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Question 1  B
The given statement is p → q, where p represents ‘my plants are turning yellow’ and q represents 
‘they are not getting enough water’.
The contrapositive of the statement is given by ¬q → ¬p, where ¬p represents ‘my plants are not 
turning yellow’ and ¬q represents ‘they are getting enough water’
Therefore, the contrapositive statement is ‘If they are getting enough water, then my plants are not 
turning yellow.’

Question 2  B
Using a CAS calculator to sketch the graph of f gives:

The asymptote at x � �
2

 is excluded since the interval is ��
�
�

�
�
��

�, .
2

Thus, reading from the graph, 

there are four vertical asymptotes in the given interval.

Question 3  B
Using a CAS calculator gives:

� � �
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e
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Question 4  A
Using a CAS calculator gives:
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Question 5  B
The subset is the perpendicular bisector of points (–3, –1) and (3, 3).

Thus, the line will pass through � � � ��
�
�

�
�
� �

3 3
2

1 3
2

0 1, ( , ).  

m � �
� �
� �

� �
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Finding the equation of the path gives:
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Through a process of elimination, it can be found that only (–2, 4) satisfies this equation.

Question 6  A
Since ∠COA = 90°, OC can be obtained by rotating OA anticlockwise at an angle of 90°.
Since OC = 2OA, point C can be obtained by rotating point A anticlockwise at an angle of 90°  
and dilating by a factor of 2.
Therefore, point C can be represented as 2iz.
As OABC is a rectangle, it is also a parallelogram where OB is its diagonal.
Point B is the sum of points A and C.
Therefore, point B is represented by the complex number z + 2iz.

Question 7  D
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Question 8  C
u x du dx

dv x dx v x
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Question 9  D
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The missing part of the algorithm is � � � �( ) .x z x z x z x z1 2 2 1 2 1 1 2

Question 10  D
Using a CAS calculator gives:

y y f x
f

3 2 20 1
0 873 0 1 1 2

� � � �
� �

.
. . ( . )

Question 11  D
Using a CAS calculator gives:

∴ ∠ ≈ 57°

Question 12  B
Using a CAS calculator gives:

� �
�

�� �
acceleration 8

42 3
x

x
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Question 13  A
Using a CAS calculator gives:

∴ t ≈ 8 s

Question 14  C
Let x be the distance of the bottom of the ladder from the wall.
Let y be the distance of the top of the ladder from the floor.

x y

y x y
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Question 15  D
D is correct. Using a CAS calculator gives:

  

a b c for  and � � � �m n m n9
14

4
7

A is incorrect. There is no k ∈ R such that 
 

a b.= k
B is incorrect. 

 

a b� � �14 0.
C is incorrect. 

 

a b≠ .
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Question 16  A
Using a CAS calculator gives:

� �T h
g
2

Question 17  C

 


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Question 18  D
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Question 19  A
� � �
� � �
�
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Using a CAS calculator gives:

∴ 95% confidence interval = (2.19, 2.21)

Question 20  C

T N

T N
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Using a CAS calculator to find Pr T T1 2 1� �� �  gives:
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Section B

Question 1 (12 marks)

a.	 AB OA OB
� ��� � ��� � ���

� � � � � �

� � �

� � �
� � � � � � �

� � � �

2 5 0 3 2

2 4 3

i j k i j k

i j k� A1

AC OA OC
� ��� � ��� � ���

� � � � � �

� � �

� � �
� � � � � � �

� � � �

2 5 2

4 2 4

i j k i j k

i j k� A1 

b.	 There is no λ ∈ R such that AB AC
� ��� � ���

� � . 	 M1
Therefore, A, B and C are not collinear.

c.	 area � �

�

1
2

65

AB AC
� ��� � ���

� A1

 

Note: Consequential on answer to Question 1a.

d.	 AB AC
� ��� � ��� � � �

� � �

� � � �
� �

� � � �

i j k

i j k

2 4 3
4 2 4
10 4 12� A1

�

�
1

1

10 4 12 10 0 4 3 12 2 36
5 2 6 18

:
:
� � � � � � � � � � �

� � � �

x y z
x y z� M1

Note: Consequential on answer to Question 1a.
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e.	 Letting z = 0 gives:	 M1
� � �
� � �

�
�
�

� � � � �
5 2 18

3 1
4 1

x y
x y

x y,

Hence, point P(– 4, –1, 0) lies on line L.	 M1















v

i j k

i j k

� �
�

� � �

5 2 6
1 3 1

20 11 13� A1
L t t t t: ( ) ( ) ( )
 





r i j k� � � � � � �4 20 1 11 13 	 A1

 

Note: Accept responses that use alternate z-coordinates to find point P.

f.	 AP
� ���

� �
� � �6 5i k 	 M1

 





n i j k� � �3

d
AP

�
�

�

� ���
�

�

n
n

11� A1
Note: Consequential on answer to Question 1a. The value  

of AP
� ���

 is consequential on point P.

Question 2 (10 marks)

a.	 u

v

� �
�
�

�
�
�

� ��
�
�
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�
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b.	 u3 8 8

16 2

�

� �

cis( )�

v3 8 8

16 2

� �

� �

cis( )�

solving u3 or v3 M1
Therefore, u v3 316 2 16 2 0� � � � . 	 M1

c.	 z z u z v z a a R3 16 2� � � � � �( )( )( ),where 	 M1

( )( ) ( )z u z v z u v z uv

z z

� � � � � �

� � �

2

2 2 2 8

z z z a z

a

2 32 2 8 16 2

2 2

� �� � � � �

� �

( )

z z z z3 216 2 2 2 8 2 2� � � �� � �� � 	 M1
Note: All working must be shown to obtain full marks. 

d.	 Let X be a point on the positive real axis.
� � � ��

� �

�

COX AOX AOC
� �

�
3

2
9

9
 

� � � � �

� �

�
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� �

�
9 3
4
9

� M1

e.	 Arg( )z �
�
9

	 A1

f.	 A � � � � �
�
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�
�
� � � � � �
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� �
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� � �
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Question 3 (11 marks)

a.	 Finding the area of the inner surface gives:
x y
dx
dy y

=

=
1

2

S x dx
dy

dy1

2

0

8
2 1

98 7353

� � �

�
�

�

�
�

�

� �

. ...� A1
Finding the area of the outer surface gives:

x y
dx
dy y

=

=

2
1
2

S x dx
dy

dy2

2

0

8
2 1

144 708

� � �

�
�

�

�
�

�

� �

. ...� A1
Finding the area of the top ring gives:
r
r
1

2

2 2
4

=

=

S r r3 2
2

1
2

8
� �� �
�

�

�� A1
total area

 m

� � �

�

S S S1 2 3
2268 58.� A1
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b.	 �

�

2

2

2 2

0
2

y y dy

h

h � � � � �� �
�

� � M1

� A1

c.	 i.	 dV
dt

dV
dh

dh
dt

h h dh
dt

dt hdh

dt hdh

t

t

� �

� �

�

�

�

��

�

�

�
0

8

0
47 4.  minutes

� M1

� A1

ii.	 dt hdh
ht

� �� �
00

	 M1

h t
�

1
2

18 2

2
3
�

	 A1

V h

t

t

�

�

�

�

�

�

�

2

4

4
3

4
3

2

3
8

12

81
128

�
A1

Note: Consequential on answers to Questions 3b. and 3c.i.
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Question 4 (9 marks)

a.	

 

I1 4
�
� 	 A1

b.	 I x dxn

n

� �� �� 1 2
0

1 2

u x du nx x dx
dv dx v x

n n

� �� � � � �� �
� �

�
1 12 2 2 2

1

M1

I x x n x x dx

I n x

n

n n

n
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�
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�� � �� �

� � ��

�

�( )1 1
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2 2 2
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0
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�� �� �
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� � �� � �� �
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�

�

�

1

1 1 1

1 1

2
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2
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0

1
2

2
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x dx

n x x dx

n x x

n

n

nn n

n n

x dx
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� �
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�
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�
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� � � � �� �

�
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2
2 2

2
2

0

1

2 2 2
2

2
0

1

0

1

1 1( )
11
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�
� � �

�
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n
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� A1

� M1

� M1
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c.	 I I

I

5 3

1

5
6
5
6

3
4

5
6

3
4 4

5
32

�

� �

� � �

�

�

�

� M1

� A1 

d.	 � �

�

y dx x dx

I

n

n

2 2
0

1

0

1

2

1� �� �

�

�� � A1

∴ p = π, q = 2� A1

Question 5 (8 marks)

a.	 x
t
a t t

a t

� ��
�
�

�
�
�

� �

1

1 2
cos

cos cos

cos

y
t
a t t

a t
t

t

a t t

� ��
�
�

�
�
�

�
�

�

� �� �

1

1

1

2

2

cos
cos sin

cos
cos

sin

cos tan
 
� M1

y x t

x y x x t

x t

x t

�

� � �

� �� �
�

tan

tan

tan

sec

2 2 2 2 2

2 2

2 2
1

� M1
x a t� �1 2cos

� � �� � � � � � �
�

( ) cos secx x y a t x t

ax

1 2 2 2 2 2

2� M1

b.	 Since a < –1 and x = 1 + acost < 0:

( )x x y ax

x ax
x y

� �� � �

� �
�

�

1

1

0

2 2 2

2

2 2

Therefore, x = 1 is an asymptote.	 A1
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c.	 d
dt
y t( ) = 0 	 M1

Since the graph indicates that there are two stationary points, the first two t-values  
should be used.
t = 0.452278 …, t = 2.68931 …
Substituting these values into the parametric equations gives:
maximum = (–0.62, 0.30), minimum = (–0.62, –0.30)	 A1

d.	 2

2 49

2 2

0
4 d

dt
x t d

dt
y t dt( ) ( )

.

�
�
�

�
�
� � �

�
�

�
�
�

�

�
�

� A1
 
� A1
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Question 6 (10 marks)	

a.	 0.2685	 A1

b.	 39� A1

c.	 X – travel time (excluding waiting times)
E X( ) � � �

�
55 6 2
43� A1

SD X( ) � � �

�

3 6 24
60

27
5

3 15
5

  OR
�

A1

d.	 0.0271	 A1

 

Note: Consequential on answer to Question 6c.

e.	 H0 : µ = 55
H1 : µ > 55	 A1

f.	 p-value = 0.0570	 A1
As p-value > 0.05, accept H0.	 A1

 

g.	 57.081 minutes	 A2


