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Section I

5 marks

Attempt Questions 1-5

Question 1 (1 mark)

For which values of x is f(x) =
x4

12
− x2

2
concave up?

A. x > 1

B. x < −1

C. −1 < x < 1

D. x < −1 and x > 1

Question 2 (1 mark)

A function f(x) is increasing at an increasing rate at x = a, which of the following is

true?

A. f ′(a) < 0 and f ′′(a) < 0

B. f ′(a) < 0 and f ′′(a) > 0

C. f ′(a) > 0 and f ′′(a) < 0

D. f ′(a) > 0 and f ′′(a) > 0

Question 3 (1 mark)

Which of the following is the correct value of

∫ 1

0
(3x+ 1)3 dx?

A.
64

3

B.
85

4

C.
255

4

D. 64

Question 4 (1 mark)

Suppose b > a, which of the following is always greater than

∫ b

a
f(x) dx?

A.

∫ b

a
kf(x) dx where k is a constant such that k > 0

B.

∫ b

a
f(x) + k dx where k is a constant such that k > 0

C.

∫ b

a
f2(x) dx

D.

∣∣∣∣∫ b

a
f(x) dx

∣∣∣∣



Question 5 (1 mark)

A graph of f(x) is given above. Which of the following best represents the graph of

f ′(x)?
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Section II

71 marks

Attempt Questions 6-12

Write your answers on the paper provided.

In Questions 6-12, your responses should include relevant mathematical reasoning and/or

calculations.

Question 6 (8 marks)

(a) [3]The curve y =
√

2ax2 + x has a stationary point at x =
1

2
. Find the values of a.

(b) [3]If y = x2
√
x, show that

3y′

y′′
= 2x

(c) [2]Find the values of x such that y = x(x+ 1)3 is increasing.

Question 7 (12 marks)

(a) [3]Show that the curve y =
x

2x+ 1
does not have any points of inflexion.

(b) Consider the function f(x) = 4x3 − x4.

i. [4]Find the coordinates of the stationary points of the curve f(x), and determine

their nature.

ii. [2]Find any points of inflexion.

iii. [3]Sketch the graph of f(x), clearly indicating all important features including

intercepts.
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Question 8 (8 marks)

(a) [3]Determine the global minimum value of the function f(x) = x4 − 4x2 + 3 in the

domain −1 ≤ x ≤ 2

(b) Suppose point P (x, y) is a point on the parabola 2x = y2.

i. [2]Show that the distance D between P (x, y) and (1, 0) is given by D =
√
x2 + 1

ii. [3]Using calculus, find the coordinates of P (x, y) such that D is minimum.

Question 9 (10 marks)

(a) Find the primitive of the following:

i. [2]f(x) = 2
√
x− 2

3
√
x

+ 1

ii. [2]f(x) =
1√

2x+ 1

(b) [2]The gradient function of a curve is given by y′ = 3(x + 1)2. Find the equation of

the curve if it passes through the point (1, 10).

(c) [4]The second derivative of a curve is given by
d2y

dx2
= 1 +

1

x3
. Find the equation of

the curve given that it passes through the points (1, 0) and (−1, 5).
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Question 10 (12 marks)

(a) Find:

i. [1]

∫
x3 + 4x2 − 1 dx

ii. [2]

∫
6(1− 2x)5 dx

iii. [2]

∫ √
x

(
x+

1

x

)
dx

(b) Evaluate:

i. [2]

∫ 2

−2
x5 − x3 + x dx

ii. [2]

∫ 10

0

3

10
(
x
5 − 1

)4 dx
(c) [3]Find the positive value of k such that

∫ k

1
k + x dx = 0

Question 11 (10 marks)

(a) [3]Find the area bounded by the curve y = x2 − 4x+ 3 and the x-axis between x = 2

and x = 4.

(b) [3]Find the area bounded by the curve y =
√
x− 1 and the y-axis between y = 0 and

y = 1

(c) The graph below represents y = f ′(x). Specific x-values a, b, c, d and e are as

indicated in the diagram.

i. [1]For what value(s) of x will the graph of y = f(x) have a stationary point?

ii. [2]For what value(s) of x is the graph of y = f(x) increasing?

iii. [1]For what value(s) of x is the graph of f(x) concave up?
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Question 12 (11 marks)

(a) [2]If y = ax3 + bx2 + cx+ d has only one stationary point show that b2 = 3ac.

(b) A cone is inscribed in a sphere of radius a, centred at O. The height of the cone is

x and the radius of the base is r, as shown in the diagram below.

i. [2]Show that r2 = 2ax− x2.

ii. [1]Show that the volume, V , of the cone is given by V =
1

3
π(2ax2 − x3).

iii. [3]Find the value of x for which the volume of the cone is a maximum.

(c) [3]Find the value of

∫ 2

−1
|x|+ x2 dx
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