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Abstract

The ratchet potential gradient (PG) was approximdteusing Lagrange
interpolation, to obtain a (a) Third degree polynadah (b) A fourth degree polynomial
(c) A fifth degree Polynomial and (d) A tenth degrepolynomial. These polynomials
were used to obtain the attractors and time histoand the results were compared
with attractor and the time series plot (TS) of te&act potential gradient.

1.0 Introduction

There is an increasing interest recently in the afetransport properties of nonlinear systems ¢#rtact usable work from
unbiased nonequilibrium fluctuations [1].A ratchein be modeled by considering a Brownian particleai periodic
asymmetric potential which is acted upon by an rexietime-dependent force of zero average. Noidedad directed
transport in a spatially periodic system in therraglilibrium is ruled out by the second law of thedynamics [2].
Therefore to generate transport requires Browniators or ratchet devices can be used for the muglslich systems.
Consider the equation of motion [1] a one-dimenaigroblem of a particle driven by a periodic ticependent external
force, under the influence of an asymmetric pedopotential of the ratchet type. The time averafehe external
deterministic force is zero. The dimensionless &gnaf motion is given by [1].

X+hx+%&=F cosit) M
where the ratchet potential is given by \cite{Vint&6}where h is the dimensionless friction coefficient, V(x) ike

external asymmetric periodic potential s the amplitude of the external force ands the external driving frequency. The
ratchet potential is given by

V(%) = c =L [Sin(277(x— X, ))+ 0.25Sin(47 X~ %, )) "

where the potential is shifted by the amougtinkorder that the maxima of the potential are fedaat integers ang, is
defined asSin(27 |x, | 0.25sin(# %, the constant c is chosen such that V (0) = 0.gi2C the value — (

sin(2rx, )+ 0.25sin(4rx, and x is chosen to be 0.82 giving the valuessgfc and i as 1.61432324 , 0.0173 and
0.08092845 respectively [4]

x+afx=—b1x+?175[2c08( 21(x-x,))+ cof A(x-x,))|+afx+F, cost 3)

A lot of work has been done in recent times inahea of dynamics of oscillators under the influeatéhe ratchet potential
a lot of results were obtained using computer satihs little was done on the analytic solutionse tluthe complex nature
of the ratchet potential. This work is to look taodahe analytic solution by approximating the P@hwa Lagrange

polynomial. We look for the approximate asymptatitutions of equation (3) by using the method oftiple scales [5, 6]

and compare with already existing simulated results
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2.0 Results and Discussion
The PG were approximated by the Lagrange’s polyatami

f (X) = a, + a,x + a,x* Where g = -0.0105557 & 0.335818 and,a -0.335818,

f(x)=a, +ax+ax’+ax’+ax"’, where g = -0.0105557 & -0.501061, a= 5.75165, a= -12.4042 and =
7.15365, f (X) = @, + a,x+a,x’ +ax’ +a,x* +ax’ where g = -0.0105557 & 1.69548, a=-11.7413, a= 34.1655,
a = -43.5321 andgE 19.4124, and

f(x)=a +ax+ax’+ax’+ax'+ax’+ax’+ax’+ax®+ax’+a x where a = -0.0105557&
1.31333, a=-9.63468, a= 77.7829, a= -571.273, @= 2424.3, a= -5748.15, a= 7839.35,a= -6123.42, a=2547.15

and ap=-437.428 [7]

Figure 1 shows the result of the approximated pi@egradient using the Lagrange’s interpolationdifferent degrees

compared with the exact PG. Equation (1) was exatliusing these approximated PG and the results eeenpared with

the already existing simulated results using thece®G [4]. The PG approximation from 4th degrelymmmmial happen to

be the worst case of approximation to Equationfir)the computed attractors and the time series figures 2 and 3, even
though the approximate PG obtained from the 2rytedepolynomial is worse than the 4th degree apmation as can be
seen in Figsl (a) and (b). Fig 4 and 5 respectisblyw how the results improve as from the fifth egpolynomial and

tenth degree polynomial as expected from Fig 1.
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Figure 1:

(a)ls the potential gradient (PG) approximated by @oits polynomial compared with the exact.P®) Is the PG

approximated by a 4 points polynomial compared wWithexact PG
(c) Is the PG approximated by a 5 points polynomial garad with the exact P@) Is the PG approximated by a 10 points

polynomial compared with the exact PG.
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Figure 2:

(a)ls the attractor for the potential gradient (PG)ragimated by a 3 points polynomidd)is the attractor for the exact PG
(c) Is the time series plot for the (PG) approximatg@3 points polynomigld) is the time series plot for the exact PG
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Figure 3:

(a)ls the attractor for the potential gradient (PGpragimated by a 4 points polynomi@d) is the attractor for the exact PG
(c) Is the time series plot for the (PG) approximatg@d points polynomigld) is the time series plot for the exact PG
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(a)ls the attractor for the potential gradient (P@praximated by a 5 points polynomi@l)is the attractor for the exact PG
(c)Is the time series plot for the (PG) approximatg@ b points polynomiéd))is the time series plot for the exact PG

400

500 600

700

0.4

0.3

0.2

0.1

0

-0.1

-0.2

-0.3

10 points approx  *

2
100

200 300 400 500 600 700

0.4

0.3

0.2

0.1

0

-0.1

-0.2

-0.3

Exact

-0.4
-0.! 0.2

0.4

0.6

0.8 1

1.2

0.4 0.6

Usman, Uchechukwu, Njah J of NAMP

1.2

10 points approx
1 1

0.8

0.6

0.4

0.2

0 0

-0.2 -0.2
100 200 300 400 500 600 700

Figure 5:
(a)ls the attractor for the potential gradient (P@praximated by a 10 points polynom{alis the attractor for the exact PG
(c)Is the time series plot for the (PG) approximatg@ 0 points polynomi@d)is the time series plot for the exact PG.

3.0 Conclusion

From Fig. 1 it can be seen the PG improves withiticeease in the degree of the Lagrange intermigbolynomial, resulting in the

improvement of the attractors and the time seriets for the cases of third, fifth and tenth degpeéynomial. This improvement is not
found for the case of the four point polynomial epgimation, where both the attractor and the TSastba periodic orbit as opposed to
the exact chaotic attractor. In the case of theiBtgpolynomial approximation a chaotic attractasiffound which is completely different
from the exact attractor. Remarkable resemblancefaand for the five point and ten points polynongipproximation of the attractors
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and the exact ratchet potential equation givenduaton (1).
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