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Comment on "Hopping Mechanism
Generating 1/f Noise in Nonlinear Systems"

In a recent Letter Arecchi and Lisi' claim to
have observed 1/f noise associated with the cha,-
otic dynamics of a certain driven nonlinear sys-
tem. In this Comment we would like to point out
that the essential features of the noise spectra
observed by those authors, which are also ob-
served in the case of the forced pendulum, ' 4

can be understood in terms of a simpl. e model.
that is in good qualitative agreement with their
results but which does not support their conten-
tion that such chaotic systems exhibit an intrinsic
1/f noise.

As pointed out by the authors of Bef. 1, and
noted by others as well, ' 4 the high level of noise
at low frequencies observed in chaotic nonl. inear
systems such as in Bef. 1 is related to a random
hopping between two unstable strange attractors.

This suggests that the overal. l signal. voltage V(t )
can be modeled as the sum of signal. s associated
with each attractor, V,(t) and V,(t), multiplied,
respectively, by a random telegraph signal T(t )
and its complement T(t). Making the simplify-
ing assumption (as suggested by the apparent
random nature of T) that V,(t ), V,(t ), and T(t )
are statistically independent, we can write the
autocorrelation function R(v) of V(t ) as R(7)
=Rr(~)R, (7 )+Rr-(7)R,(7) where R» R» R» and

R~ are the autocorrelation functions of V» V„T,
and T. As is well known, ' if ~, and ~2 are the
mean lifetimes of the two possible states of T(t ),
then
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where 1/~ =1/7', +1/v, . It follows that the power
spectrum S(~) of V(t ) is given by
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where the symbol * denotes the convolution
product.

To see the implications of this result consider. ,

the following. If the motion on each attractor is
periodic, then $,(~) and $,(&u) are composed of
delta functions atn~, where ~, is the driving fre-
quency. If in addition ~ »~, , the resulting
spectrum $(~) will be composed of slightly broad-
ened lines with Lorentzian line shape of width' and, providing the average values of V, (t )
and V (t ) are different [in which case either Si(e)
or $,(~) has a dc component], a low-frequency
divergence in $(tu) going as co

' that saturates at
~ = 1/i . This situation appears to be exactly
the one depicted in Fig. 3 of Ref. 1 except that
the ~ ' divergence at low frequencies has not
yet saturated. f Note that the slope in the log-log
plot of this figure in Ref. 1 is 20 dB/decade,
which by the conventional definition of dB in
terms of signal power [dB=10log$(&u)] corre-
sponds to a 1/f ' law, not 1/f as concluded by
the authors of Ref. 1.] If, on the other hand,

=&u, ', the contributions $,(~) and $,(~) will.
be mixed, as is apparently the case in Fig. 2 of
Ref. 1. Under these circumstances any range of
frequencies for which $(&u) falls off as 1/&u would
be accidental and of no particular fundamental
signif icance. Similar considerations apply if the
motion on each attractor is chaotic.

In conclusion, although our model. leaves out
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details possibly important in a fully quantitative
theory such as subtle correlations between T(t )
and V,(t) or V,(t) (Ref. 3) or important transients
during the passage between the two attractors, '
we believe that it correctly accounts for the ori-
gins of the low-frequency part of the spectrum
and that there is no fundamental connection to
1/f noise.
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