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Structure of this paper 
 

Section 
Number of 
questions 
available 

Number of 
questions to 
be answered 

Working 
time 

(minutes) 

Marks 
available 

Percentage 
of exam 

Section One: 
Calculator-free 

7 7 50 52 35 

Section Two: 
Calculator-assumed 

13 13 100 98 65 

 Total 150 100 

 
 
 

Instructions to candidates 
 
1. The rules for the conduct of examinations are detailed in the school handbook. Sitting this 

examination implies that you agree to abide by these rules. 
 
2. Write your answers in this Question/Answer Booklet. 
 
3. You must be careful to confine your response to the specific question asked and to follow 

any instructions that are specified to a particular question. 
 
4. Spare pages are included at the end of this booklet. They can be used for planning your 

responses and/or as additional space if required to continue an answer. 

 Planning: If you use the spare pages for planning, indicate this clearly at the top of the 
page. 

 Continuing an answer: If you need to use the space to continue an answer, indicate in 
the original answer space where the answer is continued, i.e. give the page number. 
Fill in the number of the question that you are continuing to answer at the top of the 
page. 

 
5. Show all your working clearly. Your working should be in sufficient detail to allow your 

answers to be checked readily and for marks to be awarded for reasoning. Incorrect 
answers given without supporting reasoning cannot be allocated any marks. For any 
question or part question worth more than two marks, valid working or justification is 
required to receive full marks. If you repeat any question, ensure that you cancel the 
answer you do not wish to have marked. 

 
6. It is recommended that you do not use pencil, except in diagrams. 
 
7. The Formula Sheet is not to be handed in with your Question/Answer Booklet. 
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Section Two: Calculator-assumed (98 Marks) 

This section has thirteen (13) questions. Answer all questions. Write your answers in the spaces 
provided. 
 
Working time for this section is 50 minutes. 
 

 
 

Question 8 (8 marks) 

(a) For each of the following statements, state whether they are always true or sometimes 
false. Support each answer with an example. 

 
(i) If P Q  , then if follows that Q P . (2 marks) 

 
 
 
 
 
 
 
 
 
 
(ii) If P Q  , then if follows that Q P  and P Q . (2 marks) 

 
 
 
 
 
 
 
 
 
 

(iii) If P Q  , then if follows that P Q . ( P  is the negation of P ) (2 marks) 

 
 
 
 
 
 
 
 
 
 
 
(b) If B A  is a true statement, circle all of the following that are always true. (2 marks) 

 
  

B A   B A   A B   A B  A B  B A  
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Question 9 (6 marks) 

The graphs of the functions  ( ) ( )cos  ,  cosec  ,  tany a x b y c x d y e f x          are shown 

below, where , , , ,  and a b c d e f  are real constants. 

 

 
 
 
State the values of constants , , , ,  and a b c d e f . 
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Question 10 (6 marks) 

A body in equilibrium is acted on by three forces, as shown in the diagram (not to scale). 

North

P

Q

R

 
P is of magnitude 350N on a bearing of 060, Q is of magnitude 600N on a bearing of  , where 

090 180    , and R is of magnitude x N on a bearing of 285. 

 
Determine x  and  . 
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Question 11 (9 marks) 

(a) , ,   and A B C D  lie on a circle with diameter BD . If AC AD  and 20ADB   , determine 

the size of angle BDC . (3 marks) 

 

 
 
 

 
 
 
(b) ,   and P Q R  lie on circle with centre O . If PQ  is parallel to OR  and 136ROP   , 

determine the size of angle ORQ . (3 marks) 

 

  
 
 
 
 
 
(c) A segment of a circle of radius 5 cm is shown (not to scale). Given that the width of the 

segment is 8 cm and the height is h  cm, determine h . (3 marks) 
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Question 12 (8 marks) 

P and Q are two points directly across from each other on opposite banks of a river. P and Q are 
60 m apart and a steady current flows along the river at 1.5 ms-1. 

P

Q

60 m

 
 
(a) A boat leaves Q at a speed of 3.6 ms-1, and steers at an angle of 90º to the river bank. 

Determine how far downstream of P the boat is when it reaches the opposite bank. 
   (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
(b) A boat with a speed of 2.8 ms-1 must travel directly from P to Q. 
 
 Determine the angle the path of the boat must make with the river bank, to the nearest 

degree, and the time the boat will take, to the nearest tenth of a second. (5 marks) 
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Question 13 (7 marks) 

Five matrices are given by 
2

3

 
 
 

, 
4 10

6 15

 
 
 

, 
2 3

5 8

 
 
 

,  2 5  and 
3

2

 
 
 

. 

 

(a) If the five matrices are , , ,    and A B C D E  (although not in that order) and it is known that 

the inverse of B  exists and that ED A , match each of the above matrices with
, , ,    and A B C D E . (3 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Find X  where 
2 3 2 7

2 1 1 1
X X

     
       

       
. (4 marks) 
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Question 14 (7 marks) 

(a) Let 5 4 3 2( ) 4 3 3 4f x x x x x x      , for all real x . 

 
(i) Write the contrapositive of the statement ( ) 0 0  f x x   . (1 mark) 

 
 
 
 
 
 
(ii) Hence, or otherwise, prove that if ( ) 0f x   then 0x  . (2 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Prove by contradiction that 
3 5

4


 is irrational. (4 marks) 
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Question 15 (8 marks) 

(a) A bag contains 3 green, 5 red and 4 blue balls. 
 

(i) If six balls are removed at random from a bag, what fraction of all possible 
selections will have two balls of each colour? (2 marks) 

 
 
 
 
 
 
 
 
 
 
(ii) What is the least number of balls that should be removed from the ball to be certain 

that the selection will contain at least three balls of the same colour? Justify your 
answer. (2 marks) 

 
 
 
 
 
 
 
 
 

 
(b) In a particular restaurant customers may order any combination of chips, peas and gravy 

to accompany their main course. Records show that 45% of customers choose gravy, 
59% choose chips, 24% choose peas, 19% choose peas and chips, 15% choose gravy 
and peas, 25% choose gravy and chips and 15% choose all three. What percentage of 
customers choose to order nothing? (2 marks) 

 
 
 
 
 
 
 
 
 
(c) Four letters are chosen from those in the word MATHS. How many of the resulting 

arrangements start with M or end with S? (2 marks) 
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Question 16 (8 marks) 

(a) Find the value(s) of x  for which the matrix 
1

1 2

x

x

 
 
  

 is singular. (2 marks) 

 
 
 
 
 
 
 
 
 
(b) Express the two simultaneous equations 2 1y x   and 4 2 3x y   as a matrix equation.  

   (1 mark) 
 
 
 
 
 
 
 
(c) State how many solutions exist to the matrix equation in (b), and explain your answer 

geometrically. (2 marks) 
 
 
 
 
 
 
 
 
 
 
(d) Determine the exact coordinates of the image of the point (10, 5) when it is reflected in a 

line through the origin, inclined at an angle of   to the x -axis, where  1 31
2 4

tan  . 

   (3 marks) 
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Question 17 (9 marks) 

(a) Consider the true statement 'if a triangle has two congruent sides, then it has two 
congruent angles'. 

 
(i) Write the contrapositive of the statement and explain whether or not the 

contrapositive is also true. (2 marks) 
 
 
 
 
 
 
 
(ii) Write the inverse of the statement and explain whether or not the inverse is also 

true. (2 marks) 
 
 
 
 
 
 
 
(b) The sides AB  and DC  of a quadrilateral are produced to meet at E . If 8AB CE   cm, 

6BE   cm and 2.5CD   cm 

 
(i) show that ABCD  is concylic. (3 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(ii) prove that BAD BCE  . (2 marks) 
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Question 18 (7 marks) 

The depth of water in Harbour A, d  metres, at t  hours after midnight, is given by the formula 

2.25 1.75cos
6

t
d

 
   

 
. 

 
(a) Draw the graph of the depth of water in Harbour A for 0 24t  . (3 marks) 

 
 

  
 
 
 
(b) A ship requires a depth of at least 2.75 m to use the harbour. Determine how many hours 

a day the ship can use the harbour, giving your answer to the nearest minute. (2 marks) 
 
 
 
 
 
 
 
 
 
 
(c) At another harbour, B, the depth of water varied with the same period and amplitude as 

Harbour A, but the first high tide of the day occurred two and a half hours later than at 
Harbour A, at which time the depth of water was 6.3 meters. 

 
 Determine a suitable formula for the depth of water in this harbour at time t  hours after 

midnight. (2 marks) 
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Question 19 (8 marks) 

(a) Determine the exact coordinates of the image of point A  with coordinates ( , )4 6  after an 

anti-clockwise rotation of 120° about the origin. (2 marks) 
 
 
 
 
 
 
 
 
 
 

(b) A plane figure OBC  of area 35 cm2 is transformed geometrically by matrix 
0 2

2 0
P

 
  
 

, 

then by matrix 
1 0

0 1
Q

 
  

 
 and finally by matrix 

0 1

1 0
R

 
  
 

. 

 
(i) Describe geometrically the effect of transformation matrix Q . (1 mark) 

 
 
 
 
 
(ii) Determine the single matrix that represents the combined effect of the three 

transformations in the order given. (2 marks) 
 
 
 
 
 
 
 
(iii) Calculate the area of the plane figure OBC  after the three transformations. 

  (1 mark) 
 
 
 

 
 
 
 

(c) The matrix M  is such that 2M I  . Determine a possible matrix M  and describe its 
geometric effect. (2 marks) 
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Question 20 (7 marks) 

Let ( )
5 3 7

5 3 15

n n n
P n    . 

 
(a) Evaluate ( )1P  and ( )4P . (1 mark) 

 
 
 
 
 
 
 
(b) Prove by induction that ( )P n  is always an integer, when n  is a positive integer. (6 marks) 
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