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Renormalization Chaos and Motion Statistical
Properties

In a recent Letter! Geisel, Zacherl, and Radons

presented numerical data on the spectral density S (o) of
chaotic motion in a simple conservative model with two
freedoms. They interpreted the spectrum as a power law
with the exponent a in the range 0.7-1.1. Since this
model is reduced to a two-dimensional canonical map, it
is instructive to compare the results of Ref. 1 with those
of Refs. 2-5 (see also Chirikov®). In these papers, for
three different maps, the average exponent varies in the
range 0.4 <a =<1 depending on the map’s parameters.
An example is given in Fig. 1.2 Here, the statistics of
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FIG. 1. Statistics of Poincaré recurrences in time larger
than 7 to line y =0 in “wisker” map y =y +sinx, x =x —2
xIn|y|: 107 iterations for each A =1 (plusses), 3 (filled cir-
cles), 5 (open circles), 7 (asterisks), 10 (crosses), 30 (filled tri-
angles), 100 (filled squares). The straight line P(r) =1/V7
corresponds to free diffusion in the layer |y | SA.

Poincaré recurrences is shown, which is at average also a
power law whose exponent p is related to the spectrum
exponent a by a=2—p.*> Averaging over different
values of the parameter A (see Fig. 1) gives {a)=0.5
(Ref. 2) which is compatible with the results of Ref. 1 as
well as with the theoretical prediction, a=0.5-0.7.43
Notice that the characteristic motion time scale
t~o '~10° in Ref. 1 is much shorter than that in
Refs. 2, 4, and 5 (t~103-107) and especially in Ref. 3
(r~108%).

The most interesting peculiarity of the earlier results is
in their evidence for irregular oscillations of the local ex-
ponent a(w) as w varies, these oscillations depending on
the map’s parameters. In other words, the spectrum
turned out to be no simple power law at all. In Refs. 4
and 5 this effect was related to the rotation number at
the chaos border and was interpreted as an indication for
the so-called renormalization chaos.

B. V. Chirikov and D. L. Shepelyansky
Institute of Nuclear Physics
630090, Novosibirsk, U.S.S.R.

Received 25 February 1988
PACS numbers: 05.45.+b, 05.40.+j, 66.30.—h

IT. Geisel, A. Zacherl, and G. Radons, Phys. Rev. Lett. 59,
2503 (1987).

2B. V. Chirikov and D. L. Shepelyansky, Institute of Nu-
clear Physics, Novosibirsk, Report No. 81-69, 1981 (unpub-
lished) [English translation available as Plasma Physics Labo-
ratory, Princeton University, Report No. PPPL-TRANS-133,
1983 (unpublished)].

3C. F. F. Karney, Physica (Amsterdam) 8D, 360 (1983).

4B. V. Chirikov and D. L. Shepelyansky, Physica (Amster-
dam) 13D, 395 (1984), and Institute of Nuclear Physics, No-
vosibirsk, Report No. 86-174, 1986 (to be published).

5B. V. Chirikov, in Proceedings of the International Confer-
ence on Plasma Physics, Lausanne, Switzerland, 1984, edited
by M. Q. Tran and M. L. Sawley (Centre de Recherches en
Physique des Plasmas, Ecole Polytechnique Fédérale de
Lausanne, Lausanne, Switzerland, 1984), Vol. 2, p. 761.

6B. V. Chirikov, Proc. Roy. Soc. London A 413, 145 (1987).

© 1988 The American Physical Society 1039



