Find the Hamiltonian in the (3, Fl-representntion, nnd show that if aff) and
bt} satisfy the equations 4

= —mb,
mh + 206 = di® + ol mi{F — 207 cos (0,

then this Hamiltonian reduces to
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Chiestion 3
A particle of mass m moves onder the influonce of the potential
a*lg—a)l®. g2
Vig) =1 0, D= g<a
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{i) Provide a sketch of the phase diagram of the mathon. anid give the ranges of
energy in which lbrationad motion is possible,

[i1]) Show that the relation berween the action I and che energy E B

=
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COrver what range does the action £ v

(iii] Give the feequency, w(E), of the bound motivn as a function of the euergy.

{iv] Show that the transformation from the (g, pi-represeniation 10 the angle-action
representation (8, [}, chosen to give g = U whes # =0, is given by

ad |8, " 1<8 <t
60 D)=1 g u (VEfapsin (2,210 -4)) . duSh<n,

where #, = way/m2E and g{2c — 6.0 = g(#.1).

Question 4

{a} A baad of mass m is constrained to shde weder the mfluence of gravity on a
smooth parabalic wire with equation
o
= :L,&‘!‘I‘-
where the z-axis is vertically wpwards and o s & constant. The wire rotates
about the axis with angular velocity ¢k i« known function of time, 3how
that the Hamiltonian is
e p) = e+ b tia? — 0
Zmil &+ olr-) oo
{b) In the case whera £} is & constant, skerch the plise corves and give a qualita-
tive description of the motion, considering the cases aad > 0F, go® = 7% and
got < 0? geparately. Show that in the forwer case the bead adways vibrages,
and that the periad T{E} of vibration with roergy E = [ may he written in
the form

2Ea  nth
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