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APPROXIMATE THEORY AND NUMERICAL METHOD
FOR BIFURCATION PROBLEMS
Lei Jingan & Ma Yanan

PREFACE

Many problems in science and engineering are described by equa
tions with one or more parameters. The solutions of such equations de
pend on the parameters. It is the aim of bifurcation theory to study such
dependence, especially the qualitative behavior of solutions as the param
eters vary and approach to critical values.

It has been a long history in the development of bifurcation theo
ry. At the turn of the centuries, Poincaré, Liapunov and Schmidt put
forward the primary bifurcation theory in the study of rotational flow
and integral equations. In the following decades, bifurcation theory
demonstrated great importance by its applications in solid and fluid me
chanics, celestial physics, laser and plasma physics, ecology, chemical
reations and economic systems. Now ,the mathematical theory of bifurca
tion and its applications become an important research field ,and keep on
stimulating the development of the basic theory of mathematics.

This book is concerned with the approximation theory and computa
tional methods for bifurcation problems. Most of our results obtained in
recent years are presented in the book. We intend not only to give a com
plete reference for readers who are doing research work in this field, and
also to make the book easily accessible to beginners.

The book consists of eight chapters and one appendix. Chapter | il
lustrates several problems with bifurcations from different disciplines.
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These problems show the background of bifurcation phenomena. Some
needed preliminaries of nonlinear functional‘a.nalysis are provided in
Chapter 2. Chapter 3 introduces the approximation theory for simple and
multiple bifurcation problems. Methods of local analysis for bifurcation
points are also given. Chapter 4 is devoted to the direct methods for locat
ing the singular points. A detailed discussion is given about extended sys
tems for determining the turning points, simple bifurcation points and
mutiple bifurcation points. The relations between folds and bifurcation
points are also discussed. Chapter 5 deals entirely with continuation
.methods. We discuss path following of the solution branches, steplength
control, detection of simple and multiple singular points, branch switch
ing and continuation shooting method for ordinary differential equa
tions. Chapter 6 deals with the numerical computation of Hopf bifurca
tion. Both finite dimensional problems (systems of ordinary differential
equations) and infinite dimensional problems (reaction-diffusion equa
tions) are concerned. In Chapter 7, we consider bifurcation problems
with symmetries. Some approximation theorems are given for symmetric
regular solutions and symmetry- breaking bifurcation points. Special
methods are introduced to solve problems with symmetries. Theory and
methods for bifurcation solutions in variational inequalities are discussed
in Chapter 8. These methods are based on variational principles. We de
rive the approximation theorems by using the concept of set conver
gence. Some algorithms are given for solving the maximum bifurcation
value and the corresponding solution branches. Many numerical exam
ples and bifurcation diagrams are given in this book. A FORTRAN rou
tine of path following is listed in the appendix.
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