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CALCULATING NORMAL FORMS FOR NONSEM I-
SIMPL E BIFURCATIONS’

Wu Zhigiang Hu Haiyan
(Institute of Vibration Engineering Research, Nanjing U niversity of Aeronautics
and Astronautics, Nanjing 210016, China)

Abstract  This paper presents a new scheme of calculating the Normal forms of a set of nonlinear
ordinary differential equations when a nonsemi-dmple hif urcation occurs, with only the eigenval ues
of zero red partsof the linearized differentia equations given. It iswell known that the clasica ma
trix method enables one to establish the agebraic equations that govern the coefficientsin the Nor-
mal form of a set of ordinary differential equations. However , it offers neither general technique of
reducing the maximal dimenson of the agebraic equations to be solved, nor practica agorithm of
2lving the linear algebraic symbolic equations with sngular coefficient matrix. The matrix method ,
hence, isfar from lving the Normal form of nonsemi-gmple bif urcations of a nonlinear system.
The primary aim of thispaper isto lve the problem of determining the Normal forms by the matrix
met hod.

The andyssin the paper begins with the series expresson of the nonlinear vector-va ued func
tion and treats every coefficient vector as a whole from a new point of view , rather than individuas
consdered in previouspublications. Thefirst advantage of the expressonisthat one can readily clas
gfy al the nonlinear terms 2 that the coefficient vectors correponding to different kindsof nonlin
ear terms are uncoupled with each other. Asaresult , one can reduce greatly the maximal dimenson
of the coupled equationsin reducing the Normal form by classfying the nonlinear terms appropria
tely. The seoond advantage is that the coefficient matrix of each set of coupled equations cons s of
two kindsof sub-matrices, i.e. , thelinearized matrix of the origina system and the identity matrix
of the same dimension, following a rule found in the previous study of thefirst author. Thisfeature
enablesone to get the key idea of thispaper. i.e. , the sub-matrices of full rank in the coefficient
matrix can be located by usng the constant matrix with the same structure.

These advantages are made use of to study a new scheme and its theoretica background for
computing the Norma formsof the Nonsemi-smple bifurcation. In section 1, a suitable classfica
tion of the nonlinear terms according to their exponent vectorsispresented and the recurdve formu
lae for lving the coefficient vector of the nonresonant termsis derived. Section 2, as the kerndl of
the paper , deals with how to find the form of the Norma form and the slution of the coefficient
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vector of the resonant terms. Because afull rank sulbrmatrix can befound in the coefficient matrix of
the st of matrix equations from the maximal rank full sub-matrix of a smple constant matrix
through Theorem 1 and 2 proposed and proved in thispaper , ome of their coefficient vectors corre-
soonding to a kind of resonant terms can be solved out , while the others remain unchanged in a new
et of fewer matrix equations. Through elimination, the new set of matrix equations can be casted
into the smilar matrix equations olved in the case of semi-dmple hif urcations. In section 3, the
scheme dficacy is demonstrated through an example. The scheme can be easly programmed on any
platforms of computer agebra according to the flow chart given at the end of the paper.
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