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Whenweextendthethermodynamicstoanon-equilibriumsystem,weintroducethe

momentumofaconvectivesystemasan independentvariableintheexpressionofentropy.

Wealsointroducethetotalenergywhichisthesumofthekineticenergyandtheinternal

energy.TlmstheentropylSafunctionofconservedvariables.
●

Wedenotethevelocity,themassdensityofthespeciesα,theinternalenergydensity
andthetotalenergydensitybyv,pa,eande,respectively.Then,wehave

ds-妄de-(芸)･d(pv)-a$1妄(pa一昔)dpa
SincethedifferentialoftheentropyiswrittenintermsofdiLrerentialsofdensityvariables

ofconservedquantitiesa!.I,namely,ds-∑.IF.･血i,WemayregardthecoefncientsFiaSther-
modynamiCforces.Therefore,thethermodynamicforcesforthetransportofconserved

quantitiesarethegradientsoftheseforces.

Wewillwriteαi-(p,j,e),where,pisthemassdensity,j-pvisthemomentllmden-
sity.Theprobabilityfunctionaloftherealizationofthespatialprorllesoftheseconserved

quantitiesattimeiisdenotedbyP((α),i).IrLtheequilibriumstatd,weshouldhave

peq((α))-exp(孟)
HereSistheentropyofthewholesystem.Theprobabilityfunctionalforanon-equilibrium
stateobeystheFokker-Planckequation,

孟p((α1,i)-/d3r写志 【Fi(r)P((α)･i)]

･/d3r写志 /d3r,D i3･(r･r',塙 両 ･古志 】p(.a),i,
SS

WecanconstructsuchaFokker-Planckequationinsuchawaythattheprobabilityfunc-

tionaltendstotheequilibriumprobabilityfunctionalinthelongtimelimitifthereisno
externalconstraint..Theconditionsforthatare

/d3rEl言語 .F,･(r)品 】-03
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andthepositivedefinitenessofD.･,･(r,r').HereFj(r)arethereversiblepantsOfphenomen0-
10giCalequations,

Fj(r)-

-∇･j

-∇(pvv)-∇p
-V(V(e+P))

Whenthe且uctua.lionsaresmall,theequationsforthefirstmomentsbecome

孟α･･(r)-Fi(r)一宇/d3r'D･･,･(r,r')古志
WecanchooseD.･}･(r,r')insuchawaythattheresultingequationsforthefirstmoments
havecorrectdissipa.tiveterms.

Dij(r,r')arerelatedtorandomforcesinthefluctuatinghydrodynamicequations･From
thesearguments,wecanshowthatLandau-LiLkhitzformulationisstillvalidinanon-linear

reglmeandappropriateforthecaseof丘niteshear爪ow.
●
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