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A thermodynamicmodel of a plasmaboundarylayer, characterizedoy enhancedtemperature
contrastandOmaximunentropyproduction,@ proposedThe systemshowsbifurcationif the heat
Bux enteringthroughtheinnerboundaryexceeds critical value. The statewith alargertemperature
contrastllarger entropyproductiori sustainsa self-olganized3ow. An inversecascadef enegy is
proposedasthe underlyingphysicalmechanisnfor the realizationof sucha heatengine.
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I. INTRODUCTION

Two seeminglyoppositeOprinciples@ave beenformu-
latedto accordOentropy@ controlling role evenin the non-
equilibrium thermodynamicsof macroscopicsystems.The
brst, the principle of minimum entropy production, has
provento be a highly successfulnsatz powerful enoughto
predict a variety of self-oiganized structuresin nonlinear
systems. The secondthe principle of maximum entropy pro-
duction, Prst proposedby Paltridge’ also seemsto work
rather well for someRuid systemsthat may maximize the
entropyproductionby simultaneouslynhancingemperature
inhomogeneity Paltridge and co-worker§® invoked this
conceptto explain the heattransportbetweenwarm tropics
andcool high latitudesof the Earth;otherplanetsalsoappear
to prefermaximizingthe entropyproduction® Ozawaer al.’
pointedout that the maximumentropyproductionmay be a
generalconsequencef Buid-mechanicalnstabilities such
asBZnardconvectionor KelvinDHelmholtzinstabilities that
canwork asa heatengine.Dewa|8 developeda statistical-
mechanicalmodel of nonequilibrium Bux-driven systems,
where the maximum entropy productionis relatedto the
mostprobableOpaths6f transitions.

It is quite obviousthat somethingso counterintuitiveas
the principle of maximum entropy production,must be an-
choredin processeshat mustnecessarilyjeadto quasiequi-
librium stateswhich maximally departfrom thermalequilib-
rium. Stateshat maximizetemperaturgradientsseemtailor
madefor suchprocessesSincethe standardduid mechanical
instabilitiesseemto be ableto createsuchstates,one won-
ders if thereis a greatergenerality to the phenomenon:
Would, for example f3uidlike instabilitiesin electromagnetic
systemsalso conspireto createstateswith sharpgradients?
And if yes,will it be reasonableo try to understandsuch
statesas maximizing entropy-production?

In this paperwe attemptto bring into this generalfold
one of the most spectaculaexpression®f self-olganization
manifestedin the high-conbPnementhigh pressuregradient
tokamakdischages, the H-mode, or dischageswith an in-
ternaltransportbarrier!ITB".9 It is temptingto enquireif the
grossfeaturesof phenomenaof this genre could be Opre-
dictedGand explainedby the principle of maximum entropy
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production. \We carry out such an enquiry by studying the
thermodynamicef a simplegenericmodelof a Buid bound-
ary layer !region with large gradient® in which a specibed
heatBux entersform the left while the right boundaryis kept
at a bxedtemperaturdyy a heatbath.We will showthatthe
systemexhibitsbifurcation;two distinct stablestatesof tem-
peraturedistribution are possible.The total heat3ux is the
controllingparameterwhenit is greaterthana critical value,
the systemfavorsthe statewith a largertemperatureontrast.
We will alsoproffer a setof feasibility agumentsjn particu-
lar, we will discusshow suchpurely thermodynamiconsid-
erations!devoid of electromagnetisthcould be relevantto
H-modesandITBs formedin tokamakplasmas.

II. THERMODYNAMIC RELATIONS

We startwith the brstlaw of thermodynamics
du=10'" /w, 11"

relating the changein internalenegy dU with /Q, the heat
absorbedand /W, the work done by the system.We will

distinguishbetweenthe changesn statevariablesand other
general variables; the former !latter' will be denotedby
dX !'/Y". In this notation, the secondlaw is written as
1Q=T\dS! /S;" with T and S as temperatureand entropy
respectively The quantity /5,!" 0" denotesinternal entropy
production.Introducinga positive constant?,; measuringa
referencetemperatureye may rewrite Eq. !1" as

IW=10! TedS! 1dU! TedS"
T,
:%f&! Toei!S;! 1dU ! ToedS". 12"

The brst term on the right-handside of Eg. !2" gives the
maximumwork achievablen a reversibleprocess Carnot®
theoremi. Theseconderm!! T,¢/S;# 0", proportionalto the
internalentropyproduction,diminishes/W in anirreversible
process.The third term !dU! T,dS", consistingof exact
forms, doesnot contributeto the integral over any closed
Ocycle.O

For an openf3uid Iplasmd system,one could debPnethe
thermodynamiwariables! /W, /Q, U, S, etc! for eachmass
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element;thesewill be called Ospecibenegy,00speciben-
tropy,0andso on. Their variations!dX or /Y" arecalculated
alongthe streamline Writing the time derivativeof an exact

Inonexact variableas dX/d: 'Y", the rate of work doneis
found from Eq. 2",

W:%Tf& Tt !

IntegratingEg. !3" overadomain$ !bxed, we obtaina
macroscopicenegy balancerelation. Denoting by dM the
mass element, the total amountof some state variable X

levaluatedor a unit mas$ is given by X="' XdM. Note that
this representatiorusesthe Lagrangianframe !dM moves

with the Buid". To evaluatethe time derivative of X, it is

conveniento usethe Eulerianframe.With debPningthe mass
density % we may write dM = %°x, whered®x is the volume
element Lebesguameasureof the laboratoryframe.We ob-

serve, using the mass conservationlaw #%#+$ dv %=0

lv is the Bow velocity",

d_ f # . .
S X=\ Zixond

*
()lx%w AvX% d° ( $ AlvX%d®x
=( /§}+vé$x&3x! Q!név"%dzx

= ( %}&w! (@ In &v" 9% d?x, 14"

wheren is the unit normal vector directedoutward,on the
boundary#5, and dX/dr=#X/#+v&X is the convective
ILagrangiafi derivative.If we assumehat the massf3ow is
conbnedn the domain,!n&"% mustvanishon the bound-
ary. In what follows, we omit the massfRow through the
boundary

In a OquasistationargtateQcould be far from thermal
equilibriunt’, a sufpcientlylong-termaverageof a statevari-
able mustbe constantHence,we may assumehat the vol-
ume integral of the statevariables!U and S" are constant.
IntegratingEq. !3" over all Buid elementsthen,yields

(WdM: (%%‘”&JMI Tre (S,dM. 15"

Generally the variationsof nonexactvariablesmay take
Pnite valuesevenin a quasistationargtate.Indeed,Eq. !5"
givesthe estimateof the long-termaveragework !'powet' of
a quasistationarghermodynamiengine.

'U' TrerS". 13"

IIl. QUASISTATIC LAYER SYSTEM

We will now study the thermodynamic®f an idealized
plasmaOlayer®oundedfrom the inside by an internal core
plasma,and from the outsideby a cold heatbath. We will
specify the total heatB3ux F; enteringthe layer throughthe
innerboundary&; in contactwith the coreplasmaThetem-
peratureof the outerboundary&, is Pxedby thetemperature
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T, of the heat bath. The innerboundary temperatureT
lwhose value measuresthe layer temperaturegradients,
however is the essentialparameterthat needsto be deter
mined.The outerboundaryheatBux F, mustbalanceF’; in a
quasisteadtate!then,we write F,=Fy=F".

We neglectthe massRow acrossboth boundariesCon-
sequentlythe boundarytermsin Eg. !4" go to zero.We as-
sumethat W works only internally to drive a Bowin $ !the
enepgy transformationbetweenthe thermal enegy and the
mechanicakenegy of collective motion may be represented
by W or its dual Q=W". The entropy production S; is,
by debnition, internal in the domain. However the layer
may exchangethe heatQ with the exterior In termsof the
heat Bow vector f 109% ! $ &", 1/T, times the brst term

on the right-handside of Eq. !5" may be manipulatedas
ldM = %",

(% &eer (% ;8
(a8
Vb 8%, 2&*

ref 1 ref 0

! ( SpdM, 16"

wherewe havedenotedf & !1/T"$=S,%!T andn# are as-
sumedto be constanton both boundarie’s The prstterm of
Eq. !6" representghe OentropyemissionrateOthrough the
boundariesThe secondtermin Eq.!6" is the Oentropypro-
ductionrateCdueto the lirreversiblé enegy Row f.
Hereafter we setthe referenceemperaturel, =T, 'the
heatbathtemperaturé Using Eq. !6" transformsEg. !5" to

(WdM=%%)&! To(!SD+Si"dM. 17"

If the heatwereto transportonly by diffusionin a sta-
tionary medium !viz., W=0", the entropy production'and,
thus,the entropyemissiofi is minimized™ for the Oharmonic
heatBowO!$ &=0", i.e., Eq.!7" holdswith W=0 ands$,=0.

In a generalquasisteadystate, the mechanicalenegy
IplasmalRow enegy; in the restof the paper thework done,
and the excitation-dissipatiorof the Bow will be usedex-
changeably mustsaturate and thus," WdM =0 by the brst
law of thermodynamics, WdM=F,! F,, and, in a quasi-
steadystate F; =F,=F". However local W may remainnon-

zero.Excitation! W' 0" anddissipation! W( 0" of Bow may
occur at differentspace-timdocations,and they might have
different scalesassociatedwvith them; the scale separation
betweenexcitation and dissipation processeswill be dis-
cussedn Sec.VI. In the macroscopienegy balanceequa-
tion 17", the inBuenceof the Bow on heattransportmay be

accountecby the entropyproductionterm' IS, +S;"dM. We
notethat,in aninitial transientphaseF, maybesmallerthan
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F; and thereis power availableto generateRows !" WdM
=F;! Fy". Then,entropyproductionwill increaseto balance
the Oheat-engindriveOasa quasisteadtateis approached.

If onewereto invoke the ansatzof Omaximunentropy
productionCthe internal entropy productionterm must ac-
quire the largest accessiblevalue. Although in a transient
phase the entropy productionrate !enegy dissipationrate'
may assumeany arbitraryvalue,in a quasistationargtate,it
is boundby thetotal entropyemissior#thatis proportionalto
the brstterm on the right-handside of Eq. !7"$ the factor
11! To/ T;" insuresthatthe entropyemissionincreasessthe
differencebetween?; and T, increasesMaximum entropy
production is, therefore, fundamentallytied to maximum
temperatureinhomogeneity At the sametime, the factor
11! Tyl T," scaleghe maximumwork thatcanbe doneby the
heatengine.Sincework doneis synonymousvith changesn
the Bow enepgy, and the maximum entropy productionand
the maximum work done are controlled by the sametem-
peraturedifferencefactor, it follows that entropyproduction
will be maximized,if in the layer, a large temperaturénho-
mogeneity is excited/maintained/accompanietly large
plasmal3ows.Sucha quasistateif foundto be stable will be
surelyfar from thermalequilibrium,andwill needto be sus-
tainedby an externalinput, for example the heat3ux enter
ing the layer from the core plasma.

IV. MODEL OF HEAT TRANSPORT

In order to maximize temperatureinhomogeneity the
systemmustinvolve a mechanismthat can bPght and over
comeprocesse$ike heatdiffusionthattendto minimize the
temperaturéenhomogeneitydiminishingthe entropyproduc-
tion". To work out somedetailsof sucha generalOmecha-
nism,Git is helpful to dwell on an exampledrawn from the
tokamakH-modeexperimentahereit is foundthatthetran-
sition to a high gradientstateis alwaysaccompaniedvith the
generatiorof a strongsheared3ow. We understandhat this
qualitative thermodynamicmodel cannot even pretend to
capturethe complicatedphysicsof the H-mode transition,
but we believe that this transition does sharesome of the
debningcharacteristicof the model layer problemthat we
are investigating.Consequentlythis mode of enquiry may
shedsomeconceptualight on this very importantphenom-
enon.

Let us imagine a scenarioin which somegenericflow
Icollective motion of particle$ actsto sustainthe tempera-
ture inhomogeneity!bringing about an excessof entropy
productiori. If the Bow can enhancethe temperaturecon-

trasts,the power W availablefor driving the Row increases;
this positivefeedbackcan,then,becomehe causeof a trans-
port barrier.

For a transparenformulation of the problem,let us in-
voke a simpletransportmodelin which the temperaturelif-
ferencebetweenthe inner and the outer boundaryis con-
trolled by a Row dependenheatdiffusivity 'andthe entering
heatBux F" via
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T{\P"! Ty=)!P"F, 18"

where P is the power to drive the Row !to be determined
later as a function of F", T;!P" is the inner boundarytem-

peraturethatis a functionof P 'and,thus,of F", and ) ! P" is

the impedancéinversediffusivity". Although we havehigh-

lightedthe P dependencef ), it couldbeafunctionof other
systemparameters.

Determinationof the function )!P" will require rather
involved analysisand computationaktudies.But that is not
the aim of this effort. Instead we proceedby constructingan
explicitly solvablebut reasonablenodelto extractthe nec-
essaryconditionson ) ! P" thatmight producea new stateNa
Row-dominatedransportbarrier for example.For this pur-
pose,we assumea simple parameterizatiof ) ! P",

JIP"=)o+ ){\P"=)g+aP, 19"
wherea is a constantWe shall seebelow that a positive a
lincreasingthe effective inverse diffusivity, and thus, de-
creasingthe prevailingdiffusivity" canbe the harbingerof a
phasetransition.

The baselineimpedance) o= ) !0" characterizeshe am-
bient statein the absenceof Rows. Naturally this coefpcient
variesfrom systemto systemandis, in general,complicated
and often unknown. The OdifusionOin a tokamak, for ex-
ample,is known to be anomalouddriven by ambientturbu-
lent Buctuation$ yielding much higherheat-transferatesas
comparedo the purely collisional transportrates.Whenwe
apply this model to tokamaks,the turbulent diffusive heat
transportwill debnethe referenceor the Ogroundstate.(0ro
developthe main featuresof our model,however we do not
needto know muchabout) ; it is fully equivalentto speci-
fying the referenceinner boundarytemperature

Tp+ Ty'0"=Ty+ ) (F, 110"
attainedby the Rowlessambientstate.We assumethat the
inter-relationshipsare debnedby Fick® law, F=D* T/* x,
where* x is the layer thicknessand D !=* x/ ) ;" is the heat
diffusion coefbcientassuminga slabgeometryandconstant
D, theheatf3ux of thediffusionis f=! D$ T thatis a constant
vector'. The entropy productionassociatedvith this diffu-
sion processs ' SpdM =T ' T F.

All we areinterestedn, from now on, is to demonstrate
that additionalprocessedijke self-generate®ows !possibly
throughan instability" allow us to reachsolutionsfor which
T,\P"" Tp' Ty UsingEgs.!8'B110", we eliminate) o to ar
rive at

T,!P"=Tp +aPF. 111"

The model!8" and!9" canbe representedy an equiva-
lent circuit shownin Fig. 1, whereT;, may be consideredas
an intermediateemperaturévoltage’ betweentwo different
impedances), and ) 4! P". However we arenot considering
separateDregions® the layer for both impedances.

The next step is to estimatethe power P available
to generatethe Bow We must subtractthe power wasted
through the ubiquitous entropy productionin a diffusive
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FIG. 1. Equivalentdiagram of a heat engine in a boundary layer. If
*T+' 0, the heatenginecanwork to drive Row ! P is the powerdriving the

Bow; Q! is thq dissipatechower;in sgeadystate,P=Q! ". The Bow produces
anadditionalOnonlineaimpedance@=) ;! P" that sustainghe temperature
contrast* T* yielding a free enegy to drive the Bow itself.

process, To#l o'! T ;'%, from the maximum power
Prax=#l! To/ T, P"® availablein an ideal Carnot process
!6",

P =Py TO%! TiD&: TO%! i& 112"

0 T, T,'P

However not all of this P can appearas the Row enegy
becauseof inherent damping mechanismsladditional en-
tropy productiori. The coefbcientz multiplying P in Eq.!9"
canbeviewedassomesortof anefbciencyfactor, andscales
the overall inBuenceof the Row on the thermaltransport.
Equations!11" and!12" are simultaneousn 7, and P,
we can solve them for either We brst solve for 7; deter

mined by
1§
Ty

T,=Tp+ an%!

113"
D
or equivalently
27 %
ape= T e 114"

where * 7"+ T,! T;, measuresthe temperatureincrease
Icausedy the Bows' attheinnerboundaryfrom its diffusive
referencevalue. Therearetwo solutionsof Eq. !13":

TD'
T,= ] 115"
aF?Ty/Ty,.

The prstis simply the referencediffusive one and occurs
when P=0.

It is the secondsolution, capableof supportinga higher
temperaturecontrast!7,' T)," as shownbelow thatis the
primary objectof our searchijt is accompaniedby, in fact, is
drivenby a bnite P, andits very debnitionT;' Tj turnsout
to be exactly the Obifurcation@ondition. The graphicalso-
lution of Eq. !14" for * T*, shownin Fig. 2, illustrateshow
the secondsolutioncanemegein * 7*' 0. Whenthe graph
of y=g!* T"" goes over that of y=* T near the origin
* T =0, they will intersectat somepointin * 7*' 0, yield-
ing a solutionof Eq. !14". This conditionreadsas
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F=1
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FIG. 2. Bifurcation of solutions#ntersectionof the graphsy=g!* 7" and
y=*T*$% If gll0" 1, we have the second branch of solutions with
* 7' 0. In this graph,parameterare Ty=1, a=2, ) =1, and F=1, 10.

aF°Ty

g!o"= 1, 116"

D

wherethe | denotedifferentiationwith respecto * 7*. Re-
memberingthat 7, =T+ ) oF containsF, the condition!16"
translatesas!for a' 0"

T
- Toa ! ) 0 .
For positive heat Bow into the layer from the inner

boundary!F* 0", thethresholdcondition!17" is meaningful
only if the edgetemperaturel, is sufpcientlyhigh so that

Wk

a

F' Fin+ 117"

To 118"

is satisbpedlt is interestingthat in this model, a very cold
outer edge could preventthe transition even for arbitrary
amountsof heat3ux input into the layer.

Notice that the existenceor the essentialnatureof the
bifurcation of solutions does not dependon the detailed
shapeof thefunction )! P", aslongas)!!'P"' 0.Foran)!pP"
more generalthan Eq. 9", the bifurcation condition !16"
becomes

o' = JNO"F?T,  )NO"F°T,,
o+ )oF? T,

1, 119"

andthe minimum heatBux andthe minimumtemperaturere
given by replacinga by )!'10" in Egs.!17" and!18", respec-
tively.

V. STABILITY OF THE BIFURCATED STATE

The stability of eachequilibrium point is determinedoy
evaluatingthe responseof T; to a perturbation/7. We can
imaginethe following chainof events:
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_plo
IT— IP=F—IT
Tl

Ty
— /1) =aF—!T
Ty

/7. = 2 L0
— /Ty =aF"5/T+ +/T.
Tl
If + 11+( 1", the equilibrium temperaturer’; is unstable
Istablé, becausehe perturbationis amplibed!diminished.
If this cycle of processesakesa period of time ,, the evo-
lution of the perturbationmay be written as /T't"=¢"'/T'0"
with - =!log +"/, .
Let us brst examinethe stability of the trivial stateT;
=T,=Ty+) oF. Below the bifurcation point, i.e., aF?To/T?,
# 1 #seeEq.!16'§

Ty, T
++ anT—g# L=
1 Tl

lequality holds at the bifurcation point’, the trivial stateis
stable.For Buxesabovethe bifurcation threshold,however
the trivial state becomesunstable.On the other hand, the
high T,!' Tp" state!T,=aF?T,/T,", if it exists,is always
stable,becausave have

To Tp

0
++ aF?— =

( 1.
Tl Tl

VI. MULTISCALE FLOW-TURBULENCE
SYSTEM

The working of the model OheaengineQve constructed
to sharpentemperatureggradientsin a plasmalayer, depends

on the concurrenexpressiorof two contradictoryprocesses:

the processethatcreatedisordermaximumentropyproduc-
tion" and processeshat createorder !generationof Rows'.
The sharpertemperaturegradientsresult becausehe coher
ent Bow suppressethe ambientturbulence-causediffusive
heattransport,which, in the languageusedin this paperis
equivalentto anincreasedmpedance) | P"' ) &

Oneis, of course,more familiar with the Oprinciple®f
Ominimumentropy productionOwidely applied to explain
self-oganizationof Oorderedtructures;@he Row beingthe
orderedstructure.In this narrative,large entropyproduction
is believedto destroycoherentstructuresand the systemis
pushedtoward a disorderedstate.

Oneis forcedto ask,then:Whatis it thatwe havedone
differently?What is the essentiaingredientthat enableshe
simultaneousenhancemenbf entropy production, and the
channelingof enepgy into orderedmotion !Row'?

Going backto the essentialof the model, we note that
the only possiblenew elementthat could impart this non-
standardbehaviorto the engineis our choice of the inner
boundarycondition;insteadof specifyingthe temperaturd’;
attheinnerboundarywe havechoseno specifythe amount
of heatBux F enteringthe layer. In factit is F thatbringsin
the enepgy that would be eventuallychannelednto an or-
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deredRow; unlessF is large enough!larger thana threshold
valué', the enginedoesnot work, i.e., the high temperature-
contraststateis not accessible.

Since the high temperature-contrasstate is the bnal
product of the heat engine, the factor measuring the
temperature-contrastl! 7,/T;" scalesthe strengthof the
two seeminglycontradictoryconstituentprocessesthe Car
not efbciencyfor generatingmechanicakenegy !3ow"', and
the entropy production!emissiori. Such a state of affairs
couldpertainif, for instancethe dissipationmechanismshat
createthe total entropy!including the Odamping ¥ the Row

Q! =P" wereindependenof the mechanismshatconvertthe
OfreeenegyQinto an orderedRow.

The two opposingmechanismgould, indeed,act inde-
pendentlyand simultaneouslyif the Odomains6f their efp-
cient operationwere nonoverlappingWe proposethat a re-
courseto scale-separatiodoespreciselywhatis neededi1"
the total entropyproductionis dominatedoy small scaleper
turbationswith a large dampingrate !. L'? L: eddy size'
keepingthe eddyamplituded sacribcefor the dissipatiori to
be very small. 12" The Bow, being a coherentmacroscopic
structure,is createdin the large scale,perhapsfrom anin-
stability driven by the entering heat Bux F; its creation/
characteristicare not affectedby the shortscaledissipation
responsibl€or entropyproduction.

Thus the existenceof a scale-hierarchyallows the sys-
tem to transitionto a statethat can maintain order while
maximizingdisorder This transitionis an expressiorof self-
organizationof the Oheaengine;@he self-olganizationmost
likely, taking placethroughthe so-calledOdual-cascadg@d-
cessinvestigatedn two-dimensional2D" turbulence Using
this approach,Hasegawaand Wakatant* predicted self-
organizationof OzonalRowsQin electrostaticturbulenceof
plasmas.

The canonicalexampleof two-dimensionalturbulence,
however is provided by the 2D NavierDStokesxe.ysterr]l2
wherethe dual cascades facilitated by the existenceof two
differentideal constantsof motion, the enegy, and the en-
strophy When RBuctuationsare excited!by an instability" at
an intermediaterangeof wave numbers the enegy andthe
enstrophymove in oppositedirectionsin the wave number:
the enepgy transfers,throughthe inversecascadeoute, to-
wardlargerscaledgetsordered, while the enstrophygoesto
the small-scaledissipationrange !gets disorderetl At the
large-scale,a Row self-oiganizes,and the stretchingeffect
suppresseturbulenttransport.lt shouldbe notedthat these
processesiavebeenshownto functiononly in a 2D Ruid; in
threedimensiond 3D" the vortex-tubestretchingeffect vio-
latesthe ideal conservatiorof the enstrophyA 3D tokamak
plasmahowever hasanadvantageverthe 3D neutrall3uid,;
the strong axial magneticbeld imparts an effective 2D be-
havior to the conPnedplasmaso that simpler 2D Ruid like
considerationgould be relevantto H-modelayersandITBs.

In the standardapproachfor exploring the large-scale
structureof the Row, one setsup a variational principle; a
constrainedninimizationof enstrophywhile keepingthe en-
emgy constantlas well as the total angularmomenturii.™*?
The minimum enstrophyprinciples,naturally implies Omini-
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mum entropyproduction(ecausehe dissipationis propor
tional to the enstrophy

In our model, however the conventional variational
principle is essentiallystood on its head;the relevantnew
principle will constitutea duaf”® or an antithesef the old
one;onemustmaximizethe enegy for somereferencevalue
of the enstrophyAs mentionedabove,the boundarycondi-
tion, specifyingthe heatBux, is the key to our departurérom
the standardpictureand, hence the causefor the new varia-
tional principle. In an opensystemwherethe enteringheat
Bux F is given,the entropyproductionrate is bounded,

(!sD+s',.--dM:%! 18 P F

o Ty THIG+F)IP'$" T,

Hence,the enstrophy!dissipatiori is boundedsupplyingus
a constraintwhile we maximize the enegy. Under the as-
sumptionthat ) !I! P"* 0, maximizationof P !enegy" raises
the entropyproductionto its maximum.

The maximumentropyproductionyields a most Odisor
deredGstatein the small-scalewhile an orderedRow with
the maximumenegy appearsn the large-scaleof the hier-
archy

Thus the working of this somewhatpeculiar Oheaen-
gineQdescribedn this papercanbe understoodn the back-
drop of processesndideasthat havebeeninvokedto study
avariety of self-oiganizingsystemsSpecialanddistinguish-
ing featureof this systemis that whenthe enteringheat3ux
F exceedsa well-debnedthreshold,a transitionto a stable
state with enhancedtemperaturegradientsoccurs. Simple
thermodynamicsancapturethe essentiafjualitativefeatures
of the transitionaswell asof the new state.
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