
Volume 148,number3,4 PHYSICSLETTERSA 13 August 1990

Physicalcriterionof thedegreeof non-Markovity
of relaxationprocessesin liquids

V.Yu. Shurygin,R.M. YulmetyevandV.V. Vorobjev
KazanPedagogicalInstitute,Kazan420021.USSR

Received25April 1990;acceptedforpublication15 June1990
Communicatedby 1.1. Budnick

Themicroscopicparametercharacterizingthedegreeof non-Markovityof irreversibleprocessesis introduced.It is shownthat
thestructurerelaxationprocessin liquidsis essentiallynon-Markovianin awide rangeofwavevectorsexcludingtheregionnear
thefirst maximumofthestaticstructurefactor.

1. Historicallythe theoryof irreversiblephenom- local number density fluctuations in liquid
enawasbasedon the probabilitynotionsaboutMar- aluminium.
kovian stochasticprocesses.Undoubtedly, it pro-
motedtheformationofthetheoryandpermittedone 2. Let us considerthe normalizedTCF of the ar-
to obtain the seriesof interestingresultsin describ- bitrarydynamicalvariableg(t),
ing transport processesand calculating transport
coefficients (diffusion, shear and bulk viscosity, G(t) = (1)

<lg(O)12>thermalconductivity) in termsof thetime correla-
tion functions(TCF) ofthecorrespondingcurrents. Following the Zwanzig—Mori formalism [3,4], we
Note thatthe Markovianpropertyof the stochastic canwrite an equationof motion for the TCF G(t)
processeswas formulatedfor the first time by Mar- in theform
kov in ref. [1] publishedin Kazan.Thebasisof the
generaltheory of Markovian processeswith contin- dG(t) = _~2 f drM(r)G(t—r), (2)

dt
uoustime was foundedby Kolmogorov [2]. Later a
the limitation of this approachwas clearedup and whereQ2 is a parameterwith the dimensionof fre-
duringthelastthreedecadesbeginningwith theworks
of Zwanzig [3] andMon [4] statisticalphysicsde- quencysquaredandM(T) is the memoryfunctionreflecting the non-Markoviantime effects.velopedby overcomingthe old “Markovian” errors.

As asimplecriterion of the non-Markovityof theEarlier it was formally shownby someof the au- relaxationprocessit is possibleto considerthe fol-thorsthat the main relaxationalprocessesin a con-
densedmedium were non-Markovianand charac- lowing microscopicparameter,
terizedby molecularmemoryeffects.However,the ~ =

statementsaboutthenon-Markovitywere,asarule,
ratherindefiniteandhazy. Until thistimetherewas rg=RefdtG(t), rm= RefdtM(t), (3)
no clearphysical criterioncharacterizingthe non-

0 0

Markovity of irreversibleprocesses.
Theaimof thiswork is the presentationof sucha where; is the correlationtimeof thedynamicvan-

criterionandtheanalysisof thelatterby theexample ableg(t) andrm is the correlationtime of themem-
ofthe investigationof thespace—timecorrelationsof ory function.
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