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QUESTION 1

1 Consider the difference cquation
2

Brr+1 = Bn - B; +1

(a) For which values of By will the values of B, not change? Justify your answer

(b) Is the following statement true or talse? Justify youw answer “If we have By = 0. then because
of the +1 on the night hand side. the values of B,, will grow without bound -

(15)
2 Find the solution z {f) to the following problem
L o-nt z@=0 (10)
(25]
QUESTION 2

A population grows accotdmg to the logistic model We know that the size of the population in year
2000 was 1000 the population five veais later, 1n 2005 was 600, and the rate of change in the population
at the beginnng of year 2000 was —50 population members per year and at the begmmning of year 2005
1t was —6 population members pet vear

(a) Fmd the values of @ and b, and find the lumt population value (10}

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

(¢) In the logmstic model, 1t 15 always assumed that the paraweters a and b are strictly positive  Explain
what kimd of a model we would get n each the followmg cases by explammg what the outcomes

of the model are from all possible (non-negatrve) mitial values for different values of the remaming

parameter
(1) If we take a = 0 but b > 0 1n the logistic model (5)
{n) If we take b =0 but a > 0 m the logistic model (5)

[25]
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QUESTION 3
(a) Explain briefly what i1s meant by
(1) A stable equubibiium pomt (2)
(i1) Separation of valiables (2)
(m) Proportional population growth (2)
(iv) Newton s law of coolng 2}
(b) Consider the model
dy
ik t)

where the phase line of the model looks as follows

P 0.1 Fu = P Fn)
< (v N &
-2 -1 0 2
(1} Draw a rough sketch of the function F' )]
{1} Diaw a 10ugh sketch of the solution curve y(t) if the intial value 1s y{0) =1 (8)
[25]
QUESTION 4

A farmer breeds fish m a tank and each month buys a certam amount of fish Let N(t). t > 0 denote
the amount of fish m the tank at time £, with ¢ measmed m months Assume that the system can be
described by the model given by the differential equation

dN(t :
Jd—t() = aN —bN%+h
where a, b and h are positive constants
(a) Explain the meanings of the constants a, b and h (5)

(b) Describe how the outcome of the system depends on the mtial population size Ny Under which
choices of values a, b, i and Ny would the population die out? (20)

[25]
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