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MULTIPLICATIVE FLUCTUATION RELATIONS in SIMPLE MODELS of TURBULENT TRANSPORT Krzysztof Gawedzki, Paris, IHP, Nov. 2007



Turbulent transport of particles or droplets is important for: engineering, chemistry, environment studies, meteorology, astrophysics, cosmology Simple modeling: • statistical description of turbulent flows using synthetic random ensembles of velocities vt (r) • passive approximation (no back-reaction of transported matter on the flow) • few collisions Aim: to discover and understand the origin of robust features rather than to provide a detailed quantitative description



Passive transport of particles: • Lagrangian tracers with no inertia: r˙ = vt (r) • particles with inertia: r˙ = v,



´ 1` v˙ = − τ v − vt (r)



. friction force



- Stokes time



from J. Bec, J. Fluid Mech. 528, 255-277 (2005)



Aim of this talk (based on joint work with Rapha¨el CHETRITE): Search for a common ground between some recent ideas in non-equilibrium statistical mechanics and in turbulence Particularly convenient place for such a search: transport in Kraichnan velocities: Gaussian random ensemble of fields vt (r) decorrelated in time widely used in last years to model turbulent phenomena General mathematical setup: dynamics defined by the stochastic differential equation (SDE) x˙ = ut (x) + vt (x) (with the Stratonovich convention), where ut (x) is a deterministic vector field and vt (x) is a random Gaussian field with zero mean and covariance ˙ i ¸ j vt (x) vs (y) = 2 δ(t − s) D ij (x, y)



Solution xt of the SDE x˙ = ut (x) + vt (x) is a Markov diffusion process such that ¸ ˙ ¸ d ˙ f (xt ) = (Lt f )(xt ) dt where the generator Lt = u ˆit · ∂i + ∂i dij t ∂j with u ˆit (x) = uit (x) − ∂yj D ij (x, y)|y=x



and



ij dij t (x) = D (x, x)



Common setup for: • deterministic dynamical systems, e.g. chaotic • tracers and inertial particles in the Kraichnan velocities • in- and out-of-equilibrium Langevin dynamics • hydrodynamical limits of stochastic lattice gases (could be extended to non-Markovian processes)



• For deterministic dynamical system, the covariance Dtij (x, y) ≡ 0



• For Lagrangian tracers in the Kraichnan model, x ≡ r,



ut (x) + vt (x) = vt (r)



• For inertial particles in the Kraichnan model, x ≡ (r, v) ,



1



ut (x) + vt (x) = (v, − τ (v − vt (r)))



• For the Langevin dynamics, ut (x) + vt (x) = −Γ∇Ht (x) + Π∇Ht (x) + Gt (x) + ηt with Γ a positive matrix, Π an anti-symmetric one, Ht the energy function, Gt an additional force and ηt the white noise with mean zero and covariance



hηt ηt0 i = 2δ(t − t0 ) β −1 Γ



• For the diffusive hydrodynamical limits (e.g. of the SSEP), the macroscopic particle density ρt (x) obeys the continuity equation ∂t ρt + ∇ · jt = 0 with appropriate boundary conditions and jti (x) = −D ij (ρt (x)) ∂j ρt (x) + χij (ρt (x)) Ej + ηti (x) with the ρ-dependent small white noise η with mean zero and covariance ˙ i ¸ j ηt (x) ηs (y) =  δ(t − s) δ(x − y) χij (ρ(x)) D ij and χij are the diffusivity and the mobility matrices, E is the external field, and −1 ∝ number of microscopic particles The system may be viewed as a SDE in the space of densities with u[ρ] = −∇ · D(ρ)∇ρ − ∇ · χ(ρ)E , Additional elements:



vt [ρ] = −∇ · η[ρ]



extended system + smallness of the noise



Crucial role in what follows will be played by



Time reversal leading to the backward process 1. involution (t, x) 7−→ (T − t, x∗ ) ≡ (t∗ , x∗ ) (may be non-linear) 2. splitting



ut = ut,+ + ut,− of the deterministic drift



Definition. The backward process xt is given by the SDE x˙ = u0t (x) + vt0 (x) ∗



where u0t = u0t,+ + u0t,− with u0t,± = ±ut∗ ,± and



∗



vt0 = ±vt∗ (with whichever sign)



Remark. u+



transforms as a vector field, u− as a pseudo-vector field and vt as one or the other under the involution



General rule: invert the dissipative terms with the vector rule to avoid that they become anti-dissipative



Examples of time reversals • In the deterministic dynamics one uses usually the pseudo-vector rule • For the tracer particles, the usual rule is the pseudo-vector one with r ∗ = r leading to the backward process satisfying



r˙ = −vt∗ (r) • For the inertial particles, the natural rule is the vector one for the friction term ut,+ + vt = (0, τ1 (v − vt (r))), the pseudo-vector one for ut,− = (v, 0), with (r, v)∗ = (r, −v) and the backward equation r˙ = v ,



v˙ =



1 τ



(v + vt∗ (r))



• For the Langevin equation with ut,+ = −Γ∇Ht , ut,− = Π∇Ht + Gt , one gets for the backward process:



x˙ = −Γ∇Ht0 (x) + Π∇Ht0 (x) + G0t (x) + ηt0 where Ht0 (x) = Ht∗ (x∗ ), G0t (x) = −(Gt∗ (x∗ ))∗ ,



ηt0 = ±(ηt∗ )∗



• Among natural time reversals are the ones that take ij u ˆit,+ = n−1 d t t ∂j nt ,



u ˆt,− = u ˆt − u ˆt,+



were nt (x) is a density that would be invariant if the generator of the process were Lt at all times. The generator of the backward process is then given by † ∗ L0t = R n−1 L ∗ t∗ n t R t



where (Rf )(x) = f (x∗ ). Up to the involution x 7→ x∗ , operator L0t is the adjoint of Lt∗ w.r.t. the scalar product with density nt∗ Such time reversal (in the stationary setup and with the trivial involution ρ∗ = ρ) is used for the diffusive hydrodynamical limits



Main idea (going



back at least to Onsager-Machlup 1953):



comparison of fluctuations in forward and backward processes ˙ ¸ Let F x denote the expectation value of a functional F of the forward process trajectories [0, T ] 37→ xt starting at x0 = x ˙ ¸0 Let F x denote the same expectation for the backward process



Theorem (transient fluctuation relation). T



R D − F e 0



Jt dt



E δ(xt − y)



x



D E0 = F ∗ δ(x∗t − x) ∗ y



where F ∗ [xt ] = F [x∗t∗ ] and Jt [xt ] = ut,+ (xt ) ·



` −1 dt (xt ) x˙ t



´ − ut,− (xt ) − (∇ · ut,− )(xt )



Proof. Follows from a combination of the Girsanov and Feynman-Kac formulae



Interpretation of Jt :



rate of entropy production in the environment relative to the backward process



For two normalized densities n0 (x) and nT (x) set n0t (x)



∗



= nt∗ (x )



∂(x∗ ) ∂(x)



for



t = 0, T



Use n0 (x) (resp. n00 (x) ) as distributions of the initial points of the forward (resp. backward) process denoting ˙ ¸ F n



0



=



Z



˙ ¸ dx n0 (x) F x ,



˙ ¸0 F n0 = 0



Z



dx



n00 (x)



˙ ¸0 F x



For ∆ ln n ≡ ln n0 (xT ) − ln n0 (x0 ), define W = −∆ ln n +



ZT



Jt dt



0



and similarly for W 0 = −W ∗ using ∆ ln n0 and the backward process



Immediate Corollaries of Theorem: •



Detailed fluctuation relation: D E −W Fe



n0



•



D E = F∗



n00



Crooks relation: taking F = δ(W − W ) implies that the e−W pT (W ) = pT0 (−W ) where pT (W ) (resp. pT0 (W )) is the PDF of W (resp. W 0 ): 0 p T



˙ ¸ pT (W ) ≡ δ(W − W ) n , 0



•



˙



(W ) ≡ δ(W − W )



Jarzynski equality: taking F ≡ 1 implies that D E −W e = 1 n0



0



¸0



n00



Entropy balance: If nT is obtained from n0 by the dynamical evolution then −∆ ln n may be interpreted as the change of instantaneous entropy of the system and W becomes the total entropy production. The inequality ˙



W



¸



n0



≥ 0



that follows from the Jarzynski equality via the Jensen inequality has then the interpretation of the 2nd Law of Thermodynamics Remark: Keep in mind that W depends on the choice of the backward process and of the initial distributions. Different choices lead to different notions of entropy production



Case of stationary dynamics For large times T , the PDF p(W ) may take the large deviations form pT (T w) ≈ e−T ζ(w) and similarly for pT0 (T w). The Crooks relation implies then that ζ(w) + w = ζ 0 (w) If the forward and backward processes have the same distribution (e.g. with the vector rule for the drift reversal and x∗ ≡ x) then ζ 0 = ζ ⇒ the Gallavotti-Cohen symmetry of the rate function ζ.



Remark.



If n(x) is the stationary density and ln n(x) is bounded (e.g. RT 1 for the process in a bounded domain) then W/T and T Jt dt, differing by a boundary term large deviations



1 T



∆ ln n, will have the same



0



Relation to the empirical density and empirical current defined by nT (x) =



1 T



ZT



δ(x − xt ) dt ,



jT (x) =



1 T



0



δ(x − xt ) x˙ t dt



0 1 T



The large deviations of



ZT



RT 0



Jt dt may be obtained from those of (nT , jT ) governed



by the rate functional equal to



I[n, j] =



1 4



Z



` ´ ` ´ −1 j(x) − jn (x) · d(x) j(x) − jn (x) n(x)−1 dx



i if ∇ · j ≡ 0 and to +∞ otherwise, where jn = (ˆ ui − dij ∂j )n is the probability



current associated to the density n. 1 T ∫ T 0



Jt dt =



Z



Since



ˆ ˜ −1 −1 u+ · d jT − (ˆ u+ · d u− + ∇ · u− )nT (x) dx ≡ w[nT , jT ] ,



one has:



ζ(w) = where



Aw =



˘



(n, j) | ∇ · j ≡ 0



min



(n,j)∈Aw



and



I(n, j)



w = w[n, j]



¯



The stationary fluctuation relation ζ(w) + w = ζ 0 (−w) follows from the one for the rate functionals I : I[n, j] + w[n, j] = I 0 [n∗ , −j ∗ ] where



n∗ (x)



Remark.



=



∂(x∗ ) ∗ n(x ) ∂(x)



and



j ∗ i (x)



=



∂xi ∂x∗ k



∂(x∗ ) k ∗ j (x ) ∂(x)



Calculation of large deviations rate functions and even their existence is often not granted, as simple examples show. Their study for the hydrodynamical limits of stochastic lattice gases has been a subject of intensive activity (see the courses of Jona-Lasinio, Derrida, Kurchan, ...)



Multiplicative fluctuation relations The theory applies to diffusion processes derived from the original one Example: x˙ i = uit (x) + vti (x) ,



X˙ ij = (∂k uit )(x) X kj + (∂k vti )(x) X kj



Matrix X(t) propagates infinitesimal separations δxt between two trajectories of the process xt : δxt = X(t) δx0



if



X(0) = 1



For the tangent process (xt , Xt ), using the pseudo-vector rule to revert the drift and the involution (x, X)∗ ≡ (x∗ , X ∗ ) with (X ∗ )ij = Jt [xt , Xt ] = −(d + 1)



∂x∗ i k, X k j ∂x



one obtains



d ln det(Xt ) dt



and the transient fluctuation relation takes the form D E D E0 ∗ ∗ −1 det(X) δ(xt − y) δ(Xt − X) = δ(xt − x) δ(Xt − X) (x,1)



(y∗ ,1∗ )



Define the stretching rates σt1 ≥ · · · ≥ σtd as the eigenvalues of the matrix 1 tr X ). If x 7→ x∗ preserves the Euclidean metric then ln(X t t 2t T



e



P i σ i



D E δ(xt − y) δ(~ σT − ~ σ)



(x,0)



=



D



δ(x∗t



E0 − x) δ(~ σT + σ~



(y∗ ,0)



where σ~ = (σ d , . . . , σ 1 ). In the stationary large deviation regime with D E δ(xt − y) δ(~ σT − ~ σ) ≈ e−T Z(~σ) (x,0)



this gives the stationary multiplicative fluctuation relation X Z(~ σ) − σ i = Z 0 (−σ) ~ i



For Lagrangian tracers in Kraichnan velocities with vanishing mean, Z 0 (~ σ ) = Z(~ σ) σ i = − τd but Z 0 (~ For inertial particles, σ ) 6= Z(~ σ ) and the Gallavotti-Cohen relation is deformed to (Fouxon-Horvai 2007) : P



Z(~ σ ) = Z(−σ~ −



1~ 1) τ



• Z(~ σ ) takes its (vanishing) minimal value at ~ σ = ~λ, where ~ λ is the vector of the Lyapunov exponents, but it contains more information • Z(~ σ ) is analytically calculable in the Kraichnan model in some cases via relations to integrable models (Bernard-Kupiainen-K.G. 1997, Delannoy-Chetrite-K.G 2006) σ ) is important for turbulent transport since it determines: • Z(~ • rate of decay of moments of transported scalar • rate of growth of density and magnetic field fluctuations • multi-fractal dimensions of attractor for tracers in compressible flows



and for inertial particles • polymer stretching in presence of turbulence



• Z(~ σ ) becomes accessible numerically in simulations of realistic flows and even experimentally
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from Boffeta-Davoudi-De Lillo, Europhys. Lett., 74, 62-68 (2006) (numerical results for two-dimensional surface flows)
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Conclusions •



The setup of diffusion processes permits to discuss in a uniform way fluctuations in models of non-equilibrium statistical mechanics and of turbulent transport



•



Fluctuation relations in such systems compare the statistics of fluctuations of quantities related to entropy production between forward and backward processes



•



In stationary systems they induce relations between the rate functions of large deviations governing the long time asymptotics of fluctuations



•



Applied to tangent processes, the fluctuation relations induce their multiplicative extensions



•



Further analytic calculations, simulations and experimental measurements of fluctuation statistics in concrete situations are needed



























des documents recommandant







[image: alt]





Fluctuation relations for diffusion processes - Out of Equilibrium at the 

Then DFR imply the generalised Gallavotti-cohen relation (GC) : First proven by Gallavotti-Cohen in 1995 for chaotic deterministic dynamical systems and ...










 


[image: alt]





Application of fluorescence fluctuation spectroscopy 

The profile of the "molecular detection efficiency function", W(r), depends on the size and ... It can be approximated by a gaussian function, W(r) = exp(-2r2/w0.










 


[image: alt]





Proteinlike properties of simple models .fr 

Proteinlike properties of simple models. Yves-Henri Sanejouand and Georges Trinquier. CRPP, Avenue Albert Schweitzer, 33600 Pessac, and INSAMC, ...










 


[image: alt]





Synchronous pattern of fluctuation in three anchovy ... - Dr Pierre FREON 

Large-amplitude regime shifts may be more important to consider than interannual .... and linear trend (trend removal) are defined here as the in- terdecadal .... Interannual variation (standardized value) of three anchovy fisheries in the ...










 


[image: alt]





Simple and complex models for studying muscle function in 

Aug 11, 2003 - cle-actuated simulation of walking are in general agreement with these results; however, the more detailed ..... plantarflexors, SOL and GAS, are responsible for the .... law of motion were used to obtain the following dynamical.










 


[image: alt]





Effect of multiplicative noise on parametric instabilities 

We report a study on the effect of external multiplicative noise on parametric instabilities using two ..... havior characterized by an hysteresis cycle is observed.










 


[image: alt]





Animal models of anxiety in mice 

behavioural responses/repertoire of mice is, of course, very different from the .... basis of anxiety, for screening anxiety-modulating drugs or mouse genotypes [4 ...










 


[image: alt]





10B-1 Simple Performance Models of Differentiated ... - Columbia CS 

Internet with buffers designed to absorb traffic bursts; and one where traffic is limited ... input traffic show good correlation with analytic results obtained with the ...










 


[image: alt]





Simulation of magnetic component models in 

Abstractâ€”It is essential in the simulation of power electronics applications to model magnetic ... In this paper the energy aspects of the Jilesâ€“Atherton model of hysteresis are .... Having direct access to these ..... of 100 At/m. The power ampl










 


[image: alt]





10B-1 Simple Performance Models of Differentiated ... - Columbia CS 

instead in this paper on tagging based schemes that ex- .... assume that both types of packets require a service ex- ...... Tak~cs, L., â€œPriority Queuesâ€�, Op. Res.










 


[image: alt]





multiplicative decomposition - Description 

ration by residual (plastic) deformation, and from the current configuration ..... Equation (11.6.2) can be equivalently written, in terms of the Jaumann derivative of ...










 


[image: alt]





Models and architectures for motor control: Simple 

and movement that should be addressed by any model of motor control. Simplifications .... One mechanism could be the minimum intervention principle .... all the complex problems that the CNS faces to generate motor actions and a catalogue.










 


[image: alt]





Models and architectures for motor control: Simple 

Yet, we know that humans are capable of highly skillful motor behaviors .... (Bernstein 1967; Lee 1984; Macpherson 1991; Tresch and Jarc 2009; CROSSREF ... view, a description of motor behavior in terms of muscular synergies is a way to say ..... Alt










 


[image: alt]





Industrial Relations in Europ European works counc rial Relations in 

In Nordic countries, UK and Italy. Individual contracts .... Food. MNCs environment and fit theory sponsiveness. Transnational strategy/environment. Multinational.










 


[image: alt]





Dynamic Models in Economics Problem Set 2: A Simple Model of 

Equilibrium Strategies. Let V I t+1 and V 0 t+1 stand for the expected values of staying in office or leaving office, respectively, given optimal play by voters and ...










 


[image: alt]





Effects of expressiveness and heterogeneity of reputation models in 

Luis G. Nardin, Anarosa A. F. BrandËœao, Guillaume Muller, and Jaime S. Sichman. {luis.nardin ... LaboratÃ³rio de TÃ©cnicas Inteligentes - EP/USP. Av. Luciano .... ping Service (OMS) and the TRANSLATOR module (in grey in the figure), and (ii) it.










 


[image: alt]





distribution of kolmogorov-sinai entropy in self-consistent models of 

Abstract. The properties of chaos in 2D self-consistent models of barred galaxies are investigated using Kolmogorov-Sinai entropy hKS. These models are ...










 


[image: alt]





distribution of kolmogorov-sinai entropy in self-consistent models of 

unknowns, and are constrained to be positive or zero (i.e. non-negative) to represent a ... than the number of cells Ncell to have any possibility to nd at least.










 


[image: alt]





1622 Vapour pressure deficit affects diurnal girth fluctuation of rubber 

considerably lower than that at intermediate range, indicating even greater contraction ... VPD was still close to zero, but as VDP began to increased, stem girth ...










 


[image: alt]





Correlation function in Ising models 

2s __ __ b!!3. 4 ._. PINSICA. I! ELSES'IER. Physica A 209 (1994) 431-443. Correlation function in Ising models. C. Rugeâ€�,', P. Zhub and F. Wagner a. â€œZnstitut fiir ...










 


[image: alt]





Temporal Relations in Learner Varieties 

for tutored learners : we see the reverse trend, i.e. overgeneralization of anaphoric ... We could say, then, that those learner varieties with a basic lexical inventory of ..... of learners of French, whether they be native Arabic or Spanish speaker










 


[image: alt]





Models of memory 

'Memory' network states, with a small fraction of neurons (specific to each memory state) active at higher rates. .... (capacity of order C = number of synapses per neuron). (Sompolinsky .... More realistic networks (network of spiking neurons) ...










 


[image: alt]





Models of motor control 

Muscle + reflex. â€“ Basic circuit for motor ... muscle/reflex behaves as nonlinear spring with variable threshold length. ... Incompatible with data on forearm flexion.










 


[image: alt]





Mechanical Models in Economic Dynamics' 

"Secular and Cyclical Aspects of the Multiplier and the Accelerator ", Essays in Honor of Alvin. Hansen, pp. Iiz-iI8. Expressed in a slightly different form, it is also ...










 














×
Report MULTIPLICATIVE FLUCTUATION RELATIONS in SIMPLE MODELS of





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



