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General Instructions 

x Reading time í 5 minutes 

x Working time í 3 hours 

x Write using black or blue pen.  Black 

pen is preferred. 

x Board-approved calculators may be 

used 

x A table of standard integrals is provided 

on the back page of this paper 

x In questions 11 – 16, show all relevant 

reasoning and/or calculations 

 

 

. 

 

Total marks í 100 

 
10 marks 

x Attempt Questions 1í10 

x Allow about 15 minutes for this section 

 

 
90 marks 

x Attempt Questions 11-16 

x Allow about 2 hours and 45 minutes 

for this section 

 

 
DO NOT REMOVE THIS PAPER FROM THE EXAMINATION ROOM 

Section I 

Section II 
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Section I 

10 marks 

Attempt Questions 1 – 10 
Allow about 15 minutes for this section 

Use the multiple-choice answer sheet for Question 1 – 10. 

1 An object moving in a circular path of radius 4 metres travels 48 metres in 3 

seconds.  

The angular speed of the object is: 

 (A) 3 rad/s 

 (B) 4 rad/s   

 (C) 12 rad/s 

 (D) 16 rad/s 

   

2 What is the gradient of the tangent to the circle 
2 22 9x x y� �   

at the point � �0, 3� ? 

 
(A) 

1
3

�  

 
(B) 

11
6

�  

 
(C) 

1
3

 

 
(D) 

1
6

 

   
3 The number of ways that 6 items can be divided between 3 people so that each 

person receives 2 items is: 

 (A) 6 

 (B) 27 

 (C) 90 

 (D) 360 



í 3 í 

4 Which of the following is the expression for 
3sin xdx³ ? 

 
(A) 

31 cos cos
3

x x C� �  

 
(B) 

31 cos cos
3

x x C� �  

 
(C) 

31 sin sin
3

x x C� �  

 
(D) 

31 sin sin
3

x x C� �  

   

  

5 A particle at B is attached to a string AB that is fixed at A. The particle rotates in a 

horizontal circle with a radius of r. Let T be the tension in the string and 

BOA T�  . 

 

 

Which of the following statements is correct? 

 (A) cosT mg maT �   

 (B) 2sinT mrT Z  

 (C) T mg �  

 (D) T mg ma�   
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6 The polynomial equation 3ݔଷ െ ଶݔ2 + ݔ െ 7 = 0 has roots ߚ,ߙ and ߛ. 

Which polynomial equation has roots 
ଶ
ఈ  , ଶఉ  and ଶఊ ? 

 (A) 3ݔଷ െ ଶݔ4 + ݔ4 െ 56 = 0  

 (B) 7ݔଷ െ ଶݔ2 + ݔ8 െ 24 = 0  

 (C) ݔଷ െ ଶݔ2 െ ݔ27 െ 49 = 0  

 (D) 24ݔଷ െ ଶݔ8 + ݔ2 െ 7 = 0  

   

7 The point ܲ ቀܿ݌, ௖௣ቁ lies on the rectangular hyperbola ݕݔ =  ܿଶ. The equation of 

the normal to the hyperbola at P is: 

 (A) ݔ + ݕݍ݌ = ݌)ܿ +   (ݍ

 (B) ݔ + ݕଶ݌ =   ݌2ܿ

 (C) ݔ݌ െ  ଵ௣ ݕ = ଶ݌ܿ ቀ1 െ  ଵ௣మቁ  

 (D) ݕ݌ െ ܿ = ݔ)ଷ݌  െ   (݌ܿ

   

8 
What is the eccentricity for the hyperbola 

2 2

1
225 64
y x

�  ?

 
 

(A) 
8

17
 

 
(B) 

15
17

 

 
(C) 

17
15

 

 
(D) 

17
8
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9 The Argand diagram below shows the complex number z. 

                                   

 

 

 

 

 

Which Argand diagram best represents  ݅ݖҧ ? 

 (A)  (B)  

     

 (C)  (D)  
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10 The graph of ݕ =  .is drawn below (ݔ)݂

 

Which of the following graphs represents the graph of ݕ =  ?ଶ[(ݔ)݂]

 
(A) 

 

(B) 

 

    

(C) 

 

(D) 
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Section II 
 
90 Marks 
Attempt Questions 11 - 16. 
Allow about 2 hours and 45 minutes for this section. 
 
Answer each question in a SEPARATE writing booklet.  Extra writing booklets are available. 

In Questions 11 - 16, your responses should include relevant mathematics reasoning and/ 

calculations.  

Question 11 (15 MARKS) Use a SEPARATE writing booklet Marks 
    
(a) Let ݓ =  ξ3 + ݅ and  ݖ = 3 െ  ξ3݅. 

 

 

 (i) Find 1 ݖݓ 

 (ii) Express ݓ in modulus-argument form. 2 

 (iii) Write ݓସ in simplest Cartesian form. 2 

   
   

(b) (i) Find the values of A, B, C and D such that: 
 

ଷݔ5 െ ଶݔ3 + ݔ2 െ 1
ସݔ + ଶݔ  = ݔܣ  + ଶݔܤ  + ݔܥ  + ܦ

ଶݔ + 1  
 

2 

 (ii) 
Hence find ׬ ହ௫యିଷ௫మାଶ௫ିଵ

௫రା ௫మ  dx. 
2 

    

   
(c) Find all solutions to the equation  ݔସ െ ଷݔ2 + ଶݔ  െ ݔ8 െ 12 = 0, given 

that  2x i  is a root of the equation. 

3 

   
   

(d) 
Find ׬ ௫ ௗ௫

௫మ ି ଷ௫ ା ସ 
3 
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Question 12  (15 marks)  Use a SEPARATE writing booklet  Marks 
   
(a) Using calculus, show that ln(1 )x xt �  for 1x t � . 3 
   
(b) 

Consider the ellipse ௫
మ

ଵ଺ +  ௬
మ

ଽ  =1 
 

 

 (i) Show that the point P(4 cos T, 3 sin T) lies on the ellipse. 1 

 (ii) Calculate the eccentricity of the ellipse and hence find the foci and the  

directrices of the ellipse. 

3 

 (iii) Find the equation of the tangent at P(4 ݏ݋ܿ ,ߠ 3 ݊݅ݏ  2 .(ߠ

 (iv) Find the equation of the normal at P(4 ݏ݋ܿ ,ߠ 3 ݊݅ݏ  2 .(ߠ

 (v) Show that the tangent at P cuts the positive directrix at 

൬16ξ7ܯ 
7 , 21െ12ξ7 cosߠ

݊݅ݏ7 ߠ   ൰. 
 

2 

 (vi) Hence show that �PSM = 90q, if S is the positive focus. 2 
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Question 13 (15 marks)  Use a SEPARATE writing booklet  Marks 
   
(a) 

Express   
(ଵା௜)మ

൫ଵି௜ξଷ൯మ
 in the form ߠ ݏ݅ܿ ݎ.   

4 

    
   
(b) The graph of ݕ =  .is shown below (ݔ)݂

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sketch the following curves on separate half page diagrams. 

 

 (i) ݕ =  1     |(ݔ)݂|

 (ii) y  = 
ଵ

௙(௫) 
2 

 (iii) ݕ = ݀
ݔ݀  2 [(ݔ)݂]

 (iv) ݕଶ =  2 (ݔ)݂

    
 (c) Prove that ܿ݅ߙ) ݏ + (ߚ  =  2 ߚ ݏ݅ܿ ߙ ݏ݅ܿ

    
    
(d) Find the Cartesian equation of the following curve and sketch it on an Argand 

Diagram. 

ݖ| + 3 + 2݅| = ݖ|  െ 2 + ݅| 

2 
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Question 14 (15 marks)  Use a SEPARATE writing booklet  Marks 
   
(a) (i) Let (ln )n

nI x x dx ³  for 0,  1, 2, 3,...n   

Show that 

2

1(ln )
2 2

n
n n

x nI x I � �  for 1n t   

3 

 

(ii) 

 

Hence, or otherwise, find ³ dxxx 2)(ln . 

1 

    

(b) If 1 8T  , 2 20T   and 1 24 4n n nT T T� � �  for 3n t  prove by mathematical 

induction that: 

 ( 3)2n
nT n �  for 1n t  

3 

   
    
(c) Using the method of cylindrical shells, find the volume of the solid of revolution 

formed when the area bounded by ݕ = ݊݅ݏ  the x-axis, between x = 0 and ,ݔ

 x = S, is rotated about the y-axis.   

3 

   
    
(d)   

 A ladder reaches from the ground, over a wall 8 metres high, to the side of a 

building 1 metre behind the wall. 

 

  

(i) 
By using similar triangles, show that 

x
y 8
  and hence the length l  of the 

ladder, where 21 lll � , is given by: 

 2
2 64164

x
xl ��� . 

2 

 (ii) Hence find the length of the shortest ladder which will satisfy the 

conditions described above. 

3 
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Question 15 (15 marks)  Use a SEPARATE writing booklet  Marks 
   

(a) Use the substitution 
xu e  to find 

2

21

x x

x

e e dx
e
�
�³ . 

4 

    

(b) 
The point , cP cp

p
§ ·
¨ ¸
© ¹

 with 0p !  lies on the rectangular hyperbola 
2xy c  

with focus S. The point T divides the interval PS in the ratio 1:2. 

 

 

 

 

 (i) Show that the coordinates of T are: 

¸
¸
¸
¸

¹

·

¨
¨
¨
¨

©

§ �
�

3

22

,
3

22
c

p
c

ccpT  

2 

 (ii) Show that the Cartesian equation of the locus of T can be written as: 

� �� �23234 2 cycxc �� . 

HINT: find an expression for p2  in terms of x, and 
p
2

in terms of y. 

2 
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(c)   

 

The diameter AB of a circle centre O is produced to E. EC is a tangent touching 

the circle at C, and the perpendicular to AE at E meets AC produced at D. 
D �BAC  

Show that CDE'  is isosceles. 

3 

(d) A particle P of mass 5kg is attached by two chains, each of length 3 m, to two 

fixed points A and B, which lie on a vertical plane. 

P  revolves with constant angular velocity Z  about AB . AP  makes an angle of 

T  with the vertical.  The tension in AP  is 1T  and the tension in BP  is 2T   where 

1 0T t  and 2 0T t .  

 
                                          
   
                                                                    

                                  
 
 
 
 
 
 
 
 
 
 

 

 

 (i) Resolve the forces on P in the horizontal and vertical directions 2 

 (ii) If the object is rotating in a circle of radius 1.5m at 12m/s, find the tension 

in both parts of the string.  (Use g = 10 m/s2
) 

2 

    
 

A 

B 

C 

E 

D 

 

T  

T  

A 

P 

B 

l
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Question 16 (15 marks)  Use a SEPARATE writing booklet  Marks 
   
(a) 

Find the first derivative of   

2 

    

(b) (i) The displacement (from a fixed point) of a body moving in a straight line is 

given by x, and its velocity is v. 

Show that 
21

2
d dvv v
dx dx

§ ·  ¨ ¸
© ¹

. 

 

1 

   

 (ii) A particle of mass one kg is moving in a straight line.  It is initially at the 

origin and is travelling with velocity 
13 ms� .  The particle is moving against 

a resisting force 
3v v� , where v is the velocity. 

 

  A Briefly explain why the acceleration of the particle is given by 

� �3 .dv v v
dt

 � �  

 

1 

  B Show that the displacement x of the particle from the origin is given by 

1 3tan .
1 3

vx
v

� § ·�
 ¨ ¸¨ ¸�© ¹

 

 

4 

  C Show that the time t which has elapsed when the particle is travelling 

with velocity V is given by 
� �2

2

3 11 log
2 4e

V
t

V

ª º�
« » 
« »
¬ ¼

 

 

4 

  D Find 
2V  as a function of t.  2 

  E Hence find the limiting position of the particle as t of . 1 

 

End of Examination 
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3 A B C D  
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8 A B C D  

 

9 A B C D  

 

10 A B C D  
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QUESTION 11 
a) 

 
b) 

 

c) 

 

Since 2x i   is one root, � �� �2 2x i x i� �  are factors as coeffs are real,  so 

� �2 4x �  is a factor 
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d) 
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QUESTION 12 
a) 

 
b) 
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QUESTION 13 
a) 

 
b) 

 

െ1
8 
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c) 
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d) 
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QUESTION 14 
a) 

 
 2 2 2 2

2
2

(ln ) ln(ln )
2 2 4

x x x x xI x x dx C  � � �³  1 mark correct 

b) 

 
c)  

 

 

by parts 

xxxx wow sin20lim S  

, 1n k �   
, � � 1

1 2 2k
kT k �
�  �   
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d) 
(i) 

 
(ii) 

 
 

 
 

 
  

1 Equation for l 

Correct derivative 

 

1 
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QUESTION 15 
a) 

 
b) 
(i) 

 
(ii) 
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c) 

 
d) 

 
 

 

 

 

(can be without numerical 
sub) 

 

(can be without numerical 
sub) 
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QUESTION 16 
a) 

 
b) 
(i) 

 

1 mark correctly establishes result 

(ii) 
A 

 

1 mark correct explanation 

B � �

� �

� �
� � � �
� � � �

3

2

2

1

1

1 1

1 1

1 1

1 1

1

1

1
1
tan

when 0, 3 tan 3

tan 3 tan

tan tan tan 3 tan

tan tan 3 tan tan

1 tan tan 3 tan tan

3
1 3

3tan
1 3

dvv v v
dx
dv v
dx
dx
dv v
x v c

x v c

x v

x v

v

v

v
v

vx
v

�

�

� �

� �

� �

� �

�

 � �

 � �

�
 

�
 � �

  �  

?  �

 �

�
 

� u

�
 

�
§ ·�

?  ¨ ¸¨ ¸�© ¹

 

  1 mark some correct progress 
towards result 
 
 
 

1 mark 21
1
vdv

dx
�

�  

 
1 mark vx 11 tan3tan �� �  
 
 
 
 
 
 
 
1 mark correctly establishes result 

1
3 ln (ݔଷ + 1) 
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C � �

� �

� �

� �

� �

3

3

2

2

23

2

3

2

3

2

2
3

2

2

2

2

1

1
1

1
1

1
1

1 log 1 log
2

1 log 1 2log
2

1 1log
2

1 1 4log log
2 3

3 11 log
2 4

V

V

e e

V

e e

V

e

e e

e

dv v v
dt
dt
dv v v

v v

v
v v
vt dv
v v

v v

v v

v
v

V
V

V
V

 � �

 �
�
�

 
�

 �
�

 �
�

ª º � �« »¬ ¼

ª º � �¬ ¼

ª º�
 « »

¬ ¼

ª º§ ·� § · �« »¨ ¸ ¨ ¸
© ¹© ¹¬ ¼

ª º�
« » 
« »¬ ¼

³

 

 
 
 

1 mark 3

11
vvdv

dt
�

�  

 
 
 
1 mark correct partial fractions 
 
 
 
 
1 mark correct integration 
 
 
 
 
 
 
 
 
 
 
 
1 mark correct result 
 

D � �

� �

� �

2

2

2
2

2

2 2 2

2 2

2
2

3 11 log
2 4

3 1
4

4 3 3

4 3 3

3
4 3

e

t

t

t

t

V
t

V

V
e

V
V e V

V e

V
e

ª º�
« » 
« »¬ ¼

�
 

 �

�  

 
�

 

 
 
 
 

1 mark 
� �

2

2
2

4
13

V
Ve t �

  

 
 
 
 
1 mark correct result 

E 
1

As , 0

hence tan 3

t v

x �

of o

o
 

1 mark correct both parts 
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