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PREFACE

An international summer course on Bifurcation Theory and Applications was held

at Montecatini, Italy, June 24-July 2, 1983, organized by the CIME Foundation. The

purpose was to feature the fundamental methods and the recent advances of the

general theory, and to depict its role in approaching the analysis of natural

phenomena. The importance of the connections between stability and bifurcation

problems was constantly stressed. Thus the course also provided notions and results

that complement previous courses organized by the CIME and other Italian summer

schools on the subject of stability.

The general plan was to have four sets of lectures devoted to: (i) a general

introduction to dynamic bifurcation; (ii) bifurcation problems for mechanical

systems with a fini number of degrees of freedom; (iii) bifurcation problems in

Hydrodynamics; (iv) bifurcation problems in Biomathematics. They were in charge of

Professors J. K. Hale, J. J. Duistermaat, G. Iooss, and S. Busenberg respectively.

The present volume consists of the texts of these lectures. The texts of two

addi tional lectures delivered by Professors'll. S. Loud and A. Vanderbauwhede are

also included.

I wish to express my thanks to the lecturers and all the participants for

their contribution to the success of the course. I wish also to thank warmly Profes-

sors R. Conti and A. Moro, Director and Secretary of CIME, for their help and

assistance in planning and organizing the course.

L. Salvadori



C.I.M.E. Session on Bifurcation Theory and Applications

List of Participants

A.R. Aftabizadeh, Pan American University, Edinburgh, Texas, USA

G. Anichini, Istituto Matematico Universita, Viale Morgagni 67/A, 50134 Firenze

L. Ar1otti, Istituto Matematico, Facolta di Ingegneria, Via della Montagnola 30
60100 Ancona

A. Arosio, Dipartimento Matematico Universita, Via Buonarroti 2, 56100 Pisa

A. Bacciotti, Istituto Matematico Universita, Viale Morgagni 67/A, 50134 Firenze

C. Banfi, Istituto Matematico Universita, Via Trieste 17, 25100 Brescia

L. Bassi, Via Tavarnelle 166, 60121 Ancona

M.L. Bertotti, Via Amba Alagi 32, 39100 Bolzano

T. Blows, Department of Pure Mathematics, University of College of Wales,
Aberystwyth, Dyfed SY23 3BZ, U.K.

M. Boudourides, Department of Mathematics, Democritus University of Thrace,
Xanthi, Greece

M. Brons, Mathematical Institute, Technical University of Denmark,
2800 Lyngby, Denmark

R.L.W. Brown, Mathematics Division, University of Sussex, Falmer,

Brighton BN1 9QH, England

S. Busenberg, Department of Mathematics, Harvey Mudd College,
Claremont, Cal. 91711, USA

G. Busoni, Via P. Grocco 7, 50139 Firenze

E. Buzano, Istituto di Analisi Matematica, Universita, Via C. Alberto 10,
10123 Torino

E. Cabib, Istituto di Meccanica Teorica ed Applicata, Via Ungheria 43, 33100 Udine

V. Cafagna, Via S. Martino di Monti 47/A, 00184 Roma

L. Cak1ovic, Department of Mathematics, University of Zagreb, 41000 Zagreb,
Yugoslavia

P. Cannarsa, Via R. Fucini 16, 56100 Pisa

S. Caprino, Via A. di Tullio 27, 00136 Roma

G. Caravati, Dipartimento di Fisica Matematica, Universita, 20100 Milano

M. Cecchi, Istituto di Matematica Applicata, Facolta di Ingegneria, Via S. Marta 3,
50129 Firenze

G. Cicogna, Dipartimento di Fisica, Universita, Piazza Torrice1li 2, 56100 Pisa



v

F.S. De Blasi, Istituto Matematico Universita, Viale Morgagni 67/A, 50134 Firenze

F. Degan, Istituto di Matematica Applicata, Via Belzoni 7, 35131 Padova

A. De Vito, Via Trieste 19, 60124 Ancona

B. D'Onofrio, Via V. Veneto 7, 04020 SS. Cosma e Damiano (Latina)

H. Duistermaat, Mathematical Institute, University of Utrecht,
Budapestlaan 6, Utrecht (NL)

K. Dysthe, I.M.R. University of Tromso, 9001 Tromso, Norway

M. Falcone, CEREMADE , University Paris IX Dauphine, 75775 Paris Cedex, France

A. Fasano, Istituto Matematico Universita, Viale Morgagni 67/A, 50134 Firenze

C. Fortier, 2705 Blv. Liegeois, Ste-Foy, Quebec, Canada

L. Fronzoni, Istituto di Fisica, Universita, 56100 Pisa

M. Furi, Istituto di Matematica Applicata, Facolta di Ingegneria, Via S. Marta 3,
50139 Firenze

G. Fusco, Istituto di Matematica Applicata, Universita, Via A. Scarpa 10, 00161 Roma

M. Galeotti, Istituto di Matematica Applicata, Facolta di Ingegneria,
Via S. Marta 3, 50139 Firenze

L. Galgani, Dipartimento di Matematica, Universita, Via Saldini 50, 20133 Milano

J.J. Gervais, Department de Mathematiques, Universite Laval, Quebec, Canada

S. van Gils, Mathematical Centre, P.O. Box 4079, 1009 AB Amsterdam, Holland

A. Giorgilli, Dipartimento di Fisica, Via Celoria 16, 20133 Milano

F. Gori, Via Cimabue 49, 50100 Firenze

J. de Graaf, Eindhoven University of Technology, Postbus 513,
5600 Eindhoven, The Netherlands

P. Hagedorn, Institut fur Mechanik, TH Darmstadt, D-6100 Darmstadt, Germany

J.K. Division of Applied Mathematics, Brown University,
Providence, R.I. 02912, USA

G. Iooss, Inst. de Math. et Sc. Phys., Universite de Nice,
Parc Valrose, 06034 Nice, France

S. Larsson, Department of Mathematics, Chalmers University of Technology,
S-412 96 Goteborg, Sweden

W. Loud, Department of Mathematics, University of Minnesota, Minneapolis,
Minnesota 55455, USA

C. Maffei, Viale Angelico, 70, 00195 Roma

P. Marcati, Dipartimento di Matematica, Universita di Trento, 38050 Povo, Trento

G. Marmo, Dipartimento di Matematica, Universita di Trento, 38050 Povo, Trento

G.F. Mattioli, Istituto Matematico Universita, P.le A. Moro 2, 00185 Roma

G.P. McCauley, Department of Mathematics, University of Birmingham, P.O.Box 363,
Birmingham B15 2TT, England



J. van der Meer, Mathematical Center, P.O.Box 4079, 1009 AB Amsterdam, Holland

M. Miari, Via Papa Giovanni 24, 20090 Segrate, Milano

M. Mininni, Viale Federico II 15, 70038 Terlizzi (Bari)

V. Moauro, Dipartimento di Matematica, Universita di Trento, 38050 Povo, Trento

J. Myjak, Instytut Matematyki AGH, al. Mickyuwicz 30, 30059 Krakow, Poland

P. Negrini, Viale Angelico 70, 00195 Roma

P. Nistri, Istituto di Matematica Applicata, Facolta di Ingegneria,
Via S. Marta 3, 50139 Firenze

E. Omerti, Dipartimento di Matematica, Universita di Trento, 38050 Povo, Trento

L. Pandolfi, Dipartimento di Matematica, Politecnico di Torino
Corso Duca degli Abruzzi 24, 10129 Torino

R. Pavani, Istituto G. Donegani, Via Fauser 4, 28100 Novara

P. Pera, Istituto di Matematica Applicata, Facolta di Ingegneria,
Via S. Marta 3, 50139 Firenze

R. Raugel, 6 Blv. Jourdan, 75014 Paris, France

R. Ricci, Istituto Matematico Universita, Viale Morgagni 67/A, 50134 Firenze

R.M. Roberts, Institut des Hautes Etudes Scientifiques, 91440 Bures-sur-Yvette,

France

M. Sabatini, Viale XX Settembre 56, 34126 Trieste

L. Salvadori, Dipartimento di Matematica, Universita di Trento, 38050 POvo, Trento

A. Salvatore, Via Calefati 266, 70100 Bari

J.A. Sanders, Wiskundig Seminarium VU, Postbus 7161, 1007 Amsterdam, Holland

M. Scalia, Via F. D'Ovidio 16/A, 00137 Roma

D. Socolescu, Mathystrasse 27, D-7500 Karlsruhe 1

G. Stefani, Istituto di Matematica Applicata, Facolta di Ingegneria
Via S. Marta 3, 50136 Firenze

D. Stoffer, Seminar fur Angewandte Mathematik, ETH-Zentrum, CH-8092 Zurich

S. van Strien, Onderafdeling Wiskund, Technische Hogeschool Delft,
Delft, The Netherlands

C. Valente, Via S. Godenzo 36, 00100 Roma

A. Vanderbauwhede, Institute for Theoretical Mechanics, Krijgslaan 281,
B-9000 Gent, Belgium

J.M. Vegas, Departamento de Ecuaciones Funcionales, Universidad Complutense,
Madrid 3, Spain

V. Vespri, Via Pisacane 11, Viareggio (Lucca)

F. Visentin, Piazza Medaglie d'Oro 35, 80129 Napoli

P. Zecca, Dipartimento di Informatica e Sistemistica, Via S. Marta 3, 50139 Firenze

P. Zezza, Dipartimento di Informatica e Sistemistica, Via S. Marta 3, 50139 Firenze

F. Zirilli, Istituto Matematico Universita, 84100 Salerno



TABLE OF CONTENTS

S. BUSENBERG - Bifurcation phenomena in Biomathematics • • • •

I.J. DUISTERMAAT - Bifurcations of periodic solutions near

equilibrium points of Hamiltonian systems 57

J.K. HALE -

G. 100SS -

W.S. LOUD -

Introduction to dynamic bifurcation

Bifurcation and transition to turbulence in

Hydrodynamics

Some examples of bifurcation

106

152

202

A. VANDERBAUWHEDE - Stability of bifurcating equilibria and

the principle of reduced stability 209


