The linearisation of the system about an arbitrary point 1s

= 3
=3 2],
so tr A = <5y and det A = 8z — 247,
The values of the trace and determunant of A at these fized points, Logether
with its eigenvalues, which are the solutions of the guadratic
A Atr A +det A =0,
are shown 1o the following table.

xr trA detA A
(0,1) =5 =24 3,-B
(0,-1) & —24 & -3
(2,0) 0 24 +i/H
{(-2,0) 0 24 i/

Thus at [0, £1) the eigenvaloes are real; az one eigenvalue is positive, this fixed
point s unstable, bul not strongly uostable as the other sigenvalue s negative,
This classification is alse valid for the non-linear system.

At (£2,0) the eigenvalues are both purely imaginary, so these fixed points are
cenires of the linear system, and are therefore stable for the linear system:;
however, we can deduce nothing aboul the stability of the non-linear system
in the vicinity of this fixed point from thess resulis,

Question 2

{1

In any problem like this the first thing to dois to find and clessify the stationary
poants of the polential. These are at the roots of

dl’ ¥

= =(1-2g% =0,
dg

scr Lhere are bwostabionary points, at g = 41 ﬂ'l‘!"i Mow the potential is negative
for g = 0, postbive for g > 0, and V{g) — 0 a8 g — +o0; 80, sa thers are only
two slationary points, that at ¢ = —=1/+/2 must be a minimum and that at
§ = 1/+/2 must be a maximum. The values of the potential at these extrema
are

Vl[:l:l,-'ﬁ}::l:?}.

L H

A sketch of the potential V(g) = ge1 showing these features is shown in
Figure 1.
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Figare 1 Graph of the potential Vig) = -glu_'i.



