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Le Chatelier-Braun principle

Typical response Absolute negative mobility
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Driven Brownian motor

Minimal model exhibiting ANM expressed in the dimensionless variables
X+ yx = =V/(x) + acos(wt) + F + 1/2vDg &(t).
We replace the constant static load F with the random force 7(t)

F — n(t), assuming (n(t)) =F.

: 1(t)
Fundamental question
Can noise n(t) induce more /\/\/\/\
effective transport than the F

constant force F? —
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Nonequilibrium noise

Generalized white Poissonian noise

n(t)
n(t) = zé(t - 1),
i=1

where n(t) is Poissonian counting process

k
Prin(t) = k} = (Akt!) e,

The process 7(t) presents white noise of finite mean and a covariance
given by

(n(t)) = Mzi),  (n(t)n(s)) — (n(t)){(n(s)) = 2Dpé(t — s).

Its intensity reads
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Distribution of the amplitudes {z;} of the J-kicks
p(z) = C70(2)e 7S, (2 =kIck, k=1,2,..
The mean value and the intensity of white Poissonian shot noise

(n(t)) =X =+/DpX >0, Dp=AC
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Figure : In (b): A=2, Dp =0.5; in (c): A=0.5, Dp =2.
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Quantities of interest

o Average velocity

lim (x(t)) = (v) + vo(t) + vau (t) + ...

t—o0
t4+27/w

<v>:tingog t ds < v(s) > .

@ Velocity fluctuations
oy = (v?) = ()% v(t) € [(v) —av. (v) + 0]
e Stokes efficiency, Pour = y(v)2, Pin = v[(v)? + 02 — Dg]

Pout . <V>2

£s = P,-n = <V>2—|—0'3—DG.
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Average velocity
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Figure : Anomalous transport regime. Parameters are a = 8.95, w = 3.77,
v = 1.546, Dz = 0.001, A = 151.
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Velocity fluctuations
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Figure : Anomalous transport regime. Parameters are a = 8.95, w = 3.77,
v = 1.546, Dg = 0.001, A = 151.
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Stokes efficiency
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Figure : Anomalous transport regime. Parameters are a = 8.95, w = 3.77,
v = 1.546, Dg = 0.001, A = 151.
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Take home message

Fundamental question

Can noise 7(t) induce more effective transport than the constant force F?

Yes, the Brownian motor can move much faster, its velocity fluctuations
are much smaller and the motor efficiency increases several times in both
normal and absolute negative mobility regimes.

New operating principle: consider replacing
the constant force by nonequilibrium noise!

J. Spiechowicz, P. Hanggi and J. tuczka, Phys. Rev. E 90, 032104 (2014)
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