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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 questions 1-10 
 

1. What is the range of the function 22 16y x= − − ? 
 

A. ( , 8]−∞ −   
 

B. [ 4,0]−   
 

C. [ 8,0]−   
 

D. [ 8, )− ∞   
 

 
 

 
2. The circle 2 2( 2) ( 4) 9x y− + + =  is enlarged by a factor of 2 with centre the origin. 

What is its resulting equation? 
 

A. 2 2 9( 1) ( 2)
4

x y− + + =   

 
B. 2 2( 2) ( 4) 18x y− + + =   

 
C. 2 2( 4) ( 8) 36x y− + + =   

 
D. 2 2( 2) ( 4) 36x y− + + =   

 
 

 

3. The period of the function ( ) 2 tan (4 )
3

f x x π
= − , where ,x∈  is 

A. 
2
π   

 

B. 
4
π  

 
C. 2π   

 
D. π   

 
 

Examination continues overleaf… 
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4. Which of the following is equal to 3loge xe− ? 
 

A. 3x−   
 

B. 3x   
 

C. 3xe−   
 

D. 3

1
x

  

 
 
 
 
 

5. A particle, initially at the origin, moves in a straight line with velocity 8 4v t= − m/s. 
What is the total distance travelled by the particle in the first 4 seconds? 
 

A. 0 m 
 

B. 16 m 
 

C. 8 m 
 

D. 12 m 
 
 
 
 
 

6. If 
5

2
( ) 4,f x dx =∫  which of the following is ( )

3

0
3 ( 2)f x dx+∫  equal to? 

 
A. 9 

 
B. 12 

 
C. 15 

 
D. 6 

 
 
 
 
 
 
 
 
 

Examination continues overleaf… 
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7. In a group of 60 students, 24 have subscribed to SFLIX and 38 have subscribed to 
NETAN. If 12 students have subscribed to both SFLIX and NETAN, what is the 
probability that a student chosen at random has subscribed to neither SFLIX nor 
NETAN? 
 

A. 1
3

  

 

B. 1
6

 

  

C. 19
30

 

 

D. 11
30

  

 
 
 

8. The graph of ( )y f x=  is shown below. For which interval(s) is ( ) 0?f x′ <   
 

 
 
 
 
 
 
 
 
 
 
 
 

A. ( , 5] [1, )−∞ − ∪ ∞  
  

B. ( 5,1)−   
 

C. ( , 5) (1, )−∞ − ∪ ∞   
 

D. [ 5,1]−  
 
 
 
 
 
 
 
 
 
 
 
 

Examination continues overleaf… 
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9. A particle is moving along a straight line. The graph shows the velocity, v, of the particle for 

time 0.t ≥   
 

 
 
 
 
 
 
 
 
        How many times did the particle change direction? 
 
 
 

A. 1 
 

B. 2 
 

C. 3 
 

D. 4 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination continues overleaf… 
 

 

t 

v 

0 ‣ 
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10.  

 
 
 
 
 
 
 
 
 
 
 
 

End of Section I 
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Section II  
 
90 marks 
Attempt all questions 
Allow about 2 hours and 45 minutes for this section 
 

Answer each question in the spaces provided. 
Your responses should include relevant mathematical reasoning and/or calculations. 
Extra writing space is provided at the back of the examination paper.  
 
 
Question 11 (3 Marks) 
 
Let ( ) ( 1)( 1)= + −f x x x    and   3( ) =g x x , 
 

(a) Find the degree of ( ) ( )×f x g x .                           1 
 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 

 

 

(b) Is ( ) ( )×f x g x  odd or even? Justify your answer.                       2 
 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 
 
 
 
 

Examination continues overleaf… 
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Question 12 (4 Marks) 
 
Differentiate the following: 
 

(a) 2

2
2 1

=
− +

y
x x

                                                                                                          2 

 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 

 
 
 
 

(b) 
2x

x
ey =                           2 

 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 

 

 

 

Examination continues overleaf… 
 

 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
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Question 13 (4 Marks) 
 
Find the following: 
 

(a) 4

1
(3 2)

dx
x +∫                                2 

 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 
 
 

(b) 
2

3

2  
1−∫ x dx

x
                              2 

 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

 

 

 

 

Examination continues overleaf… 
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Question 14 (3 Marks)  
 

(a) Find 
( )2 lnd x x

dx
 .                                                                      2 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 
 
(b) Hence, or otherwise, find the primitive of 2 4 lnx x x+ .                           1 

 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 
Question 15 (3 Marks)  
 
Find, in general form, the equation of the normal to the curve 2y x=  at the point on the               3 
curve where 4x = . 
 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

…………………………………………………………………………………………… 
Examination continues overleaf 
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Question 16 (5 Marks)  
 
The population of an endangered species of whale can be modelled by: 

 
 0.05350 10 tP e= −   

 
 where t  is time in years from 1st January 2022 and P is the whale population.               
 
(a) Determine the number of whales after 40 years from 1st January 2022.                   1

                                              
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 
 
(b) At what rate is the number of whales decreasing after 40 years from 1st January 2022?               2  

Give your answer correct to the nearest whole number. 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 
(c) In what year does the model predict that the species of whale will become extinct?                 2 
 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
Examination continues overleaf… 
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Question 17 (6 Marks)  
 
The acceleration of a particle moving on a straight line is given by 4 16a t= +  m/s2. 
 
(a) What is the acceleration of the particle after 12 seconds?                                                               1  

 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

(b) If the particle starts from rest, find its velocity after 12 seconds.                                                         3 
 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

(c)    Is the particle speeding up or slowing down after 12 seconds? Justify your answer.                              2   
 

 ……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

Examination continues overleaf… 
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Question 18 (3 Marks)  
 

The graph of  y = ( )f x  is shown below. There is a maximum turning point at x = B,                    3 

an inflexion point at 0, and a horizontal point of inflexion at x = C. 

 

Draw the graph of  y = ( )f x′  on the same set of axes below. 

  

 
 

           Examination continues overleaf… 

 

 

y   

 
x   A B 0 

 
C 
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Question 19 (5 Marks) 

 

The diagram below shows a farm property bordered by two straight fences, a river and a curved road.   

                                   

                                
 

(a) Using the trapezoidal rule and ALL the given measurements, find an approximation                    3        

 to the area of the farm property. All measurements are in metres.         

 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

       ………………………………………………………………………………………………  

 

(b) With the aid of the diagram above, explain whether the approximation found in                           2 

part (a) above is an over-approximation or an under-approximation. 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

Examination continues overleaf… 
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Question 20 (3 Marks) 

For the arithmetic series defined by 22 3nS n n= + , find the first, second and tenth terms.                   3 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

          

Question 21 (2 Marks) 

For the geometric series 4 8 16+ + +… , write an equation for the sum of a                                          2 

geometric series given that 508nS =  and solve the equation to find the value of n .   

……………………………………………………………………………………………… 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

 

 

Examination continues overleaf…. 
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Question 22 (5 Marks) 

For the function 3 23 6 1
2

y x x x= + − − , find the stationary points and determine                                  5   

their nature and find any points of inflexion. Sketch the curve for 4 2x− ≤ ≤ .  

Also state the global minimum in the specified domain. Do NOT determine  

the x-intercepts of the curve.             
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………   

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    
 

 
Examination continues overleaf… 
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……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………   

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………   

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

Examination continues overleaf… 
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Question 23 (6 Marks) 

In the diagram, ∆ABC is right angled at C, ∠BAC = 
6
π  and AB 5cm= . 

KP is a circular arc with centre A and KQ is a circular arc with centre B.  

 
 

 

 

 

 

 

 

 

 

If AK has length x cm , find the value of x , correct to one decimal place, for which the               

areas of the sectors AKP and BKQ are equal. 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

Examination continues overleaf… 
 

6
π

  
NOT TO SCALE 



19 
 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

Question 24 (2 Marks) 

       Find the value(s) of x  when 2 2cot cosec 3x x+ =  for 0 2x π≤ ≤                      2 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

Question 25 (2 Marks) 

       Prove that      
cos tan sec

1 sin
θ θ θ
θ
− =

−
                         2 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

       ……………………………………………………………………………………………… 

       ……………………………………………………………………………………………… 

       ……………………………………………………………………………………………… 

 

        Examination continues overleaf… 
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Question 26 (6 Marks) 

 

A game consists of a player throwing three fair coins. You lose $4 if three heads appear and  

lose $2 if two heads appear. You win $2 if one head appears and win $3 if no heads appear. 

 

 Let X  be the amount you win or lose per game. 

     

(a) Complete the probability distribution table below.                                                                          2 

 

x   4−   2−   2 3 

( )P X x=      

 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

       ……………………………………………………………………………………………… 

 

(b) Calculate ( )E X  and hence determine the expected profit or loss if you played                             2  

the game 500 times. 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

       ……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

       ……………………………………………………………………………………………… 

 

(c) Evaluate ( 2 2)P X X< − ≤ −                                                            2 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

          ……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

          ……………………………………………………………………………………………… 

 

 

 

   

      Examination continues overleaf… 
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Question 27 (4 Marks) 

 

       A hiker walks 5 km from camp to point A in a direction of 37N W . They then walk  

       3 km due west to point B, as shown in the diagram below. 
 

 
(a)   What is the shortest distance between the hiker when at point B and the camp?                          2   

        (Answer to the nearest metre) 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

(b)   What is the bearing of the hiker at point B  from the camp?                                    2 

        (Answer to the nearest degree) 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

       ……………………………………………………………………………………………… 

    

    Examination continues overleaf… 
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Question 28 (3 Marks) 

 

Give a possible sequence of transformations that transforms ( )y f x=  to 3 (2 4) 1y f x= × − + . 

Ensure that you use appropriate terminology in your response.                 3  

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examination continues overleaf… 
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Question 29 (6 Marks) 

 

(a) Sketch the graph of 2 5y x= +  on the lines provided below, clearly labelling                           2            

the x and y intercepts. 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

 

(b) Hence, or otherwise, solve 4 10 2 8x + + = .                                                                                  3 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………   

(c) By using the graph sketched in part (a) above, or otherwise, state the value(s) of m                      1 

such that 2 5x m+ =  has no solutions. 

……………………………………………………………………………………………… 

………………………………………………………………………………………………   

 
 

 

 

 

        Examination continues overleaf… 
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Question 30 (3 Marks) 

 

       Suppose 2( ) 2 1= − −f x x x  and ( ) cos=g x x .                           3       

       Find vertical asymptotes of ( )1    0
( ( ))

π≤ ≤x
f g x

. 

 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

………………………………………………………………………………………………    

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination continues overleaf… 
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Question 31 (5 Marks)  
 
Matt and Ingrid are playing a game. The dice they play with is four-sided and is marked  

with the numbers 1,2,3,4. They take turns throwing two dice. The game is won by the  

first player to throw a double four. Matt starts the game. 

 

(a) Show that the probability that Ingrid wins the game on her first throw is 15
256

.        1

                                              
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 
 
(b) What is the probability that Matt wins the game on the first or on the second throw?                 2

                                              
 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 
 
(c) Find the probability that Matt eventually wins the game.                    2

                                              
 
……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
 
 

Examination continues overleaf… 
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Question 32 (3 Marks)  
 
The diagram shows the curves with equation 26 5y x x= −  and 25 4y x x= − .            3 
The curves intersect at A and B where AB is a chord. 
 
 

 
 

 

Find the area of the shaded region. 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
Examination continues overleaf… 

 
 
 

NOT TO 
SCALE 

A 

B 

26 5y x x= −  

25 4y x x= −  
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Question 33 (6 Marks) 

 
      The figure below shows a hollow container consisting of a right circular cylinder of            

       radius r cm and of height h cm joined to a hemisphere of radius r cm. 

 

 

 

 

 

 

 

 

 

The cylinder is joined to the hemisphere at their open ends so that the resulting object is   

completely sealed. 

 

(a) Given that volume of the container is exactly 3360   cmπ , show clearly that             3 

the total surface area, 2 cmS , of the exposed surfaces including the container’s base                    

is given by 25 720
3

ππ= +S r
r

. 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 
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(b) Hence, show that =r h  when S is minimised.                 3 
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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 questions 1-10 

1. What is the range of the function y = -2-J16 -x2 ?

A. (-co,-8]

B. [-4,0]

© [-8,0] 

D. [-8,co)

-.......--+.:...
D

-r--}1{

2. The circle (x- 2)2 + (y + 4 )2 = 9 is enlarged by a factor of 2 with centre the 01igin.
What is its resulting equation?

B. (x-2)
2 +(y+4)2 =18 

@) (x-4)2 +(y+8)2 =36 

D. (x-2)2 +(y+4)2 =36

3. The period ofthefunction f(x)=2tan(4x-;),where xElR, is

A.
;

p-er-Lo � = : 

@: 4-

c. 2,r

D. n

Examination continues overleaf ... 

2 

-c :-2-)
£_
+ (T+4)

2-
�'l

c�-
2-
'tJ + c j +:s= 9

(,<..- 4)
'2-

-t- lj 1" % J'L � 3b



4. Which of the following is equal to e-3 tog,x ?

A. -3x

I 
-3

e °je., ?<-

-3

- X

5. A particle, initially at the origin, moves in a straight line with velocity v = 8 -4t mis.
What is the total distance travelled by the pat1icle in the first 4 seconds?

A. O m

� 16 m I( 
C. S m

D. 12m

-� �
iv

-i-

6. If r f (x) d, = 4, which of the following is t (3.f(x + 2)) dx equal to?

A. 9

@12

C. 15

D. 6

Examination continues overleaf ... 

3 

1 B . . r

C -.1.,· 
. e 

v 



7. In a group of 60 students, 24 have su bscribed to SFLIX and 3 8 have su bscri bed to
NET AN. If 12 students have su bscribed to both SFLIX and NET AN, what is the 
probability that a student chosen at rando m has su bscribed to neither SFLIX nor 
NETAN? 

A. _!_
3

19C.
30

1 1D .  
30 

8. The graph of y = f(x) is shown below. For which interval(s) is f'(x) < 0?

y 

-----+------+--+�-------\-------->x 

-5

A. (-co,-5] u [1,oo)

B. (-5,1)

0 (-oo,-5) u (l,oo)

D. [-5,1]

Examination continues overleaf ... 
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+ 2-b =- 5" o 12- -+
1
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Section II 

90 marks 
Attempt all questions 
Allow about 2 hours and 45 minutes for this section 

Answer each question in the spaces provided. 

Your responses should include relevant mathematical reasoning and/or calculations. 

Extra writing space is provided at the back of the examination paper. 

Question 11 (3 Marks)

Let /(x) = (x + l)(x-1) and g(x) = x3
, 

(a) Find the degree of f(x) x g(x).

.......... f..C;>J.,) .. -=:=: :)(..�:-:-.� ••.......................................................................... 

. . . . . . . . . . . 5. C �") .. -:-: . . !!-:-............................................................................ .

1 

(b) Is f(x) x g(:r) odd or even? Justify your answer. 2 

5 1 ......... f..Cr-:). � j. C� ") .. � ... "K �:..�. x.-.1 ...................................................... .
. . . . . .. . .. . L&+-• ... F, (11--"') .. 7 . .. K ... :-:-:-. � ....................................................... . 

. . . . . . . . . . . . . . . . . . . . . . . F. (_, .?!-) "' fr x) -: (-: x). .............................. 4. ":'9. .. '> ill �,;t s

..................................... ::-. . .-�.x .... ± .. x� ......... �t.-. .. � ........ �t��.t �'1-ow 

..................................... . -:-... :-:--:-: . G:._ rx.? . . --:-;-; 
.
'X-: � ) .............................. �b �-\-��"Tit)/\ .

. . . . . . . . . . . . • . . . . . . • . • . . . . . . . . . . . . . . . � .•. 777 ••. F.C� ) .................................................. . 
. . . . . . .  . . . .  . . . . . . . .  . ~ . .  •. : . . F..(-:-:�) .� ... -:-: .. F..(�) ................................................ .

_ � tvAC--� 1<; oc!J ,

Examination continues overleaf ... 
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Question 12 (4 Marks) 

Differentiate the following: 

' -=- -2-(2.. -2-"-······j·· .. . . . .... .......... . . . .  � .. . . . --::) . . . . .. ... . .. . . . ... .. . .. . . . ... . .. . .. ... . . . .. . ... . ... .. . . ..... . 
. . . . . .. . . . . . . . . . . . . . . . . . . · C_ "It. 1:-:1"T> :2..-:x:_. -+·') � ..... . . . ... .. ... . .. . ... q��\ 

1 
.... � . ..ol L .� � ·

···········;·······�····4·�··�·····················;;·······················································�·························x··············✓v·················································. '1.. ( 'l ,, � . . .. . .. . . .  . . .  . . . . . . . . .  . '"k.. ··-· t::')t_:+·� ) ........ . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  .

. . . . . r:r.( 
. . .  ·j'· :=:-.... . t.( ,. :-: :�. �· .. . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .

.
.
.. . . . . .. ..

. ..
. . . . . . (('}(.

.
:-:\) .. ) . .. .

.....
. .
.
. . . . . . . . . . . . ...

. . .
.
.
.
. .
. . . . ..

.. . .... . . ..
.
.
. .
.
. . .

.
. . . . . . .  .

. . .. . .. .. . . . . . . . . -:::; .. � •4+-( /Jl·-/') ....... �· ...... � ... 4 .. ... .. . .. ... .. . . ......... .. . .. . ..... .... . 

e2x 
(b) y=-

x 

- c � -•")4 C "Y\. -,)3 

. . 

2x LA,, ::. � V -=-- 'X 
. . . . . . . . . . . . . . . . . . . . . . ..

. . . . .
.
. ..

... . . . . ..
. . .

.
. . . . . . . . . . . . . ·············· .. .

.
. . . . . . . . . . ..

. . . . . . . . . . . . . . . . . . .1 '1 "2..x I 
. . 

-
. . .. . . . . . . . .. . . . . . . . . . .. .. . . . . . . . . . . . . . 

: .L.A. . . . 
-:-: 

. .  
4-: e. . . . . . . . . . . . . . .  v. .. :=:-. .  I . . . ... .. . .. . .. . .. . . ..... .( - ( �) 2'>( . . ... j ... :--... ?1-.. ·� . 2 e.. . . . .  � . . -:: . .  � . ... . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

...
.
.. .

. .
.. ... . . ..

. .. ..
.
.. . '),(,_ 

. . . . . . . . . . . . . . ... . . . . ..
.
. . . ..

. . . . . . . . . . . ..
. . . . . . . . . .. . . . . .. ..

.
..

.
.
..
.
.. . .

... 
. 

····�·J .. ?: ... e.��-.(.i:>:<.-.7:"' . .1.) ................................ ��.�.� .... ��\ .. ��

2 

Examination continues overleaf ... 

8 



Question 13 (4 Marks)

Find the following: 

a --�dx 
f 

1 
( ) (3x+2)4 

-4-·····::·f . .(.;!?<, :t k-) ..... �� .................................................. ················. 
··········c·············J·..:.::3············································································-;:._ 3x.-t'2. . . ...... .. .. . .. . ... .. . .. . . ..... ·+·-C:.: ................................................................ . · · · · · · · · · · · · ..,.,. 3· ·( 3,·')· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • • · • • • .�+.--�4 .... w�\ \ . .  &.o.i.u . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4':,l\ � ..  o.. rJl.. .. ·"'-ot'· . . �·"""·: \ � o--

•••• -: ••••• ..., •••••• � � •• "'-'-'-' '-'-'-!.:. ••••••• +. .. C ........................ :-:-?. ; :'rn.. ... g . (O...:x. t· b) � ),_ .x_
........... 9 . . ( 3 :),{, +..2...) : ......................................................................... . 

. .

2 

2 

Examination continues overleaf ... 
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Question 14 (3 Marks) 

. . . .. .. ······· . . ·· · ······ . . . . ... ... . .. .. . .. . .. . .. .. . . . .. . .... .. . . . . ... ... . . .
. ··· ···· · · . . . . . .. . . ... . . .  ······· 

........................... . . . . . . . ��. ! .�. ?'!-: . .  1: .. � ........ . . .. ......... ......... . . .... . . . ... ..... . . 

(b) Hence, or otherwise, find the primitive of 2x+4xln x. 

&� (o..) � ( ,,;) ctCl\e,_ 

\Je.(C>�. 

... :-: . ; .. ·J(Zx .+. .� J.q.X ).o.l. n-. . . ...... ... . .. . ... . . . . . .. . ..... . . ......... .. . ...... .. ... . .

. . . .... .. -:-: .. 2. .. ..... . . . . ... i..�. lr.\i.?< ..... . .  >:f.. . . .. .... . . .. .. . .. . .. . .. . . .. . . . . . . .. .... . . .. . .. . . . ... . . 
········�······ 1·· · ·�·�······· · ······· ·····;;,········ ··· · · · ···· · ·· · · ····· · · · · ········ · · · · ··· ···.····· · ·
. . . . . . . :.:. .. .. . ... ... 'L ... . .. . .. . . . .  � ... f''t'.>�',' w-'.·

�
. �t. ·c),. ·re.�·. Jv,..� .. :t:' .S-: .... . .. . . . . . . � . . . .  J. X.,, .. . /4. :n... ·� .. . .  �•:':;,. ... �.?: .... :, ��.ct. ........... ......... . ..... . 

 ·· ··

Question 15 (3 Marks) 

1 

Find, in general form, the equation of the nom1al to the curve y = 2J; at the point on the 3 
curve where x = 4 . 

. . . . . . . . � � ... � .=::-: . . 
4. . .  J •j .. � .. -?.-.!. � .. '. . . . .. . � < .· . .p.+.: . .l.� .. . . ( 't t •➔ • .......... .

. . . . . . . . . . . ·3 I . . =cc • � •••.• (D. ffi !':': "-..<\ "'· C .. . <-�>a', . 0. · J�; -:sl-:,. �. , . .
.. . .. . .. . . . . . . . .

... . .. , . . ... . . . . .
.. .. . . . ... . . . .

.. .. .. . .. .. . . . . . . . . . . . . . . . . .
. . . .. .. .. .. . . . .. . . .

. . . . . . . . . . . . . .
. . .. . . �, . . . .  �. �· .. . w �. :,:t. 2. 4:-.. . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  . 
······· .. ... . . ... ··· · · ···· ··· . . ··· ········· . .. .. .

. . . . .
. . . .. .. . . . . . . .

. . . .. . . . ... . . . . . . .. . .  ··· ····· . ·· · ······ . . . . .-: . .': . .  �� . .  � . .  � . � . . . . . . . .. .  0. . . .  �.���J. . . � �.r::.� 0 ..... s��.-. � �� .. : ............ .. . . . . . ·j-� . .  j .. :=:. � .. 4( �--� . .  ':+:-) ... ' .............. :-. .'.: .. k.-�±. ·j· .:-:-. ·'· .�. :7 . Q ....... . 

. . . .  . . .  . . .  tj.":': . .  � .. . � . .  �.7.-� . :t . . 8 ........................ G). � �f �S-:--k .. . 7�.�1: .�� .. ""' �

.............. ····j·· :-:-. . -:-:. i-x. ::t . .1.2-: ........ .............. ···d��.t�.r.� .: .......... . 
Examination continues overleaf 
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Question 16 (5 Marks) 

The population of an endangered species of whale can be modelled by: 

P = 350-1 Oe0
·
051 

Where t is time in years from I st January 2022. 

(a) Detem1ine the number of whales after 40 years. 1 

.... ...... f. .. � .. l�<?.. � .. , . :C?
. 
��- .� .�� .��: 

. . . . . . . .. . . . . ...
. . .. . .. . . . .. .. . . .. .. . . ... . . .. . . .

.. .. . . . . . . .'• ... .. .. . .f. . .  :-.. � 'f:�:. ! .t?. � .t .. : .... ... ...... .. . ..... . . :Q� . � 
. . 

: . . . . . . . . . . . . . . . . . . . . . . . .  .
. . . . . . . . . -: . .': .. f.. :-: .. i '?f:� ... 0. � ............................................. ................ .

. . . . . . . . . . . . 
. . . . . .  .

� .� .<:- .,w,� . .
.. 

Y�� .��: �.\ ... ½ . .  ½.. � .. �� . .  : . . . .. . .. ...... . ... . 

(b) At hat rate i the number of whales decreasing after 40 years? 2 
-io �L,._ .�.J.. w�k t'\..J""'6v°

Give your answer conect to one d0cimal place. 
o(p - - l 

o. IOS-t.. X o. OS" •••••••••••••• : .. : ... : ... !.:. ... , ..... -· ••••• o . . e ...................................................................... . 

· ·:· · .. · .. · .. · · · .. P. · ·�· · ·�·; .. · .. ��·o ·�f · · · .. : .. · .. · · · · · · · � ·:.· � .. · .. ;. �b,� .. :��· ·............... L···-····-·e·············································P•r••··················
................ tl.t. .. �.·�i·····;;iOS('K>)···············0� .. .,,f.--c·····
....................... :-:-.... _ .. e .................................. � ... *···�··w ...... �/ ::;r . 
. . . . . . . . . . . . . . . . . . . . . . . � ... :-:: . �. '. .�.1 ................................... � .<$.��.� ... c!-:!. eA. "'-0+-

0... C. �AA,� ON::JvJ't.r � 
�9 l.,l..llo� � "-. � "'-;"J �.:)r r� 

(c) In what year does the model predict that the species of whale will become extinct? 2 

Q ::; 350 -lo 
o. osl

. . . . . .. . . . . . . . ... . . .. . . . . . ... .. .. .. . . .. C. .. . . . . . . .. . . . . . . . .. . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . .. . . .  .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . ·t::· .. . ... ..... .. . . . . .. .. .. ... . .... ... .... .. . .. . . ... . .. . . .... ..... .. .. . .. . . . . . . .  . \.c,�· 0� = 35-o 4t< N�-eo\ \o o.v'\.�v.J't..r -hu...... 
::::::::::::::::2::��:�::;::i.:i.::::::::::::::::::::::::::::::::::::1:�}�:�:::::�::::: 
................. t:?..-.9..�. t . . .. . .. .  l.q .. 3.S ....... . .. . . .... .... .. . .. .... .. ... . ... .. . ... . . . . . . ...... . 
........................... + ... � ... lf\. .. 3.5. ........ .... . . ... .... . .. ........ ......................... . 
...................................... 0,.0.� ........................................................... . 

.. .. . . . . .. . .. . .. . .. . . . . .. . . . i .:=:-.. �.I.•·!.'?.�.!.�.!.?:? .... . : ....................................... .

...... �.�:.h .. 0..�·Ffv.�b ... �.(! ... �.�?Sbf. .............. . 

.............. b..�···�·-··;:_J·� ... �.'l�., ......................................... .. 

. . . . . . . . . . . . . . .. �\� .. . 0. �.�� .. . Jo.4 .1: .. \ .............................................. . 
Examination continues overleaf ...
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Question 17 (6 Marks) 

The acceleration of a paiticle moving on a straight llne is given by a = ,J 4t + 16 m/s2
. 

(a) What is the acceleration of the particle after 12 seconds? -pe,-,..JL t.--J\ � 
: : : : : : : : : : : :�:;: .J.. �(th)�/.�:::::::::::::::::::::::::::::::::::::::��;;_::����:: ��k_ .:t� !
............ �. :=: ... 'i.?..�. I .s.� ................. : ...................................................... .(b) If the particle sta1ts from rest, find its velocity after 1 2  seconds. 3 

.... A-,::::: G 4-: .'.:: .-:t:-.' .�) � .... 1:.- ................................ � .� .. �. 3 2. ...... ... . ... . . . .

. . . . V.. =- ·J·. C 4. .t. :1:. l l:,.) � .. di ... ...................................... � .................. . 
·······························"\'"2.'·"··························�··········✓"" ' ,,,. ···31·········· 
... 'V .. 7. ... c � .t. ·j-·'· � .J ..... .  +. .� .. ' ......... ' .. � ... • .. .V:;; ...... C�t.:t.!�). ... � .. � i
. .... . . . . . ... ' . . .. � .. }(·':-.t· ..... ' ............ .......... .. . . .. ..... . . . ...... . . . . . ... l. . .............. J ..

2-
3 

: : :: : :v..: :�:: (4:�: ;: i ,;:). �. :�: :�::::::::: :: : : : : : : : :�<�: :�:: )(t.(.1.�)t. ·'�)�: :�: i:2-
, ... . ......... .......... 4 .. ······ ................... ........... .... . ................ ·G::i··· ......... .. .. .. 

3 
..... V..�.q.,.:�.-:=::f .................................................................................. ·p� � . 
. . . . . .. . . o . .-� ... U, .. �. ·-t-·G· ............ : ........... ·"'· .. � .. v .. --:-. .. : . i '?:j: ·x,r f's .... .. . .. : 

b 3 

(c) Is the particle speeding up or slowing down after 12 seconds? Justify your answer. 2 

Examination continues overleaf ... 
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Question 19 (5 Marks)

The diagram below shows a farm prope1ty bordered by two straight fences, a river and a curved road. 

NOTTO 
SCALE 

(a) Using the trapezoidal rule and ALL the given measurements, find an approximation

to the area of the farm prope1ty .

. A.:x .. 11;[ 1. o. .ct .. J...'l.9 .. :t. _;;i_( 1. 'l<>) ] .......................................... .

··�·· ·�·· ··�·����?.••· •••••••• •••••••••••• •••••••••••••••••••••••••••• ••;= �; I
... 4 ... � ... lt.s-:-. 00.0. M � ........................................................................ . 

(b) With the aid of the diagram above, explain whether the approximation found in

pmt (a) above is an over-approximation or an under-approximation .

.. •f?·l···'�·�-f✓.:-J� ..... �½·l:-:-t .... � ..... «b.-� .. � .... �.(�.� ... � 

.. caA.-J. .. , .. � .... � ..... '1/.¼. ... � ... t?..� .... �.-� .... .

. . ��.I?.�� ..... �I .1 ....... k ..... � ... VV\�.JJJ.--:-:Af.f..0?.Y-.( � ... � ... .
� .. � .... � .... � .. � ... C9..� ...... � ... � ... . 
. r.;�v. ..... 0P.t .... �t�.:. .................................................. w.�1 �) 

3 

2 

Examination continues overleaf ... 
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Question 20 ( g Marks) 

For the arithmetic series defined by S,, = 2n2 + 3n , find the first, second and 

tenth terms. 
'L 1.. 

...... $.1 .

1 
T1 . c: �@·t· 3-{}) ................. $.,, .. :: .. 2,(_-z-) :t ?-6-) ........ .

.............. . Ti.:";=; ... � . ......................................... � ... 'Jr..T. G ............... ..
'S � T +T 

· = llt-··········-2.:··········�···'·····2.············································ ......... .......... .... .. . 

············································································································ 
... :-... ·. '. .. 11 ... ?.-.. f?.. t. T2 ..... , .................................................................. . 
············�··TT···;·j] ·················· 5/lr , ··�······················· 
.................. .:.:. .. ?-· .......... .......................... Ct,_.:;:;.. s., .. d. . .,-; . t ................. .
. .... ··························································· ············································ 
......... .':.'.�···'·�.O····�···�-± .. (A.:-:-:l)d................................................... .
.................. ·.· ...... :;:;: ... 5 .. ± ... � ... :x .. 4. .................................................... .
. . . . . . . . . . . . . -.. : .•.�a-... � ... 4.l] ..... . ................ . t?�.".'.�. !-:":':�\ ! .. bj, .,���t: .. �.t:Y.fA.tA t:} 

···················· ······················· ...... ··························································· 
.................................................. ?.'?:� ... ?.t:Y. ?¼:�.1?-.. .C:-9.0.fu. � .c.l. ... T. 1... •• � .i k., � 1.. 

.................... : ............................ � ........... T. 2 . . t .. . ?.�.�.!� ....................... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �. � � ... Y. -;;:� .� ..... T ,.. .. �-� ... <?. ................. . 

-, '2. =- � ' e:,1 =I= cc 

3 

Q v e. "'� 2--1 ( z_ Me-.r k�) 
, For the geometric series 4 + 8 + 16 + ... , write an equation for the sum of a 2 

geomettic series given that S,, = 508 and solve the equation to find the value of 11.

°'--=- � ,�2- s :=. 4( 2.. f\_ ,) 
::::::::::::::::::::::�::::::::::::::::::::::::::::::::::�:::::::::::::::i:�:,:::::::::::::::::::::::::: 
... � ......... 0. 0. i .. � .... �. ( 2.. �.::-.. �). ....................................................... .
..... ······································································· ································
........... { .� :f. ... :-:-: .. 2:.-:-:-. J ..................................................................... .

:::::::::::::,i.i:::;::i�:::::::::::::::::::::::::��:�::�;,�:;:::�:;�:��::::::::::: 
........................................................... fy, ... -:-:-�� .•�� ... ,� �.). ................... . 

-·.11:::::'-=f. ··············································· ............................................................ . 

Examination continues overleaf ... 
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Question 2l (5 Marks) 

For the function y = x3 + I x2 
- 6x- I , find the stationary points and detennine 

2

their nature and find any points of inflexion. Sketch the curve for -4 � x � 2. 

Also state the global minimum in the specified domain. Do NOT determine 

the x-intercepts of the curve . 

. . . . . ·j· :;: . ,,;:, . :t:1-:x.�.-:-:-: -� -� .7:-.1 ............................................................ .
2 

::::j:�:;:::i.:��:;:i.:�::;::�:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
. ... ·?\· -�·. 3 .( :-x..?:-:-:+..-:11. .-:-:-. -�) ..... .... ........ ...... ....... . ............. .. ...... .. ... ..... . 
. . . . . j· ... -:-: .. 3. ( .--x. ::+. :i..) (_ ?:<...-:-:-.l). ..... ........... ............ ..... ... . ... ...... .......... .

············································································································

················································································ ················· .......... . 

5 

Examination continues overleaf ... 
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·· · ···· ···· ···· ·· · · · ··· ·· · · ······ ··· · ·· ····· ··1 · .. ';) ................................................ · ... .
................................ ...... ...... 9 .................................................... . 
.... . . ................................... .... i_.- ......... .............................................. . 

....................... ..... ... ... ....... ····(i.· .................. ........ ............................. . 

.......................... ................ ... r.: . ....................................................... .

......................... .................. . � ... ....................................................... . 

....................... ....................... 3. ....................................................... . 
(-L i.1t)\ ..................... ........................ l. ...................................................... .. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . J ............... . l. 2.., .i) ............................ .
,..... ....... _ __,,__ ___ ,......._"7-_....,.o ____ -+-_-..... ______ _....,,,,__

-'°L -, 1,. � ................ ............................ ;..:..•t. . ............ ......................................... .
. . . . . . . . . . . .. . . . . . . . . . . . . . .. . .. . .. . . . . . . . . . . ·-l: \ .......... .. ......................................... . 

··············································�· . . ··I · · . . . . ·-'I ... .. . . . .. Mo,�.\j. �..,,�.,, ��� �o1-

. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·-s· · · · · · · · · · · · · · · · · · · · · ·· �.� � .� · · �. · .. �. -::-.<.::!f?.·. �ri� 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... (-:. �, .. ": ·' .7.) .. c?::•.<$.. ... ( '!-:-. '· . � 

......... ·········· ..................... ··································································· 

........ . , ......... ························································································ 
� � � -Lf-�?,., � 2. ................................................. l-:-:'................................................ . . . . . . . I

· · .. .j. · · .............................................. (:-:. �l' .7. J� )-....... � .... ( i., .. 1.). . . ... . 
f:.;.: ·4.·..:.-r:r)· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·: · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · �· · · · · · · 
.\ . . . . . ' .................... ...... � .. � ... . :� ... · . . j . .1.��

·
aj·····��

.
� 

..... 
l>. 

.. 
� q.. .. . . . . . . . . . . .. . . . . . . . . . . . . . .. . . .. .. . �:,:c;tr.�.��·�· . . p.9 ��.l � ... �9.� .............. , ....... . 

·················································································· ......................... . 
. . . . . . . . . . . .. . . . . .. . . <� !��,./A�.�9.1.�t(;'. ... . �r.:-�1.�-!� ... '-!.': .. �!:.'. f.,:,,:,. � � .. 0.':'� . 

. . . . . .. . . . . . . . . . . . ���.�.�:9 .... w.:-:-... � .... j. ���,.�.� . .l?.•�! 8 ................................. .
................... �.9.t ...... t.� ... f..9.��f ..... (-:-. .. t.1 .. --:.1.�) .... �� ... 0� .... � .. :"..�.11

············································································································ 

···········································································································

Examination continues overleaf ... 
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Question 23 (6 Marks) 

In the diagram, � ABC is right angled at C ,  L. BAC = tr and AB= 5cm . 
6 

KP is a circular arc with centre A and KQ is a circular arc with centre B. 

A 

NOTTO SCALE 

Q 

If AK is of length x cm , find the value of x (c01Tect to one decimal place) for which the 

areas of the sectors AKP and BKQ are equal. 

A�- - 1 r -z. $-
- -

·········A·k.P···:-: .. z ................................................................................. .
- I 1. lr ................... :-: . ·-. � ... ?C. ·� ........................ - .............................•.•........... 

2- ,6 ................................................................................... ······ ............ ······· 
.................. ::: ... 11 � � ...... W ... �. ; .... �. ,:;��\�J. �:';.� .. cf .. ���:'?.:-: .................... .
. . . . . . . . . . . . . . . . . . . . . . . . . . l.:-......... .,,.-.-:770 .. :G. r. .... � f.� .. �.-:-.� .. � ... ?.,1�( :-. l° ............ .
. . �e,k.q ... -:: .. i .. ($.-:-:-i;}::;;: ............................................................ . 

.3 

:::::::::::::::::::::::�::::c:$.:::;j�:::0.::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
.� .. �� .. � ... � .... k.-.Y.� ................................................. . 

'2.. 2 . 
. . . . . . . . . . :1r.,t. .......... F. .. ('5. :-:-.�) ............................................................... . 

� =- �
::::::::::::::��::···:::c;:;;f>.�::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

12.. <.:,, ....... ·········· ............................................................................. ··············
........... � .'.-: .. � �. :=: .. ?-: . ( � :-:-:-.�) � ......... ........................................................ .
. . . . . . . x� ... � .. ?.: (.�� -:-:-:1. :'?.?:\ .-:t.� �). ..... .......... ............... . . . . . ...... ...... ....... . .. .

. . . . . '.fh�. :-:-.. 2.a .�. :i:. '>.':.':=! .. -:-:-. :9. .... .. . . .. (D ..... -............................................ .

Examination continues overleaf ... 
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�== �oiJ'-tco�Zo.-o' .:: 2.o�J2.oo •••• ••• ••• �••�•• = • � E;•• •••• •• ••• • •• •• •• ••• •• •• ::i. : = • •5• ��::;:�••::�� 
············································································································ 

2 =f 10 ± .f 2.00 ···································································································· ....... . 
'>L � I o -t <:;-J'::z ···························..-r-;, ............................................................................ . 

. . . . . . . . . . �. :=:-. . 2 ... �. :2.. ¥.� .3 .. 7.,'i' ....... n . . � . .l.J-.,.9.'-:f-J ....... @ ... �,.. ... <;� ::���� .. � ..,o.., v-"15
........... k·��;�· �. i ................................ ·.· ......................................... . 
············································································································ 

............ < .. : .. . ?.t:. :=:-.. ?-.. �j .... (.Lat,-). ..... . Q. ... !c:>.-: ... r.�i,�.� �.�.$ .. �. �.� �.':'�
o 0+,,;:• d..12 0 ( X < � ············································································· ······························· 

Question 24• (2 Marks) 

Find tl�ue(s) of x when cot 2 x+cosec2x=3 fo�� �t.Q �v-.-
C:,.} '-'K. + I =- lca-'LC-'L ?( , ---<: -=ln.� 1ole.-r-k � 

.... ... Cor..� . .. CR+L:>;1..:+l ... ;; .. ;l ..................... -.[ +····················

.......................... �.t.�?:t:. .... -:-. . b ........................ --t· ............................. .
································C-9·+-.�7.<:-.. -:-:-:.t .............................. � ... � ... � 
....... .......................... �.!'.\.. ... :;:;:.;..I ........ � . .:;i;: . . -:. ::':-.• \. . . . .................... . 

"·- I. "}t,,...... -rr-···········�········:-:-: .... 4-.................................................................. . , ........ -. ....•.. )'{._. ;::::..'!!:_: ..... 3. w.-.... ·S:w--· .. · 1:, rr:-· ........................................... .4->-,-, ···································�·········�········4-.··············································

Question 25 (2 Marks) 

Prove that cos0 -- -tan0 = sec0 
l -sin0 

t... H-5 :,: eo� s _ � s
· · · · · · · · · · · · · · • •tt•11111111• • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·

..... ... . .. . ... .1.:-:-.. � � ................. ... ........................ ... .. M.�.
�

.�¢.. J.._Vh.Q_.. 

=- t.-0� 3 � & 0 
··································�·······································································

· ·· ·· ·· ··· ··· ····' ·!":"··h.'9: ......... C-a.�.&. ................................ ...... ................... .
........... . � .... <&�?:-.0.: .. � .. �.0..(.1.7.�$.} ...................................... .
. . . . . . . . . . . . . . . . . . . . . . . e.-o. s .9:-. l t.. 77:s...;... s. ) ................................................... .

-==- C:::,�2...a. - S....:.. S).. + <;._:_ '2-"9 .......................... \.?.' ....•..•...............•......•....•.........................•................. 

. . . . . . . . . . . . . . . . . . . . . . �':>..9:-. (1. ::-: . !..._. $-) ..................................................... .
1-)Li?

2 

Lo'> s (J - �) Examination continues overleaf ... 
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Question 26 (6 Marks) 

A game consists of a player throwing three fair coins. You lose $4 if three heads appear and 

lose $2 if two heads appear. You win $2 if one head appears and win $3. if no heads appear. 

Let X be the amount you win or lose per game. 

(a) Complete the probability distribution table below.

X -4

P(X = x) -f 
i-l--U-14 l+TT 'TT� 

-2 2 3 
.J_ 

2 

············································································································ J... H:HT. ......... T..�� ........... TTT. .................................. � .. �� t,'---..Q_ 

... +f:TH: ......... TH-:-.3 ............................................................................. . 

(b) Calculate E(X) and hence detennine the expected profit or loss if you played 2 

the game 500 times. 3 g ) /. I � .�.(><.)..�.�.�(.�)..� .. �(.11.) .. t.�(.$ ... t� . . l:2) ............. ��� � 
-.::. - I ·

.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
·
.
•

·
·
·
·
·
·•

·
·
·

j'

·
.
·
.
·
.•

·
·
·
···

·
·
·
·
·
·
·
·•

·
·
·
·
·
·
·
·
·
·
·
···
·
·
·
·
·
·
·
· £.�·.·.�·.·.;·.5;;·.;.·.r-�) 

,;..._$l,'2.. 4 S-l? \o<:>S 

(c) Evaluate P(X <-21 X � -2) 2 
� I ................ i ......................................................................................... .

··········ci··+·L) ........................................... �.�·�····��
.......... ... � ..... �. ·················································································· 
........ :z.. ... L ....................................................................................... . 
................ � ........................................................................................ . 

Examination continues overleaf ... 
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Question 11(4 Marks) 

A hiker walks 5 km from camp in a direction of N3 7 W to point A . They then walk 

3 km due west to point B as shown in the diagram below. 

B 3km 

N 

Camp 

NOTTO SCALE 

(a) What is the shortest distance between the hiker when at point B and the camp? 2 

(Answer to th nearest I J, - ) . 
...... ��� ... J ... f..5. .. �.�.?-:C�)c=?.) .. 0� .. ,�1� ................ � ... ���s '"1 ���
....... � �. ;; .. ��.· .. ��. �.?. 7 .• : • '. •••.•.•••.•••.••.•.••••.••••••.....•.•• � ••• r'.t?.t.. � ·-tt\AA 
........ CL.= .. J..-.1.t 't.�.1:t.:.� .. · .................................. � .. ��.� .... �l / 1
............ .,.' .... cn. .. :=:-... :t.:e .. 1-:I.S:-.l� ....... 4.... .. � ................ f.�.�.('P¼4. c.\-,c 7 vvt c. . <
.................................................................................. ��.� .......... . 

(b) What is the bearing of the hiker Jt point B frnm the cnmp·?

(Answer to the ne:1rcs1 degree) 

..... �$:-.. � .... �ix� ... ..... . . .. ........... .. ..... ............ ..... . . ........ .... . . . .. . .......... � .............. ::+ .. 2\.)-............... ·························t(t?#.j .. �� ... J.U'\.Q_ 

2 

.............. � & .. ::::: ... 3. .S,.....;..,_ .. 12.1 � ...................................................... . 
................................. . ,:;i.. ... ·2.. ,s ........ .... ......... .... ..... ... !:. ... � ... :-f .. :�.��"o <-Y°Yl ��
.. .. . ................ $: . .. � .. . \.9f. �1..':t.' . . . ... ... .. .. . . ........... .. . .... ... . .. .. ... <fr,t?.m ... ��ov e 
...................... G .. � .. 1.1.� .. .(.�+. ... �.�} ............................. .
............. �: ...... � ... 4 ..... 13 ... � .. � .... ·11 ... 30.4..� ..... � .... N 56°w

E�amim,tion l'Ontinucs owrleaf ... 
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Question 28 (3 Marks) 

Give a possible sequence oftransfonnations that transforms y = f(x) to y =  3 xf(2x -4) + 1 .  

Ensure that you use appropriate terminology in your response . 

. . . . .. . .. .. .. . . .. . . ... . . . .  t} . .  � . .. .  � .. � ... � . (� .�.-:-: . �) . :t .I. .. .... .............. .. . . ........ . ... .. . . 
········································· ·······················\·········································· 

· u - I -::. 3 "'  -9 ( 1. ( >l - � )  . . . . . . . . . . . . . . . . . . . .  J . . . . . . ... ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  . 

. }?::\ 0!:-:1. . .  �.�7. .1:"
f
.�� ! � .'1 , � � . . .. ...... . ............. 1).� Lt?:� .. r..'?.1. :�.'::� \1j . . .. �j .. <?.-

.C}-; •.. �.�. �.� •. 9. f .. . � . . .  00.� ... ... . . . . . . .. . . . . . . . . . . . .  #.-.<?.� '.": .'?. f.. {. ... �. � .. �.� ..... .

3 

�� ... 'f-.�.�f.� . . .  '."..� .�t.�.'.�j . .. . . . .. . . . . .. . .... ��/f:':-. .  :.�.5]..�.l:-... �� .... �.Y.� !�: . 
"'.Y.f ... �j . . . .  f. . .  Y.0. .,:f:-..... .... .. .. .... ........ . . . . .... . . . .... . . . . ... . . . . . . . .. . . .. . .. . .. . .. . . . .. ..... . . .  Loh o (:. 

or 

S1--.1' f' + ve...-+,' c a '  ''::J vf b � 
1 11 1"\ ; r  "'"' &I 1 1tu.. V\  c:A : 1 ()+- e

Ve. ,rtJ' C a  \ I  � �j 0\ -fcl C \-o,­

o.f 3

I C-o "tlv�: u "'  

5:t,... ; ..f -4-- ..-,' ,g "'-+ i::..:3 4- .., ,... ; f-s
a"' cJ HA.e"" c). ; r a. te i--o,.; z..o,._ +-a. r (_j
h

:t 
CA fa cf-o, o+ { ,

(co""r�'-5- l,
.::i 

= fu d·"CJ- e-!= -z..
t,· e,,,c c epl-c .. Jol � )

H- d,. o.es n o·I- t'V\ o... � w � / c"' 0 V-d,. ev-- t-W.. v .e...v t,· C' a.\  a -
'-'o rf -z..o,...,}o.. \ ➔ rt:t.....-,s.-l'o --1\1\0,:H o,-,.S. o,.r.L pQr «.� .,..,,..,,<.d. bv+- "",· T"'\,\; ./\ 

f!NL v�h' Co.\ CY\d Lio .-r' -z...o "�\ t,.-o...-, .__{or .,.,,......o.,.½'o ,-..... +-L.A. o,olR...-

S e  -e. f'L Ca.""' � A t)..v f I o  3

Cl/\d-/or f -z._ C ct.IN\ '::> 6 ')('  f-1 f I I  S-

Examination continues overleaf . . .  
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Question 29 (6 Marks) 

(a) Sketch the graph of y = l2x + 51 on the lines provided below, clearly labelling

the x and y intercepts .

............... ....... ··························· ·-s-·····················································

2 

· ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·w·JI �I
·································· ····· ·········· ··················································� J-vc:�
···········----........... ___,....-.......+-,����--····················�1J.. le�\� 

--;-S' -), _ ,  

. . . . . . . . . • . . . . . . . . . . • . . . . . • . . . . . . . . .  •I . • . . . . . . . . .  ; . . • . • • • . . • • • • • • . .  • . . . . . .  • . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  ..;.ti:::; l'" J-.

(b) Hence, or otherwise, solve l4x + 1 OI + 2 = 8. 3 

. . . . . . . .  1 .0-.?f...+ . .i. .P .. \ .. :=:-.. � ................... ..... .... .... .... . . . ..... ...... .... .................. .

.... · · "i"( .. . . .. . . . .. . . . . .  \· · · · · · ·�· · · · ·  ......... . . . . . . . . . . . .. . . . . . . . . . . . . . . .. .. . . . . . . . ......... . . . . . . . .. : . ; .......... .  ;?;. �. :t . ;? . . . .--:: ..... ................. . ................................................. . 

· : : : : : : : : : : : : : : : : 1 : i;:;: :� :r : ;:) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :
....... 2..'X. + .. 5 .. ::: .. 3. ....... . ................... . 2:x..::t. .'S .. . -=::: .-:-: . 3 ......................... .
.............. 2.?1. .. ;:; .. :-:-.2 ................. .... . . . . . . . . . . . . . .  2% .. ;; .. ::-:.5:s........................

I. . . . . . . . . . . . . . . .  x . .  -::r. . :-:-:-J ...... . . . . . . . . . .. .. .. . ... . .......... . . .  x. ::=:-. .  :-:-:-. .  � . . . . . . . . . . . . . . . . .  �.-eJ( � .

(c) By using the graph sketched in part (a ) above, or otherwise, state the value(s) of 111

such that l2x+5 I  = m has no solutions .

. .. . . . . . . . . . . . . . . . .. . . . . .  � . .  < .P .. . . .. . . . . . . . ... . . . . . .... . : . . ...... . ... ... . . .. . . .. ... . .. . ... .... . .  waJ\ �I 

1 

Examination continues overleaf . . .  
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Question.3o (3 Marks) 

Suppose f(x) = 2x2 -x -1 and g(x) = cos x. 

Find vertical asymptotes of 1 ( O ::; x ::; 1r) . 
f(g(x)) 

--------- ································································· 
... ... �. �. 'i>.�. :-:-: . �.?. � .. -:-: . .I. ................... .............................................. . 

. . . . . . . . . . . . . . '. � +.-.... µ,, � . .  L.o'.:I .?( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. . . . . . ..... g.� ::-:-.. �.-:-: . .1. .. -:-: .. Q ..................................... ........ .......... ... . 

....... � ..... (2.c.� .. t . .l.).(� ... 7:"7 .... 1.).� • •  S?. ............. 1f . ... � ............... ··o

...................... �.;:;.. .. :-:-:-.L ...... r · ···l..t..:::;..J .......................... --X ..... :x ......... . 
··· ····················· · ···································· · ········· ······ ·······1·�················
............ 49..�. :r.c:. ... � .. :7: i:· . . . . . .  , . . . . �.�. 'X-.. � . .I. ................ ·"· V.�•ir· .. .

3 

Examination continues overleaf . . .  
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Question 31 (5 Marks) 

Matt and Ingrid are playing a game. The dice they play with is four-sided and is marked 

with the numbers 1,2,3,4. They take turns throwing two dice. The game is won by the 
LffL 

'-f ,...., 14 2....'f- 34" IT 
first player to throw a double four. Matt starts the game. � 1�  2.$ 1J 't-3 

z_ 12- 21- 'f2. 42
1 1  '2-\ �I Cf I 

(a) What is  the probability that Ingrid wins the game on her first throw? --,.--,r-�� 1

t.:(-rJ� �).;'; l!-"' 1� · · · · · · · · · · · ·  · ·  · · · · · · ·  · · · · · · · · · · · · · · · ·
1
• • •  � • •  • .,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  � . . . . . . . . . . . . .  �· · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. . . . . .. . .. . .. . . .  . . . . . . . .. . .. . . . . . . . .. '>1$.-. ·'�� . . . . . ... ½-� ... � ...... . .. ....... . . . . . . . . . .. i:\�� ... � "(-i;��· . .-������ ·�· ·( ·� ·�·�· �i �\ �·;( {��·� ¼·�·���.(�·�i )l¾-)( �)
(b) What is the probability that Matt wins the game on the first or on the second tlu-ow? 2 

.. f..(� .. � .. .1.�+ .. � ... �✓) .......................................................... . 
. . . :-:-: .. i ... + ... ,r.;? . . x·. I .s;::. )(. .. J.-.. . . . ... .... . . .. . . . .......... . .. . . . . . . . . . . . . . . ..... ..... .... .

(lo l b  l h  l b  
-=- I I S- 2... 

• • 

· · ·· · ··-···:·± . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . ...... . . . . . . . . . .... . . . .. . . . . . . . . .  .
l b U, 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. . . . . . . . . .  . . . . . ...... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
� ?-:l 

4il 

2- '3 4C>°I lo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

(c) Find the probability that Matt eventually wins the game.

... ?. .. 7:. _L .. :t-....  1.f� ...... 4 ... ) �-:. � ..  +· ...................... ���0 . .  �-�� .0'?t .. �\,c:;c 

........... ·'· � ..... . ... 1.�� ........... _l_f.?� ....... � - - .• .. � .... � ...... ... �.� . .. ?.-:� ... �."i. �� 
. .  f . ;; . .  k. E,f,. ',:: . '1'-· ... I.\;:: f: .: . �· . . : . ..... . . . . . . . w..'"' ·""· . . � .. . \ i � . .\ '·D s""""
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·l� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Ct. -::.  l =- IS-2. 

: : : : f :; : : *-:: : : . . . . .  : : : : :  . . '.�. � : : . . . .  : . . . . . . . . . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
· · · · · · · · · ·t ·:.:.:.· · t �l-. . . . . . . . . . . . . . . . . . . . . . . . . . . .  � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . .  � . . . . . . . . . . . . . . . . . . . . . . . . . . .  � . . . .  f.6�.".'.¥:-) . .  � . . . . . . .  & ................ .

3 1

2 
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Question 31 (3 Marks) 

The diagram shows the curves with equation y = 6x2 -5x and y = 5x - 4x2
• 

The curves intersect at A and B. 

y 

y = 5x - 4x2 

NOT TO 
SCALE 

Find the area of the shaded region . 

. . f·.".: 0.. � ��.� .. �. r. ���.� .� . . . .  �� . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. . fo.�� :-:.��-. � .. '?�. � .1?: .� . . . . . . . . . . . . . . . .  � . . ��."'-:. \ . . . J. �::. � •..•...•.•••••••• • .

. . .. 1.9::x.,": .. -:-.. 1.9.� . .  :=:9. . . . . ..... . . : .... .. . . . ....... . � ·, .. M.-=:-.. \ .................................... .

. . .. LQ .�� ,l &. . :: .') .7 .9 . .. . .. . . . . .. . . . . . . . . . . . . . . . . .  � 1 �r�\ .90 ... . .  ·'6·?. .� . .  : . . . . . . . . . . .  . 
. . . .  -\ .. . :J.< ::-. 9. . �. � .� . � . .  \ . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . ... . . . . . .. . . . . . . . ...... . . . . . . .. . . . .  .' 

3 

: _; : : � � s:c�::� ;;�s ;�J :� : : : : : :�:�;:;;�: : �:. &-\ <>�
................... 0 .. , .............................................................. �. �.?:-. . . .  �. ��."'.':�� �. . . . . . . . . . . . . .  :-. . . .  s . . . .c . 1 � . . .  � . 4.?.C:-� _j . . �� .. . . . . . . . . . . . . . . . . . ... . . . �.�.� . . .  �;<;-:� � c,  

• : : : : : : : • : • : • :; • r11• •�: : 4i3J'6: : : : • • : : : : : : : : : : : • : • : • : : : : : : : : • • : :&;��� ;(b:;
'-
_ i;,._)]� . t ' - . . . . .  . ......... ...... .. · · · · · ·· · · · ...... . . . ..... . . . . . . . . . . . . . . .... . . . . . . . . .... . . . . . . . . . . . . . .. . . .. . . . . . . .. . . . . . · · · · · · · · · · · · � · ·C· .�.c, ":)� . . 7: · · � .c� )�. · j. ·:. · · L �.). · · · · · · · . . . . . . . . . . . . . . . . . . . . .  :: . .  � . �. � . .  �-:

· · · · · · · · · · · ·�· · · ·i· ·.:.: · ·� · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · e)� �
3 
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Question 33 (6 Marks) 

The figure below shows a hollow container consisting of a right circular cylinder of 

radius r cm and of height h cm joined to a hemisphere of radius r cm . 

. ,·············· ..
. 
•···- r .................. , .... .

!" ..................................... ..

hi 
! 

i. ............ 1· ...................... ..

The cylinder is open on one of the circular ends and the hemisphere is also open on its 

circular base. The cylinder is joined to the hemisphere at their open ends so that the 

resulting object is completely sealed. 

(a) Given that volume of the container is exactly 360n cm' , show clearly that

I l � f 1 . S ' . . b S 5 , 720n 
t 1e tota sur1ace area o t 1e contamer, cm- , 1s given y = -nr- +-- . 

3 r ·v = rr r 2 h + ..1. )t .:t. ,-r 3· · · · · · · · · · · · · · · · · · · · · · · · · 1.· · · · · · ·3· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  
·a�;rr··�·;.·;·i·� ·�···2·;;j · ··· ···· · ····· · · · ········· ··: ·· · ······· ··············· ···· ·
................... .................. ;3· ......................................... ... .......... .. ........... . 

. . J.. 0.9 ... ;:; .. r.� .1:1 ... ± .. �F .� ......... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· 
.J · · · · · · · · · · · · · · · · ·  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  . . . . . . . . .  . 

. . . f. .� h. .. � .. 3 "· Q . .  ::-. .  � . .  ( .� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
3 

3 

· · · · · ·· · ·h. .. �···a't,·;·· ··· ·�· · ·;_···� .... = .. . . . . . . . . . . . . . ��·· ····��i;·····�j·· ·  f�J h_ �"'
· · · · · · · · · · · · · · · · · · • •f � • · · · · · ·  } · · · · · · · · · · · · · ·(;!)· · · · · · · · · · · · · · · ?��/+••/ I 
. ..... �.=:=:: .. rr.c� .. + ... �.r:r:c!-:: .. . � .. ...ix. .. 4.rr.c:� ... . .. .. S9.� .. �+.�"''-·� UJ.12/� """°t �
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·�· · · · · · · · · · · · · · · · · · · · · · · · · ·�· · ·k� . . .  �,..,.D.t.-+ �r-�<J..,
..... � .. --: .. J:irc.2::± .. �.fT:r..(.� � . . .  � ·f•r-) . . . . .  � . . .  G).... . ...... 0-� · 
. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  . . .  · · · · · · · ·  
.... . S. -:: ... 8.rr.c� .. +. :*-2-P. .T. . . . .  � . . . .  4.. fr. r .�. • • • • • • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
······················ ········ ········· � ·················�···························· ··················
....... S ... '?. . .  2.:rr.c.� .. � ... r.'Z.:Q.rr.-.................. . .................................... . 
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(b) Hence, show that r = h when S is minimised. S = � Tr r 7. + -=/-'it::J,r-., - I 3

S I I - 2..  3 
. . . . . . . . ... � .... 9 ... IT" C. ... � .. �i.o.rr.. r. ................................................. .

: : : : : : : :t/ : :�: :J£;;.: : : :; : : : :i�:�: : : :;.: :�: : : : :�: :�kf� : :p.:i�: :� : : : :  

3 

r 2 

• • • • • • • • • • • • • • • • • i�;; �• • i:W. � •• • • • • • • • • • • • • • • • • • �Q*-� •�• �t u <Al . . . . . . . . . . . . . . . . . . '; � . . . . ; :;;_ i.: .2: .... . . ................... . k.t;�li..� : � eo,r�� ,.
. . . . . . . . . . . . . . . . . . . . ............. . . . . . . . . . . ·�· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  � . . f� . . . .  Y.': ... . 
............. .......... � ................. r..� ...... ..................... ................................. .r = +2 
: : : : : : : : : : : : : : : : : : : : :  ... � ... · · · · · : : : : : ::�:�: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

$ � 2 1b . . ........ . . . . . . ... . . ... . . r. ...... . . . .... . . . . . . ...... . . . . . . . . .. . . . . . . ...... . ......... ......... ... . .. ....... . 
.. . ... . . .. . .. . .. . . . .... . . . . r. ... :; . . . . G . ... ... : .. .. . .. . .. .. ............ .. ... ..... .......... . . . . . . . . . . . . .. .  . 
· · · · · · · ·s·11· ·; · ··io"ir········,·· ··· · · ·· ·· · · ··· � 3·········· · ·· · · ; ·· ···· ··· ··· �·�··· ········· �¼ ctctJt 

. . .  . ·"3' . .  ± 4-'to.1D:-: ....... . . . . .. . . . . . . . . . . ... ........ . . .. .  : . . .  � '1.\.-oW -1¼.. ��\-
$ 1, ::1.:: rr + 1440 w >- ;; I'� -.:.: r :;; r� �... 1 ¾. . . ..... . . . . . .... . . ... 3 . . . . . . . . ... . . . . . . . .  �.3 . ....... ... . . . . . . . . .  F, .......... . . . . . . ... . . . . . .. .  ���62"'°'-Vj 

F 
�t-

............ , . . '.. r' .. i,. .................... .. ............................ '. . . . ......................... : .... . .. . � > o  �� · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · /· · · · · · · · · · · · · · · · · · · · · · · · ·u·r· ·'· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  
' ' '  /vl �  •, ,vw"""'-- 5vv:--{!---c..L. ()...1-e_p-- G�� � r :::::o (o

w� r=- b
1 � ::::  '3 to _ ±:..>< b· b?..., 3 

� :::  to - � 

- ·. \.--i =- ' .

- : r ::=- l 4 h ===- Co .
End of Paper 
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