(b} 4 =0 when z = §/a > 0 and this gives y = {o — bA)/kb > 0. Thus there is
only one fixed point. The matrix A at this point s

A (2 'Tfﬂ)

with eigenvaliues A = £i{akh® I.fq.ji . Thus the fixed point is 3 centre surrounded
by closed orbits, that is @ and y cscillate for small departures from the fixed

Temint.,
{¢] ‘The phase curves are solutions of the differential equation
dy ¥ L= F

2 P

which can be written i the form
@ -
fdy(m—b) —fd::l:u.r-—d]

fiy) = g{z) + constant,

Oor

whersa
Fly) = (afk) In(A + ky) — by, glz) = jar® — fr.
The graphs of these functions are sketched below.
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The fixed point found above is at the minimum of g{r) and the maximum
of fly}. Imposing the condition [ — g = constant, and fellowing the motion
along the above graphs, shows that the phase curves are all closed and hence
that the moton is periodic.

Question 3

(a) Ifz= ool + 8) then
&= —wasinjel +8) + [icos(wt + 8) = aisinwt + §)].
The term in square brackets is wero for all £ 20
= —wnpsinn g — wife + f}oos g
and substitotion into e equation of motion gives
— kit 5N b — ol 008 ¢ = ¢ (@ 008 &, —aw sin &)
But also @ cosd = afsing, and these equations can be solved for (&, 8] to give
the required solutions.
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