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m 1. Introduction

In thiz notebook we develop some examples which illustrate the concept of orbital stablity. We begm by
reviewing the “standard” definthon of stabibity, wlich 13 usually called Liapunov stablity. The system under
consideration 13 an autonemons set of » first order differential equations:

r=ryn ,
where X'1s the state vector and F 1z the slope funchon

Here 13 the defimhion of Liapunov stability. Given a solubon X°(7) with a gpiven mihal value X ( #, ), we
zay that X* 1z stable if, grven any € = 0, we can find a § = ( such that for any soluhon Xi(7) sat=fing || X°( 4, ) - X(
L)l <d, itistrue that || X°(¢) - X( )| <eforall { = f. We call a stable solution X°  sinctly stable if there
exists an 1 = 0 such that || X* (£, ) - X{ &, )|| < iumphes that || X*( 7) - X{ ¢)|| goes to zeTo a3 i+ o0

This way of defining stablity means that neigphbonng solutions evaluated at the zame time must remam
neighbormg. We shall zee below that for penodic solutions this 13 In general too restrictive a definition of stal-
ity. A more appropnate defimihion of stability for such svstems will be given after our first example.

m 2. Example 1 - A Nonlinear Center
We consider Duffing’s equation with a hard spring, a parameter @, and no damping: ¥ +x+ax’'= 0.
We define the system for DyvnPac.

setstate[{x, y1]: setparm[{al]:
slopevec = [y, -X -ax*}; sysname = "Imffing":

We zet a parameter value of 0.5.

parmval = [0.5]};

As we already know, all of the selutions of this equation for @ = 0 are penodic. As an example, let's find
and plot the zolubion with mbal condibions (1.5, O).

t0=0.0;: h=0.02; nstep=s = 300; initvec = {1.5, 0};
2011 = integrate[initvec, t0, h, nsteps]:

asprat =1.0; plrange = {{-2.2, 2.2}, {-2.2, 2.2}};



labshift =10;

graphl = phaser[s0ll] ;



graph2 = phaser[s0l2] ;



