European Physical Society sponsored conference

Dedicated to the 75th Birthday of Professor Hermann Haken

Maribor Slovenia

Table of Contents

Foreword 2 Programme Schedule 4 Organizing Committee 6 Invited Lecturers and Speakers 7 Abstracts of Invited Lectures 14 List of Participants 76 Abstracts of Short Reports 85 Abstracts of Posters 98

Foreword

The series of by now traditional international Summer Schools/Conferences ”Let’s Face Chaos through Nonlinear Dynamics” began in the year 1993 on the initiative of a group of undergraduate students of the various faculties at the University of Ljubljana, under the leadership of Ms. Maja Malus, a student of electrical engineering at the time (now a medical doctor at Harvard), under the scientific guidance of Professors Marko Robnik, Aneta Stefanovska and Igor Grabec. Since 1996 the Schools/Conferences are held exclusively at the University of Maribor, under the organization of CAMTP - Center for Applied Mathematics and Theoretical Physics, every three years. The 5th School/Conference is the largest, according to the number of invited lecturers (40) as well as the number of other participants (about 90), and also according to the richness of the scientific and cultural programme, which you can see in the following pages of this Book of Programme.

The character of our Schools/Conferences is strongly international, we have invited lecturers and participants from all over the world, from all continents, and the national component of the Slovenian participants in total (invitees and others) does not exceed 10%. They are strongly interdisciplinary, with the focus on the rich variety of problems in mathematics, natural sciences and engineering in the field of chaos, synergetics and theory of complex systems. As for the scientific level we believe that we are gathering the worldwide leadership and elite, not only among the invited speakers, but also quite pronounced in the other participants, most of them are very talented and productive young scientists from some of the best research groups in the world. So, our gatherings in Maribor have the following dimensions: High level science, internationality, interdisciplinarity, special attention to young students and scientists, promoting them and also helping them financially (especially for those coming from financially weak countries), and finally the cultural dimension which ties together science and life, in a cosmopolitan spirit, without any nationalisms, but rather in mutual respect of all cultures of the world. In fact, it is one of my by now quite popular sayings, that ”The Science is the Culture of the World”, it is a universal culture indeed, like music.

As the main organizer of the Schools/Conferences, I have made every effort to make your stay in Maribor scientifically as profitable as possible, also to make it culturally as much enjoyable as possible, hoping that you will not only obtain new knowledge, but also successfully present your own research work, and make new scientific collaborative links and creative friendships. This is the most important face of the Maribor gatherings, highly successful and appreciated so far.

Finally, I should like to emphasize the personal component of the 5th School/Conference, namely the fact that it is dedicated to the 75th Birthday of Professor Hermann Haken, the spiritual father and scientific founder and leader in the field of synergetics, the science of selforganizing phenomena in complex systems. We are all very much honoured by his presence in Maribor, he is visiting our Schools/Conferences in Maribor already for the third time (and this is his 5th visit to Slovenia), and it is a privilege for all of us to attend his brilliant lectures offering a pedagogical introduction to - as well as an account of - the current research work on synergetics. It is on Friday 12 July 2002, at 21:00 hours, that we shall start the official celebration of his 75th Birthday by a chamber music concert, by the Feguš Brothers String Quartet from Maribor, followed by a ceremony in the Hall of Knights of the Maribor Castle.

Last but not least, I should thank all the Members of the international Organizing Committee for their support and help: The Honorary Directors Giulio Casati, Predrag Cvitanović, Siegfried Grosssmann and Hermann Haken, and the Members: Yoji Aizawa, Tokyo, Tassos Bountis, Patras, Hiroshi Hasegawa, Tokyo, Igor Mozetič, Maribor, Jean-Louis Pichard, Saclay, Tomaž Prosen, Ljubljana, Andreas Ruffing, Munich and Aneta Stefanovska, Ljubljana. Among the local organizers my very special thanks go again to Igor Mozetič, from CAMTP, for his invaluable contribution in setting up all the computer databases, home pages, and information systems, and to Marko Vraničar, also from CAMTP, for his kind, reliable and perfect help in many important technical dimensions in the organizational work.

Our special gratitude must be acknowledged to our co-organizer University of Maribor represented by the Rector of the University of Maribor, Professor Dr. Ludvik Toplak, for providing the lecture halls and the facilities in the University Main Building, and to our respected general sponsors: Ministry of Education, Science and Sport of the Republic of Slovenia, The Nova Kreditna Banka Maribor, The European Physical Society, and other sponsors listed at the end of this book.

At the very end, thanks go to all participants for coming to Maribor and contributing to a productive and enjoyable friendly scientific atmosphere.

I wish you all a scientifically successful and culturally pleasant stay in Maribor, and of course, please enjoy the Maribor Festival Lent 2002, the fireworks, and all the cultural programme, the mountains, the excursions and trips, the Slovenian cuisine and wines, the concerts, and even Bolshoi Theatre from Moscow visiting Ljubljana!

Professor Dr. Marko Robnik — Director of CAMTP — — Director General of the Summer School/Conference —

Maribor, 16 June 2002

4

5

Organizing Committee

Director General and Chairman

Marko Robnik (CAMTP, University of Maribor, Slovenia)

Honorary Directors

Giulio Casati (University of Insubria, Italy) Predrag Cvitanović (Georgia Institute of Technology, USA) Siegfried Großmann (Philipps-Universität Marburg, Germany) Hermann Haken (University of Stuttgart, Germany)

Members

Yoji Aizawa (Waseda University, Japan) Tassos Bountis (University of Patras, Greece) Hiroshi Hasegawa (Nihon University, Japan) Jean-Louis Pichard (CEA Saclay, France) Tomaž Prosen (University of Ljubljana, Slovenia) Igor Mozetič (CAMTP, University of Maribor, Slovenia) Andreas Ruffing (Munich University of Technology, Germany) Aneta Stefanovska (University of Ljubljana, Slovenia)

Invited Lecturers and Speakers

• Prof. Yoji Aizawa

Department of Applied Physics, School of Science and Engineering, Waseda University Okubo 3-4-1, Shinjuku-ku Tokyo, 1690072 Japan http://www.phys.waseda.ac.jp/aizawa/professor/ Email: aizawa at aizawa.phys.waseda.ac.jp Phone: +(81) (3) 3203 2457 Fax: +(81) (3) 3200 2457

• Prof. Oriol Bohigas

Université Paris-Sud LPTMS, Bat. 100 Orsay Cedex, F-91405 France Email: bohigas at in2p3.fr Phone: +(33) (1) 6915 7307, -49 Fax: +(33) (1) 6915 6525

• Prof. Tassos Bountis Department of Mathematics and Center for Research and Application of Nonlinear Systems, University of Patras Patras, GR-26500 Greece http://www.math.upatras.gr/~bountis/ Email: bountis at math.upatras.gr Phone: +(30) (61) 997 381 Fax: +(30) (61) 997 381

• Prof. Giulio Casati

Center for Nonlinear and Complex Systems, University of Insubria Via Valleggio 11 Como, I-22100 Italy Email: giulio.casati at uninsubria.it Phone: +(39) (31) 2389 201 Fax: +(39) (31) 2389 209

• Prof. Predrag Cvitanović School of Physics, Georgia Institute of Technology Atlanta, GA 30332-0430 U.S.A.

http://cns.physics.gatech.edu/~predrag/ Email: predrag.cvitanovic at physics.gatech.edu Phone: +(1) (404) 3852 502 Fax: +(1) (404) 3852 506

• Dr. Till Frank

Faculty of Human Movement Sciences, Vrije Universiteit Amsterdam Van der Boechorststraat 9 Amsterdam, 1081 BT The Netherlands http://marlow.fbw.vu.nl/users/till/ Email: t.frank at fbw.vu.nl Phone: +(31) (20) 4448 612 Fax: +(31) (20) 4448 560

• Prof. Hirokazu Fujisaka Department of Applied Analysis and Complex Dynamical Systems Graduate School of Informatics, Kyoto University Kyoto, 606-8501 Japan http://www.acs.i.kyoto-u.ac.jp/index-e.html Email: fujisaka at acs.i.kyoto-u.ac.jp Phone: +(81) (75) 753 3387 Fax: +(81) (75) 753 3391

• Prof. Pierre Gaspard Center for Nonlinear Phenomena and Complex Systems, Université Libre de Bruxelles Campus Plaine, CP 231, Boulevard du Triomphe Brussels, B-1050 Belgium http://www.ulb.ac.be/sciences/ulbmath/membres/HPGaspard.html Email: gaspard at ulb.ac.be Phone: +(32) (2) 6505 793, -535 Fax: +(32) (2) 6505 767

• Prof. Igor Grabec

Faculty of Mechanical Engineering, University of Ljubljana Aškerčeva 6, P.O.Box 394 Ljubljana, SI-1000 Slovenia http://www.latef.uni-lj.si/staff/grabec/ Email: igor.grabec at fs.uni-lj.si Phone: +(386) (1) 4771 605 Fax: +(386) (1) 4253 135

• Prof. Siegfried Großmann Fachbereich Physik, Philipps-Universität Marburg Renthof 6 Marburg (Lahn), D-35032 Germany http://www.physik.uni-marburg.de/statphys/sgn/welcome.html Email: siegfried.grossmann at physik.uni-marburg.de Phone: +(49) (6421) 282 2049 Fax: +(49) (6421) 282 4110

• Prof. Fritz Haake

Fachbereich Physik, Universität Essen Essen, D-5117 Germany http://www.theo-phys.uni-essen.de/tp/ags/haake dir/haake.html Email: fritz.haake at uni-essen.de Phone: +(49) (201) 183 2474, -2485 Fax: +(49) (201) 1834 578

• Prof. Hermann Haken Institute for Theoretical Physics I, Center for Synergetics, University of Stuttgart Pfaffenwaldring 57/IV Stuttgart (Vaihingen), D-70550 Germany http://www.theo1.physik.uni-stuttgart.de/en/mitarbeiter/haken/ Email: moeller at theo1.physik.uni-stuttgart.de Phone: +(49) (711) 685 4991 Fax: +(49) (711) 685 4909

• Prof. Hiroshi Hasegawa Institute of Quantum Science, Nihon University Chiyoda-ku Tokyo, 101-8308 Japan Email: h-hase at mxj.mesh.ne.jp Phone: +(81) (3) 3795 9587 Fax: +(81) (3) 3795 9587

• Prof. Yoshiki Kuramoto Department of Physics, Graduate School of Sciences, Kyoto University Kyoto, 606-8501 Japan http://www.ton.scphys.kyoto-u.ac.jp/nonlinear/english/ Email: kuramoto at ton.scphys.kyoto-u.ac.jp Phone: +(81) (75) 7533 740 Fax: +(81) (75) 7533 819

• Prof. Jacques Laskar

Astronomie et Systèmes Dynamiques, IMC-CNRS UMR8028 77 Av. Denfert-Rochereau Paris, F-75014 France Email: laskar at bdl.fr Phone: +(33) (1) 4051 2114 Fax: +(33) (1) 4051 2055

• Prof. Mitsugu Matsushita Department of Physics, Chuo University 1-13-27 Kasuga, Bunkyo-ku Tokyo, 112-8551 Japan Email: matusita at phys.chuo-u.ac.jp Phone: +(81) (3) 3817 1787 Fax: +(81) (3) 3817 1792

• Prof. Peter V.E. McClintock Department of Physics, Lancaster University Lancaster, LA1 4YB United Kingdom http://www.lancs.ac.uk/depts/physics/staff/pvemc.htm Email: p.v.e.mcclintock at lancaster.ac.uk Phone: +(44) (1524) 593073 Fax: +(44) (1524) 844037

• Prof. Erik Mosekilde

Department of Physics, Technical University of Denmark Bldg. 309 Lyngby, 2800 Kgs. Denmark http://info.fysik.dtu.dk/chaos/ Email: erik.mosekilde at fysik.dtu.dk Phone: +(45) 4525 3104 Fax: +(45) 4593 1669

• Prof. Katsuhiro Nakamura Department of Applied Physics, Faculty of Engineering, Osaka City University Sumiyoshi-ku Osaka, 558-8585 Japan http://www.a-phys.eng.osaka-cu.ac.jp/suri-g/members/nakamura/nakahome.htm Email: nakamura at a-phys.eng.osaka-cu.ac.jp Phone: +(81) (6) 6605 2768 Fax: +(81) (6) 6605 2768

• Prof. Dušan Pagon

Faculty of Education, University of Maribor Koroška 160 Maribor, SI-2000 Slovenia http://www-mat.pfmb.uni-mb.si/clani/dusan pagon.html Email: dusan.pagon at uni-mb.si Phone: +(386) (2) 2293 677 Fax: +(386) (2) 2518 180

• Prof. Jean-Louis Pichard CEA/DSM, Service de Physique de l´Etat Condensé Centre d´Etudes de Saclay Gif sur Yvette cedex, F-91191 France Email: pichard at drecam.saclay.cea.fr Phone: +(33) (1) 6908 7236 Fax: +(33) (1) 6908 8786

• Prof. Peter Prelovšek Faculty of Mathematics and Physics, University of Ljubljana Jadranska 19 Ljubljana, SI-1001 Slovenia http://www.fiz.uni-lj.si/KdojeKdo/prelovsek eng n.html Email: peter.prelovsek at ijs.si Phone: +(386) (1) 4766 500 Fax: +(386) (1) 2517 281

• Prof. Tomaž Prosen

Department of Physics, Faculty of Mathematics and Physics, University of Ljubljana Jadranska 19 Ljubljana, SI-1000 Slovenia Email: prosen at fiz.uni-lj.si Phone: +(386) (1) 4766 578 Fax: +(386) (1) 2517 281

• Prof. Marko Robnik

CAMTP - Center for Applied Mathematics and Theoretical Physics University of Maribor Krekova 2 Maribor, SI-2000 Slovenia http://www.camtp.uni-mb.si/camtp/robnik/ Email: robnik at uni-mb.si Phone: +(386) (2) 2355 350 Fax: +(386) (2) 2355 360

• Prof. Valery Romanovski CAMTP - Center for Applied Mathematics and Theoretical Physics University of Maribor Krekova 2 Maribor, SI-2000 Slovenia http://www.camtp.uni-mb.si/camtp/valera/ Email: valery.romanovsky at uni-mb.si Phone: +(386) (2) 2355 361 Fax: +(386) (2) 2355 360

• Prof. Michael Rosenblum Nonlinear Dynamics Group, Department of Physics, University of Potsdam Am Neuen Palais 10, Postfach 601553 Potsdam, D-14415 Germany http://www.agnld.uni-potsdam.de/~mros/ Email: mros at agnld.uni-potsdam.de Phone: +(49) (331) 9771 604 Fax: +(49) (331) 9771 142

• Dr. Andreas Ruffing

Center for Mathematical Sciences, Munich University of Technology Arcisstrasse 21 Muenchen, D-80333 Germany http://www-m6.mathematik.tu-muenchen.de/~ruffing/ Email: ruffing at appl-math.tu-muenchen.de Phone: +(49) (89) 289 22615 Fax: +(49) (89) 289 22605

• Prof. Holger Schmid-Schönbein Institute of Physiology, University Hospital of the Technical University Aachen Pauwelstrasse 30 Aachen, D-52074 Germany http://www.physiology.rwth-aachen.de/index-englisch.html Email: hss at physiology.rwth-aachen.de Phone: +(49) (241) 80888 00 Fax: +(49) (241) 8082 434

• Dr. Jörg Schumacher

AG Komplexe Systeme, Fachbereich Physik, Philipps-Universität Marburg Renthof 5 Marburg (Lahn), D-35032 Germany http://www.physik.uni-marburg.de/kosy/Schumacher/ Email: joerg.schumacher at physik.uni-marburg.de Phone: +(49) (6421) 2824 232 Fax: +(49) (6421) 2824 511

• Prof. Thomas H. Seligman Centro Internacional de Ciencias, and Centro de Ciencias Físicas, UNAM Apartado Postal 6-101 Cuernavaca, C.P. 62131, Morelos Mexico http://pandora.cicc.unam.mx/ Email: seligman at cicc.unam.mx Phone: +(52) (55) 5622 7876 Fax: +(52) (55) 5622 7877

• Prof. Akira Shudo

Department of Physics, Tokyo Metropolitan University Minami-Ohsawa 1-1, Hachioji-shi Tokyo, 192-0397 Japan http://www.sci.metro-u.ac.jp/nonlinear/ Email: shudo at phys.metro-u.ac.jp Phone: +(81) (426) 772 503 Fax: +(81) (426) 772 483

• Prof. Michael Sonis

Department of Geography, Faculty of Social Sciences, Bar-Ilan University Ramat-Gan, 52900 Israel http://www.biu.ac.il/SOC/ge/mich0250.html Email: sonism at mail.biu.ac.il Phone: +(972) (3) 5317 856 Fax: +(972) (3) 5344 430

• Prof. Aneta Stefanovska Group of Nonlinear Dynamics and Synergetics, Faculty of Electrical Engineering University of Ljubljana Tržaška 25 Ljubljana, SI-1000 Slovenia http://osc.fe.uni-lj.si/~aneta/ Email: aneta at osc.fe.uni-lj.si Phone: +(386) (1) 476 8246 Fax: +(386) (1) 426 4630

• Prof. Hans-Jürgen Stöckmann Fachbereich Physik, Philipps-Universität Marburg Renthof 5 Marburg, D-35032 Germany http://www.physik.uni-marburg.de/nfp/qchaos/qchaos en.html Email: stoeckmann at physik.uni-marburg.de Phone: +(49) (6421) 2824 137 Fax: +(49) (6421) 2826 535

• Dr. Gregor Tanner

School of Mathematical Sciences, Division of Theoretical Mechanics University of Nottingham University Park Nottingham, NG7 2RD United Kingdom http://www.maths.nottingham.ac.uk/htbin-local/res.proj?gt Email: gregor.tanner at nottingham.ac.uk Phone: +(44) (115) 9513 842

• Prof. Peter A. Tass

Institute of Medicine (MEG), Research Centre Jülich Jülich, D-52425 Germany http://www.fz-juelich.de/ime/ime-Struktur.html Email: p.tass at fz-juelich.de Phone: +(49) (2461) 61 2087 Fax: +(49) (2461) 61 2820

• Prof. Jacobus P. van der Weele Department of Applied Physics, University of Twente P.O.Box 217 Enschede, 7500 AE The Netherlands Email: j.p.vanderweele at tn.utwente.nl Phone: +(31) (53) 4898 077 Fax: +(31) (53) 4898 068

• Prof. Michael Wilkinson

Department of Applied Mathematics, Faculty of Mathematics and Computing The Open University Walton Hall Milton Keynes, MK7 6AA United Kingdom http://mcs.open.ac.uk/mw987/ Email: m.wilkinson at open.ac.uk Phone: +(44) (1908) 659 741

Public Evening Lecture: M-Theory and Particle Physics

• Prof. Mirjam Cvetič

Department of Physics and Astronomy, University of Pennsylvania 209 South 33rd Street Philadelphia, PA 19104-6396 U.S.A.

http://dept.physics.upenn.edu/facultyinfo/cvetic.html Email: cvetic at physics.upenn.edu Phone: +(1) (215) 898 8153

Abstracts of Invited Lectures

On the Weibull distribution appeared in chaotic systems

Yoji Aizawa

Department of Applied Physics, Faculty of Science and Engineering, Advanced Institute for Complex Systems, Waseda University, Tokyo, Japan

Various kinds of scaling laws are often observed in complex dynamical systems; for instance, SOC and punctuated equilibrium near the edge of chaos, 1/f spectrum, long time tails and anomalous diffusion in non-hyperbolic systems, where the self-similarity structures play essential roles in dynamical space and induce the breaking of central limit theorem for gaussian regime.

In the present paper we discuss three complex dynamical systems with non-gaussian scaling regime described by the Weibull distribution. Though the universality of Weibull distribution functions has not yet been made clear, but it is surmised that the Weibull regime is omnipresent in the systems under consideration.

1. Hamiltonian systems

Weibull distributions in hamiltonian dynamics were studied in (1): Mixmaster universe model [Prog. Theor. Phys. 98 No.6 (1997), 1225], and in (2) Cluster formation [Prog. Theor. Phys. 103 (2000), 519 ; Suppl. No.139 (2000), 1]. In particular, it was shown that the Arnold diffusion can be explained in terms of the universality of Log- Weibull distributions.

Here we discuss a new simplified model of random potential scattering, where Weibull distributions are numerically obtained.

2. Time dependent non-stationary chaotic map

It is known that the modified Bernoulli map reveals strong intermittency and anomalous large deviation properties [Prog. Theor. Phys. 99 (1989), 149 and 90 No.3 (1993), 547].

Here we consider the time dependent process where the system parameter is varying in the course of time. Surprising results are the followings ; the time dependent intermittency obeys the Weibull distribution in the intermediate long time scale, but in the intrinsic long time scale it obeys the Log-Weibull distribution.

3. A model of financial market

It is known in econophysics studies that the distribution of returns (change of price) obeys the stable (Lévy) distribution, but many theoretical models for financial market do not always display the stable law.

Here we study a multi-agent model [Chaos, Solitons & Fractals 11 (2000), 1077 ; 1739, Physica A 287 (2000), 507], and point out that the return distributions are well adjusted by the Weibull distribution function in wide parameter range.

Quantum chaos: Universal versus system-specific fluctuations

Oriol Bohigas

LPTMS, Université Paris-Sud, Orsay, France

It is by now well established that spectral fluctuations of quantum systems whose underlying classical motion is chaotic exhibit universalities. On the other hand, it is also well known that there are parameters characterizing a particular chaotic system. The purpose of the two lectures will be to illustrate, partly by studying particular examples, what makes some properties system-dependent and other universal. The general framework will be periodic orbit and random matrix theories.

Emphasis will be put on two properties not so widely discussed so far: i) spectral spacing autocorrelations, ii) total energies of (non-interacting) fermion systems. Besides a general discussion, two cases will be treated in detail: 1) zeros of the Riemann zeta function (an example of a ’chaotic’ system for which all ’classical’ information is well known), 2) the fluctuation of the binding energy of atomic nuclei (a system which is mainly regular but for which there is evidence that a (small) chaotic part is present).

References O. Bohigas, P. Leboeuf, M.-J. Sanchez, ’On the distribution of the total energy of a system of non-interacting fermions: random matrix and semiclassical estimates’, Physica D 131 (1999) 186-204 O. Bohigas, P. Leboeuf, M.-J. Sanchez, ’Spectral spacing correlations for chaotic and disordered systems’, Foundations of Phys., 31 (2001) 489-517 P. Leboeuf, A.G. Monastra, O. Bohigas, ’The Riemannium’, Regular and Chaot. Dyn. 6 (2001) 205-210 O. Bohigas, P.Leboeuf, ’Nuclear masses: evidence of chaos-order coexistence’, Phys. Rev. Lett. 88 (2002) 092502-1-4

Soliton–like solutions of higher order wave equations of the KdV type

E. Tzirtzilakis, V. Marinakis, C. Apokis and Tassos Bountis

Department of Mathematics and Center for Research and Application of Nonlinear Systems University of Patras, 26500 Patras, Greece

In this work we study second and third order approximations of water wave equations of the KdV type. First we derive analytical expressions for solitary wave solutions for some special sets of parameters of the equations. Remarkably enough, in all these approximations, the form of the solitary wave and its amplitude–velocity dependence are identical to the sech^2–formula of the one–soliton solution of the KdV. Next we carry out a detailed numerical study of these solutions using a Fourier pseudospectral method combined with a finite– difference scheme, in parameter regions where soliton–like behavior is observed. In these regions, we find solitary waves which are stable and behave like solitons in the sense that they remain virtually unchanged under time evolution and mutual interaction. In general, these solutions sustain small oscillations in the form of radiation waves (trailing the solitary wave) and may still be regarded as stable, provided these radiation waves do not exceed a numerical stability threshold. Instability occurs at high enough wave speeds, when these oscillations exceed the stability threshold already at the outset, and manifests itself as a sudden increase of these oscillations followed by a blowup of the wave after relatively short time intervals.

References A.S. Fokas, “On a Class of Physically Important Integrable Equations”, Physica 87D (1995), 145–150; see also A.S. Fokas and Q.M. Liu, PRL 77(12) (1996), 2347.

V. Marinakis, T.C. Bountis, “Special Solutions of a new Class of Water Wave Equations”, Comm. in Appl. Anal. 4(3) (2000), 433–445.

E. Tzirtzilakis, M. Xenos, V. Marinakis, T.C. Bountis, “Interactions and Stability of Solitary Waves in Shallow Water”, Chaos, Solitons and Fractals, 14 (2000), 87–95.

Localized oscillations in 1-dimensional nonlinear media and homoclinic orbits of invertible maps

Tassos Bountis

Department of Mathematics and Center for Research and Application of Nonlinear Systems University of Patras, 26500 Patras, Greece

In recent years, a very interesting phenomenon has captured the imagination of many nonlinear scientists: The occurrence of stable, localized oscillations in 1 - and 2 - dimensional lattices. These oscillations have been termed discrete breathers, in analogy to similar solutions found in certain completely integrable continuous systems, like the sine Gordon and the Nonlinear Schrödinger partial differential equations.

In these lectures, we will first review the physical models in which discrete breathers were first discovered and studied. We will then outline the work of Aubry and MacKay who rigorously established the existence of stable discrete breathers in a wide class of infinite chains of linearly coupled anharmonic oscillators. It is interesting that, in many cases, breathers are indeed a discrete phenomenon, as they are not expected to exist in the continuum limit. Furthermore, they have also been recently observed in several experiments, notably some involving arrays of coupled Josephson junctions.

We shall demonstrate that discrete breathers correspond, in fact, to homoclinic orbits at the intersections of invariant manifolds of a saddle point, lying at the origin of a 2N - dimensional map in Fourier space. Exploiting this geometric approach, we will show that discrete breathers can be accurately approximated and even classified using ideas of symbolic dynamics.

In this way, a great variety of such forms (also called multibreathers) can be constructed most of which are found to be linearly unstable. Thus, developing methods for computing homoclinic orbits of invertible maps allows us to obtain accurate representations of discrete breathers and stabilize (or destabilize) them using techniques of continuous feedback control.

References M. Kollmann, H.W. Capel and T. Bountis, ”Breathers and Multi-Breathers in a Damped, Periodically Driven Discretized NLS Equation”, Phys. Rev. E 60, 1195 (1998).

T. Bountis, H.W. Capel, M. Kollmann, J.C. Ross, J.M. Bergamin and J.P. van der Weele, ”Multibreathers and Homoclinic Chaos in 1-Dimensional Lattices”, Phys. Lett. 268A, 50-60(2000).

J. Bergamin, T. Bountis and C. Jung, ”A Method for Locating Symmetric Homoclinic Orbits Using Symbolic Dynamics”, J. Phys. A: Math. Gen.,33, 8059-8070 (2000).

J. Bergamin, T. Bountis and M. Vrahatis, ”Homoclinic Orbits of Invertible Maps”, preprint submitted for publication (2002).

T. Bountis, J. Bergamin and V. Basios, ”Breather Stabilization Using Continuous Feedback Control”, to appear in Phys. Lett. A (2002).

J. M. Bergamin, Sp. Kamvyssis and T. Bountis,”A Numerical Study of the Perturbed Semiclassical Focusing Nonlinear Schrodinger Equation”, Phys. Lett. A, to appear (2002).

Efficient quantum computing of complex dynamics

Giulio Casati

Center for Nonlinear and Complex Systems, University of Insubria, Como, Italy

In interacting many body systems such as nuclei, complex atoms, quantum dots, and quantum spin glasses, the interaction leads to quantum chaos characterized by ergodicity of eigenstates and level spacing statistics as in Random Matrix Theory. In this regime, a quantum computer eigenstate is composed by an exponentially large number of quantum register states and the computer operability is destroyed. Here we model an isolated quantum computer as a two-dimensional lattice of qubits (spin halves) with fluctuations in individual qubit energies and residual short-range inter-qubit couplings. We show that above a critical inter-qubit coupling strength, quantum chaos sets in and this results in the interaction induced dynamical thermalization and the occupation numbers well described by the Fermi-Dirac distribution. This thermalization destroys the noninteracting qubit structure and sets serious requirements for the quantum computer operability. We then construct a quantum algorithm which uses the number of qubits in an optimal way and efficiently simulates a physical model with rich and complex dynamics. The numerical study of the effect of static imperfections in the quantum computer hardware shows that the main elements of the phase space structures are accurately reproduced up to a time scale which is polynomial in the number of qubits. The errors generated by these imperfections are more significant than the errors of random noise in gate operations.

References G. Benenti, G. Casati and D.L. Shepelyansky 2001 Eur. Phys. J. D. 17 265. G. Benenti,G. Casati, S. Montangero and D. L. Shepelyansky 2001 Phys. Rev. Lett. 87 227901 G. Benenti and G. Casati Quantum-classical Correspondence in perturbed chaotic Systems. To appear in Phys Rev E.

G. Benenti, G. Casati, S. Montangero and D.L. Shepelyansky Eigenstates of Operative Quantum Computer: Hypersensitivity to Static Imperfections. Preprint

M-theory and particle physics

Mirjam Cvetič

Department of Physics and Astronomy, University of Pennsylvania, Philadelphia, USA

Recent developments in string and M-theory are reviewed with an emphasis on particle physics implications. Aspects of non-perturbative extended objects - branes are introduced. The focus is on the role these objects play in the construction of new four-dimensional solutions of string theory with the structure of the standard model and three families of quarks and leptons. A beautiful relationship of these constructions to purely geometric one, as an M-theory compactified on special holonomy spaces is highlighted.

References M. Cvetič, G. W. Gibbons, H. Lu and C. N. Pope, “M-theory conifolds,” Phys. Rev. Lett. 88, 121602 (2002) [arXiv:hep-th/0112098].

M. Cvetič, G. Shiu and A. M. Uranga, “Three-family supersymmetric standard like models from intersecting brane worlds,” Phys. Rev. Lett. 87, 201801 (2001) [arXiv:hep-th/0107143].

M. Cvetič, G. Shiu and A. M. Uranga, “Chiral four-dimensional N = 1 supersymmetric type IIA orientifolds from intersecting D6-branes,” Nucl. Phys. B 615, 3 (2001) [arXiv:hep-th/0107166]. J. Polchinski, “Dirichlet-Branes and Ramond-Ramond Charges,” Phys. Rev. Lett. 75, 4724 (1995) [arXiv:hepth/9510017].

E. Witten, “String theory dynamics in various dimensions,” Nucl. Phys. B 443, 85 (1995) [arXiv:hep-th/9503124]. C. M. Hull and P. K. Townsend, “Unity of superstring dualities,” Nucl. Phys. B 438, 109 (1995) [arXiv:hepth/9410167].

Chaos and what to do about it: An overview

Predrag Cvitanović

School of Physics, Georgia Tech Atlanta, GA 30332-0430, USA

That deterministic dynamics leads to chaos is no surprise to anyone who has tried pool, billiards or snooker - that is what the game is about - so we start our course about what is chaos and what to do about it by a game of pinball. This might seem a trifle trivial, but a pinball is to chaotic dynamics what a pendulum is to integrable systems: thinking clearly about what is “chaos” in a pinball will help us tackle more difficult problems, such as computing diffusion constants in deterministic gases, or computing the Helium spectrum.

We all have an intuitive feeling for what a pinball does as it bounces between the pinball machine disks, and only highschool level Euclidean geometry is needed to describe the trajectory. Turning this intuition into calculation will lead us, in clear physically motivated steps, to almost everything one needs to know about deterministic chaos: from unstable dynamical flows, Poincaré sections, Smale horseshoes, symbolic dynamics, pruning, discrete symmetries, periodic orbits, averaging over chaotic sets, evolution operators, dynamical zeta functions, Fredholm determinants, cycle expansions, quantum trace formulas and zeta functions, and to the semiclassical quantization of helium.

Reference Read chapter 1 and appendix A of P. Cvitanović, R. Artuso, R. Mainieri, G. Vattay et al., Classical and Quantum Chaos, http://www.nbi.dk/ChaosBook/.

Dynamics, qualitative

Predrag Cvitanović

School of Physics, Georgia Tech Atlanta, GA 30332-0430, USA

Confronted with a potentially chaotic dynamical system, we analyze it through a sequence of three distinct stages; diagnose, count, measure. First, we determine the intrinsic dimension of the system - the minimum number of degrees of freedom necessary to capture its essential dynamics. If the system is very turbulent (its attractor is of high dimension) we are, at present, out of luck. We know only how to deal with the transitional regime between regular motions and weak turbulence. In this regime the chaotic dynamics is restricted to a space of low dimension, the number of relevant parameters is small, and we can proceed to the second step; we count and classify all possible topologically distinct trajectories of the system. If successful, we can proceed with the third step: investigate the weights of the different pieces of the system.

In this lecture qualitative dynamics of simple stretching and mixing flows is used to introduce Smale horseshoes and symbolic dynamics, and the topological dynamics is encoded by means of transition matrices/Markov graphs.

We learn how to count and describe itineraries. While computing the topological entropy from transition matrices/Markov graphs, we encounter our first zeta function.

By now we have covered for the first time the whole distance from diagnosing chaotic dynamics to computing zeta functions. Historically, these topological zeta functions were the inspiration for injecting statistical mechanics into computation of dynamical averages; Ruelle’s zeta functions are a weighted generalization of the counting zeta functions.

Reference Read chapters 2, 3, 10 and 11 of P. Cvitanović, R. Artuso, R. Mainieri, G. Vattay et al., Classical and Quantum Chaos, http://www.nbi.dk/ChaosBook/.

Global dynamics

Predrag Cvitanović

School of Physics, Georgia Tech Atlanta, GA 30332-0430, USA

This lecture is the core of the course: we discuss the necessity of studying the averages of observables in chaotic dynamics, and cast the formulas for averages in a multiplicative form that motivates the introduction of evolution operators.

In chaotic dynamics detailed prediction is impossible, as any finitely specified initial condition, no matter how precise, will fill out the entire accessible phase space (similarly finitely grained) in finite time. Hence for chaotic dynamics one does not attempt to follow individual trajectories to asymptotic times; what is possible (and sensible) is description of the geometry of the set of possible outcomes, and evaluation of the asymptotic time averages. Examples of such averages are transport coefficients for chaotic dynamical flows, such as the escape rate, mean drift and the diffusion rate; power spectra; and a host of mathematical constructs such as the generalized dimensions, Lyapunov exponents and the Kolmogorov entropy. We shall now set up the formalism for evaluating such averages within the framework of the periodic orbit theory. The key idea is to replace the expectation values of observables by the expectation values of generating functionals. This associates an evolution operator with a given observable, and leads to formulas for its dynamical averages.

If there is one idea that you should learn about dynamics, it happens in this lecture(s) and it is this: there is a fundamental local - global duality which says that (global) eigenstates are dual to the (local) periodic geodesics. For dynamics on the circle, this is called Fourier analysis; for dynamics on well-tiled manifolds this is called Selberg trace formulas and zeta functions; and for generic nonlinear dynamical systems the duality is embodied in trace formulas, zeta functions and spectral determinants that we will now introduce. These objects are to dynamics what partition functions are to statistical mechanics. The bold claim is that once you understand this, classical ergodicity, wave mechanics and stochastic mechanics are nothing but special cases, to be worked out at your leisure.

The strategy is this: Global averages such as escape rates can be extracted from the eigenvalues of evolution operators. The eigenvalues are given by the zeros of appropriate determinants. One way to evaluate determinants is to expand them in terms of traces, log det = tr log. The traces are evaluated as integrals over Dirac delta functions, and in this way the spectra of evolution operators become related to periodic orbits.

The rest of the course is making sense out of this objects and learning how to apply them to evaluation of physically measurable properties of chaotic dynamical systems.

Reference Read chapters 5, 6, 7, 8 and 9 of P. Cvitanović, R. Artuso, R. Mainieri, G. Vattay et al., Classical and Quantum Chaos, http://www.nbi.dk/ChaosBook/.

Cycle expansions: Semiclassical quantum mechanics

Predrag Cvitanović

School of Physics, Georgia Tech Atlanta, GA 30332-0430, USA

In last lecture we have derived a plethora of periodic orbit trace formulas, spectral determinants and zeta functions. Now we learn how to expand these as cycle expansions, series ordered by increasing topological cycle length, and evaluate average quantities like escape rates. These formulas are exact, and, when the winds are kind, highly convergent. The pleasant surprise is that the terms in such expansions fall off exponentially or even faster, so that a handful of shortest orbits suffices for rather accurate estimates of asymptotic averages.

The course now shifts gear to recent advances in the periodic orbit theory of chaotic, non-integrable systems, and the modern generalization of the De Broglie - Bohr quantization of hydrogen atom.

Instead of quantizing by suspending standing-wave configurations on stable Keplerian orbits, one suspends the standing-wave configurations on the infinity of unstable orbits. Such unstable periodic orbits are observed experimentally in the helium atom, the hydrogen in strong external fields, and other systems.

This is what could have been done with the old quantum mechanics if physicists of 1910’s were as familiar with chaos as you by now are. The Gutzwiller trace formula together with the corresponding spectral determinant, the central results of the semiclassical periodic orbit theory, are derived.

The helium atom spectrum can then be computed via spectral determinants.

Reference Read chapters 13, 21 and 22 of P. Cvitanović, R. Artuso, R. Mainieri, G. Vattay et al., Classical and Quantum Chaos, http://www.nbi.dk/ChaosBook/.

Trace formulas for stochastic evolution operators

Predrag Cvitanović

School of Physics, Georgia Tech Atlanta, GA 30332-0430, USA

Intuitively, the noise inherent in any realistic system washes out fine details and makes chaotic averages more robust. Quantum mechanical h̄ resolution of phase space implies that in semi-classical approaches no orbits longer than the Heisenberg time need be taken into account. We explore these ideas in some detail by casting stochastic dynamics into path integral form and developing perturbative and nonperturbative methods for evaluating such integrals. In the weak noise case the standard perturbation theory is expansion in terms of Feynman diagrams. Now the surprise; we can compute the same corrections faster and to a higher order in perturbation theory by integrating over the neighborhood of a given saddlepoint exactly by means of a nonlinear change of field variables. The new perturbative expansion appears more compact than the standard Feynman diagram perturbation theory; whether it is better than traditional loop expansions for computing field-theoretic saddlepoint expansions remains to be seen, but for a simple system we study the result is a stochastic analog of the Gutzwiller trace formula with the h̄ corrections so far computed to five orders higher than what has been attainable in the quantum-mechanical applications.

Resume

A motion on a strange attractor can be approximated by shadowing the orbit by a sequence of nearby periodic orbits of finite length. This notion is here made precise by approximating orbits by primitive cycles, and evaluating associated curvatures. A curvature measures the deviation of a longer cycle from its approximation by shorter cycles; the smoothness of the dynamical system implies exponential (or faster) fall-off for (almost) all curvatures. The technical prerequisite for implementing this shadowing is a good understanding of the symbolic dynamics of the classical dynamical system. The resulting cycle expansions offer an efficient method for evaluating classical and quantum periodic orbit sums; accurate estimates can be obtained by using as input the lengths and eigenvalues of a few prime cycles.

To keep exposition simple we have here illustrated the utility of cycles and their curvatures by a pinball game. Glancing back, we see that the formalism is very general, and should work for any average over any chaotic set which satisfies two conditions: 1. the weight associated with the observable under consideration is multiplicative along the trajectory; 2. the set is organized in such a way that the nearby points in the symbolic dynamics have nearby weights.

Reference Read articles in the ”Chaotic Field Theory” section of

http://www.nbi.dk/~predrag/papers/preprPOT.html

and the take-home problem set for the next millennium in P. Cvitanović, R. Artuso, R. Mainieri, G. Vattay et al., Classical and Quantum Chaos, http://www.nbi.dk/ChaosBook/.

Relaxation dynamics described by nonlinear Fokker-Planck equations: applications to human movement sciences

Till D. Frank

Faculty of Human Movement Sciences, Vrije Universiteit, Amsterdam, The Netherlands, and Institute for Theoretical Physics, University of Muenster, Muenster, Germany

Mesoscopic stochastic descriptions of many particle systems have frequently been used in the context of mean field nonlinear Fokker-Planck equations (Desai and Zwanzig 1978; Kuramoto 1984) and nonlinear Fokker-Planck equations related to nonextensive entropies (Plastino and Plastino 1995). We discuss a recent attempt to obtain a unified description for stochastic relaxation processes that are characterized by mean field interactions, on the one hand, and nonextensivity, on the other hand (Frank 2001b).

First, we consider the stationary case. To this end, we introduce the concept of inverse distortion functions (Frank, Daffertshofer 1999). For mean field models we obtain from inverse distortion functions implicit descriptions of stationary distributions that involve transcendent equations and can be used to address the phenomenon of multistability. For nonextensive systems we obtain cut-off and power-law distributions.

Second, we examine the transient case. We briefly discuss exact time-dependent solutions of systems related to the Sharma-Mittal entropy (Frank, Daffertshofer 2000). Then, H-theorems are developed on the basis of (i) inverse distortion functions and (ii) free energy measures (Shiino 1987,2001; Bonilla et al. 1998; Frank 2001a,b,2002; Kaniadakis 2001).

Third and finally, we study the stability of stationary distributions for a stochastic mean field model that is in line with the field theoretical description of neural activity proposed by Haken (1996) and Jirsa and Haken (1996) and can describe neural activity during rhythmic finger movements (Frank et al. 2000). We focus on two approaches: the transcendent equation approach and Lyapunov’s direct method (Frank et al. 2001).

References Bonilla L L, Perez-Vicente C J, Ritort F, and Soler J 1998 Phys. Rev. Lett. 81 3643 Desai R C and Zwanzig R 1978 J. Stat. Phys. 19 1 Frank T D and Daffertshofer A 1999 Physica A 272 497 Frank T D and Daffertshofer A 2000 Physica A 285 129 Frank T D 2001a Phys. Lett. A 280 91 Frank T D 2001b Phys. Lett. A 290 93 Frank T D, Daffertshofer A, Peper C E, Beek P J and Haken H 2000 Physica D 144 62 Frank T D, Daffertshofer A, Peper C E, Beek P J and Haken H 2001 Physica D 150 219 Frank T D 2002 Physica A, in press.

Haken H 1996 Principles of brain functioning (Springer, Berlin) Jirsa V K and Haken H 1996 Phys. Rev. Lett. 77 960 Kaniadakis G 2001 Physica A 296 405 Kuramoto Y 1984 Chemical oscillations, waves, and turbulence (Springer, Berlin) Plastino A R and Plastino A 1995 Physica A 222 347 Shiino M 1987 Phys. Rev. A 36 2393 Shiino M 2001 J. Math. Phys. 42 2540

Generalized extended self-similarity in turbulence and its scaling hypothesis

Hirokazu Fujisaka

Department of Applied Analysis and Complex Dynamical Systems, Graduate School of Informatics, Kyoto University, Japan

One of eminent statistical characteristics of homogeneous, isotropic developed turbulence in the three dimensional system is the self-similar energy cascade in the wavenumber space. This results in the power law behavior S_q (r) ∼ r^{ζ(q)} for the velocity structure function S_q (r), the q-th moment of the velocity difference at two positions separated by r. ζ(q) is a universal function of q. Several years ago, it was found that even when the turbulence is not fully developed, i.e., the Reynolds number is not extremely high and the the scaling range where the above scaling law holds is not wide enough, scaling behaviors of S_q (r) which has an extended form of that in developed turbulence holds. They are called the extended self-similarity (ESS) and the generalized extended self-similarity (GESS). I will talk about a phenomenological derivation of ESS and GESS, proposing a new scaling hypothesis on the basis of the large deviation theory of probability theory. Furthermore, using numerical and experimental data, I will examine the validity of the present approach.

References Kolmogorov A N 1941, Dokl. Akad. Nauk SSSR 30 9 Kolmogorov A N 1962, J. Fluid Mech. 13 82 Obukhov A M 1962, J. Fluid Mech. 13 77.

Parisi G and Frisch U 1985, in Turbulence and Predictability in Geophysical Fluid Dynamics, Proceed. Intern. School of Physics ‘Enrico Fermi’, 1983, Varenna, Italy, p.84, eds. M. Ghil, R. Benzi and G. Parisi, (Amsterdam: North-Holland) Frisch U 1995, Turbulence: The legacy of A. N.Kolmogorov (Cambridge: Cambridge Univ. Press) Benzi R, Ciliberto S, Tripiccione R, Baudet C and Succi S 1993, Phys. Rev. E 48 R29 Benzi R, Ciliberto S, Baudet C and Chavarria G R 1995, Physica D 80 385 Benzi R, Biferale L, Ciliberto S, Struglia M V and Tripiccione R 1996, Phys. Rev. E 53 R3025; Benzi R, Biferale L, Ciliberto S, Struglia M V, Tripiccione R 1996, Physica D 96 162. Fujisaka H and Inoue M 1987, Prog. Theor. Phys. 77 1334 Watanabe T and Fujisaka H 2000, J. of Phys. Soc. Japan 69 1672 Fujisaka H and Grossmann S 2001, Phys. Rev. E 63 026305 Fujisaka H, Nakayama Y, Watanabe T and Grossmann S 2002, Phys. Rev. E 65 046307.

Noise-induced pattern dynamics and intermittency

Hirokazu Fujisaka

Department of Applied Analysis and Complex Dynamical Systems, Graduate School of Informatics, Kyoto University, Japan

Intermittency is a quite ubiquitous phenomenon in nonlinear dynamics. The intermittency observed when a particular dynamical state undergoes the instability is called the modulational (often called the on-off) intermittency. Recently, an experimental confirmation of the on-off intermittency in the electrohydrodynamic convection in nematics under dichotomous noise was reported by John et al.. An eminent statistics of the observation is the intermittent generation of convective pattern.

In my talk, in order to elucidate the experiment I will first propose a phenomenological nonlinear stochastic model which has the structure of the Swift-Hohenberg equation for local convection variable with fluctuating threshold. Then, I will discuss results of numerical integration of the model equation associated with the intermittent emergence of convective pattern. Detailed analysis on the statistics of the intermittent pattern dynamics will be addressed.

References Behn U, Lange A and John Th 1998, Phys. Rev. E 58 2047 John Th, Stannarius R and Behn U 1999, Phys. Rev. Lett. 83 749 Fujisaka H, Ouchi K and Ohara H 2001, Phys. Rev. E 64 036201 John Th, Behn U and R Stannarius 2002, Phys. Rev. E 65 046229 For the modulational intermittency (on-off intermittency), see the following references: Fujisaka H and Yamada T 1985, Prog. Theor. Phys. 74 918 Fujisaka H and Yamada T 1986, Prog. Theor. Phys. 75 1087 Yamada T and Fujisaka H 1986, Prog. Theor. Phys. 76 582 Fujisaka H and Yamada T 1987, Prog. Theor. Phys. 77 1045 Platt N, Spiegel E A and Tresser C 1993, Phys. Rev. Lett. 70 279 Heagy J F, Platt N and Hammel S M 1994, Phys. Rev. E 49 1140 Yamada T, Fukushima K and Yazaki T 1989, Prog. Theor. Phys. Suppl. No.99, 120 Ott E and Sommerer J C 1994, Phys. Lett. A 188 39 Lai Y C and Grebogi C 1995, Phys. Rev. E 52 R3313 Čenys A, Namajunas A, Tamserius A and Schneider T 1996, Phys. Lett. A 213 259 Venkataramani S C, Antonsen Jr. T M, Ott E and Sommerer J C 1996, Physica D 96 66 Lai Y C 1996, Phys. Rev. E 54 321 Rödelsperger F, Čenys A and Benner H 1995, Phys. Rev. Lett. 75 2594 Becker J, Rödelsperger F, Weyrauch Th, Benner H, Just W and Čenys A 1999, Phys. Rev. E 59 1622 Fujisaka H, Ouchi K, Hata H, Masaoka B and Miyazaki S 1998, Physica D 114 237 Pikovsky A, Rosenblum M and Kurths J 2001, Synchronization: A universal concept in nonlinear sciences (Cambridge: Cambridge Univ. Press)

Hamiltonian chaos and statistical mechanics

Pierre Gaspard

Center for Nonlinear Phenomena and Complex Systems, Université Libre de Bruxelles, Belgium

In systems of statistical mechanics, the chaotic dynamics is characterized by Lyapunov exponents which are of the order of the inverse of the intercollisional time between the particles. This time scale is the one of kinetics. Instead, the relaxation toward the thermodynamic equilibrium occurs on the longer time scale of hydrodynamics which is determined by transport properties such as diffusion, viscosity, or heat conductivity.

The connection between the chaotic and transport properties can be established thanks to the escape-rate theory or a newer theory which allows us to directly construct the hydrodynamic modes of diffusion and reactiondiffusion [1,2]. These hydrodynamic modes turn out to present fractal properties with a fractal dimension given in terms of the transport coefficients. The fractal character of the hydrodynamic modes results from the stretching and folding of nonequilibrium inhomogeneities induced by the chaotic dynamics. This mixing naturally leads to the entropy production expected from nonequilibrium thermodynamics [3].

The first lecture will be devoted to the relationship between chaos, transport properties, and entropy production. The second lecture will present the results of recent work on chaos in systems composed of many interacting particles [4].

References [1] P. Gaspard, I. Claus, T. Gilbert, and J. R. Dorfman, “Fractality of the Hydrodynamic Modes of Diffusion”, Phys. Rev. Lett. 86 (2001) 1506.

[2] I. Claus and P. Gaspard, “The fractality of the relaxation modes in deterministic reaction-diffusion systems”, preprint cond-mat/0204264.

[3] J. R. Dorfman, P. Gaspard, and T. Gilbert, “Entropy production of diffusion in spatially periodic deterministic systems”, preprint nlin.CD/0203046.

[4] P. Gaspard and H. van Beijeren, “When do tracer particles dominate the Lyapunov spectrum?”, preprint nlin.CD/0112019.

Experimental modeling of chaotic fields

Igor Grabec

Faculty of Mechanical Engineering University of Ljubljana, Ljubljana, Slovenia

Physical description of natural laws is based on evolution equations of fields but their analytical formulation is often not possible for very complex chaotic phenomena [1]. In the lecture we show how a method of chaotic time series prediction can be generalized to statistical modeling of chaotic fields [2, 3]. For this purpose we assume that a record of the field is provided by an experiment and that the field amplitude ϕ(s) at a point of observation s is related to amplitudes in a surrounding region. We represent the field values in the surrounding region by the vector g(s), and describe the field evolution by the mapping equation

ϕ(s) = G(g(s)), (1)

in which the function G is estimated statistically. For this purpose N samples of the joint state vector {(ϕ(s_i), g(s_i)) = (ϕ_i, g_i); i = 1 . . . N} are first extracted from the given record. As an optimal non-parametric estimator of the field at point s we employ the conditional average, which is expressed by

ϕ̂(s) = E[ϕ(s)|g(s)] = 1 N N∑ n=1 B_n(g(s))ϕ_n (2)

Here B_n(g(s)) = w(g(s) − g_n)/ ∑_N k=1 w(g(s − g_k)) describes a similarity between the given vector g(s) and a sample g_n, while w denotes a kernel function, such as Gaussian. The vector g(s) is considered as a given condition and is comprised from field values in the surrounding of point s. During the calculation of the conditional average the surrounding can be arbitrary selected, which is an advantage of non-parametric estimator. To calculate a field distribution in some domain, the field must be first specified in a sub-domain. From given values the field distribution in the surrounding of sub-domain can be estimated by Eq. 2. The estimated values are then considered as given ones and the procedure of field estimation is iteratively continued. In the lecture optimal statistical methods for selection of surrounding region of a point s and self-organized determination of number N are explained. Various examples of estimated chaotic filed distributions, such as profiles of a rough surface [3, 4], charge density and electron temperature in turbulent ionization waves in plasma, etc, are demonstrated. The performance of the proposed statistical modeling is described by comparing correlation functions and spectra of experimentally recorded and estimated fields.

References [1] Grabec I, 1986, Phys. Lett., A117(8), pp 384-386 [2] Grabec I, Sachse W, 1997, Synergetics of Measurement, Prediction and Control, (Springer-Verlag, Heidelberg) [3] Grabec I, Mandelj S, 1997, Proc. Int. Conf. EANN’97 - Stockholm, Eds.: A. B. Bulsari, S. Kallio, (Åbo Akademis Tryckery, Turku, Finland), pp 357-360 [4] Mandelj S, Grabec I, Govekar E, 2000, CIRP J. of Manuf. Systems, 30(3), pp 281-287

Turbulent diffusion

Siegfried Großmann

Fachbereich Physik der Philipps-Universität Marburg, Germany

Dust, aerosoles, smoke and other air pollutions spread, in still air, by molecular diffusion. In addition there can be advection by atmospheric flow, either well directed in jets or winds, or nondirected in air turbulence. Diffusional spreading by turbulence is extraordinary effective. Instead of the well known linear growth of the mean square particle distance with time t

σ^2_t = 6Kt , regular diffusion ,

σ^2_t grows much faster under turbulent advection, according to a cubic t dependence

σ^2_t = cϵt^3 , turbulent diffusion .

This was discovered by Lewis Fry Richardson (1926, 1929) when he performed his ingenious study of the turbulent diffusivity K_{turb} . He presented data on impressively many scales. A bulk of later measurements confirmed his results, as e.g. balloon campaignes, cf. Lundgren (1981).

The anomalously fast particle distance growth could be explained from fluid dynamics (Navier-Stokes equations) by Grossmann and Procaccia (1984), Effinger and Grossmann (1984), Grossmann (1990) in mean field approximation. New results on dynamical Lagrangian time correlation decay (numerical, Grossmann and Wiele 1997 and analytical, Daems et al. 1999) stimulated efforts to even determine the absolute magnitude as characterized by the prefactor c in addition to the scaling exponent (Grossmann 2002).

In particular the memory effects in the time correlation decay have turned out to be very important. And turbulent intermittency implies additional scale dependence of the turbulent diffusivity (Grossmann 2002). A survey on the past development and on the most recent surprising findings is offered in the lecture.

References Daems D, Grossmann S, L’vov V and Procaccia I 1999 Phys Rev E60 6656 Effinger H and Grossmann S 1984 Phys Rev Lett 50 442 Grossmann S and Procaccia I 1984 Phys Rev A29 1358 Grossmann S 1990 Annalen der Physik (Leipzig) 47 577 Grossmann S and Wiele C 1997 Z Phys B103 469 Grossmann S 2002 to be published Lundgren T S 1981 J Fluid Mech 111 27 Richardson L F 1926 Proc Roy Soc (London) A110 709 Richardson L F 1929 Beitr Phys Atm 15 24

Turbulent correlation decay

Siegfried Großmann

Fachbereich Physik der Philipps-Universität Marburg, Germany

The appropriate tool to study the dynamics of a statistical system is its (stationary) time correlation function. This has also proven to be true for turbulent fluid flow. The observable quantities of interest are here the Lagrangian, scale dependent eddies v(r), i.e., the Eulerian velocity differences v(r; x, t) = u(x + r, t) − u(x, t). These objects are statistically time t and space x independent in stationary and homogeneous turbulence, but depend besides on scale r on the time lapse τ between two observations of an r-eddy at times t and t + τ. By means of a continued fraction expansion the time correlation function can be uniquely expressed in terms of the static, stationary, time independent structure functions; but all orders of those are needed.

Analysis of the dynamical time correlation function D(r, τ) = ⟨v(r)v(r, τ)⟩ is presented. D(r, τ) was first studied in 1-pole approximation (Grossmann and Thomae 1982), because no estimate of higher order stationary structure functions was available then. Since Grossmann and Wiele (1997) provided numerical data for large Reynolds number, highly turbulent flow, it became clear that the memory effects surprisingly reduce the decorrelation time. The additional effects of turbulent intermittency were elucidated analytically in Daems et al. (1999). The main, rather unexpected results are:

i. The static multifractality of turbulent flow destroys dynamical scaling despite good scaling of stationary moments, i.e., of power laws in r of all p^{th} order structure functions. ii. The deviations from dynamical scaling are a direct measure of the strength of intermittency. iii. The scale dependence of the correlation decay rate can be expressed approximately in terms of the turbulent structure function of 2^{nd} order (Grossmann 2002).

References Daems D, Grossmann S, L’vov V and Procaccia I 1999 Phys Rev E60 6656 Grossmann S and Thomae S 1982 Z Phys B49 253 Grossmann S and Wiele C 1997 Z Phys B103 469 Grossmann S 2002 to be published

Turbulent heat convection

Siegfried Großmann

Fachbereich Physik der Philipps-Universität Marburg, Germany

Turbulent heat transport in fluid layers heated from below is one of the most intensely studied fluid flow problems. In 1900 Bénard detected interesting pattern formation in this system, in 1916 Rayleigh calculated the underlying instability. If the heating is increased further, chaotic motion and finally turbulence is observed in the bulk , surrounded by Blasius type boundary layers near the plates and walls. In the 50th and 60th power laws for the heat transport as a function of the thermal driving were suggested for the Rayleigh-Bénard system in accordance with other scaling behavior in turbulence, Nu ∝ Ra^βP r^{β′} . The Nusselt number Nu is the effective heat current including turbulent advection, nondimensionalised with the molecular heat current. The Rayleigh number Ra measures the thermal driving due to the temperature difference Δ across the fluid layer of height L, originating from buoyancy in the gravitational field g by thermal expansion α, which is counteracted by the fluid’s kinematic viscosity ν and its thermal diffusivity κ, Ra = αgL^3Δ νκ . The Prandtl number P r = ν/κ weighs the ratio of the space and time scales according to molecular momentum (ν) and energy (κ) transport. Recent measurements of increasing accuracy (Libchaber group (Castaing et al. 1989), Cioni et al. (1997), Chavanne et al. (1997), Niemela et al. (2000), Xu et al. (2000), Ahlers et al. (2001), Xia et al. (2002)) led to various unexpected results. A unifying theory explains all these data (Grossmann and Lohse 2000, 2001, 2002). In particular the theory’s prediction is confirmed that simple power laws are insufficient to describe Nu versus Ra adequately. In the lecture the theory of heat convection in a very extended Ra − P r−parameter space of up to 10 orders of magnitude is presented and discussed.

References Ahlers G and Xu X 2001 Phys Rev Lett 86 3320 Castaing B, Gunaratne G, Heslot F, Kadanoff L, Libchaber A, Thomae S, Wu X, Zaleski S and Zanetti G 1989 J Fluid Mech 204 1 Chavanne X, Chilla F, Castaing B, Hebral B, Chaboud B and Chaussy J 1997 Phys Rev Lett 79 3648 Cioni S, Ciliberto S and Sommeria J 1997 J Fluid Mech 335 111 Grossmann S and Lohse D 2000 J Fluid Mech 407 27 Grossmann S and Lohse D 2001 Phys Rev Lett 86 3316 Grossmann S and Lohse D 2002 to be published Niemela J, Skrbek L, Sreenivasan K R and Donnelly R 2000 Nature 404 837 Xia K Q, Lam S and Zhou S Q 2002 Phys Rev Lett 88 064501 Xu X, Bajaj K M S and Ahlers G 2000 Phys Rev Lett 84 4357

Introduction to decoherence

Fritz Haake

Fachbereich Physik, Universität Essen, Essen, Germany

Quantum superpositions tend to decohere to mixtures, due to dissipative environmental influence. In particular, two superposed wave packets loose their relative coherence the faster the larger is their distance d. For sufficiently large d, the relative phase of packets is lost before any deformation of the shapes of the individual packets and any change of their distance become noticeable.

I shall illustrate the phenomenon by discussing recent efforts to take decoherence under experimental control (diffraction of Fullerenes in Vienna; superpositions of coherent states of microwave resonator modes in Paris; superpositions of wave packets of Be ions in Paul traps in Boulder; superpositions of states with counterpropagating supercurrents in Delft and Stony Brook).

All of these experiments observe superpositions of packets whose distance d is larger than the individual width λ, but the ratio d/λ achieved is still so moderate that the environment imposed decoherence time τ_{dec} is, while shorter than the time scale τ_{diss} of dissipative changes of d, still longer than typical oscillation periods τ_{sys} of the isolated system, i.e. τ_{sys} < τ_{dec} < τ_{diss}. The appropriate theoretical treatment is thus based on Fermi’s Golden Rule or, equivalently, Markovian master equations.

I illustrate golden rule type decoherence for the damped harmonic oscillator, using the simple master equation familiar from quantum optics. The important prediction is τ_{dec}/τ_{diss} = (λ/d)^2. The underlying perturbative treatment of the system-environment interaction requires the self-consistency condition τ_{sys} ≪ τ_{dec}.

Emergence of classical behavior in the macroworld: meso- and macroscopic superpositions

Fritz Haake

Fachbereich Physik, Universität Essen, Essen, Germany

The golden-rule prediction breaks down once the distance d between the superposed wave packets is so large, compared to the quantum scale of reference λ, that τ_{dec} ∼< τ_{sys}. The golden rule can therefore not be invoked to explain the notorious absence of quantum interference effects from the macroworld. In the limit τ_{dec} < τ_{sys} decoherence obviously no longer is a weak-damping phenomenon. A simple solution of the system ⊕ environment Schrödinger equation becomes possible when τ_{dec} ≪ τ_{sys}, the limit of relevance for superpositions of macroscopically distinct wave packets. The simplicity of that limit rests on the fact that in the full Hamiltonian H = H_{sys} + H_{bath} + H_{int} the free-system part H_{sys} becomes an effectively small perturbation. The decoherence time scale is then found to obey the power law τ_{dec} ∝ h̄^μ/d^ν with positive exponents μ, ν. That law is a universal one, independent of the character of the system and the environment. It is only based on the interaction Hamiltonian H_{int} additively involving a large number of degrees of freedom such that the central limit theorem holds for the reservoir means met with.

After treating the universal asymptotics of the limit τ_{dec} ≪ τ_{sys} I shall briefly discuss the crossover from that interaction dominated regime to golden-rule type decoherence. The crossover is system specific; I shall rely on an exactly solvable model system, an harmonic oscillator coupled to a reservoir which itself consists of harmonic oscillators.

Quantum measurement

Fritz Haake

Fachbereich Physik, Universität Essen, Essen, Germany

Textbook wisdom has it that superpositions |ψ⟩ = ∑ i c_i|ψ_i⟩ of eigenstates ψ_i of some observable of a microscopic

object “collapse”, under measurement of that observable, to a mixture, |φ|⟩⟨φ|^{collapse}−→ ∑ i |c_i|^2|φ_i⟩⟨φ_i|, with probabilities |c_i|^2 as in the original pure state but all coherences c^∗_i c_j for i ≠ j gone. Such collapse can be understood as due to unitary time evolution of a tripartite system comprising, besides the micro-object, a macroscopic pointer (idealizable as having a single degree of freedom), and a many-freedom environment. The Hamiltonian must allow micro-object and pointer to become entangled as

φ^{obj}(0)ψ^{point} (0) = ( ∑ i c_iφ_i ) ψ^{point} (0) → ∑ i c_iφ_iψ^{point}_i ,

with the various pointer states ψ^{point}_i corresponding to macroscopically distinct pointer displacements. Concomitantly, the many-freedom environment will decohere the superposition to the mixture ∑ i |c_i|^2|φ_i ⟩⟨φ_i| ⊗ |ψ^{point}_i ⟩⟨ψ^{point}_i |; inasmuch as the pointer states |ψ^{point}_i ⟩ are macroscopically distinct, the decay of the coherences c^∗_i c_j will occur with τ_{dec} ≪ τ_{syst}, τ_{diss}, i.e. might appear as practically instantaneous. By disregarding all information about (i.e. tracing over) the pointer, one has the textbook-wisdom mixture for the micro-object.

I shall present exactly solvable models both for both processes involved, entanglement and decoherence.

Brain dynamics

Hermann Haken

Institute for Theoretical Physics I, Center for Synergetics, University of Stuttgart, Germany

Lecture 1: Some basic facts about the brain

The human brain is a highly complex system that is composed of about hundred billion neurons each of which may interact with up to ten thousand other neurons. The brain serves many purposes as recognition of our surrounding, steering of movement, emotions, etc. Roughly speaking, the brain consists of individual areas that serve specific purposes. But these areas are again strongly interconnected. The neurons can fulfill the tasks only by a high degree of cooperation. But who or what steers the neurons? Since two decades I have been propagating the idea that the brain acts by self-organization; a point of view that is accepted more and more in the scientific community. In particular, concepts of synergetics can be applied to brain function. Some typical aspects will be illustrated by examples from visual perception, such as recognition of faces and facial expressions, perception of ambiguous figures, hysteresis, etc.

Lecture 2: Some forms of integrate and fire models

I first present some basic features about the structure and dynamics of individual neurons including cell body, axons, dendrites, and synapses. The signal processing via spikes will be discussed. Then I will study the interplay between dendritic currents and axonal spikes (pulses) via the light-house model. The spikes are described by a phase angle, increasing in the course of time in analogy to a rotating light beam from a lighthouse through which the intervals between spikes are determined. The rotation speed depends on the inputs from other neurons. After elimination of the dendritic currents, we find a special form of an integrate and fire model, whereupon I will discuss a number of different forms that take into account arbitrary strengths of synapses and time-lags.

Lecture 3: Phase locking

I analytically study the solutions of a network of integrate and fire neurons of a general form. In particular, I study the circumstances under which phase locking becomes possible and discuss cases of coexistence between phase-locked neurons and other neurons.

Lecture 4: Associative memory

The general equations of the integrate and fire neurons under different sensory inputs are time-averaged over short intervals. It is shown how by suitable choices of the synaptic connections these models give rise to associative memory. Associative memory means that a set of incomplete data is completed by the system to a well-defined set depending on the partly given data. A connection with Kaniza figures is established, as well as with other models of associative memory.

Lecture 5: Activity patterns

Again using suitable time-averages instead of the equations for spikes, rate equations for spike sequences as well as for dendritic currents are established. Such equations are related to the Nunez equations in a simplified form and have been derived along different lines by Jirsa and Haken. When the dendritic currents are eliminated, we reobtain the Wilson- Cowan equations that in turn allow the derivation of spatio-temporal patterns of brain activity in terms of firing rates. If, on the other hand, the axonal pulses or pulse-rates are eliminated, we obtain a new type of equation first derived by Jirsa and Haken for the dendritic currents, which, in turn, are responsible for the electric and magnetic fields measured in EEGs and MEGs.

References

http://www.theo1.physik.uni-stuttgart.de/en/mitarbeiter/haken/

Intermediate quantum-level statistics by means of quaternion representation of distributions

Hiroshi Hasegawa

Institute of Quantum Science, Nihon University, Chiyoda-ku, Tokyo 101-8308, Japan

There has been a long-standing subject in quantum-chaos studies to achieve a framework of energy-level statistics which interplolates between Poisson for integrable systems and those of Gaussian random matrix ensembles (GOE, GUE and GSE) for fully chaotic systems by means of a parameter [1]. In 1985, Yukawa [2] gave an excellent idea to construct such a one-parameter family of N-level distributions, based on the so-called level dynamics [3]: one considers an N × N Hermitian matrix of the form H = H_0 + tV (a perturbation of H_0 by another V with perturbation strength t which is regarded as the“time”). His result can be summarized by a special form P_{N,β}(x_1, x_2, .., x_N ) = C_{N,β} ∏ j<k ( (x_j − x_k)^2 a^2 + (x_j − x_k)^2 )_{β/2} β = 1 GOE, 2 GUE, 4 GSE. (1)

Here, the parameter that appears is a which interpolates the two limits as

a → 0 Poisson limit, a → ∞ Gaussian limit (Wigner-Dyson limit). (2)

A further treatment of the distribution (1) to deduce concrete statistics (the spacing distribution, long-range 2-level correlations, etc.) is a hard problem, and have so far produced little fruits. However, for the unitary symmetry class β = 2, a fully analytic method was devised by Forrester [4]: he showed that for this class expression (1) can be rewritten as a determinant

W^{(β=2)} N (x_1, .., x_N ) ≡ a^{−N} ∏ 1≤j<k≤N ( (x_j − x_k )^2 a^2 + (x_j − x_k)^2 ) = det [ 1 a − i(x_j − x_k) ] j,k=1,..,N , (3)

where the right-hand side allows an infinite sum over N with coefficient ζ, called the grand canonical series with fugacity ζ. In the present talk, it will be extended to the other two classes i.e. orthogonal and symplectic classes by using quaternion representation [5] which replaces the two opposite limits in (2) by ζ → 0 and ζ → ∞, respectively. It is based on our recent work [6].

References [1] For example, A.D. Mirlin, Phys. Rep. 326(2000), 259.

[2] T. Yukawa, Phys. Rev. Lett. 54(1985), 1883; Phys. Lett. A 116(1986), 227; A 245(1998), 183. [3] F. Haake, Quantum Signature of Chaos, Springer Verlag, Berlin, New York (1991). [4] P.J. Forrester, Phys. Lett. A 173(1993), 355. [5] F.J. Dyson, Comm. Math. Phys. 19(1970), 235.

[6] H. Hasegawa and Y. Sakamoto, Grand canonical random matrices for intermediate level statistics, Phys. Lett. A 297(2002), 146.

Dynamics of nonlocally coupled oscillators I

Yoshiki Kuramoto

Department of Physics, Graduate School of Sciences, Kyoto University, Kyoto 606-8502, Japan

The dynamics of large assemblies or extended fields of coupled nonlinear elements depends crucially on the interaction range involved. Most foregoing studies have been confined to the limiting cases of either local coupling or global coupling, while systematic studies of more general nonlocally coupled systems remain few. In this series of lectures, I will discuss some remarkable features in the dynamics which can arise peculiarly to nonlocally coupled systems, working mainly with oscillatory dynamics. The first lecture will be devoted to general discussions on what are essentially new with nonlocally coupled systems as contrasted with locally coupled systems. Some points to be discussed include the following:

1. Effective nonlocality in coupling arising from locally coupled systems (typically reaction-diffusion systems) as a result of elimination of some variables.

2. Proposal of a 3-component reaction-diffusion model as a canonical model covering the local, global and nonlocal regimes of the effective coupling, thus providing an ideal model for the study of the effects of nonlocality on the dynamics.

3. Pointing out the fact that nonlocal coupling has its own asymptotic regeme, not being merely something intermediate between the local and global.

4. Applicability of center-manifold reduction and phase reduction leading to some new forms of universal equations.

5. General conditions under which the effects of nonlocality become overt.

6. Mean-field picture applicable to nonlocally coupled systems.

7. Onset of spatial discontinuity of patterns as a general feature of nonlocally coupled systems.

Dynamics of nonlocally coupled oscillators II

Yoshiki Kuramoto

Department of Physics, Graduate School of Sciences, Kyoto University, Kyoto 606-8502, Japan

In this second lecture, the impact of the nonlocality in coupling will be demonstrated by showing a variety of curious dynamics exhibited by the canonical model introduced in the first lecture or by its reduced forms. Our emphasis will be placed upon how the types of behavior observed are peculiar to the coupling nonlocality and how they can naturally be understood in terms of the general notions developed in the first lecture. In particular, the mean-field picture valid for nonlocally coupled elements turns out quite useful for interpreting certain features of behavior. Some problems involving stochasticity are also discussed for which a theory can be formulated by virtue of the same mean-field picture. The types of behavior discussed are:

A. Self-sustained pacemakers in monostable excitable media whose origin is completely different from those proposed in the past.

B. Two-dimensional spiral waves with a strongly turbulent core which is initiated by a breakdonw of synchronization of a small group of central oscillators to the periodic internal forcing.

C. Coexistence of coherent and incoherent domains. This is a generalization of case B.

D. Spatio-temporal chaos with multi-scaling properties for which the pattern is fractalized with its fractal dimension changing continuously with the system parameter.

E. Soft-mode turbulence which occurs right at the Turing instability in the presence of a Goldstone mode.

F. Sawtooth turbulence characterized by persistent creations and annihilations of wave sources and sinks.

G. Transmission of waves in random media for which a statistical theory can be formulated in terms of a Boltzmann type kinetic equation.

Frequency Map Analysis, theory and practice

Jacques Laskar

Astronomie et Systèmes Dynamiques, IMC-CNRS UMR8028, 77 Av. Denfert-Rochereau, 75014 Paris, France

Introduction. Frequency Map Analysis is a numerical method based on refined Fourier techniques which provides a clear representation of the global dynamics of many multi-dimensional systems, and which is particularly adapted for systems of 3-degrees of freedom and more. This method relies heavily on the possibility of making accurate quasiperiodic approximations of quasiperiodic signal given in a numerical way.

In these lectures, we will describe the basis of the frequency analysis method. This is intended to be of practical use for any researcher who is willing to explore and use the frequency map analysis methods for the understanding of the dynamics of Hamiltonian systems.

Applications to several examples will be provided, in Solar System, or Particle Accelerator Dynamics.

1. Quasi periodic approximation

2. Convergence of the quasi periodic approximation, asymptotic expansion

3. Numerical examples

4. Frequency Map Analysis

5. Application of Frequency Map Analysis in Solar System and Particle Accelerator dynamics

References Laskar, J. 1990 The chaotic motion of the solar system. A numerical estimate of the size of the chaotic zones Icarus 88 266-291 Dumas, S., Laskar, J. 1993 Global Dynamics and Long-Time Stability in Hamiltonian Systems via Numerical Frequency Analysis Phys. Rev. Lett. 70 2975-2979 Laskar, J. 1993 Frequency analysis for multi-dimensional systems. Global dynamics and diffusion Physica D 67 257-281 Laskar, J. 1999 Introduction to frequency map analysis in proc. of NATO ASI Hamiltonian Systems with Three or More Degrees of Freedom, C. Simò ed, Kluwer 134-150 Laskar, J., Froeschlé, C., Celletti, A. 1992 The measure of chaos by the numerical analysis of the fundamental frequencies. Application to the standard mapping Physica D 56 253-269 Laskar, J., Robutel, P. 1993 The chaotic obliquity of the planets Nature 361 608-612 Laskar, J., Robin, D. 1996 Application of frequency map analysis to the ALS Particle Accelerator 54 183-192 Papaphilippou, Y., Laskar, J. 1996 Frequency map analysis and global dynamics in a two degrees of freedom galactic potential Astron. Astrophys. 307 427-449 Papaphilippou, Y., Laskar, J. 1998 Global dynamics of triaxial galactic models through frequency map analysis Astron. Astrophys. 329 451-481 Laskar, J.: 2000, Application of frequency map analysis in galactic dynamics, in proc. The Chaotic Universe, Rome, Pescara, 1–5 fev 1999, V. Gurdzadyan and R. Ruffini, eds., World Scientific, 115–126 Robin, D., Steir, C., Laskar, J., Nadolski, L.: 2000, Global dynamics of the ALS revealed through experimental Frequency Map Analysis, Phys. Rev. Let. 85 558-561 Chandre, C., Laskar, J., Benfatto, G., Jauslin, H.R.: 2001, Determination of the breakup of invariant tori in three frequency Hamiltonian systems Physica D 154 159–170 Robutel, P., Laskar, J.: 2001, Frequency Map and Global Dynamics in the Solar System I: Short period dynamics of massless particles, Icarus 152 4–28

Dynamics and structure of granular flow through a vertical pipe

Mitsugu Matsushita

Department of Physics, Chuo University, Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan

Static, dynamic and statistical properties of granular materials are one of the most important topics in current science and its application to technology. In some situations granules behave like ordinary fluid or ordinary solid. On the other hand, a variety of unusual motions peculiar to granules can be observed, such as size segregation, bubbling, standing waves and localized excitations under vertical vibrations, avalanche and other unusual motions in a rotating mill, chute flow down a slope and a fluidized bed due to air injected inside a box containing granules. Emergence of density waves of granules flowing through a vertical pipe is also a typical and the simplest example of unusual features of granular motion.

We have shown how density waves of granular particles (ordinary sand) emerge, while they flow through a vertical glass pipe, by controlling air flow out of a flask attached to the bottom-end of the pipe. When the cock attached to the flask is fully open, air is dragged by falling granules and flows together with them. No density waves are observed for this situation. As the cock is gradually closed, however, the pressure gradient of air inside the pipe becomes gradually large, inducing the velocity difference between granules and air. As a result, density waves emerge from the lower part of the pipe. The smaller the rate of air flow, i.e., the more the cock is closed, the higher the onset point (along the pipe) of density waves. The onset of density waves is characterized by the growth of the lower frequency part of the power spectra of time-series signals of density waves. The power spectra of density waves display a clear power-law form P (f) ∼ f^{−α} with the value of the exponent α = 1.33 ± 0.06, which is very close to 4/3. The value of α is robust even under the medium flow or variation of the pipe diameter, as far as density waves can be seen.

Very recently we have also controlled the flow rate of granules under the condition that the cock is completely closed, i.e., medium air does not flow with granules. When the flow rate of granules is small, they flow homogeneously with no density waves. The power spectra of the flow exhibit white-noise-like behavior. This is an expected result, just as raindrops fall homogeneously. What we observed rather unexpectedly is the following. If you gradually increase the flow rate of granules, density waves emerge suddenly at some threshold value of the flow rate. Above this threshold the power spectra exhibit clear power-law form with the same exponent α = 4/3 robustly.

References Jaeger H M, Nagel S R and Behringer R P 1996 Rev. Mod. Phys. 68 1259 Kadanoff L P 1999 Rev. Mod. Phys. 71 435 Peng G and Herrmann H J 1995 Phys. Rev. E 51 1745 Horikawa S, Nakahara A, Nakayama T and Matsushita M 1995 J. Phys. Soc. Jpn. 64 1870 Moriyama O, Kuroiwa N, Matsushita M and Hayakawa H 1998 Phys. Rev. Lett. 80 2833 Moriyama O, Kuroiwa N, Kanda M and Matsushita M 1998a J. Phys. Soc. Jpn. 67 1603 Moriyama O, Kuroiwa N, Kanda M and Matsushita M 1998b J. Phys. Soc. Jpn. 67 1616

Pattern formation in bacterial colonies

Mitsugu Matsushita

Department of Physics, Chuo University, Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan

We have studied the growth mechanism and morphological change in colony formation of bacteria from the viewpoint of physics of pattern formation. Even very small number of bacterial cells, once they are inoculated on the surface of an appropriate medium such as semi-solid and nutrient-rich agar plate and incubated for a while, repeat the growth and cell division many times. Eventually the cell number of the progeny bacteria becomes huge, and they swarm on the medium to form a visible colony. The colony changes its form sensitively with the variation of environmental conditions. This implies that although usual bacteria such as Escherichia coli are regarded as single cell organisms, they never make their colony independently and randomly but somehow collaborate multicellularly. We have thus tried to extract some simple and universal behavior in growth from such complex bacterial systems.

Here we varied only two parameters to investigate the colony growth; concentrations of nutrient C_n and agar C_a in a thin agar plate as the incubation medium. Other parameters specifying experimental conditions such as temperature were kept constant. We mainly used a typical bacterial species Bacillus subtilis. Otherwise the experimental procedures are standard. It was found that colonies show characteristic patterns in the specific regions of values of C_n and C_a in the morphological diagram and the patterns change drastically from one region to another. They were classified into five types; fractal DLA-like, compact Eden-like, concentric ring-like, simple disk-like and densely branched DBM-like. We have experimentally elaborated characteristic properties for each of these colony patterns.

We have also examined colony formation of a species Proteus mirabilis, which forms concentric-ring-like colonies that look much more regular than those produced by Bacillus subtilis. The colony grows cyclically with the interface repeating an advance (migration) and a stop (consolidation) alternately. Our experimental results suggest that macroscopically the most important factor for its repetitive growth is the cell population density, i.e., that there seem to be higher threshold of the cell population density to start migrating and lower one to stop migrating.

We have tried to construct a phenomenological model which produces characteristic colony patterns observed in our experiments. The basic idea is that the main features of individual biological organisms are, if focusing on their population behavior, reproduction and active motion. Our modeling is, therefore, based on the reactiondiffusion-type approach for the population density of bacterial cells and the concentration of nutrient.

References Matsushita M 1997 in Bacteria as Multicellular Organisms eds. J A Shapiro and M Dworkin (New York: Oxford UP) pp366-393 Wakita J, Ràfols I, Itoh H, Matsuyama T and Matsushita M 1998 J. Phys. Soc. Jpn. 67 3630 Itoh H, Wakita J, Matsuyama T and Matsushita M 1999 J. Phys. Soc. Jpn. 68 1436 Mimura M, Sakaguchi H and Matsushita M 2000 Physica A 282 283 Wakita J et al. 2001 J. Phys. Soc. Jpn. 70 911 Czirók A, Matsushita M and Vicsek T 2001 Phys. Rev. E 63 No.031915, 1 Watanabe K et al. 2002 J. Phys. Soc. Jpn. 71 650

Optimal fluctuations and the control of chaos

Peter V.E. McClintock

Department of Physics, Lancaster University, Lancaster LA1 4YB, United Kingdom

Large fluctuations are responsible for many important physical phenomena, including e.g. stochastic resonance and transport in Brownian ratchets. They usually proceed along optimal paths. Starting from Boltzmann (1904), a huge body of theory was developed during the last century; the modern understanding dates from Onsager and Machlup (1953). The introduction of the prehistory probability distribution established optimal paths as physical observables (Dykman et al, 1992), and the corresponding optimal force driving the fluctuations was measured for the first time by Luchinsky (1997). Recent developments, centered on nonequilibrium systems, will be discussed, including extensions of the work has to encompass escape from chaotic attractors (Khovanov et al, 2000; Luchinsky et al, 2002). In particular, it has been established that fluctuational escape from a chaotic attractor involves the system passing between unstable saddle cycles – thus paving the way for an analytic theory. Measurements of the optimal force can be used to determine the energy-optimal control function needed to effect escape in the deterministic system in the absence of fluctuations.

References Arrayás M, Casado J M, Gómez Ordóñez J, McClintock P V E, Morillo M, Stein N D 1998 Phys. Rev. Lett. 80 2273 Boltzmann L, 1904 “On Statistical Mechanics”, address given to the Scientific Congress in St. Louis, 1904 reprinted in Theoretical Physics and Philosophical Problems ed B McGuinness (Dordrecht: Reidel) pp 159–172 Bray A J and McKane A J 1989 Phys. Rev. Lett. 62 493 Dykman M I, McClintock P V E, Stein N D and Stocks N G 1992 Phys. Rev. Lett. 68 2718 Dykman M I, Luchinsky D G, McClintock P V E and Smelyanskiy V N 1996 Phys. Rev. Lett. 77 5229 Dykman M I, Golding B, McCann L I, Smelyanskiy V N, Luchinsky D G, Mannella R and McClintock P V E 2001 Chaos 11 587 Freidlin M I and Wentzell A D 1984 Random Perturbations in Dynamical Systems (New York: Springer-Verlag). Graham R 1989 in Noise in Nonlinear Dynamical Systems edited by F. Moss and P. V. E. McClintock (Cambridge: Cambridge University Press) vol 1, pp 225–278 Haken H 1975 Rev. Mod. Phys. 47 67 Jauslin H R 1987 J. Stat. Phys. 42 573 Khovanov I A, Luchinsky D G, Mannella R and McClintock P V E 2000 Phys. Rev. Lett 85 2100 Luchinsky D G 1997 J. Phys. A 30 L577 Luchinsky D G and McClintock P V E 1997 Nature 389 463 Luchinsky D G, Maier R S, Mannella R, McClintock P V E and Stein D L 1997 Phys. Rev. Lett. 79 3109 Luchinsky D G, Maier R S, Mannella R, McClintock P V E and Stein D L 1999 Phys. Rev. Lett. 82 1806 Luchinsky D G, Beri S, Mannella R, McClintock P V E and Khovanov I A 2002 Intern J. of Bifurcation and Chaos 12 583 Onsager L and Machlup S 1953 Phys. Rev. 91 1505–1512

Quantized turbulence

Peter V.E. McClintock

Department of Physics, Lancaster University, Lancaster LA1 4YB, United Kingdom

Turbulence in superfluids – e.g. the superfluid states of liquid^4He and^3He, the electron gas in superconductors, the nucleonic fluids in neutron stars, and Bose-Einstein condensates in laser-cooled gases – is quantized. It consists of a tangle of vortex lines, each element of which is identical to every other in any given system. Apart from its intrinsic scientific interest it is of importance because (a) being in some ways a very simple form of turbulence one can hope to understand in considerable detail, and (b) it is the state believed to be created during a fast passage through a second order phase transition. Two ongoing research programmes on superfluid turbulence will be reviewed and discussed. First, the initial experiments (Davis et al, 2000) on the decay of turbulence in superfluid^4He at mK temperatures will be considered. The vortices are created with a electrostatically-driven vibrating grid, and detected by the use of negative ions travelling near the Landau critical velocity in isotopically pure^4He. Preliminary results indicate that the vortex decay rate apparently becomes temperature-independent below about 70 mK. It is believed (Vinen, 2000) that the corresponding decay mechanism may involve a Kolmogorov cascade, Kelvin waves and, ultimately, phonon creation. Secondly, the status of superfluid helium experiments modelling the GUT transition in the early universe 10^{−35} s after the Big Bang (Dodd et al, 1998) will be reviewed.

References Baurle C, Bunkov Y M, Fisher S N,Godfrin H, and Pickett G R 1996 Nature 382, 332. Bowick M J, Chander L, Schiff E A, and Srivastava A M 1994 Science 263, 943. Chuang I, Turok N, and Yurke B Phys. Rev. Lett. 66, 2472.

Davis S I, Hendry P C, P V E McClintock P V E and Nichol H 2001 in Quantized Vortex Dynamics and Superfluid Turbulence, ed. Barenghi C F, Vinen W F, and R J Donnelly R J, Springer, Berlin, pp 73. Dodd M E, Hendry P C, Lawson N S, McClintock P V E, and Williams C D H 1998 Phys. Rev. Lett. 81, 3703. Dodd M E, Hendry P C, Lawson N S, McClintock P V E, and Williams C D H 1999 J. Low Temperature Phys. 115, 89.

Donnelly RJ 1991 Quantized Vortices in Helium II, Cambridge University Press. Hendry P C, Lawson N S, Lee R A M, McClintock P V E, and Williams C D H 1994 Nature 368, 315. Kivotides D, Vassilicos J C, Samuels D C, and Barenghi C F 2001 Phys. Rev. Lett. 86, 3080. Leadmeater M, Winiecki T, Samuels D C, Barenghi C F, and Adams C S 2001 Phys. Rev. Lett. 86, 1410. McClintock P V E 1999 J. Phys.-Cond. Matter 11, 7695.

Ruutu V M H, Eltsov V B, Gill A J, Kibble T W B, Krusius M, Makhlin Y G, Placais B, Volovik G E, and Xu W 1996 Nature 382, 334.

Stalp S R, Skrbek L, and Donnelly R 1999 Phys. Rev. Lett. 82, 4831. Svistunov B V 1995 Phys. Rev. B 52, 3647.

Tsubota M, Araki T, and Nemirowski S K 2001 Phys. Rev. B 62 11751. W F Vinen 2000, Phys. Rev. B 61, 1410–1420.

Synchronization phenomena in the kidney

Erik Mosekilde

Department of Physics, The Technical University of Denmark, 2800 Lyngby, Denmark

Niels-Henrik Holstein-Rathlou

Department of Medical Physiology, The University of Copenhagen, 2200 Copenhagen N, Denmark

Olga V. Sosnovtseva

Physics Department, Saratov State University, Saratov 410026, Russia

The pressure and flow regulation in the individual functional unit of the kidney (the nephron) tends to operate in an unstable regime. For normal rats, the regulation displays regular self-sustained oscillations, but for rats with high blood pressure the oscillations become chaotic. The lecture explains the mechanisms responsible for this behavior and discusses the involved bifurcations. Experimental data show that neighboring nephrons adjust their pressure and flow regulation in accordance with one another. For rats with normal blood pressure, in-phase as well as anti-phase synchronization can be observed. For spontaneously hypertensive rats, indications of chaotic phase synchronization are found. Accounting for a hermodynamics as well as for a vascular coupling between nephrons that share a common interlobular artery, the lecture presents a model of the interaction of the pressure and flow regulation between adjacent nephrons. It is shown that this model, with physiologically realistic parameter values, can reproduce the different types of experimentally observed synchronization.

References Holstein-Rathlou N-H, Yip K-P, Sosnovtseva O V and Mosekilde E 2001 Chaos 11 417 Mosekilde E, Maistrenko Yu and Postnov D 2002 Chaotic Synchronization – Applications to Living Systems (World Scientific, Singapore)

Chaotic synchronization of time-continuous oscillators

Erik Mosekilde

Department of Physics, The Technical University of Denmark, 2800 Lyngby, Denmark

Sergiy Yanchuk

Institute of Mathematics, National Academy of Sciences, Kiev, 252601 Ukraine

Considering two coupled identical Rössler oscillators the lecture first discusses the necessary and sufficient conditions for stability of the synchronized chaotic state. The lecture continues to examine the transitions through which low periodic orbits embedded in the synchronized chaotic state lose their transverse stability and produce the characteristic picture of riddled basins of attraction. We also discuss the distinction between local and global riddling and illustrate the further development of the asynchronous periodic orbits.

A similar approach is applied to a model of two interacting biological cells. Considering a prototypic model of the bursting oscillations in insulin producing pancreatic cells, we first present one- and two-dimensional bifurcation diagrams of the individual cell. These diagrams reveal a squid-formed area of chaotic dynamics in parameter space with period-doubling bifurcations on one side and saddle-node bifurcations on the other. The transition from this structure to the so-called period-adding structure is found to involve a subcritical period-doubling and the emergence of type-III intermittency. Finally, the lecture addresses the issue of the robustness of the synchronized chaotic state to a mismatch of the parameters between the interacting oscillators.

References Yanchuk S, Maistrenko Yu, Lading B and Mosekilde E 2000 Int. J. Bifurcation and Chaos 10 2629 Mosekilde E, Maistrenko Yu and Postnov D 2002 Chaotic Synchronization – Applications to Living Systems (World Scientific, Singapore)

Quantum transport in chaotic quantum dots: orbit bifurcations, Arnold diffusion and fractals

Katsuhiro Nakamura

Department of Applied Physics, Osaka City University, Osaka 558-8585, Japan

I talk about three interesting sub-themes bridging between nonlinear dynamics and quantum transport in mesoscopic billiards.

Firstly, triangular antidot lattices are investigated. We analyze the semiclassical conductivity of fully-chaotic triangular antidots in the low but intermediate magnetic field. Taking into account both a smooth classical part evaluated by the mean density of states and an oscillation part evaluated by periodic orbits, we find that the resistivity of the system yields a monotonic decrease with respect to the magnetic field. But when including the effect of orbit bifurcation due to the overlapping of a pair of periodic orbits, several distinguished peaks of resistivity appear. The theoretical results nicely explain both the locations and intensities of the anomalously large peaks observed in the experiment by NEC group (Phys. Rev. B51(1995)4649) [1].

Then, we shall proceed to investigation of open three-dimensional (3-d) quantum dots. Mixed phase-space structures of 3-d billiards show the Arnold diffusion that cannot be seen in 2-d billiards. A semiclassical conductance formula for ballistic 3-d billiards is derived. We find that, for partially- or completely-broken ergodic 3-d billiards such as SU(2) symmetric billiards, the dependence of the conductance on the Fermi wavenumber is dramatically changed by the lead orientation. As a symmetry-breaking weak magnetic field is applied, the conductance shows a tendency to grow. We conclude: In contrast to the 2-d case, the anomalous increment of the conductance should include a contribution arising from the (classical) Arnold diffusion as well as the (quantum) weak localization correction [2].

Finally, within a formalism of the semiclassical Kubo formula for conductivity, we give a periodic-orbits picture for the fractal magneto-conductance fluctuations recently observed in submicron-scale phase coherent ballistic billiards [3]. The self-similar conductance fluctuations are shown to be caused by the self-similar unstable periodic orbits which are generated through a sequence of isochronous pitchfork bifurcations of straight-line orbits oscillating towards harmonic saddles. The saddles are universally created right at the point of contact with the leads or at certain places in the cavity as a consequence of the softwall confinement. Our mechanism is able to explain all the fractal-like magneto-conductance fluctuations in general softwall billiards [3].

Many other interesting themes in this field will be described in [4].

References [1] J. Ma and K. Nakamura: Phys.Rev.B62 (2000) 13552-13556. [2] J. Ma and K. Nakamura, cond-mat / 0108276 (2001).

[3] A. Budiyono and K. Nakamura, submitted for publication; see also a short communication by Dr. A. Budiyono in this Conference.

[4] K. Nakamura and T. Harayama, ”Quantum Chaos and Quantum Dots” (Oxford University Press), to be published.

Some classes of self-similar planar fractals

Dušan Pagon

Faculty of Education University of Maribor, Maribor, Slovenia

We present some well known classes of planar fractals, based on regular polygons, and introduce a new class of fractals, appearing from the construction of simple branching trees. Most of the studied objects are self-similar in a strong sense. Therefore, the self-similar dimension d_S =^{ln N}_{ln k} , where N is the total number of congruent sub objects and k is the coefficient of similarity, is introduced and its properties are studied.

Besides the dimension d_S , various other characteristics of the presented fractals are examined, for instance, when the overlapping occurs, what is the equation of the boundary curve, and what is the density of the embedded object. We also explain the concept of an iterated function system and give the IFS-codes for some of the studied fractals. Most of the results can be generalized to the 3-dimensional space (starting, for instance, with regular solids) and into the higher dimensions.

References Barnsley M 1993 Fractals Everywhere (London: Academic Press) Camp D 1995 Int. Rev. Math. Educ. 27 pp143-152 Hutchinson J E 1981 Ind. Univ. Math. Journal 30 pp713-747 Kosi-Ulbl I and Pagon D 2002 Int. J. Math. Educ. Sci. Technol. (London) 33 3 Peitgen H O, Jürgens H, Saupe D 1992 Fractals for the Classroom I, II (New York: Springer Verlag) Zeitler H 1998 Int. J. Math. Educ. Sci. Technol. (London) 29 1 Zeitler H and Neidhart W 1993 Fractale und Chaos: Eine Einführung (Darmstadt: Wiss. Buchges.) Zeitler H and Pagon D 2000 Fraktale Geometrie: Eine Einführung (Braunschweig: Vieweg Ver.)

From independent particle towards collective motion in a few electron lattice model with Coulomb repulsion

Jean-Louis Pichard

CEA/DSM, Service de Physique de l’Etat Condensé Centre d’Etudes de Saclay, 91191 Gif sur Yvette cedex, France

A basic question in quantum many body theory is to know how one goes from independent particle motion towards collective motion when one decreases the density n_s of a system of charged particles repelling each other via a U/r Coulomb repulsion. The motivation to re-visit nowadays this question comes from the possibility to create two dimensional gases of charges in high quality field effect devices and to decrease by a gate the carrier density n_s down to a very dilute limit. Conductance measurements for different densities as a function of the temperature, of the bias voltage, of a parallel magnetic field, etc, show the existence of an unexpected low temperature metallic behavior when one goes towards the dilute limit. This raises the question of the existence of an intermediate metallic phase between two insulating phases of different nature: the Fermi glass of Anderson localized states at large n_s and the pinned Wigner solid at low n_s. This question is numerically investigated using mesoscopic lattice models with and without disorder.

In lecture 1, the recent experimental results motivating to re-visit the Fermi-Wigner crossover will be reviewed.

In lecture 2, detailed exact numerical studies of a few electron mesoscopic lattice models will be presented, showing a specific intermediate regime between the weak and strong coupling limits.

In lecture 3, the conjecture of an intermediate phase between the Fermi liquid and the Wigner solid, first proposed by Andreev-Lifshitz, will be discussed in relation with the numerical results.

References E. Abrahams, S. V. Kravchenko and M. P. Sarachik, Rev. Mod. Phys. 73, 251 (2001) and refs therein. B. Tanatar and D.M. Ceperley, Phys. Rev. B 39, 5005 (1989). A. V. Filinov, M. Bonitz and Yu. E. Lozovik, Phys. Rev. Lett. 86, 3851 (2001). G. Benenti, X. Waintal and J.-L. Pichard, Phys. Rev. Lett. 83, 1826 (1999). G. Benenti, X. Waintal and J.-L. Pichard, Europhys. lett. 51, 89 (2000). F. Selva and J.-L. Pichard, Europhys. Lett. 55, 518 (2001).

A. Z. Nemeth and J.-L. Pichard, to appear in Europhys. Lett., cond-mat/0203477. M. Martinez and J.-L. Pichard, cond-mat/0203579.

J.-L. Pichard et al, to appear in Exotic States in Quantum Nanostructures, S. Sarkar editor, Kluwer, Dordrecht; cond-mat/0107380.

A. F. Andreev and I. M. Lifshitz, Sov. Phys. JETP 29, 1107 (1969).

Transport of strongly correlated electrons

Peter Prelovšek

Faculty of Mathematics and Physics, University of Ljubljana, and J. Stefan Institute, 1000 Ljubljana, Slovenia

One of the central open theoretical problems in the solid state physics is the understanding of strongly correlated electrons, where the properties are dominated by strong electron-electron repulsion and Pauli exclusion principle. We discuss the quantum electronic transport in such systems [1], in particular electrical conductivity, spin diffusion and heat conductivity. The concept of charge stiffness is introduced which makes qualitative distinction between conductors and insulators in the quantum ground state, while at finite temperatures it leads to possibilities of usual resistors, but also of anomalous ideal conductors and ideal insulators [2,3]. It is shown that the singular transport appears in many integrable systems of interacting fermions, even when the current is not a conserved quantity. The evidence comes from the relation with level dynamics [3], the existence of conserved quantities [4], from exact results as well as from numerical studies of small correlated systems using exact diagonalization method and finite-temperature Lanczos method [5]. Several open theoretical problems in this connection will be addressed: a) necessary ingredients for the quantum dissipationless transport, b) transport in systems close to integrability, and c) the existence of ideal insulators at finite temperatures.

References [1] P. Prelovšek and X. Zotos, Proc. of the Training Course in the Physics of Correlated Electrons, Vietri 2001, cond-mat/0203303.

[2] H. Castella, X. Zotos, and P. Prelovšek, Phys. Rev. Lett. 74, 972 (1995). [3] X. Zotos and P. Prelovšek, Phys. Rev. B 53, 983 (1996). [4] X. Zotos, F. Naef, and P. Prelovšek, Phys. Rev. B 55, 11029 (1997). [5] J. Jaklič and P. Prelovšek, Adv. Phys. 49, 1 (2000).

Stability of quantum motion and correlation decay I & II

Tomaž Prosen

Department of Physics, Faculty of Mathematics and Physics University of Ljubljana, Slovenia

In this two-hour lecture we will make a review of the theory and the (numerical) experiments on the behavior of quantum fidelity of classically chaotic and regular hamiltonian systems.

We will derive a simple and general relation between the fidelity of quantum motion, characterizing the stability of quantum dynamics with respect to arbitrary static perturbation of the unitary evolution propagator, and the integrated time auto-correlation function of the generator of perturbation. Quite surprisingly, this relation predicts the slower decay of fidelity the faster decay of correlations. In particular, for non-ergodic and nonmixing dynamics, where asymptotic decay of correlations is absent, a qualitatively different and faster decay of fidelity is predicted on a time scale ∝ 1/δ as opposed to mixing dynamics where the fidelity is found to decay exponentially on a time-scale ∝ 1/δ^2, where δ is proportional to the strength of perturbation. A detailed discussion of a semi-classical regime of small effective values of Planck constant h̄ is given where classical correlation functions can be used to predict quantum fidelity decay. Note that the correct and intuitively expected classical stability behavior is recovered in the classical limit h̄ → 0, as the two limits δ → 0 and h̄ → 0 do not commute. In addition we also discuss a non-trivial dependence on the number of degrees of freedom and the role of the thermodynamic limit.

The theoretical predictions will be demonstrated mainly in two families of models: (i) a quantized kicked top and a quantized pair of coupled kicked tops where the semiclassical regime is emphasized, and (ii) kicked Ising spin 1/2 chain where the thermodynamic regime is emphasized. We also need to stress that these results have important implications for the stability of quantum computation, and may be used in order to optimize the accuracy of quantum algorithms.

References T. Prosen, “General relation between quantum ergodicity and fidelity of quantum dynamics”, Phys. Rev. E 65, 036208 (2002).

T. Prosen and M. Žnidarič, “Can quantum chaos enhance the stability of quantum computation?”, J. Phys. A: Math. Gen. 34, L681 (2001).

T. Prosen and M. Žnidarič, “Stability of quantum motion and correlation decay”, J. Phys. A: Math. Gen. 35, 1455 (2002).

T. Prosen and T. H. Seligman, “Decoherence of spin echoes”, J. Phys. A: Math. Gen. 35, 4707 (2002);

nlin.CD/0201038.

T. Prosen, T. H. Seligman and M. Žnidarič, “Stability of quantum coherence and correlation decay”, preprint,

quant-ph/0204043

Chaotic resonances in quantum many-body dynamics

Tomaž Prosen

Department of Physics, Faculty of Mathematics and Physics University of Ljubljana, Slovenia

The questions about the mechanisms and the conditions for the relaxation to equilibrium in the thermodynamic limit of a generic isolated hamiltonian system constitute important open problems in statistical mechanics. In this talk we consider an established technique in describing relaxation of strongly chaotic single-particle classical systems, namely the concept of Perron-Frobenius-Ruelle resonance spectrum, and use it for the dynamical description of non-integrable quantum many-body systems in thermodynamic limit.

We define a quantum Perron-Frobenius master operator over a suitable normed space of translationally invariant states adjoint to the quasi-local C^∗ algebra of quantum lattice gasses (e.g. spin chains), whose spectrum determines the exponents of decay of time correlation functions. The gap between the leading eigenvalue and the unit circle signals the exponential mixing (universal asymptotic exponential decay of arbitrary time correlation functions), whereas closing the gap typically corresponds to a transition to non-ergodic dynamics, which may as a consequence, lead to important anomalous transport properties. In particular, the conservation laws of completely integrable quantum lattices represent degenerate eigenvalue 1 eigenvectors of the Perron-Frobenius operator.

Theoretical ideas are applied and validated in a generic example of kicked Ising spin 1/2 chains, namely a one dimensional spin 1/2 lattice with nearest neighbor Ising interaction kicked with periodic pulses of a tilted homogeneous magnetic field. We show that the ’chaotic eigenmodes’ corresponding to leading Perron-Frobenius- Ruelle eigenvalue resonances have fractal structure in the basis of local operators.

References T. Prosen, “Chaotic resonances in quantum many-body dynamics”, preprint.

Introduction to quantum chaos of generic Hamiltonian systems

Marko Robnik

Center for Applied Mathematics and Theoretical Physics, University of Maribor, Maribor, Slovenia

We shall review the basic aspects of complete integrability and complete chaos (ergodicity) in classical Hamiltonian systems, as well as all the cases in between, the generic, mixed type systems, where KAM Theory is applicable, and shall illustrate it using the billiard model systems.

Then we shall proceed to the quantum chaos and its stationary properties, that is the structure and the morphology of the solutions of the underlying Schroedinger equation which in case of 2-dim billiards is just the 2-dim Helmholtz equation. We shall discuss the statistical properties of chaotic eigenfunctions, the statistical properties of the energy spectra, and show arguments and results in support of the so-called universality classes of spectral fluctuations, where in the fully chaotic case the Random Matrix Theory (RMT) is applicable.

First we discuss the universality classes of spectral fluctuations (GOE/GUE for ergodic systems, and Poissonian for integrable systems). We explain the problems in the calculation of the invariant (Liouville) measure of classically chaotic components, which has recently been studied by Robnik et al (1997) and by Prosen and Robnik (1998). Then we describe the Berry-Robnik (1984) picture, which is claimed to become exact in the strict semiclassical limit h̄ → 0. However, at not sufficiently small values of h̄ we see a crossover regime due to the localization properties of stationary quantum states where Brody-like behaviour with the fractional power law level repulsion is observed in the corresponding quantal energy spectra.

We shall mention the rich variety of applications in the domain of physics.

References Aurich R, Bäcker A and Steiner F 1997 Int. J. Mod. Phys. 11 805 Berry M V 1983 in Chaotic Behaviour of Deterministic Systems eds. G Iooss, R H G Helleman and R Stora (Amsterdam: North-Holland) pp171-271 Berry M V 1991 in Chaos and Quantum Physics eds. M-J Giannoni, A Voros and J Zinn-Justin (Amsterdam: North-Holland) pp251-303 Berry M V and Robnik M 1984 J. Phys. A: Math. Gen. 17 2413 Bohigas O 1991 in Chaos and Quantum Physics eds. M-J Giannoni, A Voros and J Zinn-Justin (Amsterdam: North-Holland) pp87-199 Bohigas O, Giannoni M.-J. and Schmit C 1984 Phys. Rev. Lett. 25 1 Casati G and Chirikov B V 1994 in Quantum Chaos: Between Order and Disorder eds. G. Casati and B.V. Chirikov (Cambridge: Cambridge University Press) Guhr T, Müller-Groeling A and Weidenmüller H A 1998, Phys.Rep. 299 189 Li Baowen and Robnik M 1994 J. Phys. A: Math. Gen. 27 5509 Li Baowen and Robnik M 1995a J. Phys. A: Math. gen. 28 2799 Li Baowen and Robnik M 1995b J. Phys. A: Math. gen. 28 4843 Prosen T and Robnik M 1993a J. Phys. A: Math. Gen. 26 L319 Prosen T and Robnik M 1993b J. Phys. A: Math. Gen. 26 1105 Prosen T and Robnik M 1993c J. Phys. A: Math. Gen. 26 2371 Prosen T and Robnik M 1993d J. Phys. A: Math. Gen. 26 L37 Prosen T and Robnik M 1994a J. Phys. A: Math. Gen. 27 L459 Prosen T and Robnik M 1994b J. Phys. A: Math. Gen. 27 8059 Robnik M and Prosen T 1997 J. Phys. A: Math. Gen. 30 8787 Robnik M 1984 J. Phys. A: Math. Gen. 17 1049 Robnik M 1988 in ”Atomic Spectra and Collisions in External Fields”, eds. K T Taylor, M H Nayfeh and C W Clark, (New York: Plenum) pp265-274 Robnik M 1998 Nonlinear Phenomena in Complex Systems 1 1 Veble G, Robnik M and Liu Junxian 2000 J. Phys. A: Math. Gen. 32 6423 Veble G, Kuhl U, Robnik M, H.-J. Stöckmann, Liu Junxian and Barth M 2000 Prog. Theor. Phys, Suppl. (Kyoto) 139 283 Veble G, Robnik M and Romanovski V 2002 J.Phys.A: Math.Gen. 35 4151

Introduction to computational algebra

Valery Romanovski

Center for Applied Mathematics and Theoretical Physics, University of Maribor, Maribor, Slovenia

Consider a system of polynomials f_1(x_1, x_2, . . . , x_n) = 0, .................................. f_k(x_1, x_2, . . . , x_n) = 0 (1) where f_1, . . . , f_k are polynomials with coefficients from some field k (usually, k is the field of real or complex numbers). In algebraic geometry the solution space of system (1) is called the variety. There are many numerical algorithms for solving non-linear systems such as (1). These algorithms solve for one solution at a time, and find an approximation to the solution. They ignore the geometric properties of the solutions space (the variety), and do not take into consideration possible alternate descriptions of the variety (using a different system of polynomials). However recently efficient computational algorithms have been developed which enable us to get algebraic and geometric information about the entire solution space of system (1). They are based on the Gröbner bases theory worked out by B.Buchberger around the middle of 60th of last century. The idea of the methods is to find the ”best” representation of the corresponding variety. To illustrate this recall that the Gauss-Jordan elimination method transforms a system of linear equations into the so-called row echelon form. The system thus obtained has exactly the same solutions (the variety) as the original system, but it is trivial to solve. The other example is the system (1) with f_i being polynomials in a single variable, f_i = f_i(x). In this case there is a polynomial f(x) such that the system (1) is equivalent to the equation f(x) = 0. The polynomial f(x) is the greatest common divisor of {f_1, . . . , f_k} and it can be found using the Euclidean Algorithm. Although the Gauss-Jordan elimination method cannot be directly expanded to the case of non-linear polynomials and the Euclidean Algorithm – to the case of multivariable polynomials, it turns out that an expansions of these methods is possible, and, in a sense, the Gröbner bases theory is a generalization of the Gauss-Jordan method and the Euclidean Algorithm to the case of non-linear multivariable polynomials.

In the lecture we give an introduction to the Gröbner bases theory, discuss some algorithms implemented in computer algebra systems (e.g. in Mathematica) and consider a few applications to the theory of dynamics systems, in particular, to the investigation of the time-reversible systems of ODE.

References Adams W W and Loustaunau P 1994 An Introduction to Gröbner bases. Graduate Studies in Mathematics.-V.3. RI:AMS.

Becker T and Weispfenning V 1993 Gröbner Bases: A computational Approach to Commutative Algebra. Graduate Texts in Mathematics, V.141. Berlin and New York: Springer-Verlag.

Buchberger B 1985 in Multidimensional Systems Theory, ed. N.K.Boese. D.Reidel Pub. Co., 184-232. Cox D, Little J, O’Shea D 1992 Ideals, Varieties, and Algorithms. New York: Springer-Verlag. Jarrah, A, Laubenbacher, R and Romanovski V 2001 The center variety of polynomial differential systems, preprint, http://xxx.lanl.gov/abs/math.DS/0009061

Synchronization of irregular oscillators: from theory to data analysis

Michael Rosenblum

Department of Physics, University of Potsdam, Potsdam, Germany

In the classical sense, synchronization of coupled oscillating systems means appearance of certain relations between their phases and frequencies due to weak coupling. After giving brief introduction into the classical theory we review its recent extension to the case of chaotic systems. We discuss how the phase and mean frequency can be determined and consider synchronization effects in two- or many-oscillator systems.

Next, we discuss how synchronization theory can be used in data analysis. In particular, we consider how the phases and frequencies can be estimated from time series and how the intensity and directionality of interaction can be estimated. The methods are illustrated by the results of the investigation of cardiorespiratory interaction in humans.

References Pikovsky A, Rosenblum M and Kurths J 2001 Synchronization: A Universal Concept in Nonlinear Sciences (Cambridge: Cambridge University Press) Rosenblum M et al 2001 in Handbook of Biological Physics eds. F. Moss and S. Gielen (Amsterdam: North- Holland) vol4, pp279-321 Pikovsky A, Rosenblum M and Kurths J 2001 Int. J. of Bifurcation and Chaos 10 pp2291-2306.

Ladder operators and moment problems

Andreas Ruffing

Department of Mathematics Munich University of Technology, Munich, Germany

Ladder operator formalisms typically arise in factorization approaches to Schrödinger operators. There, they serve to an algebraic understanding of spectral problems like finding suitable eigenvalues of the linear operators under consideration. Also when it comes to describing supersymmetric Schrödinger operators in quantum mechanics, the concept of lowering and raising operators turns out to have an important meaning. So far, typical scenarios when ladder operators arise are briefly sketched. In recent contributions it has become apparent that methods involving ladder operators can also be used to deal with moment problems in context of special functions in analysis. We give several examples for this application. It remains a fascinating task and also a kind of challenge to investigate the interactions between related analytic and stochastic structures. For instance, the role of discrete Hermite polynomials and their connections with discrete martingale theory has to be understood in detail.

References C. Berg, A. Ruffing: Generalized q-Hermite Polynomials, Communications in Mathematical Physics 223, (2001), 29-46 Z. Brzeźniak, T. Zastawniak: Basic Stochastic Processes, Springer Undergraduate Mathematics Series, Springer, Berlin-Heidelberg-New York (1999) T. S. Chihara: An introduction to orthogonal polynomials, Gordon and Breach, New York-London-Paris (1978) P. J. Fitzsimmons: Hermite Martingales, to appear in the Séminaire de Probabilité W. Hackenbroch, A. Thalmaier: Stochastische Analysis, Teubner, Stuttgart, (1994) M.E.H. Ismail, M. Rahman: The q-Laguerre Polynomials and Related Moment Problems, J. Math. Anal. Appl. 218 (1998), 155-174 R. Lasser, A. Ruffing: Continuous Orthogonality Measures and Difference Ladder Operators for Discrete q- Hermite Polynomials II, preprint (2002) A. Plucińska: A stochastic characterization of Hermite polynomials, J. Math. Sci. 89 (1998), 1541-1544 M. Reed, B. Simon: Methods of Modern Mathematical Physics, vol. 4, Analysis of Operators, Academic Press, Inc., San Diego (1994) A. Ruffing: Lattice Quantum Mechanics and Difference Operators for Discrete Oscillator Potentials, Shaker Verlag, Aachen (1999) B. Simon: The classical moment problem as a self-adjoint finite difference operator, Advances in Math. 137 (1998), 82-203

Adaptivity or chaoticity of strongly driven natural multiphase systems?

Synergetics as a transdisciplinary set of paradigms explaining amphidynamic behaviour vacillating between procedural coherency (”order”) and ”Self-Organised Criticality” (”pseudochaotic coordination”)

Holger Schmid-Schönbein M.D., in cooperation with Birol Cotuk M.D., Reinhard Grebe M.D. Sc.D, Horst Kaesmacher M.D., Volker Perlitz M.D., Ralph Vandenhouten Ph.D. and Stefan Ziege M.D.

Working Group on Physiological Synergetics, Departments of Physiology, RWTH Aachen, University of Magdeburg, Marmara University Istanbul and Université de Picardie Amiens

Subsequent to Edward LORENZ’es, David RUELLE’s and Florin TALKEN’s secular discoveries of ”pseudochaotic coordination” in hydro-aero-dynamic systems, the strange coexistence of indeterminate kinematics and apparently deterministic dynamics has become the topic of intensive, computer based research in the physical sciences. Using the mere phenomenological analogy between evolution of systems with sensitive dependency on the initiating conditions, positive LYAPUNOV exponents and fractal multi-dimensionality, sterile extrapolations from idealising physicalism to profound natural sciences became popular, inter alia by search for ”chaoticity” in the time series of cardio-vascular, endocrinological and/or skeletomuscular reactions. All of these are long known in their microscopic details and behavioural traits of ”re-exitable membrane channels”, the most important element for ”non-linear-non-equilibrium phase transitions”. These were systematically studied since the days of SHERRINGTON, one of the founding fathers of physiological synergetics around the turn of the 19th century. Hermann HAKEN, here cooperating with Hans Peter KOEPCHEN, the leading authority of the autonomous nervous system in the 1990ies: the two authors postulated that neurodynamic behavioural traits are characterised by only transient, self-limiting phases of coherent performance. To paraphrase the latter in a intuitive manner, they proposed to use the term ”quasi attractor” in describing such short lived emergence and subsequent submergence of procedural coherency: methods to display this ”natural behaviour” have now been developed.

Using time series obtained in awake human subjects exposed to cold environment, in patients undergoing psychomotor relaxation, in patients and volunteers undergoing pain stimuli and in subjects undergoing a specific regimen of bicycle ergometry, multiple base-line time series (skeletomotor cardiovascular, respiratory, continuous skin galvanic response) were analysed by a comprehensive algorithm based on primary MORLET-wavelet analysis, ARMA-procedures (moving average) and were then plotted as time frequency plots (”prosodograms” depicting in intuitive manner the emergence and submergence of preferred attractors). The combined data clearly corroborated the basic assumptions of the HAKEN-KOEPCHEN paradigm: in addition, clear indicators of n:m synchronisation (see Lecture TASS) became evident in even short lived coherency separated by likewise clearly detectable transient. In proposing that a moratorium should be it placed on the future publication of dynamic portraits from ”single base-line” recordings, it can be anticipated that the ”adaptive nature” of normal physiological reactions will become evident to the educated (and soon the general public) ending a ”short lived historical transient” where natural adaptivity was misconceived as ”chaos”.

Self-limiting passive discharge followed by transfer blockade: On putative microscopic causes of ”non-linear” reactions in multiphase systems operated under robustly sustained dysequilibrated boundary conditions (BERTALANFFian ”flow equilibria”)

Holger Schmid-Schönbein M.D., in cooperation with C. Jaeger, M.Sc., H. Kaesmacher M.D. and M. Wußling Ph.D.

HAKEN’s proposal that rapidly emerging and subsequently submerging ”dominance” of preferred ”attractor” behaviour were the cause of apparent ”chaoticity” of biological systems is guiding the project of physiological synergetics: it can be put it into the proper perspective by postulating, that owing to well known behavioural traits of ensembles of membrane channels on the microscopic, and of ensembles of effector neurons and inhibitor neurons, rapid ”phase synchronisation” on the one hand, and automatic re-inhibition on the other forms the basis of functional adaptivity.

These concepts also apply - under boundary conditions with steep potential gradients mimicking those prevailing in vivo - , to prebiotic systems capable of undergoing ”drive dependent consensualisation of a priori independent movements” (our rheological definition for the vague term ”self-organisation”). In studying a wide spectrum of prebiotic (putatively) chaotic prebiotic systems (ranging form sand pile kinematics and hour glass behaviour, over dripping faucets and water clocks, the holocoherent BENARD-MARANGONI hyper-stability and various new versions of the BELOUSOV-ZHABOTINSKI reaction as paradigmatic example of self-organised catalytic activity, the HAKEN-KOEPCHEN-quasi attractor concept could be verified. In the latter, the well known ”periodicity” could be enhanced, blurred or even abolished completely by the appropriate choice of ”setting” providing ”sinks” for products (CO2, electrons). Lastly, calcium waves in isolated cells (beating myocardiocytes) and in suspension of sarcoplasmatic reticulum in agar were studied: they all showed identical behaviour, i.e. autowaves due to self-limiting discharge, refractorisation with restitution of the ”kinetic threshold” allowing ”critical slowing” and ”enthalpy peaking” as basis for BRILLOIN’s negentropy principle of information.

Using disarmingly simple cellular automata simulating eruptive, self-limiting discharge and variable length of refractory periods, the above described (putatively universal) behavioural traits could be modelled, the resulting patterns displaying the very same ”apparent kinematic indeterminancy” (due to spatio-temporal inhomogeneities) which can be easily corrected by choosing the proper combination (and homogeneity) of parameters reflecting the well known determinants for resonance prone behaviour, namely generalised inertance, generalised capacitive resilience and generalised inhibitance. We propose that, eruptivity abounds in ”nature” (in highly ”non-linear” reactions) due to the multiphase nature of natural materials, especially when systems are driven into the strongly dysequilibrated modes of operation first identified by BERTALANFFY as ”cause” of sustained transfer of energy and matter ”feeding the negentropy” postulated by SCHRÖDINGER for living systems.

Clustering of passive tracers in free-surface flows

Jörg Schumacher

Fachbereich Physik Philipps-Universität Marburg, Germany

Experimental and numerical studies of turbulent fluid motion in a free surface are presented. The flow is realized experimentally on the surface of a tank filled with water stirred by a vertically oscillating grid positioned well below the surface (Goldburg et al 2001). The effect of surface waves appears to be negligible so that the flow can numerically be realized with a flat surface and stress-free boundary conditions above three-dimensional volume turbulence (Eckhardt and Schumacher 2001).

The two-dimensional free surface flow, v(x, y, t), is unconventional: it is not incompressible, i.e. ∂_xv_x +∂_yv_y ≠ 0, and neither kinetic energy, nor squared vorticity (enstrophy) are conserved in the limit of zero fluid viscosity and of absence of external driving as it is the case for “usual” two-dimensional turbulent flows (Lesieur 1990). According to both experiment and numerical simulation, statistical properties of the surface flow are closer to those of three-dimensional turbulence.

The dynamics of passive Lagrangian tracers that are advected in such flows is dominated by rapidly changing patches of the surface flow divergence. Single particle and pair dispersion show different behavior for short and large times: on short times particles cluster exponentially rapidly until patches of the size of the divergence correlation function are depleted; on larger times the pair dispersion is dominated by subdiffusive hopping between clusters. We also find that the distribution of particle density is algebraic, and not lognormal as predicted for flows that are delta-correlated in time (Klyatskin and Saichev 1997). The latter so-called Kraichnan flows are rather synthetic but allow for making analytical progress. Our results can be traced back to the exponential distribution of the divergence field of the surface flow. Very recently, physical mechanisms for the formation of rain drops were discussed by Balkovsky et al (2001). They considered the motion of tracers that have inertia (Maxey and Riley 1983) but are advected in an incompressible turbulent Kraichnan flow. The relation of our findings to this problem is discussed.

References Balkovsky E, Falkovich G and Fouxon A 2001 Phys. Rev. Lett. 86 2790 Goldburg W I, Cressman J R, Vörös Z, Eckhardt B and Schumacher J 2001 Phys. Rev. E 63 065303(R) Eckhardt B and Schumacher J 2001 Phys. Rev. E 64 016314 Klyatskin V I and Saichev A I 1997 JETP 84 716 Lesieur M 1990 Turbulence in Fluids (Dordrecht: Kluwer) Maxey M and Riley J 1983 Phys. Fluids 26 883

Chaos, integrability, entanglement and decoherence

Thomas H. Seligman

Centro Internacional de Ciencias, and Centro de Ciencias Físicas, UNAM, Cuernavaca, Mexico

We shall give an unexpected view of the relation of decoherence and entanglement to the integrability or chaoticity of the underlying classical systems.

This view stems from the fact, that we shall consider separately the dependence on the dynamics from the dependence of the initial state, and not limit ourselves to the usual coherent states, as initial conditions. This has two reasons: First we believe that the phenomenon can be better understood in this fashion and second in the context of quantum computing we are certainly more interested in the evolution of a random initial state, than in the one of a Gaussian packet. We shall use both random matrix methods and correlation function techniques, as presented in the lectures of Dr. Prosen, to illuminate the problem at hand. We shall give close attention to the question, when decoherence follows the trend of the corresponding autocorrelation function (including fidelity in echo situations), and when not. We shall also inquire, if other correlation functions become relevant in situations where the autocorrelation function does not explain the behaviour of decoherence or entanglement.

References Gorin T and Seligman T H 2002 J. Opt (in press) (quant-ph/0112030) Gorin T and Seligman T H (nlin.CD/0101018) Prosen T and Znidaric M 2002 J.Phys. A 35 1455 Prosen T and Seligman T H (nlin.CD/0201038) Prosen T, Seligman T H and Znidaric M (quant-ph/0204043)

Quantum chaos in the mixed phase space and the Julia set

Akira Shudo

Department of Physics, Tokyo Metropolitan University, Tokyo, Japan

Phase space of multi-dimensional Hamiltonian systems is generally composed of infinitely many invariant components. Chaotic trajectories have the largest dimension as an invariant set, while the periodic orbits have the lowest. Coexistence of qualitatively different ergodic components, which are usually intermingled in a selfsimilar way in the phase space, characterizes a generic situation which is so complicated that our understanding is far from accomplished. The orbits in classical mechanics are always confined on the corresponding invariant set by definition, in particular, except in case of ideal chaotic systems, there are orbits with positive measure that move only on the limited subspace whose dimension is less than that of full phase space.

On the other hand, the wavepacket of quantum mechanics is not forced to stay on a certain limited classical manifold, but spreads over or shares different invariant subsets simultaneously. The spreading is a consequence of the wave effect which is the most marked difference between classical and quantum mechanics. There is not any obstacle in principle preventing the transition between arbitrary two points in the phase space and the quantum wavepacket can penetrate into any kinds of barriers. Such a classically forbidden process does not have classical counterparts. The penetration into the energy barrier is especially called tunneling, which is understood as the most typical quantum effect and plays important roles in many physical and chemical phenomena. The existence of chaos in the phase space crucially affects the nature of tunneling (Shudo & Ikeda 1995, 1998).

In this lecture, after introducing recent developments of the theory of multi-dimensional complex dynamical systems, with some technical tools necessary to construct the theory (Bedford & Smillie 1991a, 1991b 1992), we will give numerical and mathematical evidences which show that the orbits on the Julia set in the complex phase space can just be regarded as the classical counterparts of the quantum wave effects (Shudo, Ishii & Ikeda 2001). More precisely, arbitrary two regions in the phase space are necessarily connected via the orbits on the Julia set even in the mixed system. This remarkable property, which is absent in the real classical dynamics, comes from the transitivity of the Julia set, which has rigorously been proved for the complex Hénon map, and conjectured for the standard and semi-standard map. The measure whose support gives the Julia set is a unique ergodic measure, and unstable saddles are dense on it. Our arguments are based on the complex semiclassical description of quantum forbidden processes.

References Shudo A and Ikeda K S 1995 Phys. Rev. Lett. 74 682. Shudo A and Ikeda K S 1998 Physica D 115 234. Bedford E and Smillie J 1991a Invent. Math. 103 69; Bedford E and Smillie J 1991b J. Amer. Math. Soc. 4 657. Bedford E and Smillie J 1992 Math. Ann. 294 395. Shudo A, Ishii Y and Ikeda K S 2001 J. Phys. A in press.

Complication of linear spatial socio-economies

Michael Sonis

Department of Geography, Bar-Ilan University, Ramat-Gan, Israel

The purpose of this lecture is to provide an explanation of the process of complication, i.e. the deepening and evolution of complexity in evolving complex linear systems. The complication means the transfer from complex structure to much more complex structure in the evolution of complex systems. The main feature of the evolution of a complex system is the emergence of new properties which did not exist in previous trends and which add new information to the system. The growth of complexity means the appearance and increase of information and therefore the decrease of the (Shannon) entropy. Even the simplification of the system is the part of process of complication, since simplification is clearing the room for the further adoption of new information. This clearing presents the essential force acting against the modern information explosion and playing the important role in the process of self-organization. Spread of information within the complex system presents the essence of the process of complication. This spread shows itself through the partial adoption of new information and through the path dependent process of self-organization within socio-spatial complex system. In this study we will concentrate ourselves only on the forms of complication and self-organization in linear socio-economic systems, leaving behind the innovation diffusion and bifurcation analysis. The concept of complication is pointed out on the deficiency of purely economic considerations of socio-economic systems and stresses the necessity to widen the concept of ”Homo Oeconomicus” to the concept of ”Homo Socialis”. Such a widening is radical in the study of complex socio-economic processes because of the important difference between the economic and socio-economic rationality: the traditional identification of economic rationality of ”Homo Oeconomicus” as the optimization is complementary to socio-economic rationality of ”Homo Socialis” as parsimony. In our lecture we will apply the paradigm of complexity and complication to several main branches spatially connected with the augmentation and development of flows, networks and superposition of their hierarchies in linear systems. We are using the concept of complication as the unifying frame for theories of linear spatial analysis of complex socio-economic systems: the Push-Pull theory of Migration Streams, the theory of Central Place hierarchies, the spatial production cycles and trade feedback loops, the Dynamic Input-Output Analysis and the theory of the Fields of Influence of changes in Input-Output systems, the classical Key Sector Analysis, the Structural Q-analysis and the Miyazawa model of income distribution within Input-Output systems and their ”onion skins” extensions.

References Cowan G A, D Pines and D Meltzer 1994 Complexity, Metaphors, Models, and Reality. Santa Fe Institute, Studies in the Science of Complexity XIX (Addison-Wesley, NY) Dendrinos D S, M. Sonis, 1990 Chaos and Socio-Spatial Dynamics Applied Mathematical Sciences, 86 (Springer- Verlag: New York, Berlin) Sonis M, 1980. Geographical Analysis 12 1 pp 80-97 Sonis M, 1982 Environment and Planning A,14 pp 455-469 Sonis M, 1982 in The Regions and the Enlargement of the European Economic Communityeds Chiotis G, D Tsoukalas and H Louri, (Athens, Eptalofos) pp 35-60 Sonis M, 1985 Sistemi Urbani 1 pp 3-28 Sonis M, 1986 in Space-Structure-Economy: A Tribute To August Leoscheds R Funk and A Kuklinsky (Karlsruhe Papers in Economic Policy Research) 3 pp 159-176 Sonis M, 1993 Sistemi Urbani 1 pp 3-15.

Sonis Mand GJD Hewings 1998 The Annals of Regional Science 32 pp 407-436 Sonis M, GJD Hewings and Y Okuyama, 2000 in Regional Research in an International Perspective eds H. Herrmann and J. Broecker (Springer Verlag) pp 311-323 Sonis M, 2000 Progress of Theoretical Physics Supplement 139 pp 257-269

Determinism and noise in cardiovascular dynamics

Aneta Stefanovska

Group of Nonlinear Dynamics and Synergetics, Faculty of Electrical Engineering, University of Ljubljana, Slovenia, and Department of Physics, Lancaster University, Lancaster, United Kingdom

Signals derived from the human cardiovascular system are well known to exhibit highly complex, nearly periodic, oscillatory behaviour whose nature is something of an enigma and still the subject of vigorous debate. The variation of cardiac frequency with time, known as heart rate variability (HRV), has been intensively investigated using both deterministic and stochastic methods. It has, for example, been variously described as chaotic, fractal, stochastic, and subject to 1/f fluctuations and it was proposed that the state of the system can be classified by the slope of its power spectrum on a log-log plot.

We illustrate some problems in characterising slow modes in real measurements and show that oscillatory dynamics under the influence of strong noise, coupled with a limited time of observation, can lead to a 1/flike behaviour. We review and describe some recent experiments that illuminate the problem and discuss a combination of almost periodic and stochastic frequency modulation as a signature of the system dynamics.

References Akselrod S, Gordon D, Ubel F A, Shannon D C, Barger A C and Cohen R J, Science 213 220 Babloyantz A and Destexhe A 1988 Biol. Cybern. 58 203 Bračič M, McClintock P V E and Stefanovska A 2000 in Stochastic and Chaotic Dynamics in the Lakes eds. D S Broomhead, E A Luchinskaya, P V E McClintock, and T Mullin (AIP, Melville, New York) pp146–153 Bračič Lotrič M, Stefanovska A, Štajer D and Urbančič Rovan V 2000 Physiol. Meas. 21 441 Di Renzo M, Parati G, Pedotti A, and Zanchetti A eds 1997 Frontiers of Blood Pressure and Heart Rate Analysis (Amsterdam, IOS Press) Hyndman B W, Kitney R I and Sayers B Mc A 1971 Nature 233 339 Ivanov P C, Amaral L A N, Goldberger A L, Havlin S, Rosenblum M G, Struzik Z R and Stanley H E 1999 Nature 399 461 Kvernmo H D, Stefanovska A, Kirkebøen K A and Kvernebo K 1999 Microvasc. Res. 57 298 Peňáz J 1978, Automedica 2 135 Peng C K, Mietus J, Hausdorff J M, Havlin S, Stanley H E and Goldberger A R 1993 Phys. Rev. Lett. 70 1343 Poon C S and Merrill C K 1997 Nature 389 492 Söderström T, Stefanovska A, Veber M and Svenson H 2002 Am. J. Physiol. Stanley H E, Goldberger A L, Havlin S, Ivanov P C, Peng C K 1999 Physica D 270 309 Stefanovska A and Bračič M 1999 Contemporary Phys. 40 31 Stefanovska A, Bračič M and Kvernmo H D 1999 IEEE Trans. Biomed. Eng. 46 1230 Stefanovska A, Bračič Lotrič M, Strle S and Haken H 2001 Physiol. Meas. 22 535 Stefanovska A, Luchinsky D G and McClintock P V E 2001 Physiol. Meas. 22 551

Interactions in the cardiovascular system

Aneta Stefanovska

Group of Nonlinear Dynamics and Synergetics, Faculty of Electrical Engineering, University of Ljubljana, Slovenia, and Department of Physics, Lancaster University, Lancaster, United Kingdom

In a healthy subject in repose a volume of blood equivalent to the total amount in the body returns to the heart every minute. Several oscillatory processes characterise cardiovascular dynamics within this circulation time. Cardiac and respiratory activities act on higher frequency scales, with characteristic frequencies of 1 Hz and 0.2 Hz, respectively. The lowest frequency component, at around 0.01 Hz, has been associated with the activity of the layer of endothelial cells forming the inner surfaces of all blood vessels.

The characteristic frequencies of all the cardiovascular oscillations are found to vary in time, apparently because the oscillatory processes mutually interact. Hales and Ludwig independently described the modulation of cardiac frequency by respiration, in 1773 and 1847 respectively, a process that today is known as respiratory sinus arrhythmia. The occurrence of episodes of synchronization between the cardiac and respiratory rhythms has also been demonstrated.

Recent developments of methods based on dynamical and information theory are facilitating studies of synchronization and of the directionality of couplings between the cardiovascular oscillations. We review and discuss their characteristics in health and disease. The characteristics of the cardiac and respiratory interaction during paced respiration are used to illustrate the role of directionality of coupling in the interplay between synchronization and modulation.

References Bračič Lotrič M and Stefanovska A, Physica A 283 451 Hales S 1773 Statistical Essays II, Haemastatisticks (Innings Manby, London) Hildebrandt G 1987 in Temporal Disorder in Human Oscillatory System eds L Rensing, U an der Heiden and M C Mackey, (Springer, Berlin) pp160–174 Janson N B, Balanov A G, Anishchenko V S and McClintock P V E 2001 Phys. Rev. Lett. 86 1749 Kenner T and Passenhofer H 1975 Pflügers Archiv. 355 77 Ludwig C 1847 Arch. Anat. Phys. 13 242 Mrowka R, Patzak A and Rosenblum M 2000 Int. J. Bif. Chaos 10 2479 Palus M, Komarek V, Hrncir Z and Sterbova K 2001 Phys. Rev. E 63 046211 Passenhofer H and Kenner T 1975 Pflügers Archiv. 355 77 Raschke F 1987 in Temporal Disorder in Human Oscillatory System eds L Rensing, U an der Heiden and M C Mackey, (Springer, Berlin) pp152–158 Raschke F 1991 in Rhythms in Physiological Systems eds H Haken and H P Koepchen (Springer, Berlin) pp155– 164 Rosenblum M G, Cimponeriu L, Bezerianos A, Patzak A and Mrowka R 2002 Phys. Rev. E 65 041909 Schäfer C Rosenblum M G, Kurths J and Abel H H 1998 Nature 293 239 Schäfer C Rosenblum M G, Abel H H and Kurths J 1999 Phys. Rev. E 60 857 Stefanovska A and Hožič M 2000 Prog. Theor. Phys. Suppl. No139 270. Stefanovska A et al 2000 Phys. Rev. Lett. 85 4831

Microwave experiments in chaotic and disordered systems

Hans-Jürgen Stöckmann

Fachbereich Physik Philipps-Universität Marburg, Germany

In a sequence of two talks microwave experiments on spectra, line widths, and field distributions in various closed and open microwave resonators are presented with special emphasis on universal features common to all chaotic systems.

1. The random-superposition-of-plane-waves approach

According to a conjecture of Berry (1977) at any point in a chaotic billiard the wave function may be described by a random superposition of plane waves, ψ(r) = ∑ n a_ne^{ıknrn} , where the modulus k = |k_n| of the incoming waves is fixed, but directions k_n/k and amplitudes a_n are considered as random. As an consequence of the central-limit theorem the approach predicts Gaussian distributions for the wave function amplitudes, or, equivalently, Porter-Thomas distributions for their squares. Such distributions have been observed for the first time for wave functions of chaotic billiards (McDonald and Kaufman 1988), and subsequently in numerous simulations and experiments on chaotic and disordered systems.

In this lecture microwave experiments are presented, exploiting further consequences of the Berry conjecture. Results for field distributions and spatial correlation functions in three-dimensional Sinai resonators (Dörr et al 1998) are presented. For spectral level dynamics in a disordered system with the position of one impurity as the parameter the approach allows to calculate velocity distributions and velocity autocorrelation functions which are in complete agreement with the experiment (Barth et al 1999). In open billiards and billiards with broken time-reversal symmetry the distributions of currents and vortices, as well as the vortex distance distribution are measured and compared with the prediction from the Berry conjecture (Barth and Stöckmann, Vraničar et al).

References Berry M 1977 J. Phys. A 10 2083 McDonald S and Kaufman A 1988 Phys. Rev. A 37 3067 Dörr U, Stöckmann H J, Barth M and Kuhl U 1998 Phys. Rev. Lett. 80 1030 Barth M, Kuhl U and Stöckmann H J 1999 Phys. Rev. Lett. 82 2026 Barth M and Stöckmann H J Current and vortex statistics in microwave billiards, to be published Vraničar M et al. ‘Persistent currents’ and eigenfunctions in microwave resonators with broken time reversal symmetry, to be published

2. Open microwave billiards as scattering systems

Whenever a microwave experiment is performed, the system has to be opened either by attaching wave guides or introducing antennas. This has the unavoidable consequence that the system is perturbed, and the measurement always yields an unwanted combination of properties of the system and the apparatus. A tailor-made approach to cope with this situation is provided by scattering theory. For the case of isolated resonances an expression for the matrix elements of the scattering matrix is obtained,

S_{ij} = δ_{ij} − 2ıγ ∑ n ψ_n(r_i)ψ_n(r_j ) k^2 − k^2_n +^ı_2 Γ_n , which is a direct equivalent of the Breit-Wigner formula known from nuclear physics for many years (Stein et al 1995, see chapter 6 of Stöckmann 1990 for details). In the equation ψ_n(r_i) is the value of the wave function of the billiard (with Dirichlet boundary conditions at the wall, and Neumann ones at the opening) at the coupling position r_i. γ is a parameter describing the coupling to the wave guide or the antenna.

This correspondence of microwave billiards with atomic nuclei can be used to check predictions from theory which are unaccessible in nuclear physics. As an example the first unambiguous demonstration of resonance trapping is presented, namely the phenomenon that with increasing coupling strength the widths of the resonances do not increase unlimited but finally decrease again (Persson et al 2000). If the transmission through a cavity with a number of incoming and outgoing channels is measured as a function of frequency, irregular fluctuations are observed, an equivalent to the Ericson fluctuations observed in nuclear scattering processes. The distribution of these fluctuations was studied in an open microwave billiard in dependence of the number of channels, both for systems with and without time-reversal symmetry, and the results were compared with random matrix predictions (Schanze et al 2001). A new parameter comes into play if absorption is involved, which is unavoidable in experiments anyway, but has been considered by theory only recently (Beenakker and Brouwer 2001). Again the experiment is able to verify the theoretical predictions perfectly (Méndez et al).

References Stein J, Stöckmann H J and Stoffregen U Phys. Rev. Lett. 75 53 Stöckmann H J 1990 Quantum Chaos – An Introduction (Cambridge: Cambridge University press) Persson E, Rotter I, Stöckmann H J and Barth M 2000 Phys. Rev. Lett. 85 2478 Schanze H, Alves E, Lewenkopf C and Stöckmann H J 2001 Phys. Rev. E 64 065201(R) Beenakker C and Brouwer P 2001 Physica E 9 463 Méndez-Sánchez R et al. Distribution of reflection eigenvalues in absorbing chaotic microwave cavities, to be published

Quantum chaos on graphs

Gregor Tanner

School of Mathematical Sciences, University of Nottingham, University Park, Nottingham NG7 2RD, United Kingdom gregor.tanner at nottingham.ac.uk

Quantum graphs have recently been introduced as model systems to study quantum problems with chaotic classical limit (Kottos and Smilansky 1997). The most fascinating features of quantum graphs are that they can be constructed easily and almost at will covering a variety of classical limits such as chaotic dynamics, scattering or diffusive behaviour. Yet, the quantum mechanics can be formulated in terms of unitary propagators on finite Hilbert spaces. In addition, quantum graphs show many of the phenomena observed in more general quantum systems such as universality of the spectral statistics or Anderson localisation.

I will review recent developments on quantum graphs and generalise these concepts to quantum propagation on arbitrary, directed graphs (Tanner 2000). In its simplest version, the wave dynamics on the graph is solely determined by the topology of the graph given by the adjacency matrix, metric properties, that is, the length of the edges, and dynamical properties entering as (complex) transition amplitudes describing transitions between edges at the vertices. Necessary and sufficient conditions for a graph to be ‘quantisable’ can be given (Pakoński et al 2002).

A specific quantum graph can in a natural way be associated with an ensemble of unitary matrices (Tanner 2001). The ‘classical’ dynamics on the graph can be interpreted as a Markov chain defined on the graph with stochastic transition matrix T obtained from the unitary propagator on the graph (Kottos and Smilansky 1997, Pakoński et al 2001). I will formulate a conjecture linking universality of the statistical properties of the unitary matrix ensemble after ensemble average to the spectral gap of the stochastic transition matrix. More precisely, it is expected that the matrix ensemble follows random matrix statistics in the limit of large network size, if the spectral gap Δ, that is, the minimal distance of eigenvalues of T from the unit circle, scales like (Tanner 2001) lim N→∞ log N Δ(N)N = 0 where N is the number of edges in the graph. Some examples will be presented. Results on correlation functions for eigenvalues and spectral determinants will be discussed (Tanner 2002).

References Kottos T and Smilansky U 1997 Phys. Rev. Lett. 79 4794 Pakoński P, Życzkowski K and Kuś M 2001 J. Phys. A 34 9393 Pakoński P, Tanner G and Życzkowski K 2002 Line-graph families and their quantisation, preprint Tanner G 2000 J. Phys. A 33 3567 Tanner G 2001 J. Phys. A 34 8485 Tanner G 2002 The autocorrelation function for spectral determinants of quantum graphs, to appear in J. Phys. A (nlin.CD/0203027v2)

Classical and quantum spectra of intermittent dynamics

Gregor Tanner

School of Mathematical Sciences, University of Nottingham, University Park, Nottingham NG7 2RD, United Kingdom gregor.tanner at nottingham.ac.uk

Intermittency is a typical phenomenon on the transition from order to chaos. The existence of intermittent behaviour in dynamical systems can in general be traced back to the presence of marginal stability either at a single periodic orbit or along the boundary of stable islands. This leads to nearly regular together with strongly chaotic dynamics in connected components of the phase space. Intermittency is typically accompanied by algebraic decay of correlation and long tail memory effects. In this talk, I will present techniques to calculate the spectra of Frobenius-Perron operators for intermittent systems in terms of periodic orbits. Implications for a periodic orbit quantisation of intermittent dynamics using Gutzwiller’s trace formula will be discussed briefly.

Periodic orbits, which approach the marginal stable regime in phase space are characterised by a vanishing Lyapunov exponent

λ_p = log Λ_p T_p → 0, for T_p → ∞

with Λ_p the largest eigenvalue of the Monodromy matrix along the orbit. The algebraic decay in the eigenvalues Λ_p induces divergences in trace formula, which need to be removed systematically (in addition to the usual problem of overcoming convergence problems due to the exponential proliferation of periodic orbits). This leads to periodic orbit expansions of the trace of the Frobenius Perron operator in terms of families of periodic orbits converging towards the marginal stable region.

The talk is mainly based on the chapter on intermittency in the web-book by Cvitanović et al. I will introduce the method for a specific 1d-piecewise linear map for which the algebraic decay behaviour can be calculated explicitly. Generalisations to arbitrary uni-model maps will be given. The stadium billiard will serve as an example to discuss modifications of the method for semiclassical periodic orbit formulas (Tanner 1997).

Related references P. Cvitanović et al Classical and Quantum Chaos - A Cyclist Treatise, http://www.nbi.dk/ChaosBook/ H. H. Rugh 1999 Invent. Math. 135 1 T. Prellberg 2002 Complete Determination of the Spectrum of a Transfer Operator associated with Intermittency, preprint (nlin.CD/0108044 v1) G. Tanner, K. Hansen and J. Main 1996 Nonlinearity 9 1641 G. Tanner 1997 J. Phys. A. 30 2863 G. Tanner, K. Richter and J. M. Rost 2000 Review of Modern Physics 72 497

Development of demand-controlled deep brain stimulation-techniques based on stochastic phase resetting

Peter A. Tass

Institute of Medicine, Research Centre Jülich, 52425 Jülich, Germany and Department of Stereotactic and Functional Neurosurgery, University of Cologne, 50924 Cologne, Germany

Pathological cerebral synchronization may severely perturb brain function as observed in several neurological diseases like Parkinson’s disease and essential tremor. In patients that do no longer respond well to drug therapy, depth electrodes are chronically implanted in target areas located in the thalamus or the basal ganglia. To suppress the pathologically synchronized firing, a permanent high-frequency (> 100 Hz) stimulation is performed (Benabid et al. 1991, Blond et al. 1992). Although the therapeutic effects are impressive, there are nevertheless significant drawbacks: (i) The energy consumption of the permanent stimulation is quite high. Thus, the generator (plus battery) has to be exchanged after 1-3 years by means of an operation. (ii) Even more important is the fact that the permanent high-frequency input is an unphysiological type of stimulation which causes the stimulated target areas to adapt. In a number of patients the amplitude of the stimulation has to be increased over the years, in order to maintain the tremor suppressive effect. With increasing stimulation amplitude, however, the probability of the occurence of severe side effects (like dysarthria, dysaesthesia, cerebellar ataxia, psychotic symptoms) increases.

With methods from synergetics (Haken 1983) and statistical physics (Kuramoto 1984) the concept of phase resetting (Winfree 1984) was extended to populations of interacting oscillators subjected to random forces (Tass 1999). This stochastic phase resetting approach has lead to the development of demand-controlled deep brain stimulation techniques (Tass 2001a-2001c, 2002a, 2002b). The latter work in a completely different way compared to the standard high-frequency stimulation: While the standard technique probably simply suppresses the neuronal firing in the target area (Wielepp et al. 2001), the novel techniques only desynchronize the firing whenever it gets pathologically synchronized. In this way, the novel methods intent to bring the neurons’ dynamics as close to the physiological state (i.e. to the uncorrelated firing) as possible. The talk is about both theory and first experimental results.

References Benabid AL et al. 1991 The Lancet 337 403 Blond S et al. 1992 J. Neurosurg. 77 62 Haken H Advanced Synergetics (Springer, Berlin, 1983) Kuramoto Y Chemical Oscillations, Waves, and Turbulence (Springer, Berlin, 1984) Tass PA Phase Resetting in Medicine and Biology – Stochastic Modelling and Data Analysis (Springer, Berlin, 1999) Tass PA 2001a Europhys. Lett. 53 15 Tass PA 2001b Biol. Cybern. 85 343 Tass PA 2001c Europhys. Lett. 55 171 Tass PA 2002a Europhys. Lett. 57 164 Tass PA 2002b Biol. Cybern. (in press) Wielepp JP et al. 2001 Clin. Neurol. Neurosurg. 103 228 Winfree AT The Geometry of Biological Time (Springer, Berlin, 1980)

Synchronization tomography and phase resetting tomography: Three-dimensional anatomical localization of spontaneous and stimulus-locked synchronization in the human brain

Peter A. Tass

Institute of Medicine, Research Centre Jülich, 52425 Jülich, Germany and Department of Stereotactic and Functional Neurosurgery, University of Cologne, 50924 Cologne, Germany

Cerebral synchronization processes play an essential role under both physiological (Freeman 1975) and pathological (Llinás and Jahnsen 1982, Bergman et al. 1994) conditions. To detect and localize phase synchronization and stochastic phase resetting dynamics in the human brain non-invasively with magnetoencephalography novel methods have been developed:

1. Synchronization tomography (Tass et al. 2002): First, the cerebral current source density is reconstructed in each cerebral voxel (i.e. volume element) for each time t by means of the magnetic field tomography (MFT) (Ioannides et al. 1990). Next, the phase synchronization analysis (Tass et al. 1998) is applied to each voxel and to external reference signals such as muscular activity. In this way brain/brain- and brain/muscle phase synchronization are determined. It turns out that phase synchronization is a fundamental coordination principle in cerebral motor control (Tass et al. 2002).

2. Phase resetting tomography: The cerebral current source density is reconstructed with MFT. Next, a stochastic phase resetting analysis (Tass 1999, 2002a, 2002b) is applied to each voxel as well as to all pairs of voxels and external signals. This enables the detection of transient stimulus-locked response clustering and transient stimulus-locked synchronization and desynchronization. In contrast, standard techniques like cross-trial averaging or cross-trial cross-correlation are not able to detect such processes and may even produce artifacts.

The talk is about the theoretical background of the novel methods, their application to experimental data, and their diagnostic relevance.

References Bergman H et al. 1994 J. Neurophysiol. 72 507 Freeman WJ Mass action in the nervous system (Academic Press, New York, 1975) Ioannides AA et al. 1990 Inverse Problems 6 523 Llinás R and Jahnsen H 1982 Nature 297 406 Tass PA Phase Resetting in Medicine and Biology – Stochastic Modelling and Data Analysis (Springer, Berlin, 1999) Tass P et al. 1998 Phys. Rev. Lett. 81 3291 Tass PA 2002a Europhys. Lett. (in press) Tass PA 2002b Chaos (in press) Tass PA et al. 2002 (submitted)

Clustering in granular gas I: Birth and sudden death of a cluster

Ko van der Weele

Department of Applied Physics, University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands

The key feature of a granular gas, making it fundamentally different from any ordinary molecular gas, is its tendency to form clusters (Goldhirsch and Zanetti, 1993; Kudrolli et al., 1997). This can be traced back to the inelasticity of the collisions between the particles. In applications such as conveyor belts and sorting machines, the clustering is an unwanted and very costly effect. Here we study the phenomenon in the setting of the so-called Maxwel Demon experiment (Eggers, 1999).

Granular material in N connected compartments is brought into a gaseous state through vertical shaking. For sufficiently strong shaking the particles are uniformly distributed over the compartments, but if the shaking intensity is lowered this uniform distribution gives way to a clustered state. The clustering transition is experimentally shown to be of 2nd order for N = 2 and of 1st order for N ≥ 3. In particular, the latter is hysteretic, involves long-lived transient states, and exhibits a striking lack of time reversibility (Van der Weele et al., 2001; Van der Meer et al., 2001).

In the strong shaking regime, a cluster breaks down very abruptly (sudden death) and in its further decay shows anomalous diffusion, with the length scale going as t^{1/3} rather than the standard t^{1/2} (Van der Meer et al., 2002). We focus upon the self-similar nature of this process. The observed phenomena are all accounted for within a dynamical flux model.

References Eggers J, Sand as Maxwell’s demon, Phys. Rev. Lett. 83, 5322-5325 (1999).

Goldhirsch I and Zanetti G, Clustering instability in dissipative gases, Phys. Rev. Lett. 70, 1619-1622 (1993). Kudrolli A, Wolpert M, and Gollub JP, Cluster formation due to collisions in granular material, Phys. Rev. Lett. 78, 1383-1386 (1997).

Van der Meer, Van der Weele, Lohse D, Bifurcation diagram for compartmentalized granular gases, Phys. Rev. E 63, 061304 (2001).

Van der Meer D, Van der Weele K, and Lohse D, Sudden collapse of a granular cluster, Phys. Rev. Lett., 88, 174302 (2002).

Van der Weele K, Van der Meer D, Versluis M, and Lohse D, Hysteretic clustering in granular gas, Europhys. Lett. 53, 328-334 (2001).

Clustering in granular gas II:

David vs. Goliath and other competitive effects

Ko van der Weele

Department of Applied Physics, University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands

There are many extensions of the Maxwell Demon experiment. First we consider a bi-disperse mixture consisting of large and small particles (Mikkelsen et al., 2002). This is done with an eye to practical applications, where granular material is rarely mono-disperse. For moderate shaking the material clusters into the compartment which initially contained most of the large particles: Goliath wins. For very mild shaking, however, the cluster goes into the compartment originally dominated by small particles: David wins. These experimental observations are quantitatively explained within a bi-disperse version of the flux model.

Second, we study a system in which the compartments are arranged in the form of a staircase, resembling an industrial conveyor belt. The central topic here is the competition between the clustering effect and the natural tendency of the particles to stream downwards. When a cluster is formed, one can get rid of it by shaking sufficiently hard. The ensuing transition to the desired uniform flow is found to be a self-similar process involving Burgers-like shockwaves (Kloosterman et al., 2002).

Finally, we discuss two related clustering phenomena from other fields: the traffic jam problem (Helbing, 2001) and the formation of sand ripples at the beach (Andersen et al., 2001). Both turn out to be well described by flux models markedly similar to our own.

References Andersen KH, Chabol ML, and Van Hecke M, Dynamical models for sand ripples beneath surface waves, Phys. Rev. E 63, 066308 (2001).

Helbing D, Traffic and related self-driven many-particle systems, Rev. Mod. Phys. 73, 1067-1141 (2001). Kloosterman M, Van der Meer D, and Van der Weele K, Granular shockwaves on a staircase, preprint (2002). Mikkelsen R, Van der Meer D, Van der Weele K, and Lohse D, Competitive clustering in bi-disperse granular gas, preprint (2002).

Dissipation

Michael Wilkinson

Department of Applied Mathematics, Open University, Milton Keynes, MK7 6AA, England, United Kingdom

Dissipation is the irreversible transfer of energy into a reservoir, having a large number of degrees of freedom. I will consider the case where the reservoir is a system of nearly independent fermions. This includes dissipation by electrical conduction and dissipation in the dynamics of the nucleus. The lectures will demonstrate that this is a rich subject for investigation, with significant problems outstanding.

Lecture 1: Physical applications, and the standard approach (the Kubo formula). Energy diffusion as an alternative approach to dissipation. Classical-quantum correspondence. Limitations of the Kubo formula approach.

Complex quantum systems. Random matrix theory, and universality hypotheses. Dimensionless parameters describing response of complex systems. Parametric random matrix models. Matrix element sum-rules, and semiclassical estimates. Some parametric statistics.

Lecture 2: Estimates for energy diffusion constant in Landau-Zener and Kubo formula regimes. Predictions of various anomalous effects. Numerical experiments testing these predictions. Theoretical arguments reconciling random matrix and semiclassical predictions.

Much of the material is covered in Parametric Random Matrices: Static and Dynamic Applications , M. Wilkinson, in ‘Supersymmetry and Trace Formulae, eds. I. V. Lerner, J. P. Keating and D. E. Khmelnitskii, New York: Plenum, p.369-399, (1999). Several new results will be discussed.

List of Participants

• Mr. John Walter Acevedo Valencia Departamento de Fisica, Universidad Nacional de Colombia Bogota D.C. Colombia Email: jowa at estudiantes.fisica.unal.edu.co

• Mr. Donat Adams

ETH Zurich Winterthur, CH-8408 Switzerland Email: donat adams at hotmail.com

• Dr. Savita Kallappa Angadi Mathematical Modelling Unit, National Institute of Advanced Studies Bangalore, 560012 India Email: savita at nias.iisc.ernet.in

• Mr. Thomas Anker

University of Konstanz Konstanz, 78457 Germany Email: thomas.anker at uni-konstanz.de

• Dr. Manuel Arrayas

Universidad Rey Juan Carlos Madrid Spain Email: m.arrayas at escet.urjc.es

• Mr. Boštjan Bajec

Ljubljana, 1111 Slovenia Email: bajec bostjan at email.si

• Mr. Lasko Basnarkov

Faculty of Electrical Engineering Skopje, 1000 Republic of Macedonia Email: lbasnarkov at yahoo.com

• Mr. Jeroen Martijn Bergamin Department of Mathematics, University of Patras, and Mathematics Institute, University of Warwick Coventry, CV1 2LE United Kingdom Email: jeroen bergamin at hotmail.com

• Dr. Nils Berglund

CPT-CNRS, Marseille Luminy, and PHYMAT, Universite de Toulon-Var F-83957 La Garde cedex France http://www.univ-tln.fr/ berglund Email: berglund at cpt.univ-mrs.fr

• Mr. Harald Bergmann

Freising, D-85356 Germany http://www.celebran.de Email: bergmannh at aol.com

• Mr. Stefano Beri

Department of Physics, Lancaster University Lancaster, LA1 4YB United Kingdom Email: s.beri at lancaster.ac.uk

• Ms. Andrea Bruder

Center for Mathematical Sciences, Munich University of Technology Muenchen, D-80333 Germany http://www.mathematik.tu-muenchen.de/ Email: mathmax at gmx.de

• Mr. Agung Budiyono

Department of Applied Physics, Osaka City University Osaka, 558-8585 Japan Email: agungby at a-phys.eng.osaka-cu.ac.jp

• Mr. Paul Simon Cerny

Center for Mathematical Sciences, Munich University of Technology Munich, D-80333 Germany http://www.ma.tum.de Email: paulcerny at yahoo.de

• Mr. Vitaliy Cherkaskiy

Institute for Theoretical Physics, Kharkov Institute of Physics and Technology Kharkov, 61108 Ukraine Email: cherkaskiy at kipt.kharkov.ua

• Dr. Giampaolo Cristadoro Dipartimento di Scienze MM.FF.NN, Universita’ degli Studi dell’Insubria Como, 22100 Italy Email: giampaolo.cristadoro at uninsubria.it

• Mr. Paul Matthias Diderichsen Technical University of Denmark Hvidovre, 2650 Denmark Email: pmd at fysik.dtu.dk

• Dr. Barbara Susanne Dietz Institut Fuer Kernphysik, Technische Universitaet Darmstadt Darmstadt, D-64289 Germany Email: dietz at linix6.ikp.physik.tu-darmstadt.de

• Mr. Jos Dingjan

Huygens Laboratory, Leiden University Leiden, 2333 CA The Netherlands http://molphys.leidenuniv.nl/qo/research/chaos.htm Email: dingjan at molphys.leidenuniv.nl

• Ms. Kristine Ey

Center for Mathematical Sciences, Munich University of Technology Muenchen, D-80333 Germany http://www.mathematik.tu-muenchen.de/ Email: k.ey at gmx.de

• Prof. Hans Fogedby

Institute of Physics and Astronomy, University of Aarhus Aarhus Denmark Email: fogedby at ifa.au.dk

• Ms. Tanja Gernhard

Center for Mathematical Sciences, Munich University of Technology Muenchen, D-80333 Germany http://www.mathematik.tu-muenchen.de/ Email: tanja at gernhard.de

• Mr. Martin Horvat

Faculty of Mathemics and Physics, University of Ljubljana Ljubljana, 1000 Slovenia Email: martin at fiz.uni-lj.si

• Dr. Gökay Karakaş

Department of Inland Water Research, UFZ - Centre for Environmental Research Magdeburg, 39114 Germany Email: karakas at gm.ufz.de

• Dr. Song-Ju Kim

Communications Research Laboratory Tokyo, 184-8795 Japan Email: songju at crl.go.jp

• Ms. Young-Hee Kim

AG Quantenchaos, FB Physik, Philipps-Universitaet Marburg Marburg, 35032 Germany http://www.physik.uni-marburg.de/nfp/qchaos/welcome.html Email: young-hee.kim at physik.uni-marburg.de

• Prof. Dean Korošak

Faculty of Civil Engineering, University of Maribor Maribor, 2000 Slovenia Email: dean.korosak at uni-mb.si

• Dr. Ulrich Kuhl

AG Quantenchaos, FB Physik, Philipps-Universitaet Marburg Marburg, 35032 Germany http://www.physik.uni-marburg.de/nfp/qchaos/welcome.html Email: kuhl at physik.uni-marburg.de

• Prof. Viatcheslav Ivanovich Kuvshinov Institute of Physics, National Academy of Sciences Minsk, 220072 Belarus Email: kuvshino at dragon.bas-net.by

• Mr. Andrei Vladimirovich Kuzmin Institute of Physics, National Academy of Sciences Minsk, 220072 Belarus Email: avkuzmin at dragon.bas-net.by

• Mr. Dae-Sic Lee

Department of Physics, Pai Chai University Tae-jon, 302-735 Republic of Korea http://chaos.paichai.ac.kr Email: dasic35 at hanmail.net

• Dr. Soo-Young Lee

School of Mathematical Sciences, University of Nottingham Nottingham, NG7 2RD United Kingdom Email: soo-young.lee at nottingham.ac.uk

• Mr. Teemu Ilmari Leppanen Laboratory of Computational Engineering, Helsinki University of Technology Hut, 02015 Finland http://www.lce.hut.fi/ tileppan Email: tileppan at lce.hut.fi

• Prof. Vjera Lopac

FKIT, Department of Physics, University of Zagreb Zagreb, HR-10000 Croatia Email: vlopac at marie.fkit.hr

• Prof. Hironori Makino

Department of Human and Information Science, Tokai University Kanagawa, 259-1292 Japan Email: macky at keyaki.cc.u-tokai.ac.jp

• Mr. Erik Andreas Martens

ETH Zurich Winterthur, CH-8408 Switzerland http://n.ethz.ch/student/martense Email: emartens at stud.phys.ethz.ch

• Prof. Mladen Martinis

Rudjer Boskovic Institute Zagreb, HR-10001 Croatia Email: martinis at thphys.irb.hr

• Mr. Matej Mencinger

Faculty of Civil Engineering, University of Maribor Maribor Slovenia Email: matej.mencinger at uni-mb.si

• Mr. Tomoshige Miyaguchi

Graduate School of Science and Engineering, Waseda University Tokyo, 169-8555 Japan Email: tomo at aizawa.phys.waseda.ac.jp

• Ms. Carolin Gabriele Maria Mohm Center of Mathematical Sciences, Munich University of Technology Muenchen, D-80333 Germany http://www.mathematik.tu-muenchen.de Email: carolin.mohm at gmx.de

• Dr. Igor Mozetič

CAMTP - Center for Applied Mathematics and Theoretical Physics, University of Maribor Maribor, SI-2000 Slovenia http://www.camtp.uni-mb.si/camtp/mozetic/ Email: igor.mozetic at uni-mb.si

• Mr. Bojan Musizza

Novo mesto, 8000 Slovenia Email: bojan.musizza at kiss.uni-lj.si

• Dr. Ružica R. Nikolić Faculty of Mechanical Engineering, University of Kragujevac Kragujevac, YU-34000 Yugoslavia Email: inikolic at ptt.yu

• Mr. Yuichiro Okada

Department of Physics, Tokyo Metropolitan University Tokyo, 192-0397 Japan Email: y-okada at comp.metro-u.ac.jp

• Ms. Alexandra Pershakova Department of Physics, Lancaster University Lancaster, LA1 1QY United Kingdom Email: a.pershakova at lancaster.ac.uk

• Prof. Serguei Pozdneev P.N.Lebedev Physical Insitute Moskow, 117924 Russia Email: pozdneev at sci.lebedev.ru

• Dr. Stefanie Russ

Institut fuer Theoretische Physik, Universitaet Giessen Giessen, D-35392 Germany Email: stefanie.russ at physik.uni-giessen.de

• Mr. Jung-Wan Ryu

Department of Physics, Pai Chai University Tae-jon, 302-735 Republic of Korea Email: jungwan at physics3.sogang.ac.kr

• Dr. Luca Salasnich

University of Milano Milano, 20133 Italy http://www.mi.infm.it/salasnich/ Email: salasnich at mi.infm.it

• Mr. Rudi Schäfer

AG Quantenchaos, FB Physik, Philipps-Universitaet Marburg Marburg, 35032 Germany http://www.physik.uni-marburg.de/qchaos Email: rudi.schaefer at physik.uni-marburg.de

• Mr. Wolfram Schmidt

Max-Planck-Institute for Astrophysics Garching, D-85741 Germany Email: wolfram at mpa-garching.mpg.de

• Ms. Wiebke Schneider

Center for Mathematical Sciences, Munich University of Technology Muenchen, D-80333 Germany http://www.mathematik.tu-muenchen.de/ Email: libellefly at aol.com

• Mr. Thierry Mark Schüpbach Swiss Institute of Technology Lausanne Lausanne, 1015 Switzerland Email: thierry.schuepbach at epfl.ch

• Prof. Petr Šeba

Institute of Physics, Czech Academy of Sciences Prague Czech Republic Email: seba at fzu.cz

• Dr. Pavel Aleksandrovich Selyshchev Department of Physics, Kiev University Kiev, 04213 Ukraine Email: selyshchev at mail.univ.kiev.ua

• Mr. Avi Sharon

Physics Department, Ben-Gurion University Beer-Sheva, 84105 Israel Email: avish at bgumail.bgu.ac.il

• Dr. Susumu Shinohara

Department of Physical Sciences, Ritsumeikan University Kusatsu, 525-8577 Japan Email: susumu at ike-dyn.ritsumei.ac.jp

• Mr. Moritz Simon

Center for Mathematical Sciences, Munich University of Technology Muenchen, D-80333 Germany http://www.ma.tum.de Email: ms.skabba at t-online.de

• Prof. Leszek Sirko

Institute of Physics Polish Academy of Sciences Poland http://148.81.44.13/ Email: sirko at ifpan.edu.pl

• Dr. Charalampos Skokos

Department of Mathematics, University of Patras, and Research Center for Astronomy, Academy of Athens Patras, GR-26500 Greece Email: hskokos at cc.uoa.gr

• Dr. Niels Sondergaard Theoretical Mechanics, University of Nottingham Nottingham, NG7 2RD United Kingdom Email: niels.sondergaard at nottingham.ac.uk

• Mr. Johan Stäring

Complex Systems, FRT, Chalmers University of Technology / Goeteborg University Goteborg, 412 96 Sweden Email: js at fy.chalmers.se

• Mr. Robert Josef Stelzer Center for Mathematical Sciences, Munich University of Technology Muenchen, D-80333 Germany http://www.mathematik.tu-muenchen.de Email: robert stelzer at t-online.de

• Mr. Arthur Straube

Theoretical Physics Department, Perm State University Perm, 614990 Russia Email: straube at psu.ru

• Dr. Dmitry Strunin

Department of Mathematics and Computing, University of Southern Queensland Toowoomba, Queensland, 4350 Australia http://www.sci.usq.edu.au/staff/strunin Email: strunin at usq.edu.au

• Mr. Sebastian Jan Szybka Division of General Relativity and Astrophysics, Jagellonian University Krakow, 31-071 Poland Email: szybka at if.uj.edu.pl

• Mr. Masashi Tachikawa Department of Physics, Nagoya University Nagoya, 464-8062 Japan http://jegog.phys.nagoya-u.ac.jp/ mtach/ Email: mtach at allegro.phys.nagoya-u.ac.jp

• Dr. Mitsuyoshi Tomiya Department of Applied Physics, Seikei University Tokyo, 180-8633 Japan Email: tomiya at apm.seikei.ac.jp

• Mr. Takaomi Tsujimoto Department of Applied Physics, Faculty of Engineering, Osaka-City University Osaka, 586-0015 Japan Email: tsujimoto at a-phys.eng.osaka-cu.ac.jp

• Mr. Giovanni Tummarello University of Ancona Ancona, 60131 Italy Email: tummarel at ascu.unian.it

• Mr. Idan Tuval

Mediteranean Institute for Advanced Studies Palma Mallorca Spain http://www.imedea.uib.es Email: idan at imedea.uib.es

• Ms. Chie Uemura

Nara-city, 630-8291 Japan Email: chie u at ki-rin.phys.nara-wu.ac.jp

• Mr. Ernst van Nierop

University of Twente Enschede, 7512 BG The Netherlands Email: e.a.vannierop at student.utwente.nl

• Dr. Alexei Alexeevich Vasiliev Space Research Institute Moscow, 117997 Russia Email: valex at iki.rssi.ru

• Dr. Gregor Veble

International Center for the Study of Dynamical Systems, Universita’ degli Studi dell’Insubria, and CAMTP - Center for Applied Mathematics and Theoretical Physics, University of Maribor, Slovenia Como, 22100 Italy http://www.camtp.uni-mb.si/camtp/veble Email: gregor.veble at uni-mb.si

• Mr. Gregor Vidmar

Zagradec, 1303 Slovenia Email: gregor.vidmar at ixtlan-team.si

• Mr. Marko Vraničar

CAMTP - Center for Applied Mathematics and Theoretical Physics, University of Maribor Maribor, SI-2000 Slovenia http://www.camtp.uni-mb.si/camtp/vranicar Email: mark.vranicar at uni-mb.si

• Mr. Ricki Paterson Walker University of Wales Bangor Conwy, LL31 9EE United Kingdom Email: mapa02 at bangor.ac.uk

• Dr. Anthony James Webster Theory and Modelling Department, UK Atomic Energy Authority Fusion Abingdon, OX14 3DB United Kingdom http://www.fusion.org.uk Email: anthony.webster at ukaea.org.uk

• Ms. Stine West

Hellerup, 2900 Denmark Email: wesst at fys.ku.dk

• Mr. Simon Richard Woodford Department of Mathematics and Applied Mathematics, University of Cape Town Cape Town, 7708 South Africa Email: woodford at maths.uct.ac.za

• Mr. Geo-Su Yim

Department of Physics, Pai Chai University Tae-jon, 302-735 Republic of Korea Email: lomac at sogang.ac.kr

• Ms. Shiogai Yuri

Kyoto-city Japan Email: yuri at ton.scphys.kyoto-u.ac.jp

• Mr. Marko Žnidarič

Department of Physics, Faculty of Mathematics and Physics, University of Ljubljana Ljubljana, SI-1000 Slovenia Email: znidaricm at fiz.uni-lj.si

Abstracts of Short Reports

A method to enhance noise reduction for data generated from a known differential equation

P. G. Vaidya, Savita Kallappa Angadi

Mathematical Modelling Unit National Institute of Advanced Studies, Bangalore, India

There are several papers which show the use of principle component analysis to reduce noise from a discretely sampled data. This method consists of embedding the data in higher dimensions and then using the singular value decomposition of the resulting matrix, retaining only the dominant components in the data. This method does involve throwing away some information and is not very effective if the sampling interval is not very small. If we know the underlying differential equation, we can find expressions for the neglected components and restore them. We first develop a theoretical basis for the procedure and then illustrate it in the case of some data generated using the Duffing’s equation.

Breathers and homoclinic orbits

Jeroen Martijn Bergamin

Department of Mathematics, University of Patras, Greece, and Mathematics Institute, University of Warwick, England, UK

Homoclinic orbits are presented as a useful tool for obtaining breather solutions (time periodic, spatially localized) of one dimensional nonlinear lattices (Klein Gordon, FPU and mixed). We present how the relationship between homoclinic orbits and breathers is formed, and advantages of using this method for obtaining breathers over the traditional method of continuation.

Stochastic resonance: Some new results

Nils Berglund

Centre de Physique Théorique, CNRS, Marseille Luminy, and PHYMAT, Université de Toulon-Var, France

Stochastic resonance is a mechanism which was originally proposed to explain the close-to-periodic appearance of Ice Ages. It has been observed in a large number of physical and biological systems. Its main feature is that small additive noise may considerably enhance a system’s response to a weak, periodic signal. I will report on joint work with Barbara Gentz (WIAS, Berlin). We introduce a new approach, which aims at describing the behaviour of ”typical” paths, instead of merely computing the probability density. This allows us to give precise results on the dependence of transition probabilities on noise intensity, and provides an alternative measure of the output’s ”periodicity” to the usual signal-to-noise ratio. Various important quantities have a nontrivial power-law dependence on the small parameters. I will also mention some related results on dynamical hysteresis.

References N. Berglund, B. Gentz, Beyond the Fokker-Planck equation: Pathwise control of noisy bistable systems, J. Phys. A 35:2057-2091 (2002)

On periodic orbits picture of fractal magnetoconductance in quantum billiards

Agung Budiyono

Department of Applied Physics Osaka City University, Japan

Starting from evaluating a simple soft-wall multichannel billiard and using the semiclassical Kubo formula for conductivity, we gave a periodic-orbits picture for the exact self-similar magnetoconductance fluctuations obtained in the phase coherent ballistic quantum billiards experiments. The applicability of Kubo formula to these single devices are justified, since the dots are coupled to large source and drain so that due to level broadening, the energy level inside the dots can be considered as effectively continuum. In our picture the soft-wall boundary is experimentally essential. We claimed that the exact self-similar magnetoconductance fluctuations is due to the self-similar periodic orbits generated through a sequence of isochronous pitchfork bifurcations of straight-line liberating orbits oscillating toward harmonic saddles. The saddles are naturally created right at the point of contact with the leads or at certain places in the cavity as a consequence of the sofwall confinement. We will show that the function we obtained, approximately satisfies a scaling relation, which generates its self-similar properties. In fact, its spectrum can be approximated by the famous Weierstrass spectrum with an upper cut. In addition, we would like to show that the Hurst exponent of the fractal is independent of the detailed geometrical shapes of the cavity and determined only by the local information on the saddles. On this issue we would like to confirm the recent experimental findings that the fractal dimension of the fluctuations are determined only by the quantumness of the system. We choose to discuss the Hurst exponent which is defined as the ratio of the logarithmic values of the scaling constants in the y-direction and xdirection, instead of the fractal dimensions, since they are easy to calculate and to be confirmed experimentally for an exact self-affine fractal. Finally, using the same reasoning and again using the semiclassical Kubo formula for conductivity, we would like to show that even in the situation when the conductance fluctuations versus the applied weak magnetic field show fractal behaviour, the conductance fluctuations as a function of the Fermi energy are not fractal-like.

Experimental test of a trace formula for chaotic 3D microwave cavities

Barbara Susanne Dietz

Institut Für Kernphysik Technische Universität Darmstadt, Germany

We have measured resonance spectra in a superconducting microwave cavity with the shape of a three-dimensional generalized Bunimovich stadium billiard and analyzed their spectral fluctuation properties. The experimental length spectrum exhibits contributions from periodic orbits of non-generic modes and from unstable periodic orbits of the underlying classical system. It is well reproduced by our theoretical calculations based on the trace formula derived by Balian and Duplantier for chaotic electromagnetic cavities. Analysis of the spectral statistics reveals that there is a partial decoupling between TE- and TM-modes which decreases with increasing frequency.

Optical wave chaos in a macroscopic open resonator

Jos Dingjan, M.P. van Exter, J.P. Woerdman

Huygens Laboratory Leiden University, The Netherlands

In recent years, microwave resonators have lead to tremendous experimental progress in the field of wave chaos. Most notably, stadium type billiards have been spectacularly successful. Optical wave chaos has not benefited from this, and progress here has been modest. The primary reason for this is the inherent difficulty in producing and controlling stadium-type resonators in the optical range. Recently, we have put forward a radically new approach to optical wave chaos, using a system that is highly macroscopic, therefore offers unsurpassed control, and allows a wealth of different experimental techniques. We have demonstrated that an open, three-mirror, folded optical cavity can show chaotic dynamics [1]. The key ingredient in this resonator is a curved folding mirror, introducing, even at very modest numerical aperture, considerable aberrations through its use at nonnormal incidence. These aberrations cause the paraxial approximation to be violated, making the wave equation describing the intra-cavity field non-separable. The strength of these aberrations crucially influences the chaos in the system. These aberrations, as introduced by the folding mirror, may be modified in two distinct ways: by varying the folding angle of the resonator (changing the angle of incidence on the curved folding mirror), and by varying the effective numerical aperture of the system. In line with expectations, increasing the folding angle of the resonator from 0^∘ to 90^∘ shows a smooth transition from a non-chaotic to a chaotic resonator. Also, increasing the effective numerical aperture, thereby preferentially exciting modes that have appreciable amplitude far from the optical axis of the resonator, leads to increased chaotic behaviour. We expect that this highly versatile and promising approach will boost research into optical wave chaos. At the same time, it may serve as an excellent model system to study many intriguing phenomena in wave chaos in general.

References [1] J. Dingjan, E. Altewischer, M.P. van Exter, and J.P. Woerdman, Phys. Rev. Lett. 88, 064101 (2002)

Towards chaos criterion in quantum field theory

Viatcheslav Ivanovich Kuvshinov

Institute of Physics National Academy of Sciences, Belarus

Chaos criterion for quantum field theory in terms of functional integral is proposed. Its correspondence with known criteria in semi-classical regime of finite dimension quantum mechanics is shown. It is demonstrated for real scalar field forth power interaction Lagrangian that chaos corresponds to spontaneous symmetry breakdown, degeneration of vacuum state and confinement for lattice formulation.

Modelling of chaos enforced instanton tunnelling

Andrei Vladimirovich Kuzmin

Institute of Physics National Academy of Sciences, Belarus

Chaos assisted tunnelling has been attracting much attention. Instanton technique mainly used in quantum field theory describes quantum tunnelling between vacua. It seems to be important to investigate influence of chaos on properties of instanton transitions. In this work on the example of model system we demonstrate that chaos enforces the rate of instanton tunnelling and increases density of instanton gas in dilute instanton gas approximation.

Chaotic wavefunction statistics in quantum map and billiard

Soo-Young Lee, Stephen C. Creagh

School of Mathematical Sciences University of Nottingham, United Kingdom

In the chaotic quantum map, the overlap distributions between the eigenstates |n > and a probe state |k > are well described by the random matrix theory (RMT) in most cases. However, if the probe state is localized on a fixed point, the overlap distribution shows a strong deviation from the RMT expectation, which is a result of the scarring phenomena in chaotic eigenstates [1]. In our recent paper [2], a joint-probability distribution has been developed for the overlaps with the eigenstates |k > of harmonic oscillator which act as the probe states. This is a kind of scarred RMT, and has explained successfully the scarring effect in tunneling rate distributions. This joint-probability distribution contains all information of wavefunction statistics near the fixed point, and has an interesting structure which is directly related to the corresponding classical dynamics. We find that one linear combination of |k >’s is an optimized probe state. Following Vergini et al [3] we call this the scar state, and the statistics of its overlap with chaotic states shows maximum deviation from RMT. This scar state shows that the scarring appears along the stable and unstable manifolds. We show that this joint distribution works very well not only in the perturbed cat map, but also in the boundary function of billiard. This means that the chaotic wavefunction statistics are characterized by the Lyapunov exponent and the angle between the stable and unstable manifolds of the fixed point. In the billiard case, we investigate the relation between the statistics of the boundary functions and those of the real eigenfunctions. This study gives the way to see which eigenstate should be scarred or not in a statistical way.

References [1] L. Kaplan, Phys. Rev. Lett. 80, 2582 (1998); L. Kaplan and E.J. Heller, Ann. Phys. 264, 171 (1998). [2] S.C. Creagh, S.-Y. Lee, and N.D. Whelan, Ann. Phys. 295, 194 (2002). [3] E.G. Vergini and G.G. Carlo, J. Phys. A: Math. Gen. 34, 4525 (2001).

Spatial pattern formation in Turing systems

Teemu Leppänen(1), Mikko Karttunen(1), Rafael A. Barrio(2), Kimmo Kaski(1)

(1) Laboratory of Computational Engineering, Helsinki University of Technology, Finland (2) Instituto de Fisica, Universidad Nacional Autónoma de México, México

In the 1950s British mathematician Alan Turing proposed a simple reaction-diffusion system describing chemical reactions and diffusion to account for morphogenesis [1]. Due to the complexity of nature, researchers have not yet succeeded in developing a Turing system based model that would describe morphogenesis in essence, although specific examples such as the skin coloring of animals have been modeled using Turing systems.

Turing systems show a very rich behavior from the pattern formation point of view, which means that by numerically solving these mathematically defined systems we obtain a variety of spatial patterns in two dimensions and structures in three dimensions, varying from spots to stripes and from lamella to chaotic structures. In this study we have obtained results for a three-dimensional system, which, to the authors’ knowledge, has never before been studied using numerical simulations [2]. We have also studied the basic characteristics of a threedimensional Turing system and compared them with those of a two-dimensional one. In 3D the morphological development becomes more interesting and complex. We have also studied the transition between two and three dimensional morphologies. In addition, the robustness of Turing structures has been investigated against Gaussian random noise.

Our motivation for studying the Turing systems is biological. We have shown how connections between certain points can be grown by using a Turing system with sources of chemicals. The resulting connected network has many interesting properties, and in the future work we will concentrate on a Turing system and an active random walker model combined to explain some of the features of neural patterning, i.e., how neurons establish connections to other neurons.

References [1] A.M. Turing: The chemical basis of morphogenesis, Phil. Trans R. Soc. Lond. B237, 37-72 (1952). [2] T. Leppn̈en, M. Karttunen, K. Kaski, R.A. Barrio, and L. Zhang: A new dimension to Turing patterns, to be published in Physica D.

Spectral statistics of R-R intervals in ECG

Mladen Martinis

Rudjer Bošković Institute, Croatia

The statistical distribution of R-R intervals and Delta-3 statistics provide useful information on the structure of fluctuation-patterns in heart-rate dynamics. We compare the spectral analysis of R-R intervals with the prediction of the random matrix theory.

Pseudointegrable systems with growing surface roughness

Stefanie Russ, Yuriy Hlushchuk

Institut für Theoretische Physik III Universität Giessen, Germany

We study numerically the level statistics of pseudointegrable billards with different degrees of surface roughness, expressed by the different genus numbers g and calculate the eigenvalues and the eigenfunctions under Dirichlet and Neumann boundary conditions.

We study the distance distribution P (s) of the eigenvalues and related quantities such as half of the second moment I_0 = (1/2) ∫ s^2P (s)ds, the spectral rigidity Δ_3 and the number variance Σ^2. The considered systems possess genus numbers between g = 2 and g ≈ 700. Their shapes range from very simple two-step systems to systems with many small teeth at the boundary and fractal drums with complicated scaling surface roughness. The eigenfunctions are analyzed according to their localization volume V_{loc} (inverse participation ratio), their amplitude distribution P (ψ) and the momentum space.

For lower energies we can distinguish several energy windows with different behavior. In some windows, the values of I_0 come close to the value of the Poisson distribution I_0 = 1. The eigenfunctions in these regimes are either localized (with V_{loc} ≤ 0.2 V_0, where V_0 is the surface of the system) or relatively regular functions with V_{loc} ≈ 4/9V_0, the value of a sine or cosine function. In other energy windows, the values of I_0 come closer to the Wigner limit of I_0 ≈ 0.637 and the eigenfunctions approach chaotic functions with a Gaussian distribution P (ψ). Except for some unusual nearly-symmetric system shapes, we find an asymptotic energy regime above some non-universal limiting energy value. In the asymptotic regime, the genus number g seems to be the determining parameter that governs the level statistics. With increasing g, the behavior of the systems in the asymptotic regime changes from Poisson-like to Wigner-like behavior.

3D BEC solitons under transverse confinement

Luca Salasnich

INFM, Department of Physics University of Milano, Italy

The Bose-Einstein condensate (BEC) of a dilute gas of bosons is well described by the 3D Gross-Pitaevskii equation (3D GPE), that is a nonlinear Schrodinger equation. By imposing a transverse confinement the BEC can travel only in the cylindrical axial direction. We show that in this case the BEC with attractive interaction admits a 3D bright soliton (shape invariant) solution which generalizes the text-book one, that is valid in the 1D limit (1D GPE). We investigate stability and collective oscillations of this Bose-condensed bright soliton. By comparing the results of the 3D GPE with those of the 1D GPE, we find a good agreement only for weaklyinteracting bright solitons. In particular, contrary to the 1D case, the 3D bright soliton exists only below a critical attractive interaction which depends on the extent of confinement. Analyzing the macroscopic quantum tunneling of the bright soliton on a Gaussian barrier we find that its interference in the tunneling region is strongly suppressed with respect to non-solitonic case, moreover the reflected and transmitted matter waves are not solitonic. Finally, we show that the collapse of the soliton is induced by the scattering on the barrier or by the collision with another matter wave when the density reaches a critical value, for which we derive an accurate analytical formula.

Influence of stochastic conditions on self-organization in irradiated materials

Pavel Aleksandrovich Selyshchev

Department of Physics Kiev University, Ukraine

The theoretical investigation for the role of nonlinear couplings between elements of damage structure of irradiated crystal in its self-organization and influence of external fluctuations of defect generation rate on this process is developed. It is shown that nonlinear couplings determine kind and parameters of the arising structure or terminal behavior namely concentration decomposition in alloys, oxygen impurity redistribution and its nonhomogeneous precipitation in silicon, breaks on curves of the creep-rate dependence on temperature and dose, creep and swelling rate oscillations. Parameters of the arising structures and conditions of its development are obtained. It is determined that the fluctuations of irradiation conditions are most strongly apparent in dynamic behavior of system. As a result new unstable regions and new dynamic behavior that do not have deterministic analog appear. The cause of it is strong interaction between fluctuations that is accompanied by their essential increase. Fluctuations in irradiated materials are substantially nonequilibrium, since the main cause for generation of defects, i.e. irradiation, is an external factor. Unlike the equilibrium internal fluctuations, they are not inversely proportional to a certain power of the characteristic size of the system. On the contrary, significant deviations of the density of point defects from its average in the process of irradiation are quite common. Especially great is the role of random external disturbances in systems with nonlinear links, in processes of radiation-induced transformations, which have a threshold nature and exhibit branching points, where qualitatively different ways of evolution are possible. On the one hand, the stochastic nature of defects is related to the fluctuations of the flux of impinging particles (neutrons, ions, etc.). On the other hand, the formation of defects in real crystal correlates with the disposition of various imperfections in it, such as dislocation, grain boundaries, precipitates, etc., which are distributed in the crystal randomly.

Determining the ordered or chaotic nature of orbits in Hamiltonian systems by the smaller alignment index (SALI) method

Charalampos Skokos, C. Antonopoulos, T.C. Bountis, M.N. Vrahatis

Department of Mathematics, University of Patras, and Research Center for Astronomy, Academy of Athens, Greece

We apply the method of the Smaller Alignment Index (SALI) for determining the ordered or chaotic nature of orbits, on some examples of Hamiltonian systems and symplectic maps. The computation of the SALI for a sample of initial conditions allows us to distinguish easily between regions in the phase space where ordered or chaotic motion occurs. The computation of SALI is performed rather easily: for a given orbit we follow the evolution in time of two different initial deviation vectors computing the norms of the difference (parallel alignment index) and the addition (antiparallel alignment index) of the two normalized vectors. The time evolution of the smaller alignment index reflects clearly the chaotic or ordered nature of the orbit. In general the SALI tends to zero for chaotic orbits, while it fluctuates around non-zero values for ordered orbits. The relationship of this index with the Lyapunov exponent is also discussed.

Periodic trace formulae for elastodynamic resonators

Niels Sondergaard

Theoretical Mechanics University of Nottingham, United Kingdom

We report on progress in Gutzwiller periodic orbit theory for elastodynamical resonators. The equations we solve are the conventional equations from continuum mechanics which are used to model phonon properties of mesoscopic structures as well as macroscopic bodies such as cars and bridges. The wave chaos is quantified in Gutzwiller theory which predicts the mode density using periodic classical orbits.

The complexity arises from the vectorial character of the elastic wave equation and the boundary conditions which for free boundaries leads to wave splitting and a multitude of surface waves. Nevertheless when these are incorporated a Gutzwiller description of the spectral density as a sum over periodic orbits arise [1]. Formally from this the diagonal approximation can be made giving random matrix behaviour as observed also in experiments.

The talk will concentrate on solid bodies with simple shapes as for example discs and rectangles. Appropriate trace formulae for the density of modes differ here from the Gutzwiller trace formula in that sums over isolated orbits are replaced by sums over families of orbits.

We shall pay particular attention to orbits with incidence angles beyond the critical as these turn out to be less attenuated than ordinary ray splitting orbits. Furthermore surface orbits will be included as some for elastodynamics are virtually undamped at high frequencies. Similar surface orbits are also seen for impedance boundary condition in electrodynamics. Such behaviour does not occur in conventional scalar quantum mechanics where surface orbits are only important at low frequencies.

The ray splitting itself can be thought to introduce mixing in otherwise regular systems or more precisely a much larger number of periodic orbits arise. As a consequence even for simple shapes spectral statistics from integrable to chaotic can be observed contrary to scalar quantum mechanics.

References [1] L. Couchmann, E. Ott and T.M. Antonsen, Jr., “Quantum chaos in systems with ray splitting”, Phys. Rev. A 46, 6193 (1992).

Steady plane Stokes flow with long range correlation, fractal Fourier spectrum, and anomalous transport

Arthur Vyacheslavovich Straube

Theoretical Physics Department Perm State University, Russia

We demonstrate a class of two-dimensional steady viscous flows which have singular continuous (fractal) Fourier spectra. Such flows represent a novel intermediate stage between order and Lagrangian chaos: the motion of individual fluid particles in them is neither entirely correlated nor completely disordered. We describe qualitatively and numerically the solutions of the two-dimensional Stokes equations for a flow of a viscous incompressible fluid past a periodic array of solid cylinders. The equations are solved on a square with periodic boundary conditions; the central part of the domain is occupied by the solid body with no-slip condition on its border. For the observable associated with the moving fluid particle (e.g. instantaneous velocity of the particle), the temporal autocorrelation function decays; the decay rate is prescribed by the power law. Estimation of the Fourier spectrum indicates that the spectral measure is supported by the multifractal set. Furthermore, this simple steady two-dimensional flow pattern exhibits anomalous transport properties. Existence of this unusual state is caused by the power-like singularities of passage times which develop along the particle paths near the surface of the solid body.

Pulses in high-order dissipative models of active systems

Dmitry Strunin

Department of Mathematics and Computing University of Southern Queensland, Australia

Many important problems of applied mathematics and physics may be reduced to analyses of single evolution PDE with dissipation (like the Kuramoto-Sivashinsky equation in chemical physics and fluid mechanics). In order to balance internal energy influx such equations include high-order (> 2) spatial derivatives responsible for the energy dissipation. We consider two high-order dissipative models of that kind, one of which describes spinning combustion front, and the other describes extended elementary particle. The equations have similar properties. They are invariant with respect to constant shift of function of interest and contain nonlinear internal source of energy. As a result of a balance between the source and dissipation, nonlinear dissipative structures emerge in the form of pulses. The first equation in question, which is fourth-order, leads to stable standing pulse representing extended elementary particle, that is particle with finite size (not just physical point as in classical quantum mechanics). This model develops the work of Sivashinsky (Nuovo Cimento, 77A, 1983, 21) where the classical Hamilton-Jacobi (HJ) equation was extended using fourth-order dissipation. That approach, however, led to unstable pulse. We show that the Sivashinsky equation can be modified further to include nonlinear terms in order to ensure stability of the pulse. Remarkably, the original aim of his model was to put forward possible explanation of quantum randomness by deterministic law. This aim was achieved, because the extended HJ equation had global chaotic solutions. Whether or not chaos exists within our model is not clear yet. The second equation in question, which is sixth-order, models spinning combustion waves. It has fundamental solution in the form of travelling pulse. We present and discuss the results of numerical analyses of the models.

Spectral statistics of a spin-1/2 coupled quartic oscillators

Mitsuyoshi Tomiya

Department of Applied Physics Seikei University, Japan

The quantum spectral statistical properties, i.e. the nearest neighbor level spacing distribution (NNSD), the mode fluctuation distribution (MFD), the spectral rigidity etc. of a spin-1/2 particle in two- and threedimensional coupled quartic oscillator potentials are numerically studied. Changing coupling parameters the system is continuously transformed from an integrable one to chaotic ones. In the chaotic regime, selecting non-zero parameters, various kinds of the Gaussian ensembles(GEs): GOE, GUE and GSE can be achieved [1]. Especially, it is a rare example for the GSE. We have been interested in the Gaussian ensembles in the aspect of the intermediate system between the integrable one and the GEs. In order to have reliable statistics of quantum levels, it is necessary to evaluate thousands of energy levels from the ground state without missing any. We compute the quantum energy levels by numerical diagonalization of the truncated matrix of the Hamiltonian in the basis of harmonic oscillators. Most of our calculations start with the system of the superposition of two or three truncated harmonic oscillators [2,3]. The method with the spherical Bessel functions and the surface harmonics has been also developed. Several types of the interpolation formula of the Poissonian and the Wigner-like distribution of each GEs for the NNSD are examined. It is found that the MFD is more sensitive to the integrability of the system than the chaoticity as in the case of a spin-less particle. The distribution of n(> 1) nearest neighbors is also examined [4].

References [1] E. Caurier and B. Grammaticos, Phys. Lett. A136 387(1989). [2] M. Tomiya and N. Yoshinaga, Phys. Rev. E58 8017(1998). [3] M. Tomiya and N. Yoshinaga, J. Phys. Soc. Jpn. 69 2786(2000). [4] M. L. Mehta, Random Matrices, 2nd ed., Academic Press, San Diego, 1991.

Neutrally bouyant particles and bailout embeddings in three-dimensional flows

Idan Tuval

Mediteranean Institute of Advanced Studies University of the Balearic Islands, Spain

We use the bailout embeddings of three-dimensional volume-preserving maps to study qualitatively the dynamics of small spherical neutrally buoyant impurities suspended in a time-periodic incompressible fluid flow. The accumulation of impurities in tubular vortical structures, the detachment of particles from fluid trajectories near hyperbolic invariant lines, and the formation of nontrivial three-dimensional structures in the distribution of particles are predicted.

Semiclassical analysis of Wigner functions

Gregor Veble

International Center for the Study of Dynamical Systems, Università degli Studi dell’Insubria, Como, Italy, and CAMTP - Center for Applied Mathematics and Theoretical Physics, University of Maribor, Slovenia

The Wigner functions are quantum analogues of the classical phase space density. They are functions of both momenta and coordinates and are typically obtained from wavefunctions that are usually given as functions of only either coordinates or momenta. The motivation for this work was the question whether using the Wigner functions one can perform the formalism of quantum mechanics in the full phase space without referring to the actual wavefunction. While the formal equations for such a procedure are well known in the form of Moyal brackets, these can hardly be used directly as, in the general case, they represent a differential equation of an infinite order. While a naive semiclassical expansion of the Wigner function does make the equations in the Moyal approach to become of finite order for any order of the Planck’s constant, such an approach fails immediately after the lowest order solution, which itself is the delta distribution on the invariant component of the classical phase space of the system. The Moyal bracket can, however, be rewritten in the form of an integral equation. In analogy to the usual WKB semiclassical approach for the wavefunction we expand the phase of the Wigner function in terms of the powers of the Planck’s constant. If we now perform the analysis of the integral equation around the stationary point as given by the lowest order contribution to the phase of the Wigner function, we obtain a set of recursive equations that, at each order of the Planck’s constant, contain only a finite number of terms. Unlike in the previously mentioned naive Moyal approach this set of equations allows us to find a solution to all orders of the Planck’s constant. One should also note that such a separation does not happen if one inserts the phase expansion directly into the Moyal bracket. We apply this approach to the harmonic oscillator. We find the energy eigenvalues to all orders of the Planck’s constant and hence obtain them exactly, while for the Wigner functions themselves we show that even the low order solutions match the exact ones very nicely and that they also agree with certain analytical approximations for Legendre polynomials.

‘Persistent currents’ and eigenfunctions in thin microwave resonators with broken time reversal symmetry

Marko Vraničar(1), Michael Barth(2), Gregor Veble(1) Marko Robnik(1) and Hans-Jürgen Stöckmann(2)

(1) CAMTP - Center for Applied Mathematics and Theoretical Physics, University of Maribor, Krekova 2, SI-2000 Maribor, Slovenia (2) Fachbereich Physik, Universität Marburg, Renthof 5, D-35032 Marburg, Germany

A magnetic flux through a mesoscopic metallic ring gives rise to a persistent current which can be detected via characteristic oscillations of the magnetization depending on of the applied field [Lévy et al., Phys. Rev. Lett. 64, 2074 (1990)]. In this paper a direct visualization of such persistent currents in a microwave analogue experiment is reported, making use of the analogy between the probability density current in the quantummechanical system and the Poynting vector in the corresponding electromagnetic one. To break time-reversal symmetry, a small ring of a ferrite material in a static external magnetic field was introduced into the resonator. In our analysis of the experimental data we employ the off-diagonal elements of the scattering matrix. Due to the small size of the ferrite compared to the resonator size the symmetry was partially broken in the sense that the real and the imaginary parts of the wave functions are not equally large on average. The statistical properties of the wave function’s real and imaginary parts Re(ψ), Im(ψ), respectively, as well as the distributions of the total wave function’s amplitudes |ψ| and the statistical properties of the probability density currents were also examined and compared to the theoretical predictions.

References Lévy L P, Dolan G, Dunsmuir J and Bouchiat H 1990 Phys. Rev. Lett. 64 2074 Saichev A I, Ishio H, Sadreev A F and Berggren K F 2002 J. Phys. A: Math. Gen. 35 L87 Stein J, Stöckmann H-J and Stoffregen U 1995 Phys. Rev. Lett. 75 53 Vraničar M, Barth M, Veble G, Robnik M and Stöckmann H-J 2002 J. Phys. A: Math. Gen. 35 at press

Can chaos improve stability of quantum algorithms?

Marko Žnidarič

Department of Physics, Faculty of Mathematics and Physics University of Ljubljana, Slovenia

Stability of quantum computers to imperfections is of crucial importance for their proper working. Indeed, the power of a quantum computer relies on an interference and entanglement and can be as such very sensitive to perturbations, whether they result from the coupling with the environment or from the faulty algorithm itself. For successful realization of even modest-size quantum computer, understanding sensitivity to the perturbation is very important. As a measure of stability we choose to study fidelity. First, we expand fidelity in terms of correlation functions of a generator of perturbation. Decay of fidelity is related to the integral of a correlation function. Contrary to common intuition, we argue that for ”chaotic” quantum systems, where correlation functions decay fast, the fidelity falls exponentially with time. In turn, for ”integrable” systems with a nondecaying correlation function, the dependence is Gaussian. Although simple, this novel way of looking at fidelity greatly facilitates understanding of its behavior under perturbation. To demonstrate the above theory we apply it on a Quantum algorithm for discrete Fourier Transformation (QFT) algorithm. For a constant static random matrix perturbation on the whole Hilbert space of a computer, the fidelity falls with the number of qubits n as exp (−cn^3). By a simple change of an algorithm, so that the correlation function decays faster, we change this behavior into exp (−cn^2). For instance, this would mean improving fidelity in the case of n = 100 qubits from 0.1 for plain FFT algorithm to 0.9 for our improved one.

Experiments on chaotic systems with a mixed phase space

Leszek Sirko

Institute of Physics Polish Academy of Sciences, Poland

Experimental and theoretical studies devoted to investigation of chaotic systems with a mixed phase space such as H atoms interacting with strong microwave fields and quantum billiards are reported. We describe combined experimental-theoretical study to realize and control the behavior of nonlinear common (joint) resonances that occur when excited H atoms are driven by linearly polarized microwave field consisting of two commensurate frequencies. We show how the relative phase of the field can be used to affect the resonances in the mixed phase space and, by this means, control the ionization probability. We also study the regime of quantum cantori in quarter-stadium billiards. Experimentally, the stadium billiard is simulated by a thin quarter-stadium microwave cavity. The eigenfunctions of the quarter-stadium billiard with the parameter ε = 0.1 are reconstructed in the cantori regime N = 7 − 63 using a field perturbation technique and a circular wave expansion method. We show that in the quantum cantori regime the rescaled localization length of the eigenfunctions does not depend on average on N. Support by KBN grant No. 2 P03B 023 17 is acknowledged.

Abstracts of Posters

Directed transport in a spatially periodic magnetic billiard

John Walter Acevedo Valencia

Departamento de Fisica Universidad Nacional de Colombia, Colombia

As an example of a Hamiltonian ratchet in two-dimensional space but without driving, we study a spatially periodic billiard immersed in a uniform stationary magnetic field. Our billiard consists of a straight waveguide with equidistant walls attached perpendicularly to one side. The magnetic field is sufficient to break all symmetries relevant for transport, an external driving therefore is unnecessary. In the low- and high-field limits, the motion becomes respectively pseudo-integrable and integrable; in both cases no transport is possible. In the medium-field regime, surfaces of section reveal mixed phase-space structures. Chaotic components support diffusive transport only in one direction, while regular components can support ballistic transport in both directions. We analyze the dynamical mechanisms underlying directed transport in terms of stable periodic orbits.

Nonlinear dynamics of pathogenesis and prognosis factor

P. G. Vaidya, Savita Kallappa Angadi

Mathematical Modelling Unit National Institute of Advanced Studies, Bangalore, India

A mathematical model showing the interaction of normal cells, cancer cells and food supply is shown to yield interesting results. This model is extended to a more general case of pathogenesis. From these models a prognosis factor is computed that relates to the eventual outcome of the disease.

Sparks like coral reefs (the press said...)

Manuel Arrayas

Universidad Rey Juan Carlos, Spain

The streamers of glowing, ionized gas in a lightning strike have an inevitable tendency to break up at their tips, creating a familiar tree-like pattern. This tip-splitting is similar to the same kind of process that gives rise to branching in snowflakes, river channels, tumor growth and other different natural phenomena. In the 1980s, researchers identified a process called Laplacian growth which explains why branching occurs at the boundary between two substances. We have shown that a Laplacian instability also occurs at the edge of a lightning streamer. We analyse the minimal continuum model for a negative streamer in a non-ionized and non-attaching gas with impact ionization reaction in local field approximation. Using computer simulations, we have found that a streamer undergoes spontaneous branching at the tip. The mathematical analysis of the model identifies the instabilities as Laplacian ones. Despite their complicated structure, the basic model for streamers is simple. A single free electron traveling in a strong, uniform electric field ionizes the gaseous molecules around it, generating more electrons and a chain reaction of ionization. The ionized gas creates its own electric field, and a streamer is born. Eventually its charge and field concentrate in a thin, dome-shaped layer at the tip of the growing streamer. In this state, any tiny protrusions in the charged front focus the electric field around them. Because the speed of ionization depends on the surrounding field, these bumps grow faster than the rest of the front, and branching results. A similar mechanism can operate in a coral reef, when one part pulls ahead of the rest, it gets more food and so grows even faster.

Deterministic diffusion in a gravitational billiard

Lasko Basnarkov(1), Viktor Urumov(2)

(1) Faculty of Electrical Engineering, P.O.Box 574, Skopje 1000, Macedonia (2) Faculty of Natural Sciences and Mathematics, P.O.Box 162, Skopje 1000, Macedonia

We study numerically the motion of a classical particle in a homogeneous gravitational field bouncing elastically from a boundary limiting the motion from below. The boundary is piecewise linear and has wedge-like shape which is periodically extended over the entire horizontal axis. The angle characterizing the symmetric wedge discriminates between the region with only chaotic motion, and the region with periodic, limited or extended quasiperiodic, and chaotic trajectories.

It is observed that for a random set of initial conditions on the constant energy surface, the mean-square displacement asymptotically becomes linear function of time. The diffusion coefficient is examined as a function of energy and wedge angle. For large wedge angles and intermediate values of time t, the mean-square displacement scales as a power function of time with degree which can be larger then 2.

Examination of higher order moments gives further numerical evidence for tendency toward Gaussian distribution.

Homoclinic orbits of invertible maps

Jeroen Martijn Bergamin

Department of Mathematics, University of Patras, Greece, and Mathematics Institute, University of Warwick, England, UK

We present a numerical method for finding all homoclinic orbits of an invertible map in any dimension. The method has completely controllable accuracy and is capable of uniquely identifying and naming each homoclinic orbit.

Breathers and homoclinic orbits

Homoclinic orbits are presented as a useful tool for obtaining breather solutions (time periodic, spatially localized) of one dimensional nonlinear lattices (Klein Gordon, FPU and mixed). We present how the relationship between homoclinic orbits and breathers is formed, and advantages of using this method for obtaining breathers over the traditional method of continuation.

Physics of love

Harald Bergmann

Freising, Germany

Groups of individuals will be discussed by the proposed report. Both are described as very abstract things. The theory is applicable to a lot of individual kinds, which tend to organise themselves to groups. Some examples are cells, animals, humans, economies, nations. The property all of them have to share is the possibility of information processing, although the minimum can be one single method of comparison. Quantum physical results and a fermionic explanation of gender are issued. The theory uses mainly quasi-static description, but has at least revealed a standard thermodynamic law: dH=TdS+Vdp The two terms at the right side display the two main parts of the reports content. The properties derived from the axioms show similarity to real thermodynamic gases. Publications of social science in the past had left well-known problems unsolved. One of them is feedback of experience another are unselfish individuals, a third one is diversity. The three named problems and probably others are vanished in the models of the theory. The founding book content (3MB, 260 pages) can be downloaded at: http://www.celebran.de. One target of application for the conference is searching for a doctor father, scientific acceptation of the theory and/or controversy discussion. Learning about other contributions and stimulation of new ideas is another target.

A pedagogical survey on some aspects of martingales

Paul Simon Cerny

Center for Mathematical Sciences Munich University of Technology, Germany

We give a pedagogical introduction to the concept of martingales: The contribution addresses especially students participating in the International Conference ”Let’s Face Chaos Through Nonlinear Dynamics” in Maribor 2002. We deal in particular with Doob’s Upcrossing Lemma and present some applications. A recently established connection between the structure of martingales and Hermite functions by Fitzsimmons is presented. Basic properties of the classical Hermite functions are revised. There remains the question whether one is able to generalize the obtained results in context of a discrete scenario, i.e. when replacing the used continuous Hermite functions by suitable discrete ones.

Quantum manifestation of classical stochasticity in the mixed state

V.P. Berezovoj, Yu.L. Bolotin, Vitaliy Cherkaskiy

Institute for Theoretical Physics Kharkov Institute of Physics and Technology, Ukraine

A Hamilton system with a few local minima in the potential energy surface represents a model in frame of which one can describe the dynamics of transitions between different equilibrium states, including such important transitions as chemical reactions, nuclear fission and others. Systems of such type allow existence of several critical energy values even for a fixed set of potential parameters. That leads to a possibility of existence of so-called mixed state [1] for such potentials: different dynamic regimes (regular or stochastic) are realised in the same energy interval in different local minima. It gives new possibilities for studies of the quantum manifestations of classical stochasticity (QMCS), using the following objects: statistical properties of energy spectrum (nearest-neighbour spacing distribution), structure of the wave functions (nodal curves, probability density) and wave packet dynamics. We consider such possibilities in application to quadrupole surface oscillations of nuclei, described by the lowest terms of the deformation potential decomposition in deformation parameters. In that potential the mixed state is observed in that part of the parameter space, where the equilibrium shape of the nucleus can be either spherically symmetric or deformed, i.e. for the potentials with a few local minima. In the case of the potential energy surface of complicated topology numerical calculation based on matrix diagonalization becomes ineffective, but the so-called spectral method [2] can become an inspiring alternative. Since the spectral method is fundamentally based on numerical solutions of a timedependent differential equation, its implementation is always straightforward. Neither special ad hoc selection of basis function is required, nor is it necessary for the potential to have a special analytic form. The spectral method is in principle applicable to problems involving any number of dimensions.

References [1] Yu. L. Bolotin, V. Yu. Gonchar, E. V. Inopin, V. V. Levenko, V. N. Tarasov and N. A. Chekanov, Fiz. Elem. Chastits and At. Yadra 20 (1989) 878 [2] M. D. Feit, J. A. Fleck, Jr., and A. Steiger Journal of Computational Physics 47 (1982) 412

b-cell repolarization in the bursting Chay-87 model

Paul Matthias Diderichsen

Department of Physics Technical University of Denmark, Denmark

The pancreatic b-cell is the only insulin-producing type of cell in the body and is thus crucial in the regulation of the plasma glucose concentration. Failure of the glucose regulation leads to diabetes mellitus, a medical condition of almost epidemic proportions: According to the WHO, there are presently in the order of 150 million people suffering from diabetes mellitus. A number which is believed to double by the year 2025. The insulin secretion of the b-cell is known to be associated to a distinct pattern of oscillation of the cell membrane potential called bursting. The bursting pattern contains a silent phase which alternates with bursts of rapid oscillations (spikes). Since the mid-80s, a significant number of models of the b-cell electrophysiology have been constructed. In 1987 T. R. Chay proposed a b-cell model, which is based on five ionic currents through the cell membrane: Voltage gated calcium and potassium currents generate the rapid spikes of the active phase, while ATP- and calcium-dependent potassium currents are responsible for the level of activity and the repolarizing of the membrane, respectively. Finally, a leak current stabilizes the dynamics. The model contains three variables. The time constants of the membrane potential, V, and the opening probability of the voltage gated potassium channels, n, are small compared to that of the slow variable, the intracellular free calcium concentration. This difference inspires the separation of the three-dimensional phase space into a plane of rapid dynamics and a slow direction. Using the slow variable as a parameter for the fast subsystem yields the so-called reduced system. It has been shown that the reduced system contains a stable limit cycle which disappears in a homoclinic bifurcation as the system leaves the active phase. The poster will show the homoclinic bifurcation of the reduced system and investigate the dynamics in the three-dimensional phase space in vicinity of the isoclines of the reduced system.

Quantum chaos experiments with superconducting microwave cavities

Barbara Susanne Dietz

Institut Für Kernphysik Technische Universität Darmstadt, Germany

In the last few decades, billiard systems have provided a most appropriate model for the understanding and discussion of classical chaotic Hamiltonian systems and their quantum counterparts. In two dimensions the Schrödinger equation for quantum billiards coincides with the Helmholtz equation for flat cylindrical microwave cavities of corresponding shape. This correspondence provides the basis for experimental studies of quantum manifestations of classical chaos. We present results of experiments with normal and superconducting microwave cavities, where the former are used for the measurement of wavefunctions, the latter for the measurement of energy eigenvalues.

Power laws in a noisy finite-time-singularity model

Hans Fogedby

Institute of Physics and Astronomy University of Aarhus, Denmark

We discuss the influence of white noise on a generic dynamical finite-time-singularity model for a single degree of freedom. We find that the noise effectively resolves the finite-time-singularity and replaces it by a firstpassage-time or absorbing state distribution with a peak at the singularity and a long time tail exhibiting power law or stretched exponential behavior. The study might be of relevance in the context of hydrodynamics on a nanometer scale, in material physics, and in biophysics.

Wigner function statistics of quantum maps

Martin Horvat

Faculty of Mathematics and Physics University of Ljubljana, Slovenia

We studied statistical properties of Wigner functions W (x) of 1D quantum maps on compact phase space of finite area V . For this purpose we defined a Wigner function probability distribution P (w) = 1/V ∫ δ(w − W (x))dx, which has, by definition, fixed first and second moment. In particular, we concentrate on relaxation of time evolving quantum state in terms of W (x), starting from a coherent state.

We have shown that for a classically chaotic quantum counterpart the distribution P (w) becomes a Gaussian distribution that is determinated by the first two moments. The numerical studies were done on the quantum sawtooth map and the quantized kicked top. In a quantum system with Hilbert space dimension N(∼ 1/h̄) the transition of P (w) to a Gaussian distribution was observed at times t ∝ log N. In addition, it has been shown, that the statistics of Wigner functions of propagator eigenstates is a Gaussian as well in classically fully chaotic regime.

Estimation of effective vertical diffusivity and viscosity in turbulent exchange flows by numerical experiments

Gökay Karakaş

Department of Inland Water Research UFZ - Centre for Environmental Research, Germany

Goitsche lake complex in Central Germany comprises two sub-basins, namely Muehlbeck and Niemegk, with distinct water compositions, which are linked to one another by a channel. The channel owes its nearly constant cross section and flat design of the bottom to the mining activity, which left a void after closure of the mine in the 1990s. The importance of exchange flows through such channels or straits, which are interconnecting water bodies of different densities, lies in the fact that water mass characteristics in sub-basins are determined by these flows, extend of which depends on the exchange rate between the interconnected water bodies. The knowledge of kinematic viscosity, k, and vertical diffusivity, v, along a channel/strait is therefore crucial as this gives us an idea about the amount of heat, mass and dissolved solids transported across it and provide parameterisations for circulation models. By conducting a number of numerical experiments with varying Rayleigh number and aspect ratio, we attempted to give an estimation of effective values for k and v in this channel. From comparison with numerical results of an exchange through a channel at various values for Ra, Pr and aspect ratio, we infer the effective value for kv as it appears in the Rayleigh number.

Rule and density behavior in rule-dynamical systems

Song-Ju Kim

Communications Research Laboratory, Japan

’Rule-dynamics’ is a framework for simple models of rule-changing systems using cellular automata rules. Due to the coupling between the several density-range and rules, the correlation between rule and density generates, and some rule-dynamical systems have complete correspondence of rule sequence to the density-value. We propose one of possible methods to capture the rule and density behavior in terms of the correspondence of rule sequence to small density-range using typical example system.

Wavefunction scarring in open quantum dots: A microwave-billiard analog study

Young-Hee Kim(1), M. Barth(1), H.-J. Stöckmann(1), J.P. Bird(2)

(1) Fachbereich Physik, Philipps-Universität Marburg, Germany (2) Department of Electrical Engineering, Arizona State University, USA

We study the wavefunctions and transmission properties of an open microwave cavity in the frequency range of 1 - 17 GHz. The transmission of microwaves between the input and output antennas of cavity is found to exhibit large fluctuations as a function of frequency, while the cavity wavefunctions are found to reveal the presence of periodically-recurring scars, in close correspondence with specific peaks in the Fourier transform of the transmission fluctuations. This work therefore provides strong support for the results of recent studies of open quantum dots [1], which have revealed the presence of measurable transport effects associated with specific wavefunction scars.

References [1] R. Akis, D.K. Ferry, and J.P. Bird, Phys. Rev. Lett. 79, 123 (1997)

Universal transmission fluctuations in open microwave billiards with and without time-reversal symmetry

H. Schanze(1), Ulrich Kuhl(1), E.R.P. Alves(2), C.H. Lewenkopf(2), H.-J. Stöckmann(1)

(1) Fachbereich Physik, Philipps-Universität Marburg, Germany (2) Instituto de Física, UERJ, Rio de Janeiro, Brazil

Random matrix theory predicts characteristic distributions for the transmission amplitude T in dependence of the number of attached wave guides, and of time-reversal symmetry as well [1,2]. In quantum dots the predictions could be verified only qualitatively [3,4]. In the present experiment the transmission of microwave billiards was measured with and without [5] reflection symmetry for different numbers of channels. Time-reversal symmetry was broken via introduced ferrite cylinders. The obtained transmission intensity distributions are compared with predictions from random matrix theory. Because of the strong absorption caused by the ferrites, the existing statistical scattering theories had to be modified by incorporating a number of additional absorbing scattering channels. A better characteristic for the systems can be obtained from the distribution of dT/dE.

References [1] H.U. Baranger and P.M. Mello, Phys. Rev. B 54 (1996) R14 297 [2] C. Beenakker, Rev. Mod. Phys. 69 (1997) 731 [3] A. Huibers et al., Phys. Rev. Lett. 81 (1998) 1917 [4] S.F. Godijn et al., Phys. Rev. Lett. 82 (1999) 2927 [5] H. Schanze et al., Phys. Rev. E 64 (2001) 065201(R)

Periodic phase synchronization in coupled chaotic oscillators

Dae-Sic Lee

Department of Physics Pai Chai University, Republic of Korea

Recently synchronization behavior in mutually coupled chaotic oscillators with slight parameter mismatch has been extensively studied because of its potentiality in application to many different disciplines of science and technology. What has been known about it that non-synchronization state transits to lag synchronization through phase jumps and next phase synchronization (PS) as the coupling strength increases. One of the most intriguing subjects among those is PS which is characterized by the coincidence of the phases of two chaotic oscillators within 2π, while their amplitudes remain chaos and uncorrelated each other. A typical behavior here is that one of the vanishing Lyapunov exponents becomes negative. However, before phase synchronization, one can usually observe a negative dip in the Lyapunov exponent. So the aim of our study is to investigate synchronization behavior in this dip and to manifest the full route from non-synchronization state to lag synchronization in coupled chaotic oscillators. When two Rössler oscillators with slight parameter mismatch are coupled with each other, the phase difference of them can be classified into two kinds of dynamics, fast and slow. When the fast dynamics is removed after being averaged over during the time segment of the half period of the slow dynamics, we can observe that the slow dynamic is synchronized periodically at the dip. We call this synchronization phenomenon periodic phase synchronization. In this region, the phase difference of the two oscillators jumps periodically, so that the derivative of it touches the zero line periodically while their phases are synchronized temporally. Before periodic phase synchronization, the two chaotic oscillators are de-synchronized. So what we clarify about the synchronization transition in coupled chaotic oscillators is that non-synchronization state develops to lag synchronization through periodic phase synchronization, next intermittent phase synchronization, and then PS.

Chaotic properties of some billiards with singular boundaries

Vjera Lopac

Department of Physics University of Zagreb, Croatia

Several types of lemon-shaped billiards and some symmetrical billiards with discontinuities in the curvature radius are investigated classically and quantally. Special attention is paid to orbits in which the particle is reflected from the boundary at the singular points. The orbit stability is investigated in dependence on the shape parameter and compared for different boundary types. Further analysis of the presented classical billiards include the Poincare surface sections. It can be observed that for certain boundary shapes and for some ranges of the shape parameter the chaotic part of the phase plane separates into several distinct chaotic segments. In the quantal calculation the chaotic fraction of the phase space is computed. The obtained classical values are compared with the corresponding results obtained from the statistical analysis of the energy level densities. The method used is the Nearest Neighbour Spacing Distribution (NNSD), and in fitting the calculated histograms the Brody, Berry-Robnik and Berry-Robnik-Brody distributions are used. Some properties of the calculated wave functions will also be discussed.

Limiting level spacing distribution of integrable quantum systems

Hironori Makino

Department of Human and Information Science Tokai University, Japan

We report our recent studies on the energy level statistics of integrable quantum systems. Based on the assumption proposed by Berry and Robnik, level spacing distribution of a system consisting of infinitely many independent components is derived as a weak limit and its deviations from the Poisson distribution is discussed. The limiting level spacing distribution is specified by a single monotonically increasing function m(S) of the level spacing S. Three cases are distinguished by using m = m(∞) : (i) Poissonian if m = 0, (ii) Poissonian for large S, but possibly not for small S if 0 < m(∞) < 1, and (iii) sub-Poissonian if m(∞) = 1. This implies that, even when energy level distributions of individual components are statistically independent, the Berry-Robnik approach would provide level spacing distributions other than the Poissonian distribution.

On Marcus approach to quadratic ODE and stability of origin

Matej Mencinger

Faculty of Civil Engineering University of Maribor, Slovenia

A possible hypothesis for algebraic properties for stability of the origin of quadratic systems of ODE’s is given. Marcus classification of all commutative algebras in the plane is used for proving the absolute validity of given hypothesis for quadratic systems in dimension two. For inducing the hypothesis a large family of quadratic systems in 3D was treated.

Anomalous diffusion in a Hamiltonian system

Tomoshige Miyaguchi

Graduate School of Science and Engineering Waseda University, Japan

We numerically study transport property inside the stochastic layer of 2 degrees of freedom Hamiltonian system where the trajectories are chaotic because of Homoclinic tangles. We found that the diffusion is anomalous and density profile is not Gaussian. Furthermore, we show that, with a random sampling method, this system exhibits Levy flight like diffusion. We discuss the relation between regular and random sampling in terms of scaling exponents.

Equivalence between isospectrality and iso-length spectrality for a certain class of planar billiard domains

Yuichiro Okada

Department of Physics Tokyo Metropolitan University, Japan

Isospectrality of the planar domains which are obtained by successive unfolding of a fundamental building block is studied in relation to iso-length spectrality of the corresponding domains. Although an explicit and exact trace formula such as Poisson’s summation formula or Selberg’s trace formula is not known to exist for such planar domains, equivalence between isospectrality and iso-length spectrality in a certain setting can be proved by employing the matrix representation of ”transplantation of eigenfunctions” [1]. As an application of the equivalence, transplantable pairs of domains, which are all isospectral pair of planar domains and therefore counter examples of Kac’s question ”can one hear the shape of a drum?”, are numerically enumerated and it is found at least up to the domain composed of 13 building blocks transplantable pairs coincide with those constructed by the method due to Sunada [1,2]

References [1] P.Buser, J.Conway, P.Doyle and K.D.Semmler, Internat. Math. Res. Notices 9 (1994) [2] T.Sunada, Ann. Math. 121 (1985) [3] Y.Okada and A.Shudo, J. Phys. A. 34 (2001)

Can one determine the shape of a drum through the spectrum of the interior Dirichlet problem and the cross sections of the exterior Neumann scattering?

Yuichiro Okada

Department of Physics Tokyo Metropolitan University, Japan

The quantum billiard problem, that is the Dirichlet problem for the Helmholtz equation, can be rewritten as a Fredholm integral equation of the second kind with the aid of the Green’s theorem, and then the eigenenergies of the quantum billiard can be characterized as the zeros of the Fredholm determinant on the real axis [1,2]. From this view point, we pose a new question ”can one determine the shape of billiard table through the Fredholm determinant?” instead of the famous Kac’s question ”can one determine the shape through the eigenenergies i.e. the zeros of the Fredholm determinant?” [3], which was solved negatively [4]. Our numerical tests reveal that the answer to our question addressed above is ”yes”, that is, the shapes of the isospectral pair of billiards are distinguishable from the eyes of the Fredholm determinants although they have exactly the same eigenenegies [5]. Via ”the interior-exterior factorization of the Fredholm determinant” [2], the difference of the Fredholm determinants between the isospectral pair can be interpreted as the difference of the scattering phase shifts when the billiard table are regarded as a scatterer against the exterior wave function.

References [1] B.Georgeot and R.E.Prange, Phys. Rev. Lett. 74 (1995) [2] S.Tasaki, T.Harayama and A.Shudo, Phys. Rev. E 56 (1997) [3] M.Kac, Am. Math. Monthly 73 (1966) [4] C.Gordon, D.Webb and S.Wolpert, Invent. math. 110 (1992) [5] Y.Okada, A.Shudo, S.Tasaki and T.Harayama, to be submitted

Noise induced phase synchronization in diode lasers

Jung-Wan Ryu

Department of Physics Pai Chai University, Republic of Korea

Chaos synchronization by external common noise is an intriguing phenomenon in chaotic dynamical systems in connection with application to secure communication and generalized synchronization. When common arbitrary noise is added to identical chaotic systems externally, the systems are synchronized at a certain region of the noise amplitude. In apart from these studies, phase synchronization is also extensively studied. When two slightly different chaotic systems are coupled with each other, their phases begin to be synchronized when the coupling strength exceeds the critical value. Here, we study phase synchronization in diode lasers by applying a common noise-like signal simultaneously. In the experiment, when two diode lasers generate chaotic outputs, we feed a common noise-like signal to the laser drivers simultaneously. Then, each laser pumped by dc current is modulated by the noise-like signal. We observe the transition to phase synchronization as the amplitude of the noise-like signal increases. When the amplitude exceeds a critical voltage, the phases of the two lasers are synchronized with a time delay. Before phase synchronization, the dynamics shows intermittent phase jumps, which is similar to that appearing in coupled chaotic oscillators. This transition due to the common noise-like signal is a new phenomenon that has not been reported yet. We study the characteristics of the transition to phase synchronization in the phase spaces. And phase synchronization and intermittent phase jumps are analyzed by the dynamics of the phase difference of the two lasers according to the amplitude of the noise-like signal.

Random matrix analysis of human EEG data

Petr Šeba

Institute of Physics Czech Academy of Sciences, Czech Republic

The correllation analysis of the human EEG and NIRS data is performed. We show that the spectral statistics of the underlying correlation matrix ensemble can be linked to the medical diagnosis of the given patient. Similar analysis is done also for data with chanels shifted by varying time lag. In this case the the analysis of (nonsymmetric) correlation matrix uncovers certain causal processes in the brain that participate in the signal generation.

Stochastic auto-oscillation of temperature and defect density in crystals under fluctuating conditions of irradiation

Pavel Aleksandrovich Selyshchev

Department of Physics Kiev University, Ukraine

The influence of external noise (that is fluctuation of defect production rate and heating under irradiation) on the dynamics of defect density and irradiated-crystal temperature change is examined. Time-dependence of crystal temperature and defect density according to irradiation conditions and crystal properties is one of the various stochastic processes. This is a stationary stochastic process or process which looks like autooscillation and Wiener’s process. It is shown that regular auto-oscillation of mean values of defect density and temperature intermit with periods of irregular behavior. Characteristics of the auto-oscillations are not dependent on selection of initial conditions. The oscillation period is situated in the range 20 - 50 s. Changes of the second moments look like positive pulses, their values increase from zero up to amplitude value and then decrease again. With increase of intensity of external noise, the amplitude value begin to grow slowly, behavior of mean values do not change. When dispersion reaches the critical value, that is comparable to corresponding mean values, breakdown of the periodic regime takes place. It is characterized by sharp irregular change of all variables and significant increase of dispersion. Then the regular periodic regime is restored, amplitudes of dispersion become small and the whole process repeats again. The duration of the irregular behavior in various cases can be different. It is equal to nearly ten periods of the regular movement that continues during hundreds and thousands of its own regular periods. Regular periodic change of mean values is near to auto-oscillations of deterministic model. On the basis of these results one can conclude that the role of fluctuations of irradiation conditions becomes apparent mainly in the dynamic behavior of a system.

Stability of low-dimensional solutions in the Fermi-Pasta-Ulam system

Susumu Shinohara

Department of Physical Sciences Ritsumeikan University, Japan

The Fermi-Pasta-Ulam (FPU) system represents a one-dimensional array of equi-mass particles coupled by nonlinear springs. Since the pioneering work of FPU [1], a large amount of numerical experiments have been carried out with this system in order to elucidate how nonlinearity leads to ergodicity and the equipartition law of energy. One of the striking phenomena revealed in these experiments is the ”induction phenomenon” in the energy exchange process among normal modes, i.e., initially excited modes retain energy over a certain period before violent energy exchange process sets in [2]. The FPU system possesses low-dimensional solutions whose dynamics can be completely described by reduced Hamiltonians. Since the growth of initially nonexcited modes can be attributed to the instability of the low-dimensional solutions, identification of them is important for precise understanding of the induction phenomenon. One can systematically construct the reduced Hamiltonians by introducing in the mode number space the ”type I subsets” defined by Poggi and Ruffo [3]. In this presentation, we first present general expressions for the type I subsets, which, as far as we numerically checked, cover all of the possible type I subsets in the FPU system [4]. Using these expressions, we next construct the reduced Hamiltonians and investigate the stability of their solutions under the full system’s dynamics, where the linear stability of these solutions is described by coupled Hill’s equations. We report the independence of the stability properties on the phase space structure of the reduced Hamiltonian systems. Finally, we discuss the conditions for the occurrence of the induction phenomenon in Hamiltonian systems.

References [1] E. Fermi, J. Pasta and S. Ulam, Los Alamos Report LA1940 (1955). [2] N. Saito, N. Hirotomi and A. Ichimura, J. Phys. Soc. Jpn. 39 (1975) 1431. [3] P. Poggi and S. Ruffo, Physica D103 (1997) 251. [4] S. Shinohara, submitted to J. Phys. Soc. Jpn (2002).

On some difference equations in context of q-Fourier analysis

Moritz Simon

Center for Mathematical Sciences Munich University of Technology, Germany

A discrete Fourier transform on a q-linear grid is presented. Several of its analytic properties are discussed and compared with the continuum situation. We recognize that a special invariant of the related Fourier operator is closely connected to discretizations of the Hermite functions. This result is similar to the continuum scenario and reveals a key role of the q-Fourier transform to the understanding of difference equations. The continuum limit q→1 in the sense of strong L2-convergence is investigated for the derived q-Fourier invariant generalization of the Gauss curve. Applications to Schrödinger difference equations are briefly mentioned.

Finding periodic orbits in area preserving maps by topological degree theory

C. Polymilis, G. Servizi, Charalampos Skokos, G. Turchetti and M.N. Vrahatis

Department of Mathematics, University of Patras, and Research Center for Astronomy, Academy of Athens, Greece

We consider methods based on the topological degree theory to compute periodic orbits of area preserving maps. Numerical approximations to the Kronecker integral give the number of fixed points of the map provided that the integration step is small ”enough”. Since in any neighborhood of a fixed point the map gets four different combinations of its algebraic signs we use points on a lattice to detect the candidate fixed points by selecting boxes whose corners show all combinations of sign. This method and the Kronecker integral can be applied to bounded continuous maps such as the beam-beam map. On the other hand they cannot be applied to maps defined on the torus, such as the standard map, which has discontinuity lines propagating by iteration, or unbounded maps such as the Henon map. However, the systematic use of the bisection method initialized on the lattice, even though unable to detect all fixed points of a given order, allows us to find a sufficient number of them to provide a clear picture of the dynamics, even for maps of the torus because the discontinuity lines have measure zero.

Constrained random matrices

Johan Stäring, B. Mehlig

Chalmers University of Technology and Göteborg University, Sweden

The study of random matrices [1] has provided insight into many physical problems both in the quantum as well as in the classical domain. For example, random matrices have been very successfully used to model statistical properties of disordered conductors and of highly excited classically chaotic quantum systems. In the classical domain, random matrices arise in the context of diffusion in random, directed environments (see [2] and references therein). In all of these cases the random matrix elements obey symmetry requirements where appropriate, and are otherwise taken to be independently distributed random variables.

There are many cases, however, where constrained matrices must be considered: examples are electron hopping in amorphous semiconductors (see [3] and references therein), random reactance networks [4], and random Master equations.

We calculate the density of eigenvalues of constrained random N × N matrices in the limit of large N using a perturbative expansion [5]. The results are compared to the results of numerical simulations for finite values of N. References [1] M. L. Mehta, Random Matrices and the Statistical Theory of Energy Levels (Academic Press, New York, 1991).

[2] J. T. Chalker and Z. J. Wang, Phys. Rev. Lett. 79, 1797 (1997). [3] M. Mezard, G. Parisi, and A. Zee, Nucl. Phys. B 559, 689 (1999). [4] Y. Fyodorov, J. Phys. A-Math. Gen. 32, 7429, (1999). [5] B. Mehlig and J. Chalker, J. Math. Phys. 41, 3233 (2000).

Bifurcations in sixth-order PDE modelling spinning reaction fronts

Dmitry Strunin

Department of Mathematics and Computing University of Southern Queensland, Australia

Spinning solid flames, so named because reacting solid compounds produce solid reaction products, and spinning detonation waves may be phenomenologically described by the sixth-order evolution-type PDE (Strunin, IMA J. Appl. Math., 63, 1999, 163). The equation is formulated in terms of the location of combustion front defined as the surface separating cold fresh mixture from hot reaction products. The equation contains nonlinear energy source term, nonlinear term facilitating energy flux towards smaller scales, and linear dissipation term expressed by sixth-order derivative. The model yields stable kink-type solutions travelling along spiral trajectories on cylindrical sample. Only large initial distortions of plane front will develop into nontrivial regimes, namely the spinning waves; small distortions will decay. Qualitatively, such dynamics well addresses the real phenomena. In terms of derivative of the front profile with respect to transverse coordinate the kinks correspond to pulses, or auto-solitons. The auto-soliton manifests itself as fundamental solution of the equation. We demonstrate numerically that arbitrary initial condition eventually breaks up into a set of identical pulses. Stress that the travelling waves (pulses) here are produced by purely dissipative mechanism. We present and analyse new results of numerical simulations of the model, focusing on bifurcations of regimes with various wave numbers. Of particular interest is the question whether chaotic regimes occur in large domains. We give some preliminary evidences in favour of positive answer to the question. We also discuss mathematical links of the equation to the generalized nonlinear phase diffusion equation of Kuramoto.

Multiplicity of limit cycle attractors in a coupled heteroclinic cycle system

Masashi Tachikawa

Department of Physics Nagoya University, Japan

We study a new type of coupled oscillators system in which each oscillator has a heteroclinic cycle attractor instead of a limit cycle or a phase oscillator. Oscillators are distributed on a two-dimensional square lattice and coupled with the nearest neighbors diffusively. If an orbit approaches a heteroclinic cycle attractor, the period of the oscillation gets exponentially slower for each oscillation and the system has no characteristic time scale. We employ a replicator system with 4 components as the heteroclinic oscillator.

A replicator system is a model for an ecological system or a chemical reaction network of self-catalyzing molecules. Therefore the situation of our system can occur in a spotted ecological system with diffusion (ex. a system on trees of an orchard) or a population dynamics of self-catalyzing proteins in cells.

In this poster, we report a novel class of patterns that are spatially disordered but periodic in time. These patterns are found in the range of the small diffusion constant. We investigate the patterns and show that they are limit cycle attractors in the ambient phase space (i.e. not chaotic) and many limit cycles exist dividing the phase space as their basins. In addition, these patterns are constructed with a local law of difference of phases among the oscillators. The number of patterns grows exponentially with increasing of the number of oscillators.

Self-similar magneto-conductance fluctuations in general-shaped soft-wall quantum billiards

Takaomi Tsujimoto

Department of Applied Physics, Faculty of Engineering Osaka-City University, Japan

Recently, using semiclassical Kubo formula, Budiyono and Nakamura showed [1] that the self-similar conductance is caused by the self-similar periodic orbits generated by pitchfork bifurcations of a straight-line liberating orbit oscillating toward saddle point in Henon-Heiles potential. This potential has three saddle points that give rise to the bifurcations, and is suitable to model a real triangle billiard with three leads [2]. They argue that the existence of such harmonic saddles is essential and that the self-similar conductance phenomena should be observed in systems with non-Henon-Heiles potential. To support their idea, using their methods, we show theoretically the emergence of the self-similar magneto-conductance fluctuations in general-shaped soft-wall quantum billiards. First we calculate the monodromy matrices of the periodic orbits in the Barbanis potential with two harmonic saddles that give rise to the bifurcations. And using the above result, we show the selfsimilar conductance. Furthermore we will show the self-similar conductance in real systems with more general potentials. Finally we expect that our results confirm the experimental evidence observed by Micolich et al. [3], that the global shapes of billiards are not the relevant issue to discuss the dimension of the fractal fluctuation.

References [1] A. Budiyono, K. Nakamura, submitted [2] M. Buttiker, Phys Rev. B 41, 7906 (1990) [3] Micolich et al., Phys Rev. Lett. 87, 036802 (2001)

Geometric and statistical properties induced by separatrix crossings in volume-preserving systems

Alexei Alexeevich Vasiliev

Space Research Institute Moscow, Russia

We consider a 3D volume preserving system inside the unit sphere. The system is a small perturbation of an integrable one. Almost all phase trajectories of the integrable system are closed curves. Under an arbitrarily small non-zero perturbation all the interior of the sphere, up to a residue of a small measure, is apparently a domain of chaotic motion. The phenomenon is described as a result of jumps in an adiabatic invariant of the system occurring when a phase trajectory crosses the 2D separatrix of the unperturbed (integrable) system. The dynamical properties can be understood as a consequence of splitting of invariant manifolds under the perturbation. A 2D return map generated by the system possesses strong stretching properties. This makes the dynamics of the system close to hyperbolic. Numerical investigation of the statistical properties of the system demonstrates a good agreement with theoretical predictions made under the assumption that the system has a big ergodic component whose measure tends to the measure of the sphere’s interior as the perturbation tends to zero. However, the system is not ergodic, and stable periodic solutions are found, surrounded by stability islands of measure exponentially small with the perturbation.

Parametrically driven dark solitons

Simon Richard Woodford

Department of Mathematics and Applied Mathematics University of Cape Town, South Africa

It is well known that bright parametrically driven, damped nonlinear Schrödinger solitons are prone to oscillatory instabilities which set in above a certain driving threshold. In this communication I shall demonstrate that the parametrically driven, damped dark solitons are immune from instabilities throughout their existence region. Furthermore, I shall show that for the undamped case there are two different stable solutions, which are also capable of forming stable complexes. I shall mention some noteworthy characteristics of the interaction of these different solutions.

Chaotic outputs of an operational amplifier

Geo-Su Yim

Department of Physics Pai Chai University, Republic of Korea

Electronic circuits exhibiting chaotic behaviors have attracted much attention for their availability to simple experimental verification of chaos theory. Until now, such nonlinear electronic circuits have been developed as an inductor-resistor-diode circuit, a Chua circuit, and a double scroll circuit, and many nonlinear phenomena studied in theory have been investigated in these circuits. So to find out a new circuit that exhibits rich chaotic behavior is very important not only for experimental verification of chaos theory but also for application of chaos to practical fields like secure communication. For this, we introduce an element, operational amplifier (OP Amp), which generates chaos for itself. An OP Amp is used as one of the most important electronic elements that performs a wide variety of linear functions. In an OP amp, when the inverting terminal is connected with the output terminal through a resistor, and positive input terminal is grounded, the output signal has a phase shift due to the resistance-capacitance lag network within the amplifier. At this time when the total lag network phase shift equals or exceeds 180 degrees, the system is unstable and can generate a periodic signal. Here, when the absolute voltages of the negative and the positive power supplies are much less than 15 Volts and the resistor is zero, a fast OP Amp generates chaotic behaviors. We carry out an experiment by using LF357, and observe various chaotic behaviors according to the power supplies voltages. The bifurcation diagram and the phase diagram exhibit that the system develops to chaos through period doubling bifurcation. And the return maps show the origins of the chaotic behaviors that are type- I and II intermittencies, periodic windows, crisis, etc. All the experimental results well agree with the chaotic behaviors of the logistic map.

Wave propagation in random media with nonlocal coupling

Shiogai Yuri

Kyoto University, Japan

The purpose of this poster is to elucidate how noise intensity effects wave propagation in nonlocally coupled oscillators. It was shown that in the case of globally coupled oscillators, wave cannot propagate if the intensity of white Gaussian noise becomes above a critical point and that this transition occurs via a Hopf Bifurcation. We expect from this that the same fact is true for nonlocally coupled oscillators and show it by both a theoretical approach and computer simulation. The phase of nonlocally coupled oscillators obeys a stochastic equation. We can lead the Fokker-Planck equation equivalent to it. Near a point of the critical point, the Fokker-Planck equation can be reduced to the Ginzburg-Landau equation. The coefficients of the GL equation depend on a coupling function. When it is the pulse coupling function, the GL equation has an instability. We investigate the chaotic behavior. This model is thought to represent the real neurons and has an important meaning.

Many-body symbolic dynamics of a classical oscillator chain

Marko Žnidarič

Department of Physics, Faculty of Mathematics and Physics University of Ljubljana, Slovenia

We study a certain type of the celebrated Fermi-Pasta-Ulam particle chain, namely the inverted FPU model, where the inter-particle potential has a form of a quartic double well. Numerical evidence is given in support of a simple symbolic description of dynamics (in the regime of sufficiently high potential barrier between the wells) in terms of an (approximate) Markov process. The corresponding transition matrix is formally identical to a ferromagnetic Heisenberg quantum spin-1/2 chain with long range coupling, whose diagonalization yields accurate estimates for a class of time correlation functions of the model.