TMA MS323 03 Cut-off date 3 August 1995
{Covering U'nite & 9 and 70 of Bilock 111.}

Each question is marked out of 25. Your overall geade will be determined by the
sum of your marks for all four gquestions.

Question 1
(a) By sketching graphs of the functions = cosx and y = /%, show that the
equaiion
COET = E, leb =1,
z

hag a root near r = xf2.

Use perturbation theory o show that an approximadion to this root is

1~=E_.§_§.§.=_(£+%)53+D[E‘L where & =2c/x

2 &
(b (1) Show that the differential equation
dx 3

EI!-=E;+EI' iy =4 >0,

where ¢ is a small parameter, has the approximate solution
B +24 4247

48 =t
- 5 (1—2In(B — £)+ 2In(& — t)2) (B - #),

Hil= =lilF —f) +&

where B = exp{—A)and < < B,
(fi) Why is the variation of ¢ restricted to x finite interval?

Cuestion 2

(a) Suppose that the potentials V{g) and V(g) + ¥{g) both support librational
motion, with the property that the two sets of phase curves can be contmuously
deformed into each other, and that |Vy| = [V] for &l g By considering the
eystem with the potential Vig) < AV, (g}, show that the eoergy of the systemn
in which the potential iz changed slowly from Vgl to Vgl 4+ Vi(g) changes.
approximately, by

o -
ﬂ_E:?jj Vi lait)),

where git) is the initial libraticaal motion with peried T
ih) Conmder the motion of a particle of mass m bounciog elastically in the (z,y)-
plane between the horizontal line y = 0 and the corve
1+ alz|
e TR
1+ bjx|
(i Ifthe particle starts at the origin with speed v and with the angle between
the nitial velooity and the g-aas denoted by 2 show that the motion 15
broamd prowided that

with <= o< b= 1.
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Show, further, that the amplitude 4 of the motion i grven approximately
by
1—eosd
T b —al
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