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INSTRUCTION: Answer ALL Questions. The entire exam has 60 points on it, each worth the indicated

number of points Use your time to achieve the maximuin number of points possible.

1. Read the whole exam before beginning.
2. Make sure you have all pages.

. Organization and neatness count.

. Justify your answers.

4 G

/

“.a)  What is meant by the term 'Mathematical Model'? ' 2. marks
b) State and explain four (4) benefits of using mathematical models. 8 marks
v‘é. Consider the following system of linear differential equations:

X, =ax, +7%, +¢
X, = Bx, +ax, +¢,

where a, B, 7, ¢, ¢, are real constants.

a) Write the equations in the standard form x=A4x+5b. 2 marks
b) Compute the eigenvalues and eigenvectors of matrix A. 4 marks
o Ifa=1,8=-2,y=2,¢=-3and ¢, =1 classify the fixed point. 4 marks
d) Find the general solution of the equation for values a, £, 7, ¢,, ¢, of given in (c) 3 marks

4. For each of the following systems of equations, find the eigenvalues and corresponding eigenvectors.
Use the eigenvalues to classify each critical point as center, spiral, saddle, or node. Are the critical points
stable or unstable (justify your reasoning), Hence find the general solution, and sketch a phase portrait:

) X' . 5 mark
— x L
el o marks
by i’ = 5 0 s .
) X = 5 1 X marks
- -1 -4 .

¢) x'= 2 3 X 5 marks

4 -1) .
d) x'=[1 ¢ Jx 5 marks
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Given the syste 3
€ System of two competing species model

8 marks

. ] . d classify them
Compute the lincarization of the system around the nontrivial stationary points an -
accordingly. ' n

a “ . -
b)) Find the stationary points of the system.

GOOD LUCKIIL
Dy E. N. wiah
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