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INSTRUCTIONS TO CANDIDATES

1. Please write your matriculation number only. Do not write your name.

2. This examination paper contains a total of FIVE (5) questions and comprises FOUR

(4) printed pages.

3. Answer ALL questions. The marks for questions are not necessarily the same; marks

for each question are indicated at the beginning of the question.

4. Use a separate page for each question.

5. This is a CLOSED BOOK examination.

6. Each candidate may bring two pieces of A4-sized, double-sided, handwritten formula

sheet.

7. Candidates may use non-programmable calculators. However, they should lay out sys-

tematically the various steps in the calculations.



Page 2 of 4 MA1301

Question 1 [20 marks]

(a) The figure shows the first five triangles of an infinite sequence of equilateral triangles.

The length of the outermost triangle is 2m. Each of the other equilateral triangle is

obtained by joining the midpoints of the sides of the equilateral triangle before it.

(i) Find the areas of the first two equilateral triangles.

(ii) Find the sum of the areas of all the equilateral triangles in the infinite sequence.

2m2m

2m

(b) Write the series expansion of 4
√
81 + x up to and including the term in x3.

(c) Suppose that a sequence {a
n
} satisfies

a1 =
1

2
and a

n+1 =
a
n

a
n
+ 1

for n = 1, 2, 3, . . . .

Use the mathematical induction to prove that a
n
=

1

n + 1
for every positive integer n.

Question 2 [20 marks]

(a) Let f(x) = ex(x2 − 2x− 1).

(i) Find the stationary points of f .

(ii) Find the intervals on which f is increasing and decreasing.

(iii) Determine whether each of the stationary points of f is a maximum point, a mini-

mum point or a saddle point.

(iv) Find the intervals on which f is concave up and concave down.

(v) Find the inflection points of f .
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(b) Let P (2, 4) be a point on the parabola y = x2.

(i) Write down the equation of the normal line ℓ to y = x2 at P .

(ii) Suppose that ℓ intersects y = x2 at another point Q. Find the coordinates of Q.

O x

y

b

b

P (2, 4)

Q

y = x2

ℓ

Question 3 [20 marks]

Let R be the region bounded by the curve y = x ln x and lines y = 0 and x = e.

R

O x

y

y = x ln x

1 e

e

(i) Find the area of the region R.

(ii) Find the volume of the solid formed by rotating the region R about the x-axis.

(iii) Find the volume of the solid formed by rotating the region R about y = e.
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Question 4 [20 marks]

Let A(6, 2, 0), B(0, 0,−2) and C(−5, 0,−5) be three points in R
3.

(i) Find ∠BAC. Correct your answer to the nearest degree.

(ii) Find the area of △ABC.

(iii) Find an equation of the plane Π containing points A,B and C.

(iv) Find the projection of the origin O(0, 0, 0) onto the plane Π.

(v) Find the distance from the origin O(0, 0, 0) to the plane Π.

Question 5 [20 marks]

(a) Express (1− i)2015 in the form a+ bi, where a, b ∈ R.

(b) Solve the equation z2 − (2 + 4i)z − 7 + 4i = 0.

(c) Suppose that z1, z2, z3 are the vertices of an isosceles right-angle triangle as shown below.

If z1 = 2− i and z2 = 3 + 2i, find z3.

b
z3z3

b

z1z1

bz2z2
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