M&21, TMAOL 2001
Solution for question 1

All these systems are linear and can be written o the form

% = AX;
poszibly after a translation to put the fixed point at the origin, where A s a
2 x 3 mateix. The natuee of the fixed point depends only upon deti A) and Tr{A)
via the sigenvalues of the equation

A — Te{A)A + det[4) =10,

a) In this case
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The cigeovalues are A =2+ 5, giving a saddle. [o renrs]
b} In this case

( -11 : JI giving deb{d) =8 TilAl=7T.
The eigenvalues are A = (T £ 172, giving an unstable node [F macks)

2 In this case

8 5

(',J 3) giving det{d) =11, Tr(d) =—6.

The eigenvalues are A = —3% = 3v/2, giving a stable spiral. [2 marks]

d) 1o this case

2. =17 . : Y
i piving  det(4] =1, TrAd)==-2

The eigenvalues ave identical, A = =1, piving i stable improper node. 2 marks]

e] Ino this cass

(g :i) piving - detl Al =2 Trld) =0.

The eigenvalues are A = +12/2, giving a centre [2 mncies]
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