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The lectures contain a review of results concerning some generaizations of the
Feigenbaum renormalization-group approach to spatially-extended lattices or
media composed of point elements represented by period-doubling systems.
Concepts of universality and scaling are outlined. A variety of dynamica
regimes (pattern formation, auto-wave propagation, turbulence) is illustrated
numerically. It is demonstrated that they are possible on different scaling levels,
i.e. similar dynamics takes place with different scales of time, space, and
dynamical variable. The review contains three parts. (i) Coupled period-
doubling maps, lattices, and networks. Renormalization group, universality and
scaling. (if). From coupled map lattices to continuous media. Spatio-temporal
scaling of patterns at the onset of chaos. (iii) Some experimental and numerical
studies relating to realistic physical systems.

List of References
1.. Classic period-doubling RG analysis

M. J. Feigenbaum. Quantitative universality for a class of nonlinear
transformations. J. Stat. Phys., 19, 1978, No 1, 25-52.

M. J. Feigenbaum. The universal metric properties of nonlinear
transformations. J. Stat. Phys. 21, 1979, No 6, 669-706.
2.. Coupled maps

S.P.Kuznetsov. Universality and scaling in coupled Feigenbaum systems.
Radiophysics and Quantum Electronics, 1985, 28, p.681-695.

S.P.Kuznetsov. Scale-invariant structure of parameter space for coupled
Feigenbaum systems. Sov.Phys.Tech.Phys., 30(9), 1985, 1071-1073.

F.H.Ling, G. Schmidt, H.Kook. Universal behavior of coupled nonlinear
oscillators. Int. J. of Bifurcation and Chaos, 1, No 2, 1991, 363-368.



H.Kook., F.H.Ling, G. Schmidt. Universal behavior of coupled nonlinear
systems. Phys.Rev. A43, No 6, 1991, 2700-2708.

S.-Y.Kim. Universality of period doubling in coupled maps. Phys.Rev. E49, No
2,1994, 1745-1748.

S.-Y .Kim, H.Kook. Renormalization analysis of two coupled maps. Phys.L ett.
A178, 1993, 258-264.

S.-Y .Kim, H.Kook. Period doubling in coupled maps. Phys.Rev. E48, No 2,
1993, 785-799.

E.N.Erastova and S.P.Kuznetsov. On the mechanism for the onset of
guasiperiodic oscillations in coupled Feigenbaum systems. Sov. Phys. Tech.
Phys., 36(2), 1991, 130-134.

3.. One-way coupling

K.Kaneko. Spatial period-doubling in open flow. Phys.Lett., A111, 1985, No 8,
321-325.

Aranson |.S., Gaponov-Grekhov A.V., Rabinovich M.l. The onset and spatial
development of turbulence in flow systems. Physica D33, 1988, 1.

A.P.Kuznetsov, S.P.Kuznetsov, |.R.Sataev. Bicritical dynamics of period-
doubling systems with unidirectional coupling. Int.J.of Bifurcation and Chaos,
1991, 1, No 4, p. 839-848

A.P.Kuznetsov, S.P.Kuznetsov A.P., |.R.Sataev. Variety of types of critical
behavior and multistability in period doubling systems with unidirectional
coupling near the onset of chaos. Int. J. of Bifurcation & Chaos, 1993, 3, No.1,
p.139-152.

S.Y.Kim. Bicritical behavior of period doublingsin unidirectionally coupled
maps. Phys.Rev. E59, No 6, 1999, 6585-6592.
4.. Coupled map lattices

S.P.Kuznetsov. Universality and scaling in two-dimensional coupled map
lattices. Chaos, Solitons and Fractals, 1992, 2, No 3, p.281-301.

S.P.Kuznetsov. Renormalization group, universality and scaling in dynamics of
coupled map lattices. In book: Theory and application of coupled map lattices.
Ed. by K.Kaneko. John Wiley & Sons Ltd, 1993, p.50-93.



5.. Global coupling

Kaneko K. Clustering, Coding, Switching, Hierarchical Ordering, and Control
in Network of Chaotic Elements. Physica41D, No 2, 137 (1990)

Taborov A. V., Maistrenko Yu. L., Mosekilde E. Partial Synchronization in a
System of Coupled Logistic Map. International Journal of Bifurcation and Chaos,
10, No. 5, p. 1051 (2000).

A.S.Ivanova, S.P.Kuznetsov. Scaling at the onset of chaos in a network of
logistic maps with two types of global coupling. Preprint:
http://xxx.lanl.gov/abs/nlin.CD/0208026

6.. Coupled-map continuous media

S.P.Kuznetsov, A.S.Pikovsky. Universality and scaling of period-doubling
bifurcations in a dissipative distributed medium. Physica, 1986, D19, No 3,
p.384-396.

S.P.Kuznetsov. Renormalization group, universality, and scaling in the
dynamics of one-dimensional autowave media. Radio-physics and Quantum
electronics, Plenum Publ.Corp., 1986, 29, N8, p.679-692.

A.Lemaitre, H.Chate. Nonperturbative renormalization group for chaotic
coupled map lattices. Phys.Rev.Lett. 80 (25) 5528-5531 (1998)

A.Lemaitre, H.Chate. Renormalization group for strongly coupled maps.
J.Stat.Phys. 96 (5-6) 915-962 (1999)

F.Kaspar, H.Shuster. Scaling at the onset of spatial disorder in coupled
piecewise linear maps. Phys.Lett., A113, No 9, 1986, 451-453.

T.Bohr, O.B.Christensen. Size dependence, coherence and scaling in turbulent
coupled map lattices. Phys.Rev.Lett., 63, 1989, 2161.

W.van der Water, T.Bohr. Critical properties of diffusively coupled quadratic
maps. CHAQOS, 3, No 4, 1993, 747-756.

P.Alstrem, D.Stassinopoul os. Space-time renormalization at the onset of spatio-
temporal chaos in coupled maps. CHAQS, 2, No 3, 1992, 301-306.

S.C.Venkataramani and E.Qtt. Pattern selection in extended periodically forced
systems. A continuum coupled map approach. Phys. Rev. E 63, 046202 (2001).



7.. Experiments and realistic model systems

B.P.Bezruchko, Yu.V.Gulyaev, S.P.Kuznetsov, and E.P.Seleznev. New type of
critical behavior of coupled systems at the transition to chaos. Sov.Phys.Dokl.
31(3), 1986, 258-260.

V.V.Astakhov, B.P.Bezruchko, S.P.Kuznetsov, Y .P.Seleznev. Features of arising
guasiperiodic motions in a system of dissipatively coupled nonlinear oscillators
under external driving. Sov.Tech.Phys.Lett., 14 (1) , 1988, 8-16.

B.P.Bezruchko, V.Y u.Kamenskii, S.P.Kuznetsov, and V.I.Ponomarenko.
Experimental confirmation of universality and scaling for a model oscillator with
delayed feedback. Sov.Tech.Phys.Lett., 14(6), 1988, 448-450.

S.Y.Kim, Kijin Li. Period doublings in coupled parametrically forced damped
pendulums. Phys.Rev. E54, 1996, 1237-1252.

S.-Y.Kim, H.Kook. Critical behavior in coupled nonlinear systems. Phys.Rev.
A46, No 8, 1992, R4467-4470.



