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Note that the low-frequency asymptotics of the expression  (20) is quadratic in G, in contrast to the linear 
asymptotics in (15) for adiabatic dichotomous processes.

Figure 2 represents the graphs of the function � �
s

�
�
�

�
�
� calculated using relations (14), (19), and (20). The ar-

gument of this function determines the dimensionless fluctuation frequency, while the function itself is a factor 
in the expression (13), and therefore determines the average angular velocity of the rotor in question. The inset 
represents the low-frequency asymptotics, that are linear and coincident for the deterministic and stochastic 
dichotomous processes while quadratic for the sinusoidal fluctuations. This clearly demonstrates the advantage 
of the dichotomous process over the non-dichotomous one: the former provides much higher values of the ave
rage angular velocity compared to the latter. The periodic fluctuations lead to the narrow bell-shaped curves 

with maxima at �s � �� �0 61 0 65. .  and the high-frequency asymptotics proportional to s
�
�
�
�

�
�
�
2

. The stochastic 

dichotomous fluctuations correspond to the wide «bells» with the maximum at �s �1 and the high-frequency 
asymptotics s

G
.

Discussion and conclusions
This article is the first to consider a rotational ratchet controlled by a dichotomous change in the orientations 

of the applied electric field. The average angle j1, which describes the amplitude of the orientation fluctuations, 
is an arbitrary-valued parameter, in contrast to the previously considered case with � �

1
2

�  corresponding only to 

the sign fluctuations of the electric field, i. e. to the angle between the orientations of the fluctuating field equal 

to p [19; 20]. The ratchet effect is very sensitive to changes in parameters of the ratchet system, so the presence 
of one more parameter always provides an additional control over the average rotation velocity. The performed 
symmetry analysis showed that the ratchet effect is absent for an odd number of the wells of the HRP, as well  
as for an even number of the wells, if the average angle j0 of the fluctuating orientations of the electric field 

Fig. 2. The dependence of the factor Y, which determines, according to equation (13),  
the average angular velocity W of the rotation ratchet, on the dimensionless fluctuation frequency Gs .  

The curves 1, 2, and 3 correspond to the deterministic dichotomous, sinusoidal,  
and stochastic dichotomous fluctuations, given by equations (19), (18), and (13), respectively.  

The inset details the low-frequency behaviour of the curves 1, 2, and 3


