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Mechanisms of energy conversion of nonequilibrium fluctuations of different nature into directed mechanical 

motion are an object of both methodological and applied interest. The reasons of the interest lie in the desire to understand 

principles that govern molecular (protein) motors operation and causes of their high efficiency, as well as in designing of 

artificial devices which can demonstrate controlled movement at the nanoscale [1-3]. 

One of the main models which describe mechanisms of appearance of nanoparticles directed motion is a so-called 

Brownian motor (ratchet). For motor operation, both breaking the spatial inversion symmetry and existence of 

nonequilibrium fluctuations are required. Harmonic fluctuations are the simplest and widely used ones for governing 

various motor systems. 

In our work, we consider a stochastic Brownian motor which motion is induced by small harmonic (in coordinate) 

fluctuations of the particle potential energy. The basis of the model is the Smoluchowski equation describing the 

overdamped motion of a Brownian particle in a periodic potential 𝑈(𝑥, 𝑡) = 𝑢(𝑥) + 𝜎(𝑡)𝑤(𝑥), where 𝑢(𝑥) and 𝜎(𝑡)𝑤(𝑥) 
is, respectively, a stationary and a fluctuating (control) component of the potential energy; 𝑢(𝑥 + 𝐿) = 𝑢(𝑥), 𝑤(𝑥) =
cos(2𝜋𝑥/𝐿), 𝐿 is a period. Our analytical and numerical analysis is based on the following general expression for the 

motor average velocity [4] 
〈𝑣〉 = 𝐿𝐽,     𝐽 = 𝛽2𝐷2 ∫ 𝑑𝑥𝑞(𝑥)𝑤′(𝑥) ∫ 𝑑𝑥′𝑆(𝑥, 𝑥′)
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Here 𝛽 is the inverse thermal energy, 𝐷 is the diffusion coefficient, 𝑞(𝑥) = 𝑒𝛽𝑢(𝑥)/ ∫ 𝑑𝑥𝑒𝛽𝑢(𝑥)
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. The function 𝑆(𝑥, 𝑥′) is the Laplace representation of the Green’s function for the diffusion in 

the potential 𝑢(𝑥). A detailed study of the properties of 𝑆(𝑥, 𝑥′) function is given in our works [4-6]. The function 𝑢(𝑥) 
is chosen as a piecewise linear (sawtooth) one. The high-temperature approximation made it possible to analyse regimes 

of motor operation analytically, while, out of this approximation, the motor characteristics have been calculated 

numerically, by quadrature formula for integrals. We have analyzed the behavior of the average motor velocity as a 

function of the phase shift 𝜆0 of the control signal relative to the stationary component of the potential energy. It is shown 

that while within the high-temperature approximation the average velocity is multiplicative with respect to the model 

parameters [4], the consideration beyond this approximation violates the multiplicativity (so that the roles of temporal 

and spatial control parameters cannot be analyzed separately). At the same time, for certain fixed values of the asymmetry 

parameter   of the stationary component 𝑢(𝑥), an increase in its amplitude 𝛽𝑢0 leads to an increase in the size of the 

region of positive values of the motor velocity and to a decrease in the size of the region of negative values. This allows 

one to assume the existence of regimes in which the choice of the parameter 𝛽𝑢0 will suppress the negative values at all. 
The influence of the asymmetry parameter   on both the magnitude and direction of the average motor velocity is 

demonstrated: It is shown that the competition between the parameters   and 𝜆0  plays a decisive role. The behavior of 

the motor stopping points with temperature changes has been studied. We have also demonstrated the possibility of the 

choice of optimal parameters for motor operating (which are determined by the maxima of the dependencies). 

The results can be of interest for practical applications in the field of nanoengineering, biophysics, surface chemistry, 

which use the effect of rectifying nonequilibrium fluctuations into the directed motion of nanoparticles. The use of a 

spatially harmonic signal as a source of perturbation of a stationary spatially periodic asymmetric potential profile shows 

great promise: Signals of this type are easily realized and widely used in various applications. 
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