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Substituting expressions (7) into the relations (6) for R nmin,
±  and R nmax,

±  with n = N = 2 gives 
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, we finally get
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which is the ratchet velocity up to the constant factor 2�� .
Note that in the adiabatic mode of the motion, the average angular velocity does not depend on the barrier 

DU of the HRP. Therefore, the result (9), obtained for �E U= � , can be used for both small and large values 
of the energy parameter e. The quantity (9) vanishes when either sin sin� �� ��  or cos cos .� �� ��  This means 
that the average orientation angle j0 is equal to either 0 or π

2
; these values coincide with the orientations of the 

electric field either along the minima or along the maxima of the HRP. This result coincides with the result of 
the general symmetry analysis carried out at the beginning of our article.

Figure 1 represents two families of functions �2 1�� � evaluated for two different values of the average orientation 
angle j0 and corresponding to several values of e. The highest average angular velocity can be achieved at � �

0
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�  
(solid lines), when this average orientation of the fluctuating electric field provides large simultaneous fluctuations 
of the maxima and minima of the potential energy. The location of the maxima of each family of functions �2 1�� � 
correspond to the amplitude of the orientation fluctuations � �

1
2

� , i. e. to the sign fluctuations of the electric field.

Note that the value of L2 is bounded from above by the value 1, i. e. the maximum possible average angular 
velocity is equal to 2�� . This value is achieved at large e and � �

1
2

� . The width of the plateau can be tuned 
with the parameter j0. The width of the plateau, which exits at large e, decreases with the decrease of j0 from 
the value π

4
.

The asymptotic behaviour of the average angular velocity at low electric fields follows from the expres-
sion (9) at e = 1:
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The angular dependences of this asymptotics turn out to be the same as in the high-temperature approximation 
considered in the next section.

Fig. 1. The dependence of the average velocity W of the rotation ratchet (in units 2�� )  on the amplitude j1 of the angular fluctuations of the electric field.  
The values of e are indicated near the curves.  

The solid and dashed curves correspond to the values  
of the average orientation angle j0 equal to π

4
 and π

20
, respectively


