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General 
Instructions 

x Reading time – 10 minutes 
x Working time – 180 minutes 
x Write using black pen 
x NESA approved calculators may be used 
x A reference sheet is provided at the back of this paper 
x In questions 11-16, show relevant mathematical reasoning and/or 

calculations 
 
 
 
 
 

Total marks: 
100 

Section I – 10 marks 
x Attempt Questions 1-10 
x Allow about 15 minutes for this section 
 
Section II – 90 marks 
x Attempt questions 11-16 
x Allow about 2 hours and 45 minutes for this section 
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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. If ݖ = 2݁ି
ഏ
య௜, then which of the following is purely real? 

 

(A)  ݖҧ 

(B)  ݖଷ 

(C)  ݖ௜ 

(D)  3ݖ 

 
2. A particle’s acceleration ݔሷ  ms-2 is defined by ݔሷ = െ3ݔ, where ݔ is the displacement in metres. 

How long, in seconds, does it take to travel between the endpoints of the motion? 
 

(A)    

(B)    9ߨξ3 

(C)    3ߨξ3 

(D)    ߨξ3 

 

3. In the parallelogram, | Ӈܽ | = 2| Ӈܾ | 

 
Which one of the following statements is true? 
 

(A)   Ӈܽ = 2 Ӈܾ  

(B)   Ӈܽ + Ӈܾ = Ӈܿ + Ӈ݀  

(C)   Ӈܽ + Ӈܿ = 0 

(D)   Ӈܽ െ Ӈܾ = Ӈܿ െ Ӈ݀  
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4. If ݖ = 3 െ 4݅, then 
ଵ

ଵି௭
 is equal to: 

 

(A)    

(B)    

(C)    

(D)    

 
 

5. Assume that ܽ and ܾ are negative real numbers with ܽ > ܾ. Which of the following might be 
false? 
 

(A)    

(B)    

(C)    ܽ + ܾ > 2ܾ 

(D)    2ܽ > 3ܾ 

 
 

6. If the vectors Ӈܽ = ݉ଓӇ + 4ଔӇ + 3 Ӈ݇  and Ӈܾ = ݉ଓӇ + ݉ଔӇ െ 4 Ӈ݇  are perpendicular, then: 

 

(A) ݉ = െ6 or ݉ = 2 

(B) ݉ = െ2 or ݉ = 6 

(C) ݉ = െ2 or ݉ = 0 

(D) ݉ = െ1 or ݉ = 1 

 
 

7. Suppose that both ݔ and ݕ are odd. Which of the following statements is true? 
 

(A)   ݔ +  is odd ݕ

(B)   ݔ െ  is even ݕ

(C)   3ݔ +  is odd ݕ5

(D)   ݕݔ is even 
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8. Using a suitable substitution,   may be expressed completely in terms of ݑ as: 

(A)    

(B)    

(C)    

(D)    

 
 
9. Let the complex number ݖ satisfy the equation |ݖ + 4݅| = 3. What are the greatest and least 

values of |ݖ + 3|? 
 

(A)   8 and 2 

(B)   5 and 2 

(C)   8 and 3 

(D)   8 and 5 

 
 

10. ܲ,ܳ and ܴ are three collinear points with position vectors ݌Ӈ , Ӈݍ  and ݎӇ  respectively. ܳ lies 

between ܲ and ܴ. If 2หܴܳሬሬሬሬሬԦห = |ܲܳሬሬሬሬሬԦ|, then ݎӇ  is equal to: 

 

(A)    

(B)    

(C)    

(D)    
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Section II 
 

Total marks – 90 
Attempt Question 11-16 
Allow about 2 hours and 45 minutes for this section 
 

Begin each question on a NEW page 
 
In Questions 11-16, your responses should include relevant mathematical reasoning and/or 
calculations. 

 
Question 11 (15 marks) Begin a NEW page. 

a) What is the unit vector that has the same direction as ݒ
׽

= ൭
6
3
െ1

൱ 2 

b) If   

i. Rewrite ݖ in modulus argument form 1 

 

ii. Simplify (ݖ)ସ 2 

 

iii. Find arg(݅ݖ) 2
  

 

c) Integrate: 

 

i.    2 

 

ii.    2

  

 

d) Popularised on the internet, different types of dogs are given “names”. Three of these names are 

given as the following propositions. 

 

 it is not a doggo :݌

 it is a floofer :ݍ

 it is a woofer :ݎ

 

i. Write down in words,  ݌ ֜ not 2 ݎ 

 

ii. Write down the converse of  ݌ ֜ (not ݍ and ݎ) 1 

 
iii. Write down the contrapositive of ݌ ֜ not 1  ݍ 

 

End of Question 11 
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Question 12 (15 marks) Begin a NEW page. 
 

a) Consider the complex numbers ݖଵ = 1 + ݅ and    

i. Write ݖଵ in the form ߠݏ݋ܿ)ݎ +  2 (ߠ݊݅ݏ݅

 
ii. Find the modulus of ݖଵݖଶ 1 

 

iii. By considering the expansion of cos(ߙ + ߙ)and sin (ߚ +  or otherwise,  3 ,(ߚ

write ݖଵݖଶ in the form ݖ = ܽ + ܾ݅ where ܽ, א ܾ Թ  

 
 

iv. Hence find the value of   in the form ܿ + ݀ξ3, where ܿ,݀ א Ժ 2 

 

 

v. Find the smallest value ݌ > 0 such that (ݖଶ)௣ is a positive real number 1 

 

b) Find    2 

 

 

c) A mass has acceleration a ms–2 given by ܽ = ଶݒ െ 3, where v ms–1 is the velocity of  4 

the mass when it has a displacement of x metres from the origin.  

Find v in terms of x given that v = –2 where x = 1. 

 

 

 

 

 

End of Question 12 
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Question 13 (15 marks) Begin a NEW page. 
 

a) The equations of intersecting lines ܮ and ܯ are given below with respect to a fixed 3 

origin ܱ.  

ݎ :ܮ
׽

= 11ଓӇ + 2ଔӇ + 17 Ӈ݇ + ൫െ2ଓӇߣ + ଔӇ െ 4 Ӈ݇ ൯ 

Ӈݎ :ܯ = െ5ଓӇ + 11ଔӇ + 1 Ӈ݇ + ଓӇ݌൫ߤ + 2ଔӇ + 2 Ӈ݇ ൯ 
where ߣ and ߤ are parameters and ݌ is a constant.  

If ܮ and ܯ are perpendicular, what is the value of ݌? 

 

 

b) Prove by induction that  3 
1
݊! <

1
2௡ିଵ 

 for ݊ ൒ 3,݊ א Ժା  

 

 

c) Let ߱ be a non-real cube root of unity 

 

i. Show that 1 + ߱ + ߱ଶ = 0 1 

 

ii. Hence evaluate (1 െ 3߱ + ߱ଶ)(1 + ߱ െ 8߱ଶ) 3 

 

 

d) i.          Show that  2 

 

 

 

ii. Hence, by setting ݏ = tan  or otherwise, find: 3 ,ݔ

 

 

 

 

End of Question 13 
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Question 14 (15 marks) Begin a NEW page. 
 

a) By writing   in the form   find 3 

 

 

 

 

b) If ܽ, ܾ and ݔ ൒ 0,  

 

i. Show that ܽଶ + ܾଶ ൒ 2ܾܽ 1 

ii. Hence, show that    2 

iii. By integrating both sides between the limits of ݔ = 0 and ݔ = ܺ, show that 2 

 

 

c) A particle is undergoing simple harmonic motion about ݔ = 0. At time ݐ seconds the 

displacement ݔ in cm is given by  

ݔ = ξ3 sin ݐ3 െ cos  ݐ3

i. Write ݔ = ξ3 sin ݐ3 െ cos ݔ in the form of ݐ3 = ܣ sin(݊ݐ െ ܣ where ,(ߠ > 0 2 

 

ii. Find the period of the motion 1 

 

iii. When does the particle first reach maximum speed after time ݐ = 0? 2 

 

iv. How long will it take for the particle to return to its original position, 2 

and find its acceleration at that point. 

 

 

 

End of Question 14  
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Question 15 (15 marks) Begin a NEW page. 
 

a) If xyz represents a three digit number (not the product of x, y and z), show that if  2 

ݔ + ݖ =  then the number is divisible by 11. (x, y and z are positive integers) ݕ

 

b) A particle is moving under simple harmonic motion where ݒ = 9ξ3 െ  ଶ.  2ݔ

Find the centre of motion. 

 

c) The points ܣ and ܤ have position vectors given by: 

ܣܱ
ื

= ൭
1
2
2
൱ and ܱܤ

ื
= ൭

െ1
3
4
൱  

 

i. Find an expression for the vector ܤܣ
ื

 in the form of ݔଵ݅׽ + ଵ݆ݕ
׽

+  1 ݇׽ଵݖ

ii. Show that the cosine of the angle between the vectors ܱܣ
ื

 and ܤܣ
ื

 is 
ସ
ଽ
 2 

 

iii. Hence find the exact value of the area of οܱ3 ܤܣ 

 

 

d) i.          Show that   1 

  

 

 

ii. Consider ݂(ݔ) = sinܽݔ, where ܽ is a constant. 4 

 

Prove by mathematical induction that  

݂(௡)(ݔ) = ܽ௡ sin(ܽݔ +
ߨ݊
2 ) 

where ݊ א Ժା and ݂(௡)(ݔ) represents the ݊௧௛ derivative of ݂(ݔ). 

 

 

 

 

End of Question 15  
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Question 16 (15 marks) Begin a NEW page. 
 

a) Let    

 

i. Show that    2 

 
 

ii. Hence or otherwise, find the exact value of    2 

 
 
 
 
 
 
 

b) The point ܲ representing the complex number ݖ moves on the Argand diagram so 

that |ݖ| = ݖ| െ 6 + 4݅| 
 
 
 

i. Find the Cartesian equation that describes the locus of ܲ 2 
 
 
 

ii. Graph the locus neatly on a number plane. 1 
 
 

 

iii. Hence find the minimum value of |1 |ݖ 
 
 
 
 
 
 
 
 
 
 

Question 16 continues on the next page 
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c) The position vectors of the points ܤ,ܣ and ܥ are 
ܽ׽

,
ܾ׽

 and 
ܿ׽

 respectively, relative to an  

origin ܱ. The following diagram shows the triangle ܥܤܣ and the points ܯ,ܴ, ܵ and ܶ. 
 
 

 
 
 

 

ܥܣ is the midpoint of ܯ
ื

 

ܴ is on ܤܣ
ื

 such that ܴܣ
ื

= ଵ
ଷ
ܤܣ
ื

 

ܵ is on ܥܣ
ื

 such that ܵܣ
ื

= ଶ
ଷ
ܥܣ
ื

 

ܶ is a point on ܴܵ
ื

 such that ܴܶ
ื

= ଶ
ଷ
ܴܵ
ื

 

 
 
 

i. Express ܯܣ
ื

 in terms of 
ܽ׽

 and 
ܿ׽

 1 

 

ii. Hence show ܯܤ
ื

= ଵ
ଶ ܽ׽

െ
ܾ׽

+ ଵ
ଶ ܿ׽

 1 

 

iii. Show that ܴܶ
ื

= െଶ
ଽ ܽ׽

െ ଶ
ଽ ܾ׽

+ ସ
ଽ ܿ׽

 2 

 

iv. Prove that ܶ lies on ܯܤ
ื

 3 
 
 
 
 
 
 

End of Exam 
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