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A USTRACT . The catastrophe theory, to study the non-lnear differential system. as enunciated by
Thom is discussed. Seven elementary catastrophes according to the classifications made by earlier authors
arc presented here. Increasing the order of non-linearity of the Duffing's equations we have studied

1:1. equation 'x' + 2 'x + x +ux3+/3X' = '" cos a t ,
Thc catastrophe manifold in this case is butterfly. catastrophe. The Duffing's equation is also discussed
as a model 10 study the dynamics of brain used earlier by Zeeman. The differential equation for hearl
beat and nerve impulse given by Zeeman are also discussed in this paper. The controversies regarding
catastrophe theory and its variety of applications are summarized.

impor tant To determine the state of a dynamic system
but also 10 find the crit ical point s in its history at
which a ca tastrophic change may occ ur due to small
chang es in the controlled parameters.

Struc tura l stability in certain sense can be treated
a, catastrophe theory and so can he studied by mini
rnization nf certain functinn usually called potential.

The theory of structura l stuhility becomes involved
when severa l variables (state and control) arc required
to determine thc dyna mics of the system. In such a
situation catastrophe theory C'1Il be effectively used
to determine the cri tical points and also behaviour of
the system at those points. Let us starr with a fam ily
of functions:

V : S xC-" R
S being state variable manifold R" and C co ntrol var i
able manifold R' . say. T he ca tastrophe mari fold M is
the subset or R" x R' defined by

tl V(x.c)_ 0
<ir -

J. Introduction

Stability lies at the root of the mod;rn m'~t~ematic~1
theories of dynamical syste ms and singularities. It .IS Th is is the set of all cri tica l point of I' (x. C).

important to note that small forces or alterat ions m Th e ca tast rophe map X is thc restrict ion to M on the
the situation can chan~e the state of a dynam ical• . .. I natu ral projectio n :
system sudde nly only w cn il is at a ccrtaln cnlIca
state In thc process of its cvolUliou. So it is not only F: R"X R'->R'

. The paper was presented in the symposium "Indo-French Schoo l on recent adva nces in Comp uter Tcd1l1 iques in Meleolology. lJh;
mochaoios and applied systems " held at I.I.T.• New Deihl, February 1980.

Mostly a math ematical model of physical or dyna
mical system is repre~nted by a . set of s.tate and
control var iables satisfying a set 01 diflerential equa
tions (Ames 1908 ) . In the formulation of such a
mathematical model there is the unde rlying assump
tion that the state of a given system changes smooth ly
if the cause of its variation is small . It means a ' mall
effect should result into a small variat ion in the vari
ables determi ning the state of a structurally stable
system. BUI many systems particularly those repre
sented by nonlin ea r differential equations may suddenly
change due to smoot h altera tion in the s!lUation: Many
such problems have been ana lyscd with variety of
mathematical methods (Hale 1969 ) . To analyse a
broad range of such phenomena in a coherent manner.
T horn ( 1975) has developed a mathematical technique
and called it catastrophe. This is now known as cata
strophe theory ( Poston and Stewart ~ 9 ~ 8 ) and sho uld
be viewed as a new developm ent within calculus.
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