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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)

1. (a) Solve the initial value problem

x′ =

[
2 3
1 4

]
x+

[
2e2t

3e2t

]
, x(0) =

[
−2/3
1/3

]

Question 1 continued on next page TURN OVER
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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)

DO NOT

WRITE

IN THIS

MARGIN

(b) Consider the input-output system

x′(t) = Ax(t) + bu(t)

y(t) = cx(t)

A =

[
0 1
−2 3

]
, b =

[
0
1

]
, c = [1 1],

where x(t) is the state of the system, u(t) is scalar input and y(t) is scalar output.
Find the transfer function of the system. When u(t) = e−t, find the output as a
function of t.

Question 1(b) working space on next page TURN OVER
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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)

Question 2 on next page TURN OVER



5

MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)
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2. (a) Find the Laplace transforms of the functions

(i) f(t) = 4t(u(t)− u(t− 2)),

(ii) f(t) = t sin t .

Question 2 continued on next page TURN OVER
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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)

2. (b) Find the the function whose Laplace transform is

3(s+ 1)

s2 + 6s+ 10
,

Question 2 continued on next page TURN OVER
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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)
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2. (c) Use the Laplace transform technique to solve the initial value problem

x′′ − 5x′ + 6x = r(t), x(0) = 1, x′(0) = −2,

where r(t) = 4et if 0 < t < 2 and r(t) = 0 if t > 2.

Question 2 working space on next page TURN OVER
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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)

Question 3 on next page TURN OVER
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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)
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3. Locate the equilibrium points of the system

x′1 = x1 − x2
1 − x1x2

x′2 =
1

2
x2 −

1

4
x2

2 −
3

4
x1x2.

Determine their type by linearization (do not sketch the trajectories).

Question 3 working space on next page TURN OVER
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MATH2010 — ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS
Special/Supplementary Examination, August, 2003 (continued)

Table of Laplace transforms on final page


