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A b s t r a c t  

We discuss the recently suggested possibility of observing stochastic resonance (SR) effects in the long time response of a 
stochastic system moving in a periodic potential under the action of a weak constant force [G. Hu, Phys. Lett. A 174 (1993) 
247 ] and we show that SR effects do not exist within the Langevin description of the dynamics. 

The term stochastic resonance (SR) was coined 
some years ago in order to describe a phenomenology 
associated with the cooperative effects associated with 
weak time-sinusoidal forcing terms and noise for a 
variety of model systems involving motion on bista- 
ble potentials [ 1 ]. Recently Hu has proposed a new 
class of systems that seem to be good candidates to 
exhibit SR effects without resorting to time-depen- 
dent forcing terms [ 2 ]. In those systems a single vari- 
able moves along a periodic potential and is subject 
both to a constant force and to a white noise term. In 
his analysis the Langevin description of the dynam- 
ics is replaced under certain limiting conditions by a 
master equation (ME) approach. 

The main purpose of this comment is to point out 
that within the Langevin description of the model, 
the stationary response has a monotonic behaviour 
with the noise strength, so that the effect predicted 
by Hu does not exist. 

Let us consider the Langevin equation, 

dx 
_ - s i n ( x )  + b+ ~( t ) ,  (1) 

dt 

where ~(t) is a Gaussian white noise with zero mean 
and correlation given by (~( t )~(s) )  =208( t -s ) .  The 
noise averaged velocity in the stationary regime is 
given by Risken [3 ]. In the limit b << 0, this exact 
expression simplifies to 

( v) =b[Io( l lO) ] -2,  (2) 

where Io(y) is the zeroth order modified Bessel func- 
tion of the first kind. For very small 0, the asymptotic 
form of lo(y)  allows us to obtain the expression 

2rib -2/0 
( v )  = -b--e  , (3) 

valid for b~0 ,  0 ~ 0  and b<< 0. In Fig. 1, we plot the 
behavior of  ( v ) / b  with 0 as given by Eqs. (2) and 
(3). Clearly, both curves coincide in the small 0 re- 
gion. On the other hand, the exact (for b ~ 0 )  for- 
mula, Eq. (2), shows a monotonic behavior with 0, 
thus negating any stochastic resonance effect in the 
mobility when the system is described in terms of  a 
Langevin dynamics. The approximate expression, Eq. 
(3), predicts a maximum of the mobility at 0= 2, but 
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Fig. 1. Comparison between the exact result for the stationary 
drift velocity in the Langevin description in the b--*O limit and 
its asymptotic evaluation in the small-O region. Full line: exact 
expression in this limit as a function of 0; broken line: asymptotic 
small-O expression. 

this value is much too large for the asymptotic for- 
mula to be valid. 

Hu replaces the Langevin equation by a ME (Eq. 
(6) o f  Ref. [ 2 ] ) describing an asymmetric random 
walk on an infinite lattice. The drift velocity ob- 

tained from this ME is given by 

( v )  = 2e-  2/~ sinh (brc/O) , (4)  

which, in the limit b << 0, can be approximated by the 
expression given in Eq. (3).  Clearly, Eqs. (2) and 
(4) ,  both valid for b<< 0, are different. The ME dy- 
namics cannot replace the Langevin dynamics with- 
out further restrictions on the parameters. Namely, 
both descriptions coincide when b--,0, 0--*0 and b << 0. 
But, then, the peak in the velocity predicted by Eq. 
(3)  takes place for a value o f  0 for which this equa- 
tion is not valid. 
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