(] Publing ©.=14 2 gives
d*z

= —l=z+{1+4z+67 +427 +3") =0

d*
i + 32467+ 0 =0

Mear z = 0, Vi{z) = 32%/2 5 227 and clearly V" < 0 at 2 = 0, 50 the fixed point
at == 1 i5 a centre,
Mow apply the method of harmonic balance to this last equation. As a ficst
attempt we might try

z = quoswt,
baat, s
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= n* /2 + higher harmonics

we would get ¢ = 0 on equating the constant term and the coefficient of the
first harmonic to zero. The reason for this is that the mean value of =* aver
the small amplitnde motion {ohtained by ignoring the G2 term) is non-zero
50 that the 637 term has the effect of moving the ‘centre of gravity’ of motion
awny from z = 0. Thus the correct trial function is

z = b+ acoswt,
where b is small. Then

2 =¢* +a* /2 + Zabreas et + higher harmonics
and the sabstitution into the equation of motion gives

et cod ot + 36 + Sacosw?t + 66° + 30 + 12abeoswt = 0.
Thus we hawe

h4a® + 26 =0,

3a = aw’ + 12ab = 0.
Since b s small the first equation gives b = —a”. Then the second gives
w = 3{1 — 40%). The constant o must be small otherwise the =% term in the
equation of motion becomes important and then the ignored higher harmonics
are also important.

Question 2

(a} The fixed points of the system are those points at which & = § = 0 for all £,
ie. at the races of

X{ry)=0, Yizy=0
If (. b 1% & fixed point and is a simple 2er0 of the above equations, the lnear
approximation to the equations of motion in the neighbourhood of (e &) is

(u);_d(u), r=a+un, yg=h+u
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where the non-dnaular 2 « 2 matric A 15
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all derivatives being evaluated % 1a,b). The fixed points can be categorised
according to the values of the ®igawlues of A and these, in tumn, depend on
the two quantities det{ A} and {4 oy,



