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Section I 

 

10 marks 

Attempt Questions 1 - 10 

Allow about 20 minutes for this section 

 

Answer each question on the multiple choice answer sheet provided. 
 

 

 

1)  If  and   are the roots of 0632 2 =−+ xx , what is the value of 𝛼𝛽? 

 

 

 (A)    
−3

2
    (B) 3 

 

 (C)      
3

2
    (D) -3 

 

 

2)  The quadratic equation 𝑥2 + 𝑘𝑥 + 𝑘 = 0 has its discriminant ∆= 0. 

The value of k is: 

 

 (A)    4    (B) 0  or  4 

 

 

 (C)   0 or -4   (D) 0 

 

 

3)  A parabola has the equation 𝑥2 = 12(𝑦 − 2).  

The coordinates of the focus of this parabola are: 

 

 

(A) (0 , 5)               (B) (0 , 3) 

 

 

 (C) (0 , 2)    (D) (0 , 1) 

 

 

 

4)  
Consider the function 𝑦 =

4𝑥2−2𝑥

2𝑥2+2𝑥
 

 

The value of lim
𝑥→∞

(
4𝑥2−2𝑥

2𝑥2+2𝑥
) is: 

 

(A) ∞               (B) 2 

 

 

 (C) 0    (D) 4 
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5)  
Again, consider the function 𝑦 =

4𝑥2−2𝑥

2𝑥2+2𝑥
 

 

The value of lim
𝑥→0

(
4𝑥2−2𝑥

2𝑥2+2𝑥
) is: 

 

 

(A)    0               (B) ∞ 

 

 (C) −1    (D) 1 

 

 

 

6)  
If   𝑦 = (𝑥3 + 1)

5
, then 

𝑑𝑦

𝑑𝑥
= 

 

 

(A)    15𝑥2(𝑥3 + 1)4  (B) 5(𝑥3 + 1)4 

 

 

 (C)        5(3𝑥2 + 1)4             (D) 15𝑥2(3𝑥2 + 1)4 

 

 

7)  For a certain function, it is known that     
𝑑𝑦

𝑑𝑥
= (𝑥 − 1)2(𝑥 − 2). 

The function has a minimum turning point at 𝑥 = 2. 

 

At 𝑥 = 1, the function has which of the following shapes: 

 

 

 

(A)                                                (B)  

 

 

 

 

 

 (C)                                              (D)  

 

 

 

 

8)  The function 𝑦 = 2𝑥3 − 24𝑥 + 1 is concave down for  

 

 

 

(A)   𝑥 < 0                          (B)  𝑥 > 0  

 

 (C) −2 < 𝑥 < 2                         (D) 𝑥 < −2  
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9)   

The quadratic equation 𝑥2 + 6𝑥 + 𝑘 = 0 has roots 𝑥 = 𝛼 and 𝑥 = 2𝛼 

What is the value of k? 

 

 

 

(A) 𝑘 = −16                     (B) 𝑘 = 8 

 

 

 (C) 𝑘 = −2                     (D) 𝑘 = −8 

 

 

 

 

 

10)  It can be proven by mathematical induction that: 

 

 

2𝑛+2 + 32𝑛+1 is always divisible by a certain number x for 𝑛 ≥ 1 

 

 

 

Which of the following numbers could be the value of x? 

 

(A)   𝑥 = 2                          (B)  𝑥 = 3  

 

 

 (C)  𝑥 = 5                                     (D)  𝑥 = 7 
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Section I    Questions 11-14   60 marks 

 

Question 11 (15 marks) 

 

(a) Solve the equation 𝒙𝟑 +
𝟖

𝒙𝟑 = 𝟗 using the substitution 𝑴 = 𝒙𝟑   3 

 

 

 

  

(b) For what values of k is the quadratic expression  𝒌𝒙𝟐 + 𝟒𝒙 + 𝒌  positive  3 

for all values of x (ie positive definite). 

  

 

 

(c) Consider the function        

 

𝒚 =
𝟐𝒙 + 𝟏

𝟒𝒙 − 𝟑
 

 

 

Find the equation of the tangent to this curve at the point where 𝒙 = 𝟏  3 

 

 

 

 

(d)  and   are the roots of the quadratic equation   𝒙𝟐 − 𝒙 − 𝟏 = 𝟎 

 

 

    (i) Find the value of 𝛼2𝛽 + 𝛽2𝛼        2 

       

 

 

 

   (ii) Show that 𝛼2 + 𝛽2 = 3        2 

 

 

 

 

  (iii) Find the value of 𝛼3 + 𝛽3         2 
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Question 12 (16 marks) 

 

(a) Consider the function 𝒚 = 𝒙𝟒 − 𝟏𝟖𝒙𝟐  

 

 

(i) Find the x-coordinates of all stationary points of this function.   2 

 

 

(ii) Find the x-coordinates of all points of inflexion of this function.   2 

 

 

(iii) Sketch the curve of this function, showing the coordinates of the    3 

stationary and inflexion points.       

 

 

    (iv) Hence, find the values of k such that the function 𝒚 = 𝒙𝟒 − 𝟏𝟖𝒙𝟐 + 𝒌   1 

 has no x-intercepts. 

 

 

  

 

(b) Consider the function 𝒚 = 𝒙√𝟔 − 𝒙   

 

 

(i)   Show that the derivative is given by:       2 

 
𝒅𝒚

𝒅𝒙
=

𝟏𝟐 − 𝟑𝒙

𝟐√𝟔 − 𝒙
 

 

 

(ii) By finding any turning points, determine the maximum and minimum values 3 

 of the function for the restricted domain 𝟐 ≤ 𝒙 ≤ 𝟔 

 

 

 

  

 

(c) A parabola has the equation 𝒚 =
𝟏

𝟖
𝒙(𝒙 − 𝟖)  

 

 

 

(i) Find the vertex of this parabola.       2 

 

 

 

(ii) Find the equation of the directrix of this parabola.     1 
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Question 13  (16 marks) 

 

(a) The point A is (−𝟐 , 𝟎) and the point B is (𝟔 , 𝟎). 

 

The variable point P has coordinates (𝒙 , 𝒚)  

 

 

    (i) Find an expression for the distance PB in terms of x and y.    1 

 

 

(ii)     The point P moves so that the distance between P and B is three times  

the distance between P and A (ie  𝑷𝑩 = 𝟑𝑷𝑨). 

 

Show that the equation of the locus of P is given by the circle:    2 

 

𝒙𝟐 + 𝟔𝒙 + 𝒚𝟐 = 𝟎 

 

 

 (iii) Find the centre of the circle.        1 

 

  

(b)  

 

  (i) Find the discriminant of the quadratic equation 𝒙𝟐 − 𝟐𝒙 + 𝒌 = 𝟎.   1 

 

 (ii)       The line  𝒚 = 𝟐𝒙 is a tangent to the parabola 𝒚 = 𝒙𝟐 + 𝒌.    1 

  Draw a diagram showing the tangent and the parabola. 

 

 

(iii) Using part (i), find the value of k.       2 

 

(iv) Hence, find the coordinates of the point where the line touches the parabola. 2 

 

  

(c) Consider the following mathematical identity 

          (𝟏 −
𝟏

𝟐𝟐
) × (𝟏 −

𝟏

𝟑𝟐
) × (𝟏 −

𝟏

𝟒𝟐
) × … … … × (𝟏 −

𝟏

𝒏𝟐
) =

𝒏 + 𝟏

𝟐𝒏
 

 

 

 (i) Show that the identity holds true for n=2.     1 

 

 (ii) Show that the identity holds true for n=3.     1 

 

           (iii) Prove, by mathematical induction that the identity holds true   3 

for all positive integers n ≥ 𝟐. 

 

           (iv) Using the identity with an appropriate value of n, find the value of  1 

 
𝟑

𝟒
×

𝟖

𝟗
×

𝟏𝟓

𝟏𝟔
×

𝟐𝟒

𝟐𝟓
× … … … ×

𝟗𝟗𝟗𝟗

𝟏𝟎𝟎𝟎𝟎
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Question 14  (13 marks) 

 

 
(a) A rectangular sheet of cardboard measures 12cm by 9cm.  

From two corners, squares of side x cm are removed as shown.  

The remaining cardboard is folded along the dotted lines to form a tray as shown. 

 The height of the tray is x and the length of the tray is (12-x). 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 (i) Show that the volume, V cm3, of the tray is given by.    3 

 

𝑽 = 𝟐𝒙𝟑 − 𝟑𝟑𝒙𝟐 + 𝟏𝟎𝟖𝒙 

 

 

   (ii) Find the maximum volume of the tray      3 

 

 

 

   (iii) Find the range of values that the height x can take, in order for the tray   1 

 to be able to be constructed.      

 

 

 

 

(b) Let 𝑷(𝒙 , 𝒚) be a variable point on the parabola 𝒙𝟐 = 𝟒𝒂𝒚, 𝐰𝐡𝐞𝐫𝐞 𝒂 𝐢𝐬 𝐭𝐡𝐞 𝐟𝐨𝐜𝐚𝐥 𝐥𝐞𝐧𝐠𝐭𝐡.  
 Let 𝑨(𝟎 , 𝟒𝒂) be a point on the y-axis. 

 

 

   (i) Let D be the distance PA. 

 

 Show that 𝑫𝟐 = 𝒚𝟐 − 𝟒𝒂𝒚 + 𝟏𝟔𝒂𝟐       3 

 

 

 

 

  (ii) Show that the minimum value of D occurs when P is the point (±𝟐√𝟐𝒂, 𝟐𝒂)  3 

 

 

 

     

9 cm 

x cm 

12 cm 

(12-x) cm 

x cm 


















