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Section A Multiple Choice (5 Marks) 
 

 

QUESTION 1 

It is known that (𝑥𝑥 + 2) is a factor of the polynomial P(x) and that  

𝑃𝑃(𝑥𝑥) = (𝑥𝑥2 + 𝑥𝑥 + 1) × 𝑄𝑄(𝑥𝑥) + (2𝑥𝑥 + 3) 

for some polynomial 𝑄𝑄(𝑥𝑥). From this information alone, it can be deduced that: 

(A)  𝑄𝑄(−2) = ‒ 1
3
 

(B)  𝑄𝑄(−2) =  1
3
 

(C)  𝑄𝑄(2) = −1 

(D)  𝑄𝑄(2) = 1 

 

 

QUESTION 2 

The roots of the polynomial 4𝑥𝑥3 + 4𝑥𝑥 − 5 = 0 are  𝛼𝛼,𝛽𝛽 and 𝛾𝛾. 

What is the value of (𝛽𝛽 + 𝛾𝛾 − 3𝛼𝛼)(𝛼𝛼 + 𝛽𝛽 − 3𝛾𝛾)(𝛾𝛾 + 𝛼𝛼 − 3𝛽𝛽)? 
 

(A)  -80 

(B)   80 

(C)  -16 

(D)   16 

 

 

 

QUESTION 3 

If tan 𝑥𝑥 = 𝑎𝑎
𝑏𝑏

,  then 𝑏𝑏 cos 2𝑥𝑥 + 𝑎𝑎 sin 2𝑥𝑥 is equal to 

(A)    𝑎𝑎
𝑏𝑏
 

(B)   𝑏𝑏
𝑎𝑎
 

(C)   𝑎𝑎 

(D)   𝑏𝑏 
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QUESTION 4 

 

The graph below could have the equation 

 

 

(A)  𝑦𝑦 = 1 + 2𝑐𝑐𝑐𝑐𝑐𝑐(𝑥𝑥 − 𝜋𝜋
6

) 

(B)  𝑦𝑦 = 1 + 2𝑐𝑐𝑐𝑐𝑐𝑐(𝑥𝑥 + 𝜋𝜋
6

) 

(C)  𝑦𝑦 = 1 + 2𝑐𝑐𝑐𝑐𝑐𝑐4(𝑥𝑥 − 𝜋𝜋
6

) 

(D)  𝑦𝑦 = 1 + 2𝑐𝑐𝑐𝑐𝑐𝑐4(𝑥𝑥 + 𝜋𝜋
6

) 

 

 
 
 

QUESTION 5 

The number of values of 𝑥𝑥 in [0, 2𝜋𝜋]  that satisfies the equation  

(sin𝑥𝑥)2 − cos 𝑥𝑥 =
1
4
 

 
(A) 1 

(B) 2 

(C) 3 

(D) 4 
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QUESTION 6  Start a new page        9 marks 

 

(a) Solve 4𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 3𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = −4  using the result 𝑡𝑡 = 𝑡𝑡𝑡𝑡𝑡𝑡 𝑥𝑥
2
 for 0⁰ ≤ 𝑥𝑥 ≤ 360°  3 

 

(b) Solve 𝑐𝑐𝑐𝑐𝑐𝑐2𝑥𝑥 + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 1 = 0        for 0 ≤ 𝑥𝑥 ≤ 2𝜋𝜋      3 
 
 
(c) Prove that for all integers 𝑛𝑛 ≥ 1,   

 
             1² + 3² + 5² + ⋯+ (2𝑛𝑛 − 1)² = 4𝑛𝑛3−𝑛𝑛

3
     3 

 
 
 
 
 
 
 
 

QUESTION 7  Start a new page      9 marks 

 
 

(a) The numbers 𝛼𝛼,𝛽𝛽 and γ satisfy the equations 

𝛼𝛼 + 𝛽𝛽 + 𝛾𝛾 = 3 

𝛼𝛼2 + 𝛽𝛽2 + 𝛾𝛾2 = 1 
1
𝛼𝛼

+
1
𝛽𝛽

+
1
𝛾𝛾

= 2. 

 

(i) Find the values of 𝛼𝛼𝛼𝛼 + 𝛽𝛽𝛽𝛽 + 𝛾𝛾𝛾𝛾  and  𝛼𝛼𝛼𝛼𝛼𝛼.     2 

(ii) Explain why 𝛼𝛼,𝛽𝛽 and 𝛾𝛾 are the roots of the cubic equation   1 

𝑥𝑥3 − 3𝑥𝑥2 + 4𝑥𝑥 − 2 = 0. 

 
 
 

(b) When −2𝑥𝑥2 + 𝑎𝑎𝑎𝑎 + 4  is divided by 𝑥𝑥 − 1 and 2𝑥𝑥 + 1 respectively,  
the remainders are equal. Find the value of 𝑎𝑎.     3 
 
 
 

(c)  Use the substitution 𝑡𝑡 = 𝑡𝑡𝑡𝑡𝑡𝑡 𝑥𝑥
2
   to show that  

 
  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑡𝑡𝑡𝑡𝑡𝑡(𝜋𝜋

4
+ 𝑥𝑥

2
)      3 

 
 



5 | P a g e  
 

 

QUESTION 8  Start a new page      9 marks 

 
(a)  Graph the polynomial function 𝑃𝑃(𝑥𝑥) = 𝑥𝑥3 + 2𝑥𝑥2‒5𝑥𝑥‒6  3 

 
 

(b) Given that  
                      5 cos 𝜃𝜃 ‒5√3 sin𝜃𝜃 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝜃𝜃 + 𝛼𝛼) ,   
      
     (i)   Find values of A and α where 𝐴𝐴 > 0 and 0 < 𝛼𝛼 < 𝜋𝜋

2
   2 

(ii)  Hence find the maximum value of  5 cos𝜃𝜃 ‒5√3 sin 𝜃𝜃 + 15  1 
      

 

(c) Prove by mathematical induction that for all integers 𝑛𝑛 ≥ 0 

 34𝑛𝑛 − 1  is divisible by 80       3 

 

 

 

 

 

QUESTION 9  Start a new page      9 marks 

 

(a) The polynomial 𝑃𝑃(𝑥𝑥) = 𝑥𝑥4 + 7𝑥𝑥3 + 9𝑥𝑥2 − 27𝑥𝑥 + 𝐶𝐶 has a triple zero. 

(i) Determine the value of the triple zero     2 

(ii) Hence, find the value of C                                                                  1 

(iii) Factorise 𝑃𝑃(𝑥𝑥)        1 

(iv) Sketch the graph of 𝑦𝑦 = 𝑃𝑃(𝑥𝑥)      1 

 
 

(b)  (i)  Sketch the curve 𝑦𝑦 = 1
2

sin(2𝑥𝑥 − 𝜋𝜋) + 1    for 0 ≤ 𝑥𝑥 ≤ 2𝜋𝜋    2 
 
(ii) Hence or otherwise find all the solutions of 1

2
sin(2𝑥𝑥 − 𝜋𝜋) = −1

2
 in an      

unrestricted domain        2 
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QUESTION 10  Start a new page      9 marks 

(a)  (i)  Prove sin 3𝑥𝑥 = 3sin𝑥𝑥 − 4sin3 𝑥𝑥      2 

(ii) Hence or otherwise solve 3sin 𝑥𝑥 − 4sin3 𝑥𝑥 = √3
2

 in the domain [0, 2𝜋𝜋] 2 

 

(b) The diagram shows a pond KLMN in a park.  

LK= 8 metres and KN = 12 metres. 

∠LKN = ∠LMN = 90⁰  and ∠KLM = θ, where  0⁰ < θ < 90⁰. 

The perimeter of the pond is P metres and QK is perpendicular to LM.  
 

 

(i) Show that the perimeter KLMN can be written in the 

form 𝑃𝑃 = 𝑎𝑎 +  𝑏𝑏 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 + 𝑑𝑑 𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃  where  

𝑎𝑎, 𝑏𝑏, and 𝑑𝑑 are 20,−4 and 20 respectively   2

   

(ii) Express P in the form of 𝑎𝑎 +  𝑅𝑅 𝑠𝑠𝑠𝑠𝑠𝑠 (𝜃𝜃 –  𝛽𝛽),  

Where 𝑅𝑅 > 0 and 0⁰ <  𝛽𝛽 <  90⁰ , 𝛽𝛽 to nearest minute 

        2 

 

(iii)    Hence, find the value of 𝜃𝜃 (to nearest minute)  

             when P=38 metres      1 
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 QUESTION 11  Start a new page      9 marks 

 
(a) A polynomial of degree n is given by 𝑃𝑃(𝑥𝑥) = 𝑥𝑥𝑛𝑛 + 𝑎𝑎𝑎𝑎 − 𝑏𝑏.   

It is given that the polynomial has a double root at 𝑥𝑥 = 𝑎𝑎.  

Find the derived polynomial P’(x) and show that 𝑎𝑎𝑛𝑛−1 = −𝑎𝑎
𝑛𝑛
    2 

 
(b) Given that 81(𝑠𝑠𝑠𝑠𝑠𝑠²𝑥𝑥)   +  81(𝑐𝑐𝑐𝑐𝑐𝑐²𝑥𝑥)   = 30 

 
(i) Show that the above equation can be written in the form  

 
𝑦𝑦2‒30𝑦𝑦 + 81 = 0  where y = 81sin²x     1 

  

(ii) Solve  𝑦𝑦2‒30𝑦𝑦 + 81 = 0         1 
 

(iii) Hence or otherwise, find all solutions of the equation  
 

81(𝑠𝑠𝑠𝑠𝑠𝑠²𝑥𝑥)   +  81(𝑐𝑐𝑐𝑐𝑐𝑐²𝑥𝑥)   = 30,     where (0,π]   2 
 
 

(c) Use Mathematical Induction to prove for integers 𝑛𝑛 ≥ 1 
   1(1!) + 2(2!) + 3(3!) +. . . . . . +𝑛𝑛(𝑛𝑛!)  =  (𝑛𝑛 + 1)!‒1   3 

 
 

QUESTION 12  Start a new page      9 marks 

 

a) Given the identity sin 5𝜃𝜃 = 16 sin5 𝜃𝜃 − 20 sin3 θ + 5 sinθ. 

(i) Deduce that 𝑥𝑥 = sin � π
10
�   is one of the solutions to  

               16𝑥𝑥5 − 20𝑥𝑥3 + 5𝑥𝑥 − 1 = 0      2 
 

(ii) Find the polynomial 𝑃𝑃(𝑥𝑥)  such that  

              (𝑥𝑥 − 1)𝑃𝑃(𝑥𝑥) = 16𝑥𝑥5 − 20𝑥𝑥3 + 5𝑥𝑥 − 1    2 

(iii) Find the value of 𝑎𝑎 such that 𝑃𝑃(𝑥𝑥) = (4𝑥𝑥2 + 𝑎𝑎𝑎𝑎 − 1)2   1 

(iv) Hence, find an exact value for sin � 𝜋𝜋
10
�     1 

 

(b) Prove by Mathematical Induction that 𝑎𝑎𝑛𝑛−𝑏𝑏𝑛𝑛 is divisible by 𝑎𝑎−𝑏𝑏 for all positive 
integers 𝑛𝑛.          3 
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Questions 8 

(a) Graph the polynomial function 𝑷 𝒙 = 𝒙𝟑 + 𝟐𝒙𝟐 − 𝟓𝒙 − 𝟔

(b) Given that: 𝟓𝒄𝒐𝒔𝜽 − 𝟓 𝟑 𝒔𝒊𝒏𝜽 = 𝑨𝒄𝒐𝒔 𝜽 + 𝜶 ,

i . Find values of A and 𝛼 where A > 0 and 0 < 𝛼 < 
𝜋

2

i i . Hence f ind the maximum value of 5𝑐𝑜𝑠𝜃 − 5 3 𝑠𝑖𝑛𝜃 + 15

(c) Prove by mathematical induction that for all integers 𝒏 ≥ 𝟎, 𝟑𝟒𝒏 −

𝟏 is divisible by 80 



Q8(a)

Find x-intercepts 

𝑷 𝒙 = 𝒙𝟑 + 𝟐𝒙𝟐 − 𝟓𝒙 − 𝟔

𝑷 𝟏 = 𝟏 + 𝟐 − 𝟓 − 𝟔

𝑷 −𝟏 = −𝟏 + 𝟐 + 𝟓 − 𝟔

∴ 𝒙 + 𝟏 is a factor

𝑷 𝒙 = 𝒙 + 𝟏 𝒙𝟐 + 𝒙 − 𝟔

= 𝒙 + 𝟏 𝒙 + 𝟑 𝒙 − 𝟐

∴ 𝒙 − 𝒊𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕𝒔 𝒂𝒓𝒆 − 𝟏, −𝟑 𝒂𝒏𝒅 𝟐 1



Q8(a)

Find y-intercept

y-intercept @ x = 0

𝑷 𝟎 = 𝟎𝟑 + 𝟐(𝟎)𝟐 −𝟓(𝟎) − 𝟔

𝑷 𝟎 = −𝟔

∴ 𝑦 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 𝑖𝑠 − 6

Finding additional points

𝑷
𝟏

𝟐
= −

𝟔𝟑

𝟖

𝑷 −𝟐 = 𝟒

1



Graph

1

1

1

x-intercepts

y-intercepts 

shape



tan 𝛼 =
5 3

5

= 3

𝛼 =
𝜋

3

𝐴 = 52 + 5 3
2

= 100

= 10
Since A > 0

Q8(b)(i)

𝟓𝒄𝒐𝒔𝜽 − 𝟓 𝟑𝒔𝒊𝒏𝜽 = 𝑨𝒄𝒐𝒔 𝜽 + 𝜶

𝟓𝒄𝒐𝒔𝜽 − 𝟓 𝟑𝒔𝒊𝒏𝜽 = 𝑨𝒄𝒐𝒔𝜽𝒄𝒐𝒔𝜶 − 𝑨𝒔𝒊𝒏𝜽𝒔𝒊𝒏𝜶

𝟓 = 𝑨𝒄𝒐𝒔𝜶

𝒄𝒐𝒔𝜶 =
𝟓

𝑨

−𝟓 𝟑 = −𝑨𝒔𝒊𝒏𝜶

𝒔𝒊𝒏𝜶 =
𝟓 𝟑

𝑨
1

1

Since 0≺ 𝛼 ≺
𝜋

2



Q8(b)(ii) 

𝟓𝒄𝒐𝒔𝜽 − 𝟓 𝟑𝒔𝒊𝒏𝜽 = 𝟏𝟎𝒄𝒐𝒔 𝜽 +
𝝅

𝟑
+ 𝟏𝟓

∴ 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝒗𝒂𝒍𝒖𝒆 = 𝟏𝟎 + 𝟏𝟓

= 𝟐𝟓
1



Q8(c)

P r o v e 𝟑 𝟒 𝒏 − 𝟏 i s  d i v i s i b l e  b y  8 0 .  

T e s t 𝒏 = 𝟎

𝟑 𝟒 𝒏 − 𝟏 = 𝟑 𝟒 𝟎 − 𝟏

= 𝟏 − 𝟏

= 𝟎 ( w h i c h  i s  d i v i s i b l e  b y  8 0 )

A s s u m e  t r u e  f o r  𝒏 = 𝒌 ( 𝒘 𝒉 𝒆 𝒓 𝒆 𝒌 𝒊 𝒔 𝒔 𝒐 𝒎 𝒆 𝒑 𝒐 𝒔 𝒊 𝒕 𝒊 𝒗 𝒆 𝒊 𝒏 𝒕 𝒆 𝒈 𝒆 𝒓 ) :

𝟑 𝟒 𝒌 − 𝟏 = 𝟖 𝟎 𝑴 ( M  i s  a n  i n t e g e r )  

P r o v e  t r u e  f o r   𝒏 = 𝒌 + 𝟏 :

𝟑 𝟒 ( 𝒌 + 𝟏 ) − 𝟏 = 𝟑 𝟒 𝒌 + 𝟒 − 𝟏

= 𝟑 𝟒 𝒌 × 𝟑 𝟒 − 𝟏

= 𝟑 𝟒 𝒌 × 𝟖 𝟏 − 𝟏

= ( 𝟑 𝟒 𝒌 − 𝟏 ) × 𝟖 𝟏 + 𝟖 𝟎

= 𝟖 𝟎 𝑴 × 8 1  + 8 0  

= 𝟖 𝟎 ( 𝟖 𝟏 𝑴 + 𝟏 )

W h i c h  i s  d i v i s i b l e  b y  8 0 .  

T r u e  f o r  n  =  k  +  1

S i n c e  t r u e  f o r  n  =  0 ,  b y  P M I ,  t r u e  f o r  a n y  i n t e g r a l  ≥  0 .

1

1

1

True for n = 0
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