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general solution - Fokker-Planck equation
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nonlinear Fokker-Planck equation -
phenomenological equations
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same distribution that maximizes Tsallis entropy
with the external constraint ¢(z) !

NLFPE <-> Tsallis entropy!
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how could it be derived?

@ Langevin equation

@ master equation




Langevin equation
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We derive a phenomenological model of the underlying microscopic Langevin equation of the nonlinear
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dependent stochastic equation is then analyzed and properties such as long-time scaling and the Hurst exponent
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isting theory. The resulting Ito-Langevin equation has the
form

‘%=K(x.t)+Jéf(x,t)""”’zn(t), (18)

where the evolution of f is given by the Fokker-Planck equa-
tion of equation (2). A trajectory of Eq. (18) is determined by
both equations simultaneously. It is apparent that there is
feedback from the macroscopic level of description of the
system in terms of the probability distribution f to the mi-
croscopic kinetics.
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Abstract

We investigate asymptotically the occurrence of anomalous diffusion and its associated family of statistical evolution equations. Starting from
a non-Markovian process a la Langevin we show that the mean probability distribution of the displacement of a particle follows a generalized
non-linear Fokker-Planck equation. Thus we show that the anomalous behavior can be linked to a fast fluctuation process with memory from
a microscopic dynamics level, and slow fluctuations of the dissipative variable. The general results can be applied to a wide range of physical
systems that present a departure from the Brownian regime.
@ 2007 Elsevier B.V. All rights reserved.
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Nonlinear Fokker-Planck equations (FPEs) are derived as approximations to the master equation, in cases of
transitions among both discrete and continuous sets of states. The nonlinear effects, introduced through the
transition probabilities, are argued to be relevant for many real phenomena within the class of anomalous-
diffusion problems. The nonlinear FPEs obtained appear to be more general than some previously proposed (on
a purely phenomenological basis) ones. In spite of this, the same kind of solution applies, i.e., it is shown that
the time-dependent Tsallis’s probability distribution is a solution of both equations, obtained either from
discrete or continuous sets of states, and that the corresponding stationary solution is, in the infinite-time limit,

a stable solution.
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nonlinear Fokker-Planck equation

OP(z,t)  O{F(x)¥[P(z,0)]} , O

OP(z,t) }

U[P] =P
Q[P] = DP+1

NLFPE - Plastino and
Plastino, Physica A 1995

EMFC & FD Nobre, PRE 2003,

masfer equation -> NLFPE ., Nobre, EMFC & G Rowlands, Physica A 2004




H theorem - general case
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H theorem - general case

stationary solution

- Frank, Chavannis, Nobre, EMFC



® type II disordered supercondutors -

overdamped motion of interacting
vortices
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We investigate flux front penetration in a disordered type-II superconductor by molecular dynamics
simulations of interacting vortices and find scaling laws for the front position and the density profile.
The scaling can be understood by performing a coarse graining of the system and writing a disordered
nonlinear diffusion equation. Integrating numerically the equation, we observe a crossover from flat to
fractal front penetration as the system parameters are varied. The value of the fractal dimension indicates
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for short-range attractive pinning forces such as the one
we are investigating. In this case, short wavelength modes
yield a macroscopic contribution to pinning that cannot
be neglected. Consider, for instance, the flow between
two coarse-grained regions: short-range microscopic pin-
ning forces give rise to a macroscopic force that should
always oppose the motion, while the random force derived
above could, in principle, point in the direction of the flow.
In other words, F.(r) should be considered as a friction
force [21] whose direction is always opposed to the driv-
ing force i’d (in our case F, =_a\'p) anfi whose ab§o-
lute value is given by |gVn| for |Fz| > |¢Vn| and to |F,4|
otherwise [22].

Collecting all the terms, we finally obtain a disordered
nonlinear diffusion equation for the density of flux lines

r ‘;—‘t’ =V(apVp — pE.) + ksTV?p. (5

The boundary conditions representing our MD simulations

crossover length scaling as £, ~ g 172 in agreement with
MD simulations (see Fig. 3). In addition, we measure the
density profiles and find that they rescale with go in the
same way as in MD simulations.

The numerical integration of the diffusion equation al-
lows for a direct analysis of the fluctuations in the front as
a function of different internal parameters. Measuring the
width W of the fronts as a function of time for different
values of go, we find that in the initial stage W grows as a
power law 1# where B = 0.35 until it saturates to a value
that decreases with go. Thus the front crosses over from
flat to fractal as it enters into the material. In principle, we
can control the strength of the fluctuations and the associ-
ated characteristic length £* by tuning go, which directly
reflects experimentally measurable parameters.

In order to compare the model with experiments, we
have to implement appropriate boundary conditions. In
Refs. [5.6] the extemnal field was ramped at a constant rate,
which corresponds to a constant increase of the boundary
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molecular dynamics simulations (2d)
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Legendre

@® free energy
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@® free energy
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fl0,a)=u—0s; = df =—sdf+ oda




Legendre

@® free energy
u(s, ) = f(6, )

fl0,a)=u—0s; = df =—sdf+ oda

35/3
f(0,0) = = (aX?)1/3(k0)2/3 — k6

of\ _ .. (ﬁ) _
<%)a__8 Oa 9_0

and so on...



e calor e trabalho

du = 0Q) + oW = 0ds + oda

0Q) = 0ds oW = oda

2/3 2/3
g — 3_ A2 k_@
10 a\?




- isothermal process
Sf 2/3
Q= / Ods = 3T (k@)\)2/3 (042-1/3 — ozfl/B)
5/3
W = / oda = 3 k@)\)z/3 (af /3 ozil/g)

32/3

oy = W="_
Ur — U Q + 70

- adiabatic process

32/3 [/ a2 1/3 Qo .
— adiabatico
= ( 0 > — 9 cte ( )

af
uf—ui:W:/ cda = o(ay — ;)
7






efficiency

- ciclo de Carnot é valido com a temperatura
efetiva (T = 0)
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