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Question 1 [32 Marks]

(a) Determine a cubic equation with roots −3 and (2− i). [4]

(b) Solve the equation ln(e2x − 6) = x [7]

(c) Solve for x if log 1
10

(x− 20) + log(2x) = 1 [6]

(d) Solve for x ∈ R if
x+ 4

|x+ 1|
< x. [9]

(e) Solve for x and y, if (x+ 2i)(4− i) = 14 + iy. [6]

Question 2 [12 Marks]

Use mathematical induction to prove that

8n − 7n+ 6

is divisible by 7 for all n ∈ N . [12]

Question 3 [11 Marks]

Determine the value of a and b if f(x) is differentiable at x = 2. [11]

f(x) =

{
ax− b− 1 if x < 2
bx2 − ax+ 5 if x ≥ 2

Question 4 [17 Marks]

Differentiate the following:

(a) cos3(2x+ 1)× tan(x2 + 2)3 [9]

(b)
cosecx2

cot2 x
[8]

Question 5 [8 Marks]

Determine an expression for the nth derivative of f(x) =
1

3x+ 1
[8]
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Question 6 [15 Marks]

The ellipse 4x2 + y2 = 72 is given below.

Determine the equations of the tangents to the ellipse which are perpendicular to
the line x+ 2y + 3 = 0 [15]

Question 7 [10 Marks]

Below is a sketch of the graphs f(x) = 2xsinx and g(x) = x. The graphs intersect
in three places on the domain x ∈ [0; 3]. P is the point of intersection of f and g
indicated on the graph.

(a) Determine f ′(x) [4]

(b) Use the Newton-Raphson method to determine the x-coordinate of P correct
to 4 decimal places. [6]
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Question 8 [29 Marks]

f(x) =
x2 − x− 5

x− 3
.

(a) Determine the coordinates of any stationary points of the function f . [12]

(b) Use calculations to determine whether they are local maxima or minima. [6]

(c) Determine the equations of the asymptotes of f . [3]

(d) Sketch a graph of the function f , clearly indicating all stationary points, in-
tersections with the axes and asymptotes. [8]

Question 9 [25 Marks]

(a)

∫
(2x− 1)

√
3x2 − 3x+ 3dx [9]

(b)

∫
sin 5x cos 3xdx [5]

(c) (i) Prove the identity cosec4 x = cosec2 x cot2 x+ cosec2 x [3]

(ii) Hence, or otherwise, determine

∫
cosec4 xdx [8]

Question 10 [11 Marks]

f(x) =
x3

x2 − 4

(a) Dissolve f(x) into partial fractions. [7]

(b) Determine

∫
f(x)dx [4]
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Question 11 [15 Marks]

f(x) = ex − x and g(x) = −ex + 2

y
y

x

y

-1

(a) Determine the area between f(x) and g(x) for x ∈ [−1; 0]. Give your answer
in terms of e. [8]

(b) Determine the volume of the solid of revolution if g(x) is rotated about the
x−axis for x ∈ [−1; 0]. Give your answer correct to 2 decimal places [7]
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Question 12 [15 Marks]

A cone of height h and radius r has volume

V =
1

3
πr2h

h

r

(a) If the cone fits exactly inside a sphere of radius 3, show that the volume

V =
π

3
h2(6− h)

. [5]

(b) Hence find the maximum volume. [10]
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