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QUESTION 1

1 Consider the difference equation
Bpy1 =B, - B2+1
(a) For which values of By will the values of By, not change? Justify your answer'

(b) Is the following statement true or false? Justify your answer! “If we have By = 0, then because
of the +1 on the right hand side, the values of B,, will grow without bound ”

(15)
2. Find the solution z (¢) to the following problem
€ _(0-2)t =@ =0 (10)
dt
[25]
QUESTION 2
1. Which of the following statements are true and which are false? Justify your answers!
(a) In a predator-prey system, the prey species will always die out (2)

(b) Assume that population A 1s Malthusian with growth constant k4 and population B 1s Malthu-
sian with growth constant kg If k4 > kg then the doubling time of population A 1s shorter
than the doubling time of population B (4)
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(c) Assume that population A is Malthusian with growth constant k4 and population B 1s Malthu-
sian with growth constant kg If k4 > kp then the size of population A will always be larger

than the size of population B (2)
(d) If a differential equation dz/dt = f (z) has more than one equilibrium points then at least one
of them must be unstable. (2)
(e) In the logistic model, if @ = b then the population has only one equilibrium point (2)

2 (a) Draw a phase hne of an autonomous differential equation of the type dz/dt = f(z) with the
following property Some solutions converge towards the pomnt z = 0, and some solutions

converge towards the pomt £ =1 (8)
(b} Draw a phase hne of an autonomous differential equation of the type dz/dt = f (z) with the
following property All solutions grow without bound (5)
(25]

QUESTION 3

A population grows according to the logistic model We know that the size of the population 1n year
2000 was 1000, the population five years later, in 2005, was 600, and the rate of change mn the population
at the beginming of year 2000 was —50 population members per year and at the beginmng of year 2005
1t was —6 population members per year

(a) Find the values of @ and b, and find the hmit population value (10)

(b) Prove that the logistic model does not have a constant doubling time (5)

(¢) In the logistic model, 1t 1s always assumed that the parameters a and b are strictly positive Explain
what kind of a model we would get i each the following cases, by explaining what the outcomes
of the model are from all possible {non-negative) 1mtial values for dufferent values of the remaming

parameter
(i) If we take a = 0 but b > 0 1n the logistic model (5)
(ii) If we take b =0 but @ > 0 1n the logistic model (5)
[25]
QUESTION 4
Assume that we are given an autonomeus differential equation
dz

— = F )
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where a sketch of the function F (z) looks ke this
A F(x)

(a) Can any solutions to the differential equation grow without bound as ¢ increases? Justafy your

answer' (5)
{b) For which 1nitial values will the value of z decrease? Justify your answer' (5)
(c) Do any solutions converge towards 1, as ¢ increases? Justify your answer! {5)
[15]
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