s At the energy £ = (2] 1% ther= is another separatrix, emanating from
the unstable fixed point at {1/Z, 0). This scparatrix has four branches,
only two of which are shown in the figure (the others being the reflections
of Lhese in the g-axis). This separatrix divides motion which runs from
g = =o0 to g = po, and viee versa, from motion which is turned back by
the potential barrier.

e  For energies E > (2¢)~Y7 that is, E > max(V{g]), the motion can pass
over the potential barrier; the distinctive feature of this motion is that
§ # 0, %0 as £ — oo either g — oo or g == —o0, depending vpon the initial
gign of p = gq.

[iii} We find the motion in the egion of the stable fixed point ab § = g = —l,l"ﬁ

by expanding the potential about this point. Put ¢ = gm + = and ignore Lerms
of O(2*). Then

Vit + £ V{am) + (am —2) 5 + Ham = o 5z
where all derivatives are evaluated at g.,. But the first term is constant so may
be ignored; and dV/dg = 0 &b gm, by definition, So the local approzimation to
the Hamiltonian 1z

H R e

(=.p)= P + ir.,q"m — =) E

The rezult quoted in the Handbook for the Hamiltonian

Hig.p) = 1 A%" + 1 B’
shows that the frequency of oscillalory motion is

_ [av
= d&q'-'?'_r.

5o all we need now is the second derivative of the potential at its minirmuwm.
This ia
Vv gt
o = M3 — e
=3/2/e at ¢=1/v2
Thus

ab = R Ag=1{1

Cuestion 3

(i)

The Lagrangian is given by the general expression
Liz,z) = Tz, 2] - Vi=z),

where T{x, 2} is the kinetic energy and V{z) the potential energy, both ex-
pressed in terms of the generalised coordinate = and its generalised velocity .

The potential energy is just mgsz, &8s x is the height of the particle above a
fixed point, which we chose to be z = 0, as shown in Figure 3; note that the
position of this reference point is immaterial, as changing it only changes the
potential energy by a constant.
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Figure 3 Oraph of the potential energy Viz) = alz]®, with a = 1.



