TMA MS323 03 Cut-off date 4 August 1998
(Covering Units 8, 9 and 10 of Block I1L)

Each question iz marked out of 25, Your overall prade will be determined by the
sumi of your marks For all four questions.

Chaestion 1

(o) By skebching graphs of the functions v = cos2e and y = £/, show that the
equation

COE 2T = f—, el =1,
z

has & roof mear @ = /4,

Uze perturbation theory to show that an approximation to chis root is

e EJE_MJE + 084, where §=2e/n.
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{b} (i} Show that the differential equation
i

— =& e w0)=A =10,
dt

where £ i3 a small parameter, has the approvimate solution
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- 5‘:'E (1 -2In(B —26) + 2In(B — 260%) (B — 21),

el -;Em[b‘-‘.-!t]+vs

where B = exp{=24) and 0 < § < B2,
1) Why 15 the vanation of § restricted to a Anite interval?

Cluestion 2

{a) Suppose that the potentiala Vig) and Vig) + Vi{g) both support librationat
motion, with the property that the two sets of phase curves can be continmously
deformed into each other, and that [Vi| < [V for all g By considering the
system with the potential Vig) + AVilg), show that the energy of the system
in whith the potential is changed sloedy from Vig) to Vig) + Fiig) changes,
approximately, by h

1 T
aB=g [ atiigion,
T fo
where g{#} is the initial librational motion with period T'.
(b} Consider the motion of & particle of mass melastically bouncing in the [z y)-
plane betwesn the horieontal line y = 0 and the curve
14 alz
I
(i) IF the particle starts a8 the origin with speed © and with the angle between

the initial velocity and the y-aods denoted by 3, show that the motion is
bound provided that

with 0= ag-<bhal

a
oos = B
Show, further, that the amplitude A of the motion 18 given approvimately
by
B -l
T homf—a’
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