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You are not permitted to read the contents of this question paper until instructed
to do so by an invigilator.
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SECTION A. Attempt answers to all questions.

A1

(a) Differentiate the function y = cos(x) with respect to x.

(b) Differentiate the function y = eax with respect to x.

(c) Differentiate the function y = x2(2x+ 1) with respect to x.

(d) Differentiate the function y = (2x+ 1)/(x2 − 1) with respect to x.

(e) Differentiate the function y = esin(x) with respect to x.

(f) Determine all first and second derivatives of the function z = xy − x2ey − 3, where
x and y are independent variables.

[10]

A2

(a) Evaluate the following integral
∫

cos(x)dx.

(b) Evaluate the following integral
∫

3x+ exdx.

(c) Evaluate the following integral
∫
x lnx− xdx.

(d) Evaluate the following integral ∫ 2x

x2 + 1
dx.

(e) Evaluate the following integral ∫ 1

(x− 1)(2x+ 1)
dx.

[10]

A3

(a) Expand
3∑

k=1
kxk.

(b) Write down the summation equation for a geometric progression with n terms, and
a common ratio between the successive terms of r.

(c) Write down the first four terms in the equation for a Maclaurin series expansion.

(d) Write down the first four terms in the equation for a Binomial series expansion.

(e) State L’Hôpital’s rule.

[10]
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A4

(a) Compute i3.

(b) Compute (1 + i) + (1− i), and express your solution in the form a+ ib.

(c) Compute (1 + i)(1− i), and express your solution in the form a+ ib.

(d) Compute (1 + i)/(1− i), and express your solution in the form a+ ib.

(e) Express (1 + i) in the form reiθ.

(f) Compute all the cubed roots of −1, and plot these on an Argand diagram.

[10]

A5

(a) Write down the form of a Fourier series expansion in terms of a sum of sine and
cosine parts. In doing so, write equations for the associated coefficients A0, An, and
Bn. Also state what the value obtained for A0 corresponds to.

(b) Write down the equation for a delta function centred about x = x0, and note the
normalization condition for such a function.

(c) Simplify
∞∫
−∞

f(x)δ(x− 3)dx.

[10]
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SECTION B. Answer two of the four questions in this section.

B1

a) Compute the first and second derivatives of the function y = sin(x)/x, hence deter-
mine the radius of curvature at the point x = π. [10]

b) Determine the location of the centre of curvature corresponding to the point on the
curve given by x = π. [5]

c) Determine the position and nature of any stationary points of the function z =
ex + e−x − y2. [10]

[TOTAL FOR B1 = 25]

B2

a) Determine the centroid position x for the lamina given by the curve y = xex bounded
by the x-axis, and the lines x = 0 and x = 1. [10]

b) If the lamina in part (a) is rotated about the x-axis it forms a volume in a three-
dimensional space (x, y, z). Compute the centroid position (x, y, z) of that volume,
using symmetry where appropriate. [15]

[TOTAL FOR B2 = 25]

B3

a) Find the limiting value of the following when x→∞

x5 + 7x2 + 1

3x5 + 2
.

[5]

b) Using the first four terms of a binomial series expansion, estimate 4
√

0.8. [5]

c) Compute the first four non-zero terms of the series expansion for the function x cosh(x)
when expanding about x = 0. [5]

d) Given two complex numbers A1 = aeiθ, and A2 = beiφ, for the sum A = A1 + A2

compute |A|2 = AA∗. [5]

e) Simplify your result from B3 part (d) for the special case when θ = φ. [5]

[TOTAL FOR B3 = 25]
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B4

a) Consider the function determined by y = h when 0 ≤ x + nT ≤ 1, y = 0 else-
where, where T = 2 is the periodicity of the function. Determine the Fourier series
expansion for y.

[10]

b) Sketch the function in B4 part (a), and overlay the distributions corresponding to
the sum of the constant and first harmonic of y on the same plot. [5]

c) Compute the Fourier transform of the function given by y(x) = 1− x for 0 ≤ x ≤ 1,
and y(x) = 0 elsewhere. [10]

[TOTAL FOR B4 = 25]
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