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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 value of  
0

sin 4
lim

3x

x

x

 
 
 

 ? 

   
(A)  1   

(B)  0  

(C)  
4

3
  

(D)  
3

4

2. After  𝑡  years, the number of individuals in a population is given by 𝑁 where 
0.2300 100 tN e  . What is the difference between the initial population and the 

limiting population size? 
 

       (A)  100 
 
       (B)  300 
 
       (C)  350 
 
       (D)  400

 
  

3. The point P divides the interval from  2,3A to  6,1B  

externally in the ratio 4:5. What is the x coordinate of P?  
 

(A)  െ14   

(B)  8  

(C)  െ12  

(D)  
ଷସ

ଽ
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4. The velocity 𝑣 𝑚𝑠ିଵ of a particle moving in simple harmonic motion along the x-axis 
is given by 𝑣ଶ ൌ 32 ൅ 8𝑥 െ 4𝑥ଶ. What is the amplitude, A, and the period, T, of the 
motion?  
 

(A)  A = 2    and     T = 
గ

ଶ
   

(B)  A = 2    and     T = 𝜋  

(C)  A = 3    and     T = 
గ

ଶ
  

(D)  A = 3    and     T = 𝜋

 

 

 

5.  

 
 
 

 The diagram shows the curve  y f x .  The tangent to the curve at the point 3x 

cuts the x-axis at 
7

5
x  . Which of the following is the value of 

 
 
3

3

f

f 
? 

(A)  
8

5
    

(B)  
5

8
   

(C)  
5

8
 

(D)  
8

5
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6. Express 3sin 4 cos   in the form sin( )R   , where  is in radians.  
   
 

(A)   1 4
7sin tan

3
        

   

(B)  1 4
5sin tan

3
        

  

(C)   1 3
7sin tan

4
        

  

(D)   1 3
5sin tan

4
        

  

 
 

7. The Cartesian equation of the tangent to the parabola 𝑥 ൌ 𝑡 െ 3, 𝑦 ൌ 𝑡ଶ ൅ 2   
at  t = –3   is:   

 

(A)  6 47 0x y      

(B)  2 3 9 0x y      

(C)  6 25 0x y      

(D) 3 2 11 0x y  

 

 

8. A group of 4 women and 8 boys include a mother and son. From this group, a team 
consisting of 2 women and 2 boys is to be chosen. How many ways can the team be 
chosen if the mother and son cannot be on the team together? 
 

(A)  147   

(B)  168  

(C)  120  

(D)  63 
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9. What is the value of k such that   
2

0

2

54 25

k

dx

x










 ?   

(A) 
4

5
 

(B) 
2

3


   

(C) 
3

5
 

(D)  
2

5
 

 

10.   The derivative of a function ( )f x   is given by sin' ( ) cos 1xf x e x    for  

0 9x  . On what interval is ( )f x  decreasing? 
 
(A)  0 0.633  x  and 4.115 6.916x   
 
(B)  0 1.947x   and 5.744 8.230x   
 
(C)  0.633 4.115x   and 6.916 9x   
 
(D)  1.947 5.744 x  and 8.230 9x   
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Section II 

60 marks 

Attempt Questions 11 – 14  
Allow about 1 hour and 45 minutes for this section 
Answer on the blank paper provided. Begin a new page for each question. 
Your responses should include relevant mathematical reasoning and/or calculations. 

 

 
Question 11  (15 marks)  Begin a new page. 
 

(a) Differentiate 𝑦 ൌ sinିଵሺ3𝑥ሻ. 

 

(b) The acute angle between the lines 2 3 4 0x y    and 3y mx  is 

45 . Find the two possible values of  𝑚. 

 

 

(c) Sketch  13cos 2y x  , showing all key points. 

  

(d) Solve 
2 4

3
x

x


 . 

 

(e) Evaluate 
 

2

2

0

5

5 2

x
dx

x 





 by using the substitution 5 2u x  . 

Write your answer correct to 3 significant figures. 

 

(f) Prove 
sin 2 cos 2

sec
sin cos

  
 

   . 

   

   

   

End of Question 11 

 

   

   

 

2 

3 

 

 

2 

 

3 

 

 

3 

 

  2 
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Question 12  (15 marks)  Begin a new page. 
 
 

(a)  

(i) How many different ways can the letters in the word ‘YAMAHA’ be        

     arranged? 

(ii) One of the different ways of arranging the letters of the word  

      ‘YAMAHA’ is chosen at random. What is the probability that all the        

      A’s are together? 

 

 

(b) Evaluate 1 13 2
tan sin cos

5 3
              

.   

 

(c) Evaluate  

2

2

0
16 4

dx

x



. 

 

(d) Find the general solution of the equation 2sin 2 sin  . 

 

(e)  

 

The diagram above shows a circle with centre O and diameter AE. 

BA and BCD are tangents to the circle and ECD   . 

Copy the diagram in your answer booklet and show that 2ABC   . 

 

 

 

1 

1 

 

 

 

2 

 

2 

 

3 

 

 

 

 

 

 

 

 

 

3 
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(f) If  ,   and   are the roots of the equation 3 22 5 3 1 0x x x    , find the 

value of : 

 

(i) ( )       

(ii) 2 2 2       

 

 

 

 

 

End of Question 12 

 

 

 

1 

 

2 
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Question 13  (15 marks)  Begin a new page. 
 

(a) Consider the quadratic polynomial,  𝑃ሺ𝑥ሻ  ൌ  ሺ𝑥 ൅  ℎሻଶ ൅ 𝑘, with constants ℎ  

and 𝑘. 

Find the values of ℎ and 𝑘 given that ሺ𝑥 ൅ 2ሻ is a factor of 𝑃ሺ𝑥ሻ and 16 is the 

remainder when 𝑃ሺ𝑥ሻ is divided by 𝑥. 

 

(b) Prove by mathematical induction that for any integer 𝑛 ൐ 0, 

1
3 ൈ 4 ൈ 5

൅
2

4 ൈ 5 ൈ 6
൅ ⋯ ൅

𝑛
ሺ𝑛 ൅ 2ሻሺ𝑛 ൅ 3ሻሺ𝑛 ൅ 4ሻ

 

 

                  ൌ
1
6

െ
1

𝑛 ൅ 3
൅

2
ሺ𝑛 ൅ 3ሻሺ𝑛 ൅ 4ሻ

 

 

(c) The points 2(2 , )P ap ap and 2(2 , )Q aq aq lie on the parabola 2 4x ay . 

The tangents to the parabola at P and Q intersect at the point 𝑇.  

The coordinates of the point 𝑇 is given by ( )x a p q  and y apq . (Do NOT 

prove this.) 

 

(i)    Show that 1p pq q    if the tangents at P and Q intersect at 45 . 

(ii)    Find the Cartesian equation of the locus of  𝑇.  

 

 

 

 

 

3 

 

 

3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

2 
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(d) A particle is moving along the x-axis. Initially the particle is 1 metre to the right of 

the origin, travelling at a velocity of 3 metres per second and its acceleration is 

given by 32 4x x x 
 

, where x is the displacement of the particle after t  seconds. 

(i)    Show that 2 2x x 


 . 

(ii)    Hence or otherwise, show that 1 1
2 tan 2 tan

2
x t      

  
 .   

 

 

End of Question 13 

 

 

 

 

2 

 

3 
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Question 14  (15 marks)  Begin a new page. 
 

(a)  An ice sculpture in the form of a sphere melts in such a way that it maintains its 

spherical shape. The volume of the sphere is decreasing at a constant rate of      

2𝜋 cubic metres per hour. At what rate, in square metres per hour, is the surface 

area of the sphere decreasing at the moment when the radius is 5 metres?   

 

(b)  A team of 17 soccer players includes two Brown sisters and three Stefanovic 

sisters. How many different ways are there of choosing a group of 11 soccer 

players from the team, if the group can include no more than one of the Brown 

sisters and no more than two of the Stefanovic sisters? 

 

(c)  In the diagram below, 𝐴𝐵𝐶𝐷 is a cyclic quadrilateral and 𝐾 is the intersection of 

the diagonals 𝐴𝐶 and 𝐵𝐷.  𝑀 is the point on 𝐵𝐷 such that  ∠𝐴𝐶𝐵 ൌ ∠𝐷𝐶𝑀. 

 
 

(i) Prove that  
஺஼

஼஽
ൌ

஺஻

ெ஽
  . 

 

(ii) Ptolemy’s Theorem states that in a cyclic quadrilateral the product of 

the diagonals is equal to the sum of the products of the pairs of 

opposite sides, that is: AC BD AB CD BC AD     . 

 

Prove Ptolemy’s theorem. 

 

 

 

  2 

 

 

2 

 

 

 

 

 

 

 

 

 

 

1 

 

2 

 

 

 

𝐾 
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(d)  A cross-section of a valley is in the form of a parabola 𝑥ଶ ൌ 4𝑎𝑦 where 𝑎 is a 
positive constant. A water cannon placed at the origin fires a jet of water with 
speed ඥ2𝑔ℎ at an angle 𝛼 where 0 ൏ 𝛼 ൏ గ

ଶ
 ,  ℎ is a positive constant and 𝑔 is 

the acceleration due to gravity. 
 

 

 
 
The equations of motion of a projectile fired from the origin with initial velocity 
𝑉 𝑚𝑠ିଵ  at angle 𝛼 to the horizontal are: 

               cosx Vt   and 21
sin

2
y Vt gt  . (Do NOT prove these) 

 
(i) If the water jet strikes the wall of the valley at the point  ,P X Y  show that: 

 
4

cot tan

ah
X

a h a 


 
 

 
 

(ii) Let ( ) ( )cot tanf a h a      for 0
2

   . 

Show that the minimum value of ( )f   occurs when tan .
a h

a
 
  

 
 
 

(iii) Hence or otherwise, show that the greatest value of  𝑋  is given by: 

2
a

X h
a h




. 

 
   
    

End of paper 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 

  

   

3 

 

 

 

2 

 

 

 















This question was poorly done 
because if P(x) is divided by x 
the remainder is P(0). 



 

 

      

Simplifying both the left and 
right sides of the identity is 
easier than trying to make the 
left look like the right. 
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