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Question 1 (a) [5 marks]

Given

f(x, y) = x35(y + 1)e42y ,

find the value of the product
∂f

∂x
· ∂f
∂y

when x = 1 and y = 0.
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(More space for the solution to Question 1 (a).)
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Question 1 (b) [5 marks]

Let

f(x, y) = xy5.

If Q(q, 0) is a point on the x-axis such that the directional derivative of f(x, y)

at P (1, 1) in the direction given by
−→
PQ is zero, find the value of q.
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(More space for the solution to Question 1 (b).)
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Question 2 (a) [5 marks]

Find the local maximum, local minimum and saddle points, if any, of the

function

f(x, y) = 3x2 + y3 − 12xy.
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(More space for the solution to Question 2 (a).)
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Question 2 (b) [5 marks]

In a model of a company producing three products X, Y and Z with respec-

tive quantities x, y and z, suppose that manufacturing constraints force

2x2 + y2 + 4z2 = 8, 800.

If the profit P (x, y, z) of the company can be modelled by

P (x, y, z) = x+ 2y + 2z,

use the Lagrange multiplier method to find the maximum profit.
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(More space for the solution to Question 2 (b).)
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Question 3 (a) [5 marks] (Multiple Choice Question)

Let

f(x) =


0 if 0 < x < π

π

2
cosx if π < x < 2π

Suppose that the sine half range expansion of f(x) is

fs(x) =
∞∑
n=1

bn sin
nx

2
.

Find the exact value of b3012 .

Options:

(A) − 1505

1506 · 1507

(B) − 1506

1505 · 1507

(C) − 1507

1505 · 1506

(D)
1505

1506 · 1507

(E) None of the above

State your option/answer:
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(More space for the solution to Question 3 (a).)
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Question 3 (b) [5 marks]

Let f(x) = x2 + x for −π < x < π, and f(x+ 2π) = f(x) for all x.

Suppose that the Fourier series of f(x) is

f(x) = a0 +
∞∑
n=1

(an cosnx+ bn sinnx).

Find the exact value of
∞∑
n=1

bn.

(Hint: ln (1 + x) =
∞∑
n=1

(−1)n+1x
n

n
for −1 < x ≤ 1. You need not prove this.)
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(More space for the solution to Question 3 (b).)
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Question 4 (a) [5 marks]

Find the exact value of the iterated integral∫ 2014

0

∫ 8

0

x2013

x2014 + 82014
dx dy.
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(More space for the solution to Question 4 (a).)
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Question 4 (b) [5 marks]

The solid region D in the first octant (x ≥ 0, y ≥ 0, z ≥ 0) is bounded by

the three planes z = 0, y = 0, y =
√

3x and the ellipsoid

x2 + y2 + 4z2 = 1.

Find the exact volume of D.
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(More space for the solution to Question 4 (b).)
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Question 5 (a) [5 marks]

The surface S is the portion of the paraboloid

z = x2 + y2

below the plane z = 12. Find the exact area of S.
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(More space for the solution to Question 5 (a).)
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Question 5 (b) [5 marks]

Find the exact value of the iterated integral∫ 1

0

∫ cos−1 y

− cos−1 y

e2 sinx dx dy,

where 0 ≤ cos−1 y ≤ π.
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(More space for the solution to Question 5 (b).)
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Question 6 (a) [5 marks]

Let C be the curve in the xy-plane given by

C : r(t) = (4 cos t) i + (4 sin t) j, where 0 ≤ t ≤ π.

If

F(x, y) = y2 i − xy j,

find the value of the line integral

∫
C

F • dr.
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(More space for the solution to Question 6 (a).)
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Question 6 (b) [5 marks]

The curve C in the xy-plane is given by

C : r(t) = et(π−2t)
[
(π cos t) i + (t sin t) j

]
, 0 ≤ t ≤ π

2
.

Find the exact value of the line integral∫
C

(1− ex cos y) dx + ex sin y dy.
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(More space for the solution to Question 6 (b).)
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Question 7 (a) [5 marks]

The region R in the xy-plane is triangular with vertices O(0, 0), A(12, 0) and

B(7, 2). An object M at the point P (x, y) is moved by a force F given by

F(x, y) =
[
cos (ex) + 2x3y2 + 3y

]
i +

[
esin y + x4y + 7x

]
j.

Use Green’s Theorem to find the work done

∮
C

F•dr when M is moved once

along the (closed) boundary C of R in the anticlockwise direction.
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(More space for the solution to Question 7 (a).)
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Question 7 (b) [5 marks]

The surface S is the portion in the first octant (x ≥ 0, y ≥ 0, z ≥ 0) of

the sphere of radius 4 and centred at the origin. Find the exact value of the

surface integral ∫∫
S

x dS.
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(More space for the solution to Question 7 (b).)
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Question 8 (a) [5 marks]

The surface S is given by

S : z = 9− x2 − 9y2, z ≥ 0.

If

F(x, y, z) =
(
x7ex − 6y

)
i + y8j + zexyk,

find the exact value of the surface integral

∫∫
S

curl F • dS, where the orien-

tation of S is given by the outer normal vector.

(Hint: area of ellipse with equation
x2

a2
+
y2

b2
= 1 is πab. You need not

prove this.)
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(More space for the solution to Question 8 (a).)
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Question 8 (b) [5 marks]

The tetrahedron D is a solid region in the first octant (x ≥ 0, y ≥ 0, z ≥ 0)

bounded by the three coordinate planes x = 0, y = 0, z = 0 and the plane

x+ y + z = 1. Let S be the surface of D and F be the vector field

F(x, y, z) =
(
x2 + z2

)
i + xyj + x3y3k.

Given that

∫∫∫
D

(x+1) dV =
5

24
, find the exact value of the surface integral∫∫

S

F • dS, where the orientation of S is given by the outer normal vector.
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(More space for the solution to Question 8 (b).)

END OF PAPER
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