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Effects of random potential on transport
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The effects of random potential on the transport of two systems, which are the motion of motor proteins
along a biopolymer and the thermally assisted vortex diffusion in layeredhigluperconductors, are inves-
tigated, respectively. It is found that the effects of the random potential on the transport process as the
amplitude of random potential increased are much more remarkable than those as the correlation length of
random potential increased. The amplitude and the correlation length of random potential play opposing roles
in the transport of the systems.
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. INTRODUCTION Uo(x) is the deterministic part with the periddand 7(x) is

) ) a small fluctuation depending on the state variable and su-
~ The effects of noise on a dynamical system has been stugserposed on the deterministic pait(x). Considering that
ied extensively in statics and dynamics. In statics, the noisene random party(x) takes only two values separated by
induced transition has been investigated in the context 0hA  making discontinuous jumps at random points along the
nonequilibrium phenomendl]. In dynamics, the noise- one_dimensional space, ang(x)=A(—1)"*% where the
induced transport has been of growing interest. A number ofgndomness of the functiom(x) has been expressed in
recent attempts to understand broad principles of energyms of the random function(x,,x,), which counts the

transduction in nonequilibrium_physical and biological_ SYS-number of jumps the potential makes between the values
tems have focused on correlation ratchet systems which ex A and— A in the interval between=x, andx=x,. The

tract work out of fluctuations which are correlated in time " ¢ o random function(x,,xy) is N(Xz,xq) =|x
[2-8]. It has been demonstrated that time correlated fluctua- /1, where the correlation Ienéiihils the meza,n ldistaﬁce
tions interacting with spatial asymmetry are sufficient Condi'bet\iveén jumps. The probability distribution oi(x,0) is
tions to give rise to transpof2]. On the_ othe_r_ha_nd, It was Poissonian. Ab(;ve properties afx,,x;) allow a st,raight-
also shown that temporal asymmetric drivirtgith zero forward calculation of the correlation function for thgx)
mear) can operate a correlation ratchet even when the poterﬁ?,]_ 700 70%0) = A2 exp(— 2|x;— xgl/) and 7(x)=0
tial has spatial symmetri6]. - A \2) = N elf Aol )=

The largest amount of work about the noise has been ret—hen UFSX)f'IS' called the chlho_tomfouéi)_l) p_otent|al. There-
ferred to the consideration of fluctuations depending on thd°e: the finite-space correlation function is

time, very little work has been done on fluctuations depend- A 2y A

ing on the state variable. Recently, the fluctuations depend- C(L,y)=|coslt k_T) —ex;{ - I_)Sinhz<ﬁ”

ing on the state variable have been proposed by Dunlap and

co-workers[10—12. They had studied nonlinear mobility of L Ug(X) = Ug(X+Y)

a classical particle of chargg and massm moving in an X fo ex;{— T dx. (2)

infinite one-dimensional space spanned by the coordixate

and subjected to a potentidl(x) with the periodL and an Now a question to be raised is how the random potentials

external electric fields, where the potentiall (x) is a ran- influence the transport in some realistic systems, for in-

dom stationary potential which depends on the state vari- ; - ;
-, . i ~'stance, the motion of motor proteins along a biopolyfdér
able. The mobility, defined as the ratio of the velocity b g poly

of the charge to the fielcE, is given simply in terms and the thermally assisted vortex diffusion in layered high-
o ’ . y T. superconductorgl4]. In this Brief Report, we will study
of_a finite-space correlation functior[11]:  C(L,y) the effects of Di potentials on transport of the two realistic
=exf U(x+y)/kTlexd —U(x)/kT], where the overbar gystems. It should be pointed out that although the effects of
represents an ensemble average over realizations of the r indom potential was considered in R@d], yet we will
dom potentialJ (x). The assumed stationarity of the stochas-consider hoth fluctuating force and fluctuating potential si-

tic process underlying the potential ensures that the finitemiraneously here. Moreover, the effects of random potential
space correlation function depends only on the difference a5 not discussed in RefL4].

in the coordinate valugd 2].
According to Ref.[11], U(x)=Uy(x)+ 7(x), where

Il. THE MOTOR PROTEINS

For the motor proteins, Astumian and Bl proposed a
*Electronic address: jiay@phy.ccnu.edu.cn motion model of the motor proteins in a periodic piecewise

1063-651X/2001/6&)/0521014)/$20.00 63052101-1 ©2001 The American Physical Society



BRIEF REPORTS

PHYSICAL REVIEW E 63 052101

0.005
— A=00
L — A=0.5kT
0.004 — A=1.0kT

-- A=1.5kT

0.003 -

Average Probability Current

L B L+1 0.002 |-
FIG. 1. The periodic piecewise ratchet potential. 0001 - :
linear potential, predictions of which are consistent with the 0 : s
experimental data given by Svoboéaal. [9] for a single 6 02 04 06 08 1

protein molecule moving along a biopolymer. In an over- KT

damped environment and after scaling the viscosity away,

the motion model of protein molecule can be described by FIG. 2. The average probablllty current for Di pOtential WB
the following Langevin equation in the case of dimensionlesdor various amplitudeA of the Di potential. A=0.1, L=1, B
form dx/dt= — JU(x,t)/dx+ &(t), whereg(t) represents the —0.6,Q=0.2, andi=0.2L.

Gaussian white nois€&(t))=0 and (&(t)&(s))=2kTs(t

—9).

P2, 2

. A 2 -1
The potentialU (x,t) undergoes a fluctuation, two cases u4=(L—,8)sml"F(ﬁ_) ( Tt kT(L—,B))

had been respectively discussed in Réf. One is fluctuat-

ing forcedU(x,t)/dx=dU(x,t)/dx+ F(t), and the net force
F(t) fluctuates betweerr AF and— AF in its period7. The

F 2 Q
X T

kT T KT B)

- b

other is fluctuating barrier dU(x,t)/dx=d[U(x,t)

+u(x,t)]/9x, and u(x,t) can take the valuestAu and
—Au. However, here we consider the two cases S|multa[2], the average probability curredt,

neously: dU(x,t)/ox=d[ Uy(X) + n(x)]/dx—F(t),

that the other, i.e., that the paramegs# L/2. Here we take
B>L/2, then the probability flux) of the system driven by

the Di potential is given by

KT[1—exp(—FL/KT)]
U+ Uy+Ug+Uy

J(F)=

where

. A F 2 Q\1
u2=—ﬁsmhz(ﬁ)(—ﬁ—l—+m)
FELICEING

x kT 1 kTg
uz=—(L—p) cosit

sl
T k=g kT

o)

For the slow fluctuatior(t) of square wave of amplitudé
over the period’ of

where . _ T _
Uo(X) is a periodic piecewise ratchet potential with the bar—the fluctuation  Ja=(1/7)foJ[F (1) ]dt=(1/2)I(A)

rier heightQ, the periodL, and the paramete® (see Fig. 1
7(X) is a Di potential, and the ter(t) is a slow forcing of

+J(—A)] can be obtained.

We plot the average probability current versusfor dif-
ferent values of amplitudd and correlation length of the
Di potential in Figs. 2 and 3, respectively. The figures show
Shat the average probability current is a peaked function of
temperature of the bath, thus there is an optimal temperature
for the driving. In addition, the effects of Di potential on the
average probability current are very clearly in the figures, the
peak value decreases as the amplitddef Di potential is
2) increasedFig. 2), while the peak value increases as the cor-
relation lengthl of Di potential is increasedFig. 3). The
variation of the average probability current as increasing of
the amplitudeA of Di potential is much more remarkable
than that as increasing the correlation lerighfi Di potential.
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FIG. 3. The average probability current for Di potential /B
(5) for various correlation length of the Di potentialA=0.1, L=1,
B=0.6, Q=0.2, andA =0.5T.
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lll. THE VORTEX DIFFUSION IN HIGH- T,
SUPERCONDUCTORS

For the vortex diffusion in high. superconductors, Chen
and Dong 14] used a dynamical equation to study the single
vortex thermally activated motion in the direction perpen-
dicular to the layers as seem to a Brownian particle moving
in a sinusoidal pinning potential, and they showed that the
power lawl -V characteristics and continuous crossover from
flux creep to flux flow in highf,. superconductors can be
interpreted in a natural way. Under the overdamped situation

|Og1o(E/Eo)

(or the effective mass is very smalthe Langevin equation
for a flux line of lengtha in the dimensionless forfi4] is
(ap)dx/dt=—-U"'(x) +F+£(t), where the pinning poten-
tial U(x) is caused by the parallel Cu-O planeg(planes,
M is effective mass of the flux liney is damping constant
and &(t) represents the thermally fluctuating for¢é(t))
=0 and(&(t)&(s))=[2kT/(an)]8(t—s), F=(1lc)ipea is
the driving force withi being electric current density, arf,
as the superconducting flux quantimo/2e. Here thex axis
is taken along the normal of the planes.

When one assumes that the pinning poteritlék) is a
random potential U(x)—Up(x) + 7(x), where Uy(x)
=(a/2)sin(2m7x/L) [15], which is a good approximation to

the intrinsic pinning caused by the layered structure when th

magnetic fieldH is parallel to the layersy is the height of

the pinning potential wellL is the period of the distance
between two planes, and the tem(x) is considered as Di
potential. Now the current for the vortex diffusion in high-

T, superconductors igl4]

KT[1—exp(—FL/KT)]

L
auf exp(—Fy/kT)C(L,y)dy
0

: ()

where C(L,y)=L[cosF(A/KT)—exp
(—2y/1)sintP(A/KT) ]I o[ @ sin(ary/L)/KT], andly(x) is the

|Og1o(i/io)

FIG. 4. Calculated electric field vs current density for various
amplitudes of the Di potential, fromh=0.0kT to A=2.0kT at
0.5¢T intervals. The reduced temperature 0.99 and the correla-
tion length of the Di potentidl=0.5_. The other parameter values
are given by Ref[14] (the same in Fig. b

By virtue of Eq.(8), we can discuss the effects of random
potentials on the linear log(E/Ey) —log;o(i/ig) characteris-
tic. The linear characteristic has been plotted for various val-
ues of the amplituded and the correlation lengthsof the
Bi potential in Figs. 4, 5. When correlation lendtlof ran-
dom potential is fixed, the variation of the linear character-
istic (see Fig. 4 for increasing the amplitudA of random
potential is equivalent to that in RdflL4] for decreasing the
reduced temperatufer for decreasing the temperature of the
system. It means that increasing the amplitude of random
potential would make decreasing the temperature of system,
or make the system far away from the transition temperature.
On the other hand, when the amplitude of random potential
is fixed, the variation of the linear characteristgee Fig.
for increasing the correlation lengthof random potential is
opposite to that in Ref.14] for decreasing the reduced tem-
perature(or for decreasing the temperature of the systdn

modified Bessel function. Due to the motion of flux lines, anmeans that increasing the correlation lenigtf random po-

induction electric fieldE can be producedE=(B/c)(x).
Note that the average velocity) is related to the current
according to(x)=LJ, and the flux-flow resistivitypg is po
=B,/ mc? when there is no pinning. A simple formula of
po is given by Bardeen and Stephfi6]: po=p,H/H, with
p,, being the normal state resistivity aﬁ’q2 being the upper
critical field (below H represents the lower critical fieldf
we introduceEy=ckT.p,/poal, io=ckT./doal, and a
reduced temperature=T/T., then from Eq.7) we have

E TL2H[1—exp(—ilig7)]

Eo L . '
He, . exp(—iyligL7)C(L,y)dy

8

One can chooses the form of the pinning intensity17] as
a=(H2/87f) £.éq0(bo/B) Y2 wheref is a numeric constant
and is approximately §18], £,, and &; are the correlation

tential would make increasing the temperature of system, or
make the system closing the transition temperature.
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FIG. 5. Calculated electric field vs current density for various
correlation lengths of the Di potentialfrom right to leff |

lengths inab plane and perpendicular to the plane, respec=0.1L, |=0.5_, 1.0L, 1.5., and 2.0Q.. The reduced temperature

tively, and are proportional toT(,—T) ~ 2

7=0.99 and the amplitude of the Di potentiak 0.5kT.
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In summary, the effects of Di potential on the transport ofOrnstein-UhlenbecKOU) process which is defined by the
motor proteing[4] and vortex diffusion in superconductors infinite sum of Di potentiald11], one can show that the
[14] have been discussed by using of the definition of stoeffeqts of thg OU potential on the transport are same as these
chastic potential in Ref[11]. It has been shown that the Of Di potential.
amplitude and the correlation length of Di potential play op-  This work was supported by the National Natural Science
posing roles in the transport of the nonlinear systems. IFoundation of China under Grant No. 19805003 and the Fok
should be pointed out that the random potential could be th&ing Tung Education Foundation under Grant No. 71007.
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