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Year 0000000 Year OOOOOOO
1790 3.929 1870 38.558
1800 5.308 1880 50.156
1810 7.240 1890 62.948
1820 9.638 1900 75.995
1830 12.866 1910 91.972
1840 17.069 1920 105.711
1850 23.192 1930 122.775
1860 31.443 1940 131.410
4
Lotka Volterra 00 000000000 OOODOO0O

% = el ny +I£1112n2 )1

@ — (1 az1n1 + N2 Y

dt K,

U000On,n000000000000000O0O0eq,e.000000000K,,K,000000

obobobob0M™e;;00:00 j0000000000000000 a;; >000



1. 000000000000 0oooboooboobooobobOobobo0ooooooooobooobOon
ooooooooooboDDooOon e, en, K, K, 00000000

2. 000000000000 0000O00DOO0OOO0OO0OOO0OOODO0ODLD0UODODODOAK, =
K,=1000000

5

Lotka Volterra 0 0 O OO0 DOOO0D0O0OO0OODOOOO0ODOOODODOOODOOOODODOOO
OpP=0000000000DOODODOOOOOCOOOOODDOCOOOOPHODOOODOOOODOO
gooooboooboooboobooboboooooboooooooboobooooobooooooooooobooo
uboooboboobooboooooobobobooboooobooobooboobooOooobOoboon

dH 0 H
el 1— “)H — P
di ra(l— )~y
ap

G = rePHbi P

1. 0gboooooooboooooooobbobboogooobo

2. 0000000DO000000DLO0 HODOOD POOODOOOOODOODOOODOOODOOD
oooboooobooooobooooooboooooooo

3. 00000000rg=rp=1,a=0=0.01,c=00050000000000000000K0
gboobooooooobooooboobobOobooboooboooooooboboooobon
oood

6

Small departures (¢ and y) from equilibrium for a biological system, comprising two species,

satisfy the following differential equations.

dx

> 3
di T+ Sy
dy

= 3p—

dt Ty

1. Sketch the nullclines for both variables on a phase plane.

2. Find the equatios of the trajectories (i.e. separate expressions for z and y in terms of ¢) which
start from the points (-1, 2) and (-1, 0) at ¢t = 0.

3. Determine whether the equilibrium is stable or not.
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A swimming pool is infested with algae whose population is N(¢). The owner attempts to control
the infestation with an algicidal chemical, poured into the pool at a constant rate. In the absence
of algae, the chemical decays naturally; when algae are present it is metablised by them and kills
them. The equations of the rates of change of N(¢) and the concentration of the chemical in the
pool, C(t), are

dN
— = aN-bNC

dt

dc

— = Q-aC-pBNC
7 Q-aC-p

where a, b, @, a, B are positive constants.

1. Discuss the meaning of each term in these equations.
2. Draw null-clines in the phase plane diagram and show the direction of flow on it.

3. Show that this system has two positive equilibria if Q > aa/b, and in this case one of the

equilibria is stable.
4. What happens if Q < aa/b?

5. To keep the pool clean, what will you suggest to the owner?
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