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Fig. 1. Spatial asymmetric potential function corresponding to different « values: (a) a = 1; (b) a = 20.
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Fig. 2. Measurement of asymmetry of U(z): (a) The measurement A; (b) function relationship between A

and the parameter a.
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Fig. 3. (color online) Average transport velocity v versus

parameter a under different noise intensity D values.
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Abstract

The fractional over-damped ratchet model with thermal fluctuation and periodic drive is introduced by using the
damping kernel function of general Langevin equation in the form of power law based on the assumption that cytosol
in biological cells has characteristics of power-law memory. On basis of the Grunwald-Letnikov definition of fractional
derivative, the numerical solution of this ratchet model is obtained. And furthermore, according to the numerical
solution, the transport behaviors of stochastic ratchet and corresponding deterministic ratchet (especially when the
deterministic ratchet has chaotic trajectory) are investigated, based on which we try to analyze how chaotic properties of
the deterministic ratchet and the actions of noise influence the transport properties of molecular motors and moreover find
the possible mechanism of current reversal of fractional molecular motor. Numerical results show that, as barrier height,
barrier asymmetry and memorability of model change, the current reversal in deterministic ratchet is not necessarily
required to appear when happening indeed in corresponding stochastic ratchet; moreover, with the decrease of order p,
there exists a chaotic regime in deterministic ratchet model before current reversal, but with the disturbance of noise,
current reversal will happen more earlier, namely, chaotic current direction in deterministic ratchet model can be reversed
when disturbance of noise exists. This also demonstrates that noise can essentially change the transport behavior of a
ratchet; current can change from chaotic state in a ratchet with no noise to directed transport with noise. This is a
possible mechanism of current reversal of a fractional stochastic ratchet, and also a reflection that noise plays an active

role in directed transport.
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PACS: 05.10.Gg, 45.10.Hj DOTI: 10.7498/aps.64.220501

* Project supported by the National Natural Science Foundation of China (Grant No. 11171238).

Corresponding author. E-mail: makaluo@scu.edu.cn
P g

220501-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.220501

	1引 言
	2系统模型
	2.1 分数阶Langevin方程
	2.2 周期驱动的过阻尼分数阶分子马达 模型
	Fig 1
	Fig 2


	3仿真与分析
	3.1 数值算法
	3.2 结果与分析
	3.2.1 势的不对称程度对输运速度的影响
	Fig 3
	3.2.2 势垒高度对输运速度的影响
	Fig 4
	3.2.3 介质记忆性对输运速度的影响
	Fig 5

	3.3 确定系统的混沌对马达输运速度的影响
	Fig 6
	Fig 7


	4结 论
	References

