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QUESTION 1

1 For each of the following difference equations, classify the equation as either autonomous or not,
and as first-order or not

{a) any1 =2+ ay, (2)

(b) Ontl = Qpn + (a‘n—l )n (2)
2 Write down ap, @1, a2, a3 and a4 when the difference equation and 1mtial value are as given below

(@) Gnp1 =%, ap=1 (2)

(b) Gns1 = 2an (an +3), ag =4 (4)
3 Find the equilibrium values and the general solution to the following difference equation

@nt1 = (an — 1) (10)

4 A difference equation i1s given by

Antl = Gy,

(a) If ag = 2, find a; and as
(b) Find all the equihbrium values of the difference equation

(c) Ts an = 3™ the general solution to the difference equation, justify your answer? (5)

[25]

QUESTION 2

1 Assume that for the system
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a graph of the function G locks like this

N I

Draw the phase hne of the system, and explain what will happen to z (t) as ¢ increases if

{(a) the mutial value s —1, and
(b} the imtial value 18 —3 (5)

Draw the phase hine of the following systems List all the equilibnium points and state which are
stable and which are unstable In the system, a and b are assumed to be positive constants,

dz

7 a(z —b) (10)
Consider the model P

2 _—9p 2

~ = 2P +4P%,

here P (t) denotes the size of a population at time ¢

(a) Ts this a logistic model? Justify your answer!

(b} Draw the phase line of the model (10)
[25]

QUESTION 3

1 Assume that a population grows according to the Malthusian model, with & = 0 01 and Py = 10000,

with time ¢ measured n years

(a) Find the values of P (5) and P (50) (5)
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(b) Find the values of ¢ for which P (t) = 100000 (5)

2 The Microtus Arvallis Pall 1s a species of rodent that reproduces very rapidly Assume that there
are two rodents {male and female) present at time ¢t = 0  Let the time units be months and let
k = 0 per month Calculate the number of rodents at the end of 2,6 and 10 months respectively,
if the Malthusian model apphes (15}

[25]

QUESTION 4

Consider the system

dz
== _ gl
7 2xy+z—3

dy

2 gy — 2

P
where z and y denote the sizes of two mteracting populations

(a) How does the z and y species behave, respectively, 1n the absence of the other species? (5)

(b) Describe the type of mnteraction between the two species (e g competition,

predator/prey, etc) (5)

(c) Draw the phase diagram and use 1t to predict the outcome of the system if

mtally g = 2, yg = 2 (15)

(25]
TOTAL: 100 Marks

©
UNISA 2018



