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1. (a) In trying to ﬁnd the partial fraction expansion of a rational function, the following
linear system had to be solved:
A + B + 2C + 3D
3A + 4B + 6C + 5D
3A + 5B + 7C + 8D
4A + 5B + 9C + 5D

=0
=1
= −2
=1

Use Gaussian Elimination to ﬁnd the solution of the simultaneous equations.
[10 Marks]
(b)

i. Use only Gaussian elimination to ﬁnd the intersection of the lines:

6x + 9y = 18
−4x − 6y = −13
[4 Marks]
ii. Explain this result geometrically.
[1 Mark]
(c) Consider the following traﬃc ﬂow diagram:

i. Identify the variable/unknown ﬂows.
[1 Mark]
ii. Write down the linear system governing the system ﬂow.
[2 Marks]
iii. Use Gaussian elimination to solve the linear system.
[4 Marks]
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(d) Solve the following linear system subject to the constraint that all calculations
are made correct to three significant figures only.
0.004x + 0.15y = −1.24
0.2x + 0.3y = 1.85
[6 Marks]
(e) Suppose the following plate has dimensions 4:2 and is subject to boundary temperatures as shown:

i. Using an appropriate grid, ﬁnd a linear system whose solution approximates
the heat distribution of the plate at internal grid-points using the Mean-Value
Property.
[3 Marks]
ii. Starting with an appropriate approximation, use two iterations of the Jacobi
Method to approximate the solution of the linear system. Use three signiﬁcant
ﬁgures for all calculations.
[4 Marks]
2. (a) Find, using only the method of undetermined coeﬃcients, the general solution of
the ordinary diﬀerential equation
dy
d2 y
+ 2 + 5y(x) = e2x .
2
dx
dx
[7 Marks]
(b) Solve, using only the method of undetermined coeﬃcients, the initial value
problem
dx
d2 x
+
5
+ 6x(t) = −18 ;
x(0) = 4 , x′ (0) = 0.
dt2
dt
[8 Marks]
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3. (a) Suppose that the bending moment b(x) at a distance x along a beam satisﬁes the
ﬁrst order diﬀerential equation:
d2 b
= −12 ;
dx2

b(0) = 0 , b′ (0) = 36

Use only Laplace Methods to solve the diﬀerential equation for b(x).
[8 Marks]
(b) The diﬀerential equation governing the displacement x(t) of a damped oscillator
is given by:
x′′ (t) + 2x′ (t) + 10x(t) = 0 ;

x(0) = 0 , x′ (0) = 1.

i. Solve the diﬀerential equation using only Laplace transforms.
[9 Marks]
ii. Suppose that the diﬀerential equation models a door closer. Is it well designed? Brieﬂy justify your answer.
[1 Mark]
(c) The velocity, v(t), of a parachutist subject to linear air-drag, t seconds after falling
out of a plane, is given by the diﬀerential equation:
dv
= 9.81 − 0.025v(t) ;
dt

v(0) = 0.

i. Solve the diﬀerential equation using only Laplace transforms.
[6 Marks]
ii. What is the behaviour of v(t) for large values of t?
[1 Mark]
(d) Solve the following system of diﬀerential equations using Laplace Transforms:
dx
= −x(t) + y(t) ;
dt
dy
= 2x(t) − 2y(t) ;
dt

x(0) = 10
y(0) = 2
[10 Marks]
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4. (a) A triangular region has vertices (0, 0), (2, 0) and (0, 1). Find the second moment
of area of this region about the x-axis:
∫∫
Ixx =
y 2 dA.
[7 Marks]
(b) A cylinder described by x2 + y 2 ≤ 4 and 0 ≤ z ≤ 3 has density ρ(x, y, z) = y 2 z.
Find the mass of the cylinder:
∫∫∫
ρ(x, y, z) dV.
m=
V

∫
[HINT:

2π

sin2 θ dθ = π]
[8 Marks]
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Laplace Transform Table
The Laplace Transform is deﬁned by
∫

∞

F (s) = L{f (t)} :=

f (t)e−st dt.

0

f (t)

F (s)

A = constant

A
s

tN

N!
sN +1

tN −1
(N − 1)!

1
sN

e−at

1
s+a

sin(ωt)

ω
s2 + ω 2

cos(ωt)

s2

s
+ ω2

f (t)e−at

F (s + a)

f ′ (t)

s · F (s) − f (0)

f ′′ (t)

s2 · F (s) − s · f (0) − f ′ (0)

