Fiaget (137%), in the book whose title L Fqul ibration_des

Structures - _Coamitives indicstes Pl charge of
vproblemnatigue” with reszpsct to the 1957 text.

I.will cily take  tow guotztions .whlch ébnfirm the
diz quu_mwnf aof the éroblem 1o thé planation o F
aparatary eﬁuilibrigm Ufo T expl~n~+1ur af the:éucc:ssive
dis qu111br:+1nr generated‘-by A aT= 'perturbatiéﬁa that the
zyzten undergoes in bhe form of cuntrédictions,

"The diseguilibria  (or coﬂtradictibnz) result i ths
comflicts tﬁat' Hll biztaorical developmemt ;mpliéz, e Lo
ths div~r"1+y of zystems  oF sub-zvstems, Cchzefvablez  and
coa:diﬂatiahs, aﬁd to the fact that rmone of these carefull?

dL_UmFll"th Fram th

il
in
l—"'
1
o+
13
1
v
i
ot
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g
=
4]
i
i
i
il
o
L

that Lty deHlHP at different zpseds (. 18).

"oeee  ERe  zubject tries  to avoid  dincohersnce znd

corsequently tends towards certain forms of eguilibrium, but
without ever achieving them. except zometimes in provizionsa

zhages eveh_reqardiﬂg 1uﬂ1cal-mdtfwma ical *P"ufggggg*@bggg
oRetts ot boonew proddlaemns as g result of the operaticons thatb

coagld =€illy be comstructed on the pruceulﬂﬁ s, The most

zlaborated zocience thus remsins  in conbtinucus developmert

atvd i &ll domains dizeguilibrium plavs & functionsl rale of

th

1Y

first importance since @ it requires re-equilibrations”.,

0o ludziaorn,. e 17000 .

B



by Friacains ard  Lefever called "Stability and Self-

Oraamizaticey in. Opern Syshtems"  appeared s the publication

fdvarces_in__Chemical Fhysicsz. vol. 2% (197%).  Here, ths

authors comment Gan & paper by Martimez (1972 in which it cis

demormztrated "how, im the courze of development. a sysztem of

—=ll=z can evalve by a zussezzion of instabilities througah &

zat of diztinct state=". Thisz paper  poinbz okt that il

quoting here,
YEr impartant feabura of zelf-oraanizaticr | and’

develoapnernt, viewsd &5 83 succezsion of instabilities, which

& poinmt  of imstability, it sporbtarecusly  &nd irreverszibly

evolyves towatrd a mew structurzsl and furmctionzel organizstiorn

furthermore,. theze Jumpz . can ocoour only &b given time

‘ .
irstants after - tihe bhegirming of the whole procesz: im0 obber

words, the sysztem hazs & natural time sczle of irreverziblea

ag3irg sz=oaciated with itz own interval propertiesz. In zomnes

0

erEes, cope coudld be tzmpied to  tink that we kave here &

fir=t apptozimaticn of what biclogizts descrdabe, i the
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svoluticn towards highly orgarnlzed te

1
L}

wales  af 'iﬂtreagiﬁg zhtructurs ad
Furctional comnplexity.
e migkt  add that  the temphtaticsn bo ‘azzociate  that

“impartamtél characteriztic  of 5e1f~ar~aﬁizatianf with

n
il
o+
i

f bheory  is even aréater. In effect, ws have here

Fia

1y

l+
i
ad
[}
]

zlity of the elemarts Lhat characterize the evalution

[x}

f the cognitive syszhem according to thse Piazgetian theory of
equilibratices:

1t
n
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- Evaoluticrn takes  place

imstabilitissz that pazz "througk
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to a recraanization of  th=e. systan, gererating &  Ew

8]
a

d

it
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structure that remains stationary wnbil it i “stabilized

by rew perturbatioss,

- The | structurzal charngass take place according o &
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styructureal z5lszo regulzbez the sxcharnges of the svsham with

V Fluctuzbionz, instzbility and bourndary cornditions.

For our prezent purpcsss’ we will only  refer to he

followirng developmnent of the thaory. In'é zariaez of papsrs



writter by FPrigcogire. Nicoliz arnd callaberators, the aroup’=

atterntion éppeakz to have capmterad o the  roale of .

Fluctusticrns in the Fo «t maticon of dizzipative shructures and,

10

i particulasr, or the mecharisms that fr et .k

instakbilitis=z.

i
Ly
-f.
ot
o+
-
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o
o
1Y
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Detziled studi ies Df'chemical svebtams 1

that the behzavier of fluctuations in Roe-linear sy=tems far

fram equilibrium  depsnds o their space dimenzions.  The

ue

importaert rezult iz that only fluctuatinﬂf By 2 ocritical

zize may trigasyr the appearacce of  a’n inztabkility. The

cohclusion = Lt " crzet of ror-eaui Tike ium

ins +<b11 tiez in macroscopic systems iz dus to the deviation

of the fluctuationz from  the Foizzon distribubicr  andd boo

zpontanecuzly im the zyvstem" (Nicoliz & Priacgins, 1977)

‘I the intrcduction to their book the authors make the

i
"
-+
m
ot
e
idt
v
=
I
it
ot

follaowing comment S:f“Bwynnd e 1r5t5bilit“, th

fluctuations increaze i Lime zad flnallv drive averaages too

their rnew mnacrozcoric state.  We zee  here very clearly the
menzing of  Lhe concept of crded thirouwak fluctustions (...)

We may consider such processes as expreszsing a breabdown of

l-f
o
Hy
ot
f
by
=t
Iy
at

ras - mumbers'. When thiz law iz zatizfied the

averags provides  an adeguste dezcriphbion of the syztam.

il

ers, o bthe comtrary, Tluttudtlunn_ﬂrlvﬂ the aversgsz".
Thaere iz o doubt that the mechanizmvdezcribed abave iz

wzll estaklished for the cae of ‘hemluml EroOcesEes,. Howaver,
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e relaticr cause~effect between the growtbh of Fluctusticom

b zoam o be unidversal.
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We have referred 2lsswhere {=Ff. Garciz, 19307 Lo an

axperimnent bhat  dencestrates e irverze mechanizZm. Thiz iz

g

1,

th

i

a=
cylindrical  tamk, -~ with & cernbral axiz and arctation

mechariism. fhe artidluz betwesn the ocubtzide wall of the tank

-

atd the a=iz iz filled-wiﬁh*liquid. A thermoslectric deviea

§ . .

allows & Lempersture difference, which can be reaulated, ta

o
14
i
n
+
i
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iz, which iz kept at a conzhtant

The ssperimasint  starts from am initial  =zhste in whick

the fluid robtates togethr with the tank and the temperature

]

gradient iz. abzert. Thern, the. temper

f ‘& - thermo-hydrodyhamic systen consisting of &

ture  of the outzids

wall iz imcressze gradually in & combinucus  and  li;ears

11

fashiar. Thz paftern-of» the current in the  fluid im 1L
initzal s=tzte is_cirdglar (wher cbzerved from aboved,  and
than becomes cﬁaatic whgh the interrsl temperatLte gradieht
excaaeds & - Certain valug., The gfédient cortinues to increaze
Wittt iﬂtéruptian in‘a Cahtinuauzraﬁd lin&arvmahﬂera ﬁf;ér
& certzinm - (Tl (1T ke tﬁe movemenf of..thev fluid becomes
oraariized ir & wave patters fwith two or thees wavez). The
prac:;z.cqﬁﬂinuez az & zuccesszizon o of “ruptufes” of bk
=tructure of  the mavemeﬁt ofvtﬁe' fluid, passing througb 2

chactic ztage to once  2asin re-arganize iR mare & Mo

reaching a final ztate of permanent turbulence.)

comp lexs patbarmz (with irncreazing munbers of  waves) wetil




CIn thiz  ewperiment. the boundary conditions  play  an

i

important role, zirce it iz tkhe incresse in the  outzide

tamperature thaﬁ it roduoces bhe Yemarturbations i the

zyztem. Each patbterm iz mairtzined, with_ _fluchuationz,

withir certainm  rarmes  of  thermal gradient.  Thers iz A
critical value of outzide temperature increase for  eachk
pattern which deztabilizes the movemsnt, Thizs means that

parcel of the fluid, separated from  its traiectory by &

fluctuation, howaver, =small, iz submitted to | forcez  that

separate it further fram - its path. Here,

the_ fluctushticon _increazse _sod nob  vice-verza. Chacos s

memerated by bhe imstabkility.  The svztem iz driven by =&
Forcing furction imposed by the varyviog boundary conditions.

Wy does the system re-organize?

Obvicusly the _imstability srovokazs  randon moticon. Tha

trajectoriéﬁ. Wiat we have iz & situstion of chzaeoz:  the

ihztability=_aéaﬂ5 uEp the

(a2
n
2
.
M

dizplacemerts. Howsver, zome of  bhese  dizplscemnsen

Fluid remiin o that frajectory. The obbers conbinue theis
rarvdom mobion Tuntil there  are further  coincidencez with

e The fluid iz "owrdered" once more, and a

ztable trajectoriss
currernt pattern iz zet in bhat will maictain =tability until
the aradiert reschez rew  oritical valuss, "Stable" referass

e ——



CMoonpernzated
act lion,
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irztabilitylf
remnain bounds
copnditians

boudnary of

hrydraodyrnamic
sxplai
systemnz (cf.
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radictionzs

fluctuations th r
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itk T

tharmo-bydrodynamic foarces  in

e insernt comditions of stability or

fluctatians

Szt determine whether o the will

g ar will  arow. Tha role of  the boundary
Clear eﬂough,_Thﬁ }e t flows acrozs the outer

imternal ‘ad

i+
1]

1|]

b

foam

m

mocti fy the aradients

ati wztability.
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ﬁ
ot
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1rF~rprwfatidn- Cof +hy of

|I;

.m

]

in

D therma-— -

T st reorgarniza o f the
]
zystem that we Fhave 1ooke t here hiazs 2l lowed

nothe evalutial musk more comples

D] 'F

Garcia, whars the flows acrozzs

uil:t_gf_tﬁf_L:”Ei££_§u§ﬁéﬁﬁm,lD-EEE_E _____ of _zm
ET:Lt,éﬂéééié_tg_ugr“_§iﬂ£léE«U§Ejéjl§u§= Here,
conditions are  determined by bthe interactionsz

world'. We hayé already

Tl

role of  contradiction inm he Fizagstian theory

1o, aT =™ f‘:tar deztabilizing the =vzsten.
ictionz mrize whiern the sexplamatory  system oF
carmrot zolve | pyobklems  that | acour i iew

mist copfront, comtradictions

mew operatory structure (...0) When the

refer to the, 1n+wrp ztaztiorn of badly recorded
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