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Chuestion 1

{a) (i) A system is aut@nomons if neither X nor ¥ depends explicitly upon the
timne #: '
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{ii] A system is conservative if there exists a continuously differentiable func-
¥ tion f{x.y, 1) which is constant for any solution (z(t), y(t]) of the system:
the value of the function [ s conserved along a trajectory.

Along a trajeciory we have
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Therefore for f to be constant
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This is the general definition: the only cases dealt with in J5 are those
for which

0, along (x(d),w(t])

Xiepth=v, Yiepl)=-—=iz),
with

f= 1y +Viz)
Full marks would be grven for thiz partial solotion.

{b} Putting & = y gives
=4, Hw -1 fxh,
s the fixed points are at v = 0 and the roots of V'{z) = 0. Putting = = z; + =
and expanding gives
V') = Vi{zi)+ 2V {m) + N,
with ¥¥[(x;] # 0 as the roots are simple. The squations of motion near the

fized point are then

[!.r) ) (-VE[x.} E.J' (y)

The eigenvadues of the matrix are

At ==,
Thus if V™{x;) < 0 the roats are real and of different sign go the fixed point is
a gaddie. If V¥(x.) > 0 the roots are purely imaginary, gii0f a centre,
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