THMA MS223 01 Part 2 Cut-off date 4 May 1994

Questions 2, 3 and 4 below, on [Mnets 2 § and § of Block I, form the second part
of Tutor-marked Assignment MS323 01,

Each question 15 marked cut of 25, Your overall grade will be based on the sum of
your marks on these thees guestions and the question in Part 1.

Plense send your answers to QQuestions 2 to 4 to your tutor. Your tutor should have
kept the PT3 for this assignment so that there is no need to send another. (If your
tutor has returned vour original PT3 by mistake with your answer to Question 1.
gend it back with vour answers to Questions X Lo 4.} You will sventually receive
your copy of this PT3, completed by your tutor, aleng with your answers to these
ST AT

Duestion 2
{a} Consider the first-order autonomons system with the velocity funetion
wr) = =gzt + I,
where ¢ is alloweil to take any real value,
i) Locate the fixed points and elementary invariant sets of this system, and

sketeh its phase diagram, For each fixed point, state whether or not il s
gimple, and whether it. is stable, unstable or neither.

(i) Describe the miotions for ¢ > 0 of o phase point initially at x =%, giving
as much detail as you can, and in particular stating whether or not the
maticn terminales,

{ili) The system is perturhed by the addition to its velocity function of a
small constant term (which is non-zero but may be either posilive or
negative). Discuss how the structure of the flow is changed, if at all, by
the perturbation.

by Consider next the system with velocity lunction /»{x), where & 15 now re-
stricted to the range 0 < £ < 1, and where v{z] is the function of part {a) (and
for any positive &, 'k is the positive number whose square iz k).

Investigate the motions of this system, being careful to state where any natural
hoondaries are located, and paying particular aitention te motion near natural

boundaries anid figed points.

Question 3
{a} Consider the second-order differential equation
r+r+ef=10.

{Convert it to a system of simultanecus first-crder equations. Show that the
corresponding dynamical system has a single fixed point, whose linearisation
1% cantee.

Show that 22 4+ 2% 4 27 remains constant along any phase curve of the system,
and deduce the nature of the fived point for the non-linear sysiem.
(b} Consider the antonomous second-order non-linear system
.E:J:'?—r-"y‘", y=azy—i,

where @, b and ¢ are positive real numbers. Show that the system has two
fixed points, and that if 6 — 4v2 < a < 6 4 442 thess are spitals, one stable
the other unstable, but if g > 6+ 4v2 or 0 < a < 6 = 42 these become stable
and unslable nodes.
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