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Inertia ratchets: A numerical study versus theory
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The colored(Ornstein-Uhlenbegknoise-driven nonequilibrium dynamics of massive damped Brownian
particles in a periodic but asymmetric potentiigdtchej is investigated. Our special focus is on the influence
of inertia in the particle dynamics for the noise induced, directed current. By means of two approximation
schemes(a unified colored noise approximation and a path-integral appyoacti by numerical matrix-
continued-fraction evaluations of the inherent, three-dimensional Fokker-Planck dynamics as well as by direct
simulations of the stochastic differential equations we examine the dynamics at various inertial strengths. For
the case of a large mass we find current reversal with respect to both a variation of the mass and of the
noise-correlation time. Possibilities for efficient mass-sensitive scenarios for separation of particles are dis-
cussed[S1063-651X99)00802-9

PACS numbg(s): 05.40.Ca, 82.20.Mj, 87.16e

I. INTRODUCTION A particularly appealing feature of Brownian motors is
their ability to separate particles of differing friction strength
The constructive role of nonequilibrium noise and inher-or mass[1]. It is this latter aspect of mass separation via
ent equilibrium fluctuations, which—via the fluctuation- inertial correlation ratchets[1] that is the focus of the
dissipation theorem—cause dissipation, can produce nov@resent study. While the overwhelming part of ratchet dy-
unexpected phenomena such as noise-induced directed curamics has been studied in the overdamped limit, only a few
rent in periodic structures that lack reflection symmetryprior studies considered the influence of inertial effects
(ratchet$, e.g. see the reviewd,2], or anomalous amplifi- [8—11]. Reference[8] considered deterministically rocked
cation features for weak signals in thresholdlike systemsnertial ratchets which are able to exhibit both regular and
(stochastic resonancg3]. chaotic directed transport, as well as multiple current rever-
In recent years, a large variety of classical nonequilibriumgg|g.
ratchet models have been put forward that produce net trans- The effect of guantum tunneling in combination with fi-
port in the presence afnbiasednonequilibrium forces. The e inertia has been addressed in RE93 for rocked ratch-
interest in these models stems largely from their relevancgis pecause inertial ratchets possess current reversals as a
for the operation of molecular motof4,2,4 that drive in- ;040 of the mass of the partif8—11], these ratchets are

tercellular transport processes. Likewise, recent active reg eally suited to separate particles of differing masses

search ha_s been fueled due to potential applications for nov 0,11, and thus allow for the conceptual operation of mo-
technological devices that pump, trap or separate Brownia ecular shuttleg11], wherein an inertial Brownian carrier is
particles on periodic structures with period-length scales ex—bI {0 move m ’iv 190 back and forth alond or. ioned
tending from nanoscopic to mesoscopic, up to macroscopié € 1o move massive cargo back and forth along preassigne

SizeS[l]. routes. ' . ' .

To obtain directed transport with unbiased nonthermal 1he operation of such an inertia ratchet was studied by
fluctuations, the breaking of the reflection symmetry in peri-Marchesoni[11] in the limit of weakly colored, unbiased
odic structures is no necessary prerequisite: Directed curreR@nthermalOrnstein-Uhlenbedknoise. In contrast, the role
occurs also with nonthermal, unbiased forces that exhibiPf moderate-to-large noise color—in theesenceand in the
nonvanishingodd numbered cumulant averages of order absence of an external bias—was the objective of our inves-
=3 (temporal asymmetyy[5]. A particular such realization tigation in Ref.[10]. In the following, we present a more
appears by considering thgero-frequency harmonic mix-  detailed account of the phenomenon of mass separation in
ing signalof two ac fields of angular frequenciés and 2} colored noise-driven inertia ratchets. In doing so, we
that drive overdamped classical transport in(reflection-  present—apart from accurate numerical simulations of the
symmetrig cosine potential6]. Noise-induced directed cur- underlying colored noise Langevin equation—precise
rent in these systems hasplicitly been observed experi- matrix-continued-fraction results for the behavior of directed
mentally (via the occurrence of a finite stop voltage one-  current. Our numerical results are compared vs. various the-
dimensional organic conductors as early as in the late 1970wretical predictions such as a generalized unified colored
[7]. noise approximation schenfeCNA) and an inertia-driven,

It should be noted, however, that the dynamics in ratchetolored noise path-integral approach that is valid at weak
structures with its inherent spatial asymmetry generally exthermal noise.
hibits a richer complexity, such as the occurrence of a devil- To start, we present the model for the inertia ratchet, to-
staircase-like current quantization, multiple current reversalsgether with an appropriately chosen scaling to yield dimen-
and multipeaked current characteristids2]. sionless variables with unit viscous friction strength.
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Il. MODEL FOR INERTIAL RATCHET DYNAMICS particles. We are interested in its dependences on the noise
parameters, but particularly on the particle mass.
In view of the validity of equilibrium statistical mechanics

the directed current assumes a zero value whenever

(1) 7—0, i.e., the OUP becomes white, additive thermal
quilibrium noisey(2) —«~ or Q—0, implying a vanishing
trength of the external nonequilibrium noigd) D—oo, in
which limit the unbiased fluctuations dominate the potential
forces, yielding zero current; and) u—«, so that finite

We consider the dynamics of a Brownian particle in a
periodic potentiald (x) = U (x+Xg) with broken spatial sym-
metry, known as the ratchet potential. keaindv denote the
space coordinate and velocity of the particle of massith
7 being the viscous friction strength. The stochastic ratche
dynamics then reads

X=v,

potential and fluctuating forces no longer are capable of
- , moving particles. Furthermore, we remark that for-0 one
mu =—7v—U'(X)+F+y()+v2D&(L), recovers the previously investigated overdamped situation in
Ref.[12].
y:_XJr VZQg (t) 1) The Fokker-Planck-equatiofFPE) for the probability
T r 2D densityP(x,v,y,t), corresponding to Eq2), i.e.,
(&i(Dg(t))=g;8(t—t"), 1  V(x)-y-F D
HP=—vdP+d,|—v+t—"—+—3,|P
.\ Q t—t'] g # a
(YOy(t))=—exg - ——|. y Q
+(9y —+—2(9y P (3)
Here, the colored, unbiased noig¢t) models stochastic ToT

nonequilibrium forces and the white noigg(t) accounts for
thermal fluctuations of strength (D= 7kgT). Setting the
colored noise sourcg(t) equal to zero we recover an equi-
librium system which cannot support finite, directed current
The perturbatiory(t) which drives the system out of equi-
librium, is modeled here by the well-known Ornstein-
Uhlenbeck Proces§OUP) with an exponential correlation
function—r denotes its correlation time af@ithe integrated
intensity, often expressed by the rafof external and in-
ternal noise strengt®=RD. Moreover, we can include in
our model an additional static bi&that is assumed to be
zero if not stated otherwise. 1
The use of a scaling of the form V(X)=— E[sir(2wx)+0.253ir(47rx)]. 4

cannot be solved analytically even for the stationary case
(0;P=0) since detailed balance is broken and the probability
flow thus is not potential-like. Its dynami¢2), however, can

‘be studied by means of analytical approximation schemes
such as a unified colored noise approximation or a path-
integral approach. Numerically, it can be investigated either
by direct computer simulations of ER) or by applying the
matrix-continued-fractiotMCF) method to the FPIE3). For

our numerical evaluations we use throughout the specific
ratchet potential

t=tltg, x=x/Xo, v=vlo/Xo, Y=YVo/Xo, In the following two sections we develop these two analytic

approximation schemes for the inertia ratchet dynamics

V(X)=U(x)IVy, F=xoF/Vo which will then be compared against precise numerical re-
sults.
leads to a dimensionless formulation of the dynamics in a
potentialV with V(x) =V(x+1). We chooseo= x5V, to lll. UNIFIED COLORED NOISE APPROXIMATION

obtain a dimensionless friction coefficient equal to one. ” ' o o
Then, the rescaled mass and noise parameters are given as The unified colored noise approximation has originally
been developed for overdamped stochastic dynamics driven

mVy -~ D - 0 - 1V by OUP [13]. Later refinements and generalizations have
u=——, D= Vor' Q= Vor' T=—"07. been put forward with Ref$14,15. It has proved to provide
X0 0 0 7Xo a good approximative description over wide parameter re-

gimes for different situations and was applied already to col-
ored noise-driven directed transport in Rdfs2,16].
The objective in the UCNA is to find an approximate

The new dimensionless dynamics reads

X=v,

Markovian description of a generally intractable non-
. Markovian dynamicg15]. First the non-Markovian dynam-
po=—v=V'(X)+F+y(t)+2D&(1), (2 ics is rewritten(if possible as a higher-dimensional Markov-
ian process introducing new variables for the noise. A
Y J2Q nonlinear coordinate transformation (approximately de-
y=-77 752(0’ coupling stochastic variables is performed. In a second step,

a separation of time scales for those new variables is estab-
where the tildes were omitted here and throughout later onlished, thus admitting the adiabatic elimination of the “fast”
The quantity of foremost interest is the mean velo¢ity ~ ones. A Markovian description for the coordinatenly is
or the steady state probability current of immersed Browniarachieved if this approach yields a single Langevin equation,
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i.e., a first order differential equation with white noise
sources.

Adapting this general line to E¢2) we find expressions
for small correlation timesr and, simultaneously, for a
strongly overdamped dynamigs— 0. Within these restric-
tions, the following approximate Langevin equatiam Stra-
tonovich interpretationas Markovian approximation of Eq.
(2) is derived[17]:

-1
* 9

where the state- and mass-dependent funajipt) reads

[—V'(X)+F+y2D(1+R)&(1)], (5

RV’ (x)—F]
(L+R)(1+ ul7)+7V"(X)

d
9O =1+ g ®)

For this Markovian approximatior5) the steady state
probability current] can be calculated analytically following
standard approach¢$8]. With (v)=(x)=J we find

L(1+R)D[1-e®'P]

()= x+1 - O
f dxgooe‘¢“”DJ. dyg(y)e®®"?
0 X
In this expression the effective potential
xg(y)
@(x)—fom[v (y)—Fldy ®

occurs. In the white noise limit— 0 it follows from Eq.(6)
thatg(x)—1. The currentx),_, thus vanishes according to
[6,7] if F=0, independent of the mags Otherwise, that is,
for 0<7<, the current is generically nonzero for nonsym-
metric potentialsV(x), even forF=0. The asymptotic be-
havior of Eq.(7) for small 7 and zero load-=0 is obtained
as

1

_LJ
A0)(1+R)2Jo

(x)= V' (y)V'(y)2dy, T

- 1+ulr
9

1 x+1
A(F)= fo dxf dye[V(y)—V(x)+(x—y)F]/D(l+R). (10)
X

Thus ar? decay for moderately sma#is predicted, crossing
over to ar* decay for extremely smatt<u. The u depen-
dence of the UCNA resulf7) can be completely absorbed
into the renormalized correlation tinwe For this reason the
maximal value ofx) with respect tor is independent of..

IV. PATH-INTEGRAL APPROACH FOR
INERTIA RATCHETS

In this section we aim at the calculation of the steady state

current by use of path-integral methods.
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noiseD, only. Nevertheless, for situations where the poten-
tial barriers between adjacent metastable states renormalized
by the colored noise are large compared to the strength of
thermal fluctuations this approach has shown its powerful
abilities.

Within the restriction of weak thermal noise the current of
the Brownian particles can be approximated by a rate de-
scription

(x)=k,—k_, (11)
wherek, (k_) are noise-activated hopping rates to the next
right (left) neighboring wells, respectively. We remember
thatL=1.

For small thermal noiseD these rates approach an
Arrhenius-like dependende. = .. exp(—Ad.. /D). Therein
Ad. are “effective” potential barriers independent &f
and /. are rate prefactors.

In the case of small noise correlation ting21] we de-
rive the explicit result

AD . ()=ADP+AdD(7)

. V(x*) = V(x2) +(x —x*)F
B 1+R

R

+1'2
(1+R)?

[ @oe a2

wherex” is the position of a local maximum of(x) — xF
andx, andx_=x,—1 the location of the corresponding
neighboring local minima to the right and left, respectively.
The functionsq. (t) are trajectories found fromuq. (t)=
—0.()—V’'(q.(t))+F with initial conditions g.(t=
—w)=x* andq. (t=—)=0 and ending in one of the pos-
sible minima ag—o. We labelq. (t=«)=X. .

In the prefactor{.. we restrict ourselves to the zeroth
order approximatiord(7)={(7=0) with the effective noise
D(1+R). A closer inspection involving detailed-balance ar-
guments, as well as explicit perturbation calculati¢®2],
has shown that the identity,(7=0)=¢_(7=0) should
hold true in the spatial diffusion regime whenever the con-
cept of an escape rate makes sense. We thus infer that

<)'(>:B[e—Ad>(+1)/D_e—{Ad>g)+LF/(1+R)}/D], (13)

whereB=k . (7=0). Next, we make use of an observation
that can be inferred from Eq7), namely, that the current for
vanishing 7 is essentially independent qf if F#0. This
independence of the mass is inherited by the faBoBy
settingu=0 we obtain approximately

_(1+R)D

A(F) (149

As in quantum mechanics the corresponding reformula-
tion of stochastic dynamics yields a compact representatiowhereA(F) is defined in Eq(10). For zero loadc=0 and
[19,20. In practice, however, the analytical evaluation of theexpanding the exponential in E¢L3) one finds to leading
resulting formal expressions is possible for weak thermabrder inr
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FIG. 1. Mean velocityv) vs correlation timer and massu. ) . )
Negative velocity appearing in the underdamped regime is indicated "G+ 3- Mean velocit(v) vs correlation timer and mass.
only by contour lines, because its order of magnitude is mucH ath-integral approximatiofi3) for D=0.1 andQ=0.12.

smaller than in the damped case. The parameters choseb are

=0.1,Q=0.05, hereR<1. current converges to the results fr¢@?]. Predictions of the
2 path-integral approacteq. (13)] are presented in Fig. 3.
(X)=— Lfm [q.(1)2—q_(t)2]dt. (15 The finite inertia causes a complex behavior of the current
A(0)(1+R)J .t - '

behavior as can be deduced from all the figures. Starting with
We want to point out thanq)&l)_Aq)(}) can change its small values ofu we observe for a certain range nf novel

sign depending op.. In fact formula(13) predicts a reversal Unexpected increase of the current with respegt (igs. 1

of the current direction in the underdamped cage-), as  &nd 2. Thus a global maximum with respect to batrand 7

is shown in Fig. 3. Note, however, that this prediction is@ppears fofinite massand hence finite inertia may enhance
qualitative only: The reversal occurs in the energy-diffusionthe value of the mean velocity of Brownian particles in
limited regime, where our resultld) fails quantitatively. ratchets.

Here besides site-to-site hopping events long excursions over Further increasing inertiéaboveu~0.1) yields a rapid
multiple barriers appear that are not taken into account bjecrease of the current. Thereby for a giyerthe maximum
Eq. (11). Nevertheless, their occurrences are given in googyith respect tor shifts toward larger values which agrees

approximation by the ratés. and, therefore, depend on the \ith the predictions of the UCNA and of the path-integral

asymmetry of the ratchet potential. Hence, the difference be:§1Pproximation. This drop of the current is expected since the

tween forward and backward rates serves as a good indicat‘I;Tuctuational and potential forces have a weaker effect on a
for an actualreversalof current as is confirmed by the nu- P . .
merical analysis, later on. larger mass. Hence, the mean velo_t:lty decreases. The s_hlft of
the maximum results from a slowing down of the particle
V. MATRIX-CONTINUED-FRACTION ANALYSIS motion if increasing the mass. This can be compensated by a

To cover a large range of parameters we solved (Bg. larger correlation t'mq' .
numerically by use of the method of matrix-continued frac- A S€cond novelty is found in the strongly underdamped
tions. We developed the steady state denBity,v,y) ina  case at arbitraryR, namely a negative velocity appears for
(finite) set of proper eigenfunctiorf®3]. We used Hermite moderater. The MCF analysis shows a rich behavior. First,
functions inv andy, and Fourier modes in the coordinate  for moderate values g& we found a double reversal of the
The corresponding recursion relations between matrices halocity direction for increasing values of the correlation
been solved numerically by applying Risken’s metfiad].  time (Fig. 4). Negative currents are observed for moderate
The dependence on mags and correlation timer of  correlation times only. For larger the current exhibits a
noise-induced currents calculated for two different values ofjngle reversal. Now it is still positive for large (Fig. 5).
Q are depicted in Figs. 1 and 2. We have chosen the intensity
of the colored nois&) smaller and larger than the thermal
noiseD, see Fig. 1 and Fig. 2, respectively. As mentioned in
Sec. Il the current disappears for large mass as well as for 107

vanishing and large. For smallu (overdamped regimehe
<V>
5x107}
0.012
<V>
0.008
0.004 0 \/
0.01 =
-5x10™"
T 10° 10°
T

FIG. 2. Mean velocityv) vs correlation timer and massu.
The parameters chosen de=0.12, hereR>1, the absolute value FIG. 4. Mean velocitfv) vs correlation timer for the param-
of negative velocity, is greater than in Fig. 1. etersD=0.1,Q=0.05, »=20.0.
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2x107
0 L
<V> <V>
0 -0.0004 |
-0.0008 |
-2x10°%
-0.0012 |
—4x10°° ‘ ‘ ‘ '
s o re o 0.01 0.03 D 0.05 0.07
T

FIG. 5. Mean velocity(v) vs correlation timer for the param- _3F5|G' Z'Ol\gggn v_elfgltsy(v) vs noise intensitD. Parametersr
etersD=0.1,Q=0.05, u=60.0. =3.5,Q=0.035,4=12.5.

We underline that the absolute values of the reversed Curr_ez?]ches ?hmz_ax(;mun?j ?t finite ;[errrl]per:a;ure. |Wh'(;e tr)10|se dcan
rents are rather small compared to the maximal current fofnhance the induced transport which has already been dem-
small masses. onstrated in the overdamped cd44€]. In the underdamped

Let us compare our numerical results with the predictionE2S€: for occurring negative currents, this could not be veri—.
of the path-integral approach. Generally, as depicted in th eﬁ' Thteha_bsolute_ vall:jeﬁof _theDcur;enl;t_decrea'\jes monotoni-
figures, this method overestimates the current by one ordecf”;]_%/ with Increasing thl ut5|odn t(C. thlg.' 7()1 (()jreover, ! of
of magnitude, but it captures qualitatively the interesting ef-"/ e ?(#]se steems lr_a _::‘r 0 destroy the induced reversal o
fects found in the MCF calculations. The global maximum Current than to amplify it.
with growing mass does not appear in Fig. 3. This is appar-
ently due to the approximation of smallwe made. In the VI. COMPARISON WITH LANGEVIN SIMULATIONS
region of moderate mass the path-integral analysis correctl . . . . _
prgdicts the shift and the decrpease of '?he curre)r/ﬂ maximum)f The dynamics of Brownian particles in ratchet potentials

Most interestingly, the path-integral approach predicts a cur(-:an be investigated also via a second numerical approach.

rent reversal as a function of the mass but it predicts a Simulations .Of the. Langevin_equatio(ﬂs) "’.‘HOV\.’ the inyesti-
negative current for alk values above a certain valye gation o_f trajectories and will later provide insight into th_e
The increase ol in the examples considered, ie., a mechanism of the current reversal. Here we should mention
hange fromR<1 to R>1. leads in aeneral to an m I.i'fi- the nearly exact agreement of the mean values as obtained
change 1o 10 » 1€ads In general to an amp from the simulations with the results of the MCF calcula-
cation of the positive and even of the negative current. W%ions
want to s_tress .that our obser\{ed reversal is different from the Wé have implemented the Fox algoritiit7,25, which
one predlcted_|r_1 Re(11]. In Flgg. 1and 2 current reversals is a rather fast method for simulating processes driven by the
occur for sufficiently largew without a restriction on the OUP. For each set of parameter values the stochastic dynam-
ratio R_=Q/D. Conditions for the current reversal [11] ics Was integrated over 1Qime stepsAt=102 and the
would imply =1 andR<1. . . . time-averaged velocity was determined froix(T)
The value ofR can also be changed via varyiigwhile - —x(0)]/T. This time averaging was repeated 20 times to
keepingQ fixed. This influence of the thermal fluctuation is obtain the mean current in sufficiently high accuratass

U\I/lésgg:g?n";Frllgirr?oiggozdljns tgzrf:\zirOftEgS'rg\{sh\é?l%E':'r?gwan 5% forr>0.1). The relative numerical error increases
' oth with increasingu in Eq. (1) and decreasing and we

0.0003
<v> 0.1
<V>
0.0002
0.01
0.0001 0.001
0.1 1.0
0000 =51 0.3 0.5 0.7 0.9 :
) D ) ) FIG. 8. Mean velocity(v) vs correlation timer. Numerical

simulations(solid) compared to UCNA. The parameters used are
FIG. 6. Mean velocityv) vs noise intensityD. Parametersr D=0.05 Q=RD=0.25, F=0. The inertia values used are
=0.5,Q0=0.1, »=5.0. =0.125,=0.25, andu=0.375.
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FIG. 9. Mean velocity(v) vs correlation timer. Numerical _4000 10° 2x10° 3x10° 4x10°  5x10°
simulations(solid) compared to path integrals. The parameters used t
areD=0.05,Q=RD=0.25,F=0. The inertia values used are ) ] o
=0.125,4=0.25, andu=0.375. FIG. 11. The averaged motion of 20 particles moving in oppo-

site direction(regime of current reversalThe dashed line depicts
the MCF result for the average motion. The chosen parameters are

could not reach the deep asymptotic regimeO.
b asymp 9 D=0.1Q=0.14=51.27=3.58.

The comparison for moderate-to-small and moderate-
to-small = of the UCNA with the simulations is depicted in
Fig. 8 for differentu values. The maximum of the UCNA Vverified by simulationgFig. 11). Apart from superimposed
shifts towards |argen— with increasing mass, in agreement stochastic deviations the averaged position of 20 particles VS.
with the simulations and the MCF results. The simultaneougéime exhibits the directed motion predicted by the MCF
decrease of the maximal value of the current is not predicte¢dashed ling A time span of two individual trajectories
by the UCNA. demonstrates the effect of strong ineitig. 12): For suffi-

A comparison between the path-integral predicti@s), ciently large correlation timesthe accelerated particles may
(14) and the numerical simulations is shown in Fig. 9. Theachieve a large amount of kinetic energy, allowing them to
agreement is satisfactory up to abaut 0.5, apart from its Pass over a number of intermediate barrigrstice here that
absolute value which is better estimated by the UCNA. Thd-=1) before they stop again in a well. In the underdamped
shift with respect tar and the decrease of the maximum with regime one can generally distinguish between “running
increasing inertigu—as already mentioned above—are well States” and “locking states.” In the second state the par-
described. In particu|ar, the asymptotics in E‘tﬁ) seems to ticles are bound in one of the minima, whereas in the first
agree better with the numerics than that from the UCNAthey cover distances over several periods in both directions.
approach(10). But the reversed motion results neither from a relevant dif-

The MCF curves and the results of the simulatioRi. ~ ference of the velocities to the right and to the left, nor from
10) nearly converge. Both dependences, i.e., the shift of th@ difference of the back transition rates into the “locked
max|ma| current to |arger Va'ues @fas We” as the decrease solution.” In the simulations we found a distinct difference
of the current with increasingh are Correctly rendered by Of rates for transitions Trom the locked state into the Ieft', or
the MCF. Apart from the different computing time of the right-running state, which originates from the asymmetry of
simulation and the MCF datéhe simulations require two the potential. This is the reason why the path-integral ap-
orders of magnitude larger CPU timeshe MCF results Proach, which is based on jump rates andk_, does in-
even achieve a higher accuracy for smathan the simula- deed exhibit the current reversal.
tions.

Also the current reversal in the underdamped case was 20
0.1 ol
<vV>
x(t)
0.01 0
0.001 10l
0.1 1.0
T =20
. . . . 2000 4000 6000
FIG. 10. Mean velocityv) vs correlation timer. Numerical t
simulations(solid) compared to MCF. The parameters used @re
=0.05, Q=RD=0.25, F=0. The inertia values used arg FIG. 12. Two individual trajectories(t) are shown. The param-

=0.125,4=0.25, andu=0.375. eters chosen al®=0.1Q=0.1u=51.27=3.58.
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FIG. 13. Velocity reversal in the underdamped case with respec{ FIG. 15. The results for the path-integral approximation

. dashedl compared against simulatior(solid lineg. Parameters:
| h the MCF hod. Th
g):r%aisg':%vi uTa:t%dOWIt the MCF method € parameters areD=0.05,Q=O.125,F= —0.01, foru=0.125(curve, that reaches

maximal current for smallet), and x=0.375, respectively.

VII. MASS SEPARATION .
_ _ _ _ _tion of the(smal) load force. Both values;; and,, depend
~ Besides a size-dependent separation due to different frign the mass of the particle. Hence for two different values of
tion constants of the particles, a separation due to mass difhe mass nonoverlapping regions of current reversals are pos-

ference constitutes a new and independent mechaiisin  gjple. This in turn yields the desired separation of the two
We next discuss what possibilities for this kind of particle species of particles.

separation result from our study. Results of simulations and of the estimations from the

The first situation would be that the particles move in ; ; PR
different regimes, overdamped and underdamped, which aLilCNA and the path integral approach are depicted in Figs.

Lo : : ; . 34 and 15. For a specific range ofthe particles have dif-
sumes situations with large differencesgn Then—as dis- ; : .
. : . ferent signs of velocity, and hence exhibit flow on the aver-
cussed above—there exists a certain set of noise parameters in different directions. An incr f the differen f
leading to different directions of the particles, as illustrated®9€ ere ections. crease of the difierences o
- e masses would strengthen the speed of separation and en-
in Fig. 13 th Id st then th d of t d

Next, let us consider massive particles with non-l2rge the region of allowed correlation times.
negligible inertia(moderatex). As shown before, we ob-
tained a displacement of the maximal current for increasing
values of the masg. This shift can be used in effect for the VIil. CONCLUSIONS
purpose of separating mesoscopic particles with different

. ) . We have presented analytical and exact numerical results
masses. Adding a constant force against the preferred dlreg-S well as computer simulations for the dvnamics of a mas-
tion of the ratchet, a current reversal will emerge in a finite P y

region of ~. Beginning from a first valuer, until a second sive Brownian particle in a ratchet potential subjected to ex-

value 7, the noise-induced current overcompensates the aégrnal colored gnq m;erna.ll white fluctuations. We (?OUI.d dem-
onstrate that finite inertia can enhance the noise-induced

transport and that for this transport there exists an optimal
temperature of the embedding bath. In the underdamped case
we could detect a current reversal, which has been predicted
by the path-integral approach. The possibility of separating
particles with respect to their masses in the regimes of mod-
erate and strong inertia was demonstrated. It is conceivable
that this novel separation mechanism could be of use in tech-
nical applications, working at a mesoscopic level.
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