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Question 1 [8 marks]

A thermal system consists of three interconnected metal plates whose temperature
deviations from ambient (in °C) are denoted by T;(t), T,(t), T5(t). The heat exchange

between the plates is described by the following system of differential equations:

A s, —Ty+T
de 21 2 3
T2 ar,—21
de 2 3
i N

dt 2 3
where "t" is time in minutes.

Using the eigenvalue and eigenvector method, solve the system of differential equations

to obtain expressions for T; (t), T,(t), T5(t).
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Question 2 [6 marks]

(a) Determine the Laplace transform of the following function: (2 marks)
ettsin3t (2e7t + 3e7%)

(b) Determine the inverse Laplace transform of the following function: (4 marks)

2s+ 3
252 +8s+ 16
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Question 3 [8 marks]

An RLC series circuit has resistance R, inductance L, and capacitance C. The current i(t)
in the circuit satisfies the following differential equation:
d?i di

W+7E+12i=1

Attime t = 0, the current and its rate of change are:
i(0) =-2, i'0)=5
Using the Laplace transform method, determine i(t), the current in the circuit as a

function of time.
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Question 4 [5 marks]

A chemical reaction takes place in a batch reactor, and the temperature inside the reactor
increases over time. The reactor has a cooling jacket to help keep the temperature under
control. During the process, the reactor temperature T (°C) is measured at different times
t (min). The recorded data are:

Time Temperature
t (min) T (°C)

2 50

4 50.2

6 53.2

8 66.2

10 101.2

12 175

14 309.2

Using Newton’s interpolation method, estimate the temperature att = 11 min.
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Question 5 [6 marks]

Determine the first 4 non-zero terms of Maclaurin series expansion for f(x) = x? sin 2x.
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Question 6 [7 marks]

Let

(0 -3<t<0
f(t)_{4 0<t<3

and suppose that f(t) is periodic with period T = 6, so that f(t + 6) = f(t).
Express the function f(t) as a Fourier series and write down the first four non-zero terms of

the series.
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This page is for rough work.
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Formula sheet

Table1. Common functions and their Laplace transform

Function

Laplace transform Function Laplace transform
1 1 e * sin bt b
s (s + a)? + b?
t" n! e cos bt sta
sntl (s + a)? + b?
e 1 t sin bt 2bs
s—a (s2 + b?%)?2
e 1 tsos bt s? — b?
s+a (SZ + b2)2
the n! sinht b
(s + a)rt1 5% — b?
sinbt b cosht s
s2 + b? s? — b?
cos bt S
s2 + b2
Table 2. The Laplace transform of derivatives
L{f (D)} sF(s) — £(0)
L{f"()} s>F(s) — sf(0) — f'(0)
L{f" ()} s3F(s) — s2f(0) — sf'(0) — f(0)
Newton’s -1 -1) .. -n+1
. Yn(X) = yo + pAY, + MAzyo pop PP-D- @ )A"yo
Interpolation 2! n!
p(p+1) p(p+1).. (p+n—-1)
yn(x) =yn+pvyn+TV2yn+"'+ n vy,
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Fourier series a v 2nirt 2nirt
f®) =—+ Z (an cos + b, sin )
2 T
n=1
MLO and Bloom’s Level of Complexity
Q# MLO Complexity Level Mark | Remark
Addressed
1 2,3 Application, Analysis 8
2 1 Application 6
3 3,4 Application, Analysis 8
4 2,3 Application, Analysis 5
5 1 Application 6
6 1 Application 7
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