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Broad-band colored noise: Digital simulation and dynamical effects
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We propose a broad-band colored noise, which allows the transition between “red” and “green” noises. A
double-integral algorithm for solving the Langevin equation with this noise is developed. The steady currents
of an overdamped particle moving in the correlation and diffusion ratchets are calculated. It is shown that the
flow reverses sign when the external noise is filtered off in the region of low frequencies to a sufficient extent.
The present noise is also compared with the Ornstein-Uhlenbeck colored noise and the harmonic noise.
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PACS numbd(s): 05.40—a, 02.50-r

Investigations on the influence of Gaussian colored nois€zn(t) 7(t'))=8(t—t’), the final output signak(t) is the
on nonlinear dynamical systems are usually carried out byoltage of the resistand®; (see Fig. 1
the consideration of the Ornstein-Uhlenbe@U) process Let R,<R; and the solutions of Eq$2) and(3) are writ-
[1] or the harmonic(narrow-band quasimonochromatic ten as
noise[2—4] as an external fluctuation force. Several interest- )
ing phenomena result from the spectral denSifw) of the
noise being to decay with at least the inverse second power y(t)= _21 7 Wi(t), E(t):; vi(b), (4)
of the frequencyw 2. Now a challenge comes from a uni-
fied describing for the noise source with different colors, inyhere
which the power spectrum may not fall to zero@s->~. In
fact, applying a Gaussian white noise to a low-pass filter plus t
a high-pass one yields a colored noise with the required Wi(t)=a;exp(—t/7)+m foeXF[(S—t)/Ti]ﬂ(S)dS,
properties. The inverse spectrum of the noise can be written (5)
asa_,w 2+ag+a,n?. The interesting material is to study
the statistical properties of this broad-band colored noisein which
because it allows the transition from a “red” noise to a

2

“green” one. Recently, the transport of a Brownian particle y(0)+ 7,€(0) y(0)+ 7,€(0)

moving in a one-dimensional ratchet potential driven by 31:7’ 32:7’

noise force has been investigated in some dE5&ilThis is a (6)
good and important example for studying the dynamical ef- 1 ™

fects of external noise with different colors. The aims of this m,=

To— T, mz:T(T —7y)
paper are to show the features of a broad-band colored noise, 2 2\hL T2

as well as to compare this noise with the OU colored and

harmonic noises. function depends only oft—t’|. After assuming the initial

. The equa?ion of m(_)tion of a Brownian pa_rticle_in & NoN- gistribution ofe andy to be the Gaussian-type with the varia-
linear potentiaV(x) driven by an external noise with inten- s determined by

If the noise e(t) is a stationary process, its correlation

sity D reads
T1
X(t)=f(x)+ 2D e(t), (1) (%(0))= Drg(rit 1y
y(t)=e(t), ) T
(y4(0))= 2ty 7)

e(t)=—[7*+ 7, 1+ Ry /Ry) ] €(t)

o o (e(0)y(0))=0,
(7172) Y0+ 75 I(1), 3

R, ¢
andf(x) = —dV(x)/dx. Wherer,;=R;C, andr,=R,C, are ¥ L1 11 3
two time constants of a low-pass filter plus a high-pass one, c
the input Gaussian white noisg(t) satisfies( 7(t))=0 and Zm 2"' R, i(’)
*Mailing address. FIG. 1. Schematic image of an electrical filter.
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we obtain the correlation function of with a stationary
form, i.e.,

! ( p( |t—t'|)
(e(t)e(t ))-m e~
e B
T2 T2

The corresponding dimensionless spectrum is

Sé(w)=2f:<e(t)e(t+)\)> cog w\)dA

Tiwz

- (1+ 70?) (1+ 50?)

©)

It is noticed that the correlation functidi®) shows anti-
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correlation whereas its spectrum flows from a broad band. FIG. 2. The current as a function of whenD=0.3 and for

When 7,—%, S (w)=(1+750w%) ' as well asS.(o)
=(rw)?(1+ waz) if 7,— 0. Namely, the spectruii®) can
be recovered as the ones of a low-freque(@y) red noise
[1] and a high-frequency green noisH, respectively. More-
over, the white noise appears in the limits of beth-~ and
To— 0

We now develop a double-integral algorithm for solving a
set of Langevin equationd)—(3). First, the exact integral-

closed algorithm for simulatinge and y can be obtained
through
Vi (t+At)=exp —

At/Ti)\Pi(t)+miwi (|:1,2)

(10

The second step is to expand the tefifm(t)] to first order

within the time interval t,t+At], and then to integrate Eq.

(1) with the initial conditionx(t")|;,—;=x(t) [8,9] where we
have

fIx(t)]
fIx(t)]

+./2DZ(t)

X(t+At)=x(t)— [1—exp(f'(x(1))At)]

11

with

t+At
Z(t)=J exp{f'[x(1)](t+At—s)}e(s)ds

—

At/Ti)

wi(t)

_é exp{f/[x(t)JAt}—exp(—
i< [ fIx()]+7 *

m; wi

()] + T

. fIx(t)]7,
{F/[x()]+ 7 HE[x(O)]+ 75

In Egs.(10) and(12)

t+At
w‘:f exd (t+At—s)/7]n(s)ds (13
t

four values ofr,=0.09, 0.7, 0.05, and 0.02 from top to bottom.

where (=1,2,3) andrs=—f'[x(t)] 1. The correlations for

the Gaussian stochastic variablesare determined by

1,2,3.
(14)

T T
_ i
<wiwj>— T

—At/r—AtT)] ()=

In this study, the potential is taken to be a smooth ratch-
etlike periodic one with periodl =1,
V(X)=—[sin(27x)+0.25sit4=x)]/(27). (15
The objective of the simulations is to determine the dimen-
sionless average velocity and current of the particle in the
stationary state. We solve the E¢$)—(3) M times for com-
puting and plotting 10]:

1 2% (t)—x(0
ooy 3, [200)

In the following calculationsM =1000, At=0.02, andt
=3000.

The current as a function af; for fixed D=0.3 and dif-
ferent 7, is shown in Fig. 2. Whenr; becomes large, the
present noise reduces to the OU colored one thus the current
is positive for the potentiall5). Moreover, the asymptotical
value of the positive current is optimized for a finite. This
is in agreement with the previous res{]. On the other
hand, the noise shows greenish for both small-to-moderate
71 and smallr,; the average motion of the particle is along
the direction of the left. It is observed that the negative cur-
rent increases with increasing ef starting from zero, and
then its absolute value achieves a maximum. However, the
current occurs reversal whemn increases continuously. This
can be understood from the following facts. The sum of
spectrum between red and green noises is equal approxi-
mately to a constarit.e., the one of white noigelt is known
that there is no net current for any ratchet system driven only
by the Gaussian white noise. This means that the red noise
offsets the influence of the green one on the transport flow.
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FIG. 3. The current as a function &f for two kinds of colored D
noises. The solid and dashed lines correspond to the proposed noisc 2

and the harmonic noise, respectively. The parameters(arer, FIG. 4. The current induced by three kinds of noises as a func-
:3'0’_7220'%;_@ ['=20,25=100; (¢) 7, =0.35,7,=0.005; and ;1 ¢ D, in the diffusion ratchet for the fixe®,=0.05 andt,
(d) I'=10, 25=1000. =1. (a) The white noise £;=5.0, 7,=0.005);(b) the OU red noise
Thus the balance between reddish and greenish of the cdi72=5.0,72=0.2); (c) the green noiser =0.3, 7,=0.005).
ored noise discussed here can be realized for a group of the
critical parameters;,,, 75p). OU colored noise and green noise, respectively. They can be
The comparison of the proposed noise with the harmonigroduced by the present broad-band colored noise. It is ob-
noise is performed, and the dependence of the current on th@ryed that the absolute values of asymptotic current induced
intensity D of noise is plotted in Fig. 3. The harmonic noise by OU red noise is lowest, and the one driven by the green
h(t)_is defined through the stochastic differential equations,gise is greatest, so that the net flow can be increased when
[3]: h=u, u= —Fu—Q§h+an(t), in whichT" andQ, are  color of the noise varies.
damping and frequency coefficients of the white ndigg In summary, an approach for generating a broad-band col-
driven oscillator. It can see that the present noise is the vegred noise is proposed by using a white noise to drive a
|0City of an OV.erdamped harmonic noise. Ihe dimenSi%nles‘bW_pass filter p|us a high_pass one. It can reduce S|mp|y to
spectral density of(t) reads asSy(w)=Qg/[T?w*+(Q5  the Omstein-Uhlenbeck colored noise and the high-
—w?)?], which does not allow the high-frequency greenfrequency green noise. The current of a particle moving in a
noise. It is found that the positive and negative maxima oftatic ratchet reverses sign when the external broad-band
the current occur, respectively, in the casesrpb and  pojse s filtered off in the region of low frequencies to a
7,—0 for the proposed NoISe. The corréasponc_hr_\g Cases aRyfficient extent. It is also found that the current along the
pear, respectively, dt—o, °—c (I'/Q5=7=finite) and  narg.side of the ratchet can be optimized when the proposed
Qg>T? (7—0, adiabatic limit for the harmonic noise. Ob- nojse transits the green one. Moreover, the present broad-
viously, our noise has nice and direct properties of the papand noise has nice properties compared with other colored

rameters comparing with the harmonic noise. _ noises, and it can be applied to control the direction and
In Fig. 4, we calculate the current of the particles MOVINGmagnitude of the particles’ flow.

in a diffusion ratche{11]. The equation of motion of the

particle is Xx(t)=f(x)++2D(t)e(t). Here the time- The work was supported by the Foundation of Excellent
dependent intensityp (t) of noise changes periodically be- Young Teachers from the Ministry of Education, China and
tween two value®, andD, with temporal period 2,. The  the National Natural Science Foundation of China under
noise sources(t) is taken to be the Gaussian white noise,Grant No. 19605002.
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