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abstract

Langevin models have become increasingly important in modeling systems subject to fluctuations.
In general, fluctuations are space- and time-dependent phenomena; hence, the noise intensity fluctuates
temporally and/or spatially. We considers a Langevin model, where the noise-intensity is governed by the
Ornstein—Uhlenbeck process [1]:

&= f(z) +9(2)s&(t); 3= —(s —a) +7&(D), (1)

where a denotes the mean of s(t), and &, (t) and &,(¢) are white Gaussian noise with correlation functions
(:(1)E()) = 2D,0(t — t') and (&5(t)Es(t)) = 2Dg6(t — ') (D, and Dy are the noise-intensity). In
Eq. (1), we call a term s&;(t) stochastic intensity noise (SIN), because the noise-intensity is modulated by
a stochastic process. The kurtosis of SIN is K = 9 — 6/(1 + p)?, where p = D,/a? represents the squared
variation coefficient, ratio between the variance and the squared mean in Eq. (1). Figure 1 shows examples
of time course of SIN [(a) and (b)] as well as their histograms [(c) and (d)].

Two dimentional Fokker—Planck equation (FPE) of Eq. (1) is given by 0;P(z,s;t) = LppP(z, s;t),
where Lpp is an FPE operator. We developed an approximation scheme for the FPE, which casts the two
dimentional equation into one dimentional equation in terms of x, by using the adiabatic elimination. The
obtained equation is given by [1]

O P(xit) = [~0:f(x) + {Da(Ds 4+ )} Ag + {(DZDs(40” + Dy)) /v } A2] P(x3t), (2)

with Ay = 92g(z)? — 0,9’ (x)g(z). Although Eq. (2) includes higher-order derivatives than the second, we
have solved Eq. (2) with perturbation expansion and showed that it can be applied to several nonlinear
systems including a gene expression mechanism [1].

We also investigated statistical properties of systems driven by SIN, specifically in bistable and ratchet
potentials [1] with matrix continued fraction method. We calculated the mean first passage time and
stochastic resonance in the bistable potential, and the current in the ratchet potentials.
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Figure 1: (a) and (b) Time course of SIN created by MC simulations. (c) and (d) Histograms of SIN. p
and k denote the squared variation coefficient and the kurtosis, respectively.
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Entropy is one of the most cardinal concepts in the modern science. The interplay
of entropy in classical physics and information science has been studied intensively since
it was first pointed out by Brillouin in the general context. The well-known example is
Maxwell’s demon. The paradox was resolved by Landauer and Bennett considering the
demon’s memory, which is well known as the information erasure principle. In this poster,
to clarify the essence of the information erasure, we consider an asymmetric Szilard engine
model of Maxwell’s demon. We show the equivalence between information theoretical and
thermodynamic entropies when the demon erases information optimally. The work gain
by the engine can be exactly canceled out by the work necessary to reset demon’s memory
after optimal data compression a la Shannon before the erasure [1]. More specifically, the
1-bit memory erasure and reset should be the cost of the work kg7 In2 in the symmetric
0 — 1 memory model. It is noted that this is only used by the combined gas law. In the
Landauer and Bennett mechanism, the equivalence between the information theoretical
and thermodynamical entropies were unclear since there does not appear the information
theoretical entropy. This comes from the optimal data compression. Here is our main
result. Furthermore, I would like to give the presentation on the relationship between the

information theoretical and statistical entropies.

oo
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