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1. (10 marks)
Find a solution to the initial value problem

ldy 2y : —
= =% +t sint, t >0, y(1)=0.
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2. (8 marks)
Consider the following initial value problem

dy

(a) Does a unique solution of the IVP exist? Give reasons for your answer.

(b) Use Improved Euler with stepsize h = 1 to find an approximation to the solution at

t=1.
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3. (15 marks)

Consider the one-parameter family of differential equations

dy__ 2
o = y(pu —y*),

where 4 is the parameter.
(a) For u = +1, draw the phase line and use it to sketch a picture showing the behaviour

of solutions in the ¢ — z plane. You do not need to find explicit formulas for the

solutions you draw.

(b) For p =1, draw the phase line. For this value of p, describe the behaviour of

solutions as t increases.
(c) Find all bifurcations and sketch the bifurcation diagram for the family of equations.
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(blank page for your working)
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4. (7 marks)

(a) The following is a model for the number P of fish in a lake,

dP

=kP-P>-P
dtk

where k is a positive constant. Show that if £ < 1, then regardless of the initial
number of fish, as ¢ — oo the number of fish will become zero.

(b) The Lotka-Voltera model for a predator-prey system is the following

dx

il ax — by
dy = my + nx

where z(0) = zg, y(0) = yo and a,b,m,n > 0. Identify which is the predator and
which is the prey. What happens to the population of z . - .as
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5. (10 marks)

Consider the following system of differential equations
dr
a Y

dy _
dt

(a) Find the general solution of the system of differential equations.

(b) Sketch a phase portrait showing the behaviour of typical solutions in the phase plane.
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