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General Instructions   

• Reading time: 10 minutes 

• Working time: 3 Hours 

• Write using a black pen 

• NESA approved calculators may be used 

• Laminated reference sheets are provided 

• Answer multiple-choice questions by completely 

colouring in the appropriate circle on your multiple-

choice answer sheet. 

• Answer questions in the writing booklet provided 

and show all relevant mathematical reasoning and/or 

calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Total Marks: 100 

 
Section 1 (Pages 1 – 5)  10 Marks 

• Attempt Q1 - Q10 

• Allow about 15 minutes for this section 

 

Section 2 (Pages 6-10) 90 marks 

• Attempt Q11 - Q16 

• 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 

 

Question 1 

The angle between the vectors (
1
3

−2
) and (

−3
4
1

) is 

A) 27𝑜 

B) 68𝑜 

C) 112𝑜 

D) 133𝑜 

 

 

Question 2 

The statement “For all positive integers 𝑛, there exists a positive integer 𝑝 such that 𝑝 = 𝑛2” is 

represented in mathematical symbols by: 

 

A) ∈  𝑛 ∋ 𝑍+ ∋ 𝑝 ∈ 𝑍+𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑝 = 𝑛2 

B) ∋  𝑛 ∈ 𝑍 ∋ 𝑝 ∈ 𝑍 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑝 = 𝑛2 

C) ∀ 𝑛 ∈ 𝑍+ ∋ 𝑝 ∈ 𝑍+𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑝 = 𝑛2 

D) ∀ 𝑛 ∈ 𝑍 ∋ 𝑝 ∈ 𝑍 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑝 = 𝑛2 

 

 

Examination continues next page… 
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Question 3 

The contrapositive of “If the sum of the digits of an integer is a multiple of 3, the integer is a multiple 

of 3” is 

 

A) “If an integer is a multiple of 3 the sum of its digits will be a multiple of 3”. 

B) “If an integer is not a multiple of 3, the sum of its digits will NOT be a multiple of 3”. 

C) “If the sum of the digits of an integer is NOT a multiple of 3, the number will NOT be a 

multiple of 3”. 

D) “If the sum of the digits of an integer is NOT a multiple of 3, the integer is a multiple of 3”. 

 

 

Question 4 

The converse of “If the sum of the digits of an integer is a multiple of 3, the integer is a multiple of 3” 

is 

 

A) “If an integer is a multiple of 3 the sum of its digits will be a multiple of 3”. 

B) “If an integer is not a multiple of 3, the sum of its digits will NOT be a multiple of 3”. 

C) “If the sum of the digits of an integer is NOT a multiple of 3, the number will NOT be a 

multiple of 3”. 

D) “If the sum of the digits of an integer is NOT a multiple of 3, the integer is a multiple of 3”. 

 

 

 

 

 

Examination continues next page…  
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Question 5 

 

 

A) 

 

B) 

 

C) 

 

D) 

 

 

Question 6 

𝑖2025 = 

 

A) 𝑖 

B) −𝑖 

C) 1 

D) −1 

 

 

 

 

 

 

 

Examination continues next page… 

 

∫
6

(2𝑥 − 1)(𝑥 + 1)
𝑑𝑥 = 

ln |
2𝑥 − 1

𝑥 + 1
| + 𝐶 

2 ln |
𝑥 + 1

2𝑥 − 1
| + 𝐶 

2 ln |
2𝑥 − 1

𝑥 + 1
| + 𝐶 

ln |
𝑥 + 1

2𝑥 − 1
| + 𝐶 
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Question 7 

It is given for the complex number 𝑧 that |𝑧 − 2 − 𝑖| = 1. The maximum modulus for 𝑧 is 

 A) 1 

B) √5 

C) √5 − 1 

D) √5 + 1 

 

Question 8 

Two of the roots of a monic polynomial of degree 3 with all real coefficients are 4 and 2 + 𝑖. 

The polynomial is 

A) 𝑧3 − 6𝑧2 + 18𝑧 − 40 

B) 𝑧3 + 8𝑧2 − 21𝑧 + 20 

C) 𝑧3 − 8𝑧2 + 21𝑧 − 20 

D) 𝑧3 + 6𝑧2 + 18𝑧 − 40 

 

Question 9 

A particle is moving with simple harmonic motion with a period of 12 seconds and an amplitude of 5 

metres. If it starts at the centre of motion and is moving to the right, when will it first be 5 metres to 

the left of the centre of motion? 

 

A) After 3 seconds 

B) After 6 seconds 

C) After 9 seconds 

D) After 12 seconds 

 

Examination continues next page… 
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Question 10 

Two weights of 4kg and 6 kg respectively are attached to a pulley by the same string (see diagram).  

The acceleration due to gravity is 𝑔 metres per second squared. 

 

The acceleration of the 6kg mass is 

 

A)  

 

B) 

 

C) 

 

D) 

 

Examination continues next page…  

𝑔

10
𝑚/𝑠2 

𝑔

5
𝑚/𝑠2 

10𝑔 𝑚/𝑠2 

5𝑔 𝑚/𝑠2 
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Section II 

90 marks  

Attempt Questions 11 - 16 

Allow about 2 hours and 45 minutes for this section  

 

Answer each question in the appropriate writing booklet. Extra writing booklets are available.  

For questions in Section II, your responses should include relevant mathematical reasoning and/or 

calculations. 

 

Question 11  (15 marks)  Start a new writing page 

a) 𝑧 and 𝑤 are the numbers 1 − 𝑖 and 1 − 𝑖√3 respectively. 

 

(i) Show that 
𝑧

𝑤
=

(1+√3)+𝑖(√3−1)

4
        1 

 

(ii) Express both 𝑧  and 𝑤 in exponential form       2 

 

(iii) Hence show that 𝑐𝑜𝑠 
𝜋

12
=

√2+√6

4
        2

  

 

b) (i) By letting (𝑥 + 𝑖𝑦)2 = −5 − 12𝑖, 𝑥, 𝑦 real find the two square roots of −5 − 12𝑖  2 

 

(ii) Hence solve the equation 𝑧2 + (2 + 𝑖)𝑧 + (2 + 4𝑖) = 0     2

        

 

c) Shade the region on an Argand diagram where |𝑧 + 2 − 2𝑖| ≥ 2 and    4 

 
𝜋

2
 ≤ 𝐴𝑟𝑔 𝑧 < 

3𝜋

4
  

 

       

d) Find the six sixth roots of 64𝑖. You may leave your answer in modulus argument form.  2 

 

Examination continues next page…  
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Question 12  (15 marks)  Start a new writing page 

a) (i) Find the values of 𝐴, 𝐵 and 𝐶  if 
𝐴

(𝑥+1)2
+

𝐵

(𝑥+1)
+

𝐶

(𝑥−3)
=

−13𝑥−25

(𝑥+1)2(𝑥−3)
  3         

 

(ii) Hence find            2 

 

    

 

b) Find                        4 

      

 

                         

c) Find             3 

 

           

 

d) Use the substitution 𝑡 = 𝑡𝑎𝑛 (
𝑥

2
) to find         3

           

 

 

 

 

 

 

 

 

 

 

 

 

Examination continues next page… 

∫
−13𝑥 − 25

(𝑥 + 1)2(𝑥 − 3)
𝑑𝑥 

∫
1

2 + √𝑥

4

1

 𝑑𝑥 

∫(ln (𝑥))2𝑑𝑥 

∫
1

2 + cos 𝑥
. 𝑑𝑥 
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Question 13  (15 marks)  Start a new writing page 

a) A particle moves so that its displacement at time 𝑡 seconds is given by 

𝑥 = 4 cos
𝑡

2
− 4√3 sin

𝑡

2
   

(i)  Show that the particle is moving in simple harmonic motion.              1 

 

(ii)  By expressing 𝑥 in the form 𝐴 cos (
𝑡

2
+ 𝛼) or otherwise, find the period and  2 

amplitude of the motion. 

 

   

b) A particle moves in simple harmonic motion so that its acceleration at time 𝑡  3 

is given by 𝑥̈ = −9(𝑥 + 2). If the particle passes through 𝑥 = 1 with a speed of 

12𝑚/𝑠, show that 𝑣2 = 189 − 9𝑥2 − 36𝑥 and state the period, amplitude and 

centre of motion. 

 

 

        

c) A car with a mass of 1000𝑘𝑔 starts from rest at a traffic light and drives on to a 

horizontal freeway. The car’s engine provides a total force of 16000 Newtons and 

the combined resistance from friction from the freeway’s surface and air resistance is 

10𝑣2 Newtons. 

 

(i) Show that the car’s acceleration is given by 𝑥̈ = 16 − 0.01𝑣2 and find the speed  2 

the car can not exceed on the freeway (i.e. the speed it can never reach). 

 

(ii) Show that 𝑥 = 50𝑙𝑛 (
1600

1600−𝑣2
) and find the distance the car has gone when it  3 

achieves a speed of 30𝑚/𝑠. 

         

 

 

 

 

Examination continues next page… 
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Question 13 (continued) 

d)  Two square weights, one with mass 5𝑘𝑔 and one with mass 𝑚 𝑘𝑔 where 𝑚 > 5 

      are attached by a single rope running over a smooth pulley. The 5𝑘𝑔 mass is on a slope 

      of 30𝑜 to the horizontal and the 𝑚 𝑘𝑔 mass is on a slope of 45𝑜to the horizontal. The two 

      weights are stationary as they are being held in place by friction but are on the point of 

      slipping with the 𝑚 𝑘𝑔 weight being about to fall down its slope, resulting in the 5𝑘𝑔 

      weight being pulled UP its slope in response. Apart from friction, the weights are being 

      held in place by gravity (with force of 10 times each object’s mass) and by normal forces 

      pushing out from the plane. Friction in each case is 0.6 times the normal force (note that 

      friction and the normal force are different at each object but the tension in the rope is the same) 

      (see diagram). 

 

(i) By resolving forces both parallel and perpendicular to the plane at the 5𝑘𝑔 weight,  2 

show that the tension in the rope is equal to (15√3 + 25) Newtons (you may treat tension as parallel 

to the plane). 

 

(ii) By resolving forces both parallel and perpendicular to the plane at the 𝑚 𝑘𝑔 weight,  2 

find the mass (𝑚) of the second weight in kilograms. 

Examination continues next page… 
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Question 14 (15 marks)  Start a new writing page 

a) If               

 

(i) Show that 𝐼𝑁 =
𝑁−1

𝑁
 𝐼𝑁−2                    2

  

 (ii) Find the exact value of 𝐼6         2 

 

b) (i) State the centre and radius of the sphere 𝑆 (𝑥 − 2)2 + (𝑦 + 1)2 + (𝑧 − 4)2 = 14  2 

 

(ii) By finding the perpendicular distance from the line  𝐿1  (
𝑥
𝑦
𝑧
) = (

9
6
4
) + 𝜆 (

4
5
1
)  2 

to the centre of the sphere 𝑆, show that the line 𝐿1 intersects with the circle in two places. 

 

(iii) Find the two points of intersection of the line 𝐿 and the sphere 𝑆.    3 

 

(iv) Show that the line 𝐿1 is perpendicular to the line 𝐿2 (
𝑥
𝑦
𝑧
) = (

2
−1
4

) + 𝜇 (
−2
1
3

)  1 

 

(v) Find the point of intersection of the lines 𝐿1and 𝐿2     3 

 

            

 

 

 

 

 

 

 

 

Examination continues next page… 

  

𝐼𝑁 = ∫ 𝑠𝑖𝑛𝑁𝑥 𝑑𝑥

𝜋
2

0
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Question 15  (15 marks)  Start a new writing page 

a) Prove 𝑛! > 3𝑛 for all positive integers 𝑛 ≥ 8 using the method of mathematical induction.        3 

 

 

b) (i) Prove for all real numbers 𝑎 and b that 𝑎2 + 𝑏2 ≥ 2𝑎𝑏                       1  

         2 

 (ii) Hence prove 𝑎2 + 𝑏2 + 𝑐2 ≥ 𝑎𝑏 + 𝑎𝑐 + 𝑏𝑐 for all real numbers 𝑎, 𝑏, 𝑐.          1 

 

 (iii) Hence prove 
1

𝑎2
+

1

𝑏2
+

1

𝑐2
 ≥ 

𝑎+𝑏+𝑐

𝑎𝑏𝑐
 for all real numbers 𝑎, 𝑏, 𝑐.           1 

 

 

c) Prove by contradiction that √29 is irrational.                         2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 15 continues next page… 
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 Question 15 (continued)                     

  

d) In triangle 𝑂𝐴𝐵, the vector 𝑂𝐴⃗⃗⃗⃗  ⃗ = 𝑎
~

 and the vector 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑏
~

. 𝑃 is on 𝑂𝐴 so that 𝑂𝑃⃗⃗⃗⃗  ⃗ =
1

3
𝑂𝐴⃗⃗⃗⃗  ⃗ 

 and 𝑄 is on 𝑂𝐵 so that 𝑂𝑄⃗⃗⃗⃗⃗⃗ =
1

2
𝑂𝐵⃗⃗ ⃗⃗  ⃗. 𝑋 is at the intersection of 𝐴𝑄 and 𝐵𝑃. 𝑃𝑋⃗⃗⃗⃗  ⃗ = 𝜆 𝑃𝐵⃗⃗⃗⃗  ⃗ and 

  𝑄𝑋⃗⃗ ⃗⃗  ⃗ = 𝜇 𝑄𝐴⃗⃗ ⃗⃗  ⃗. 𝑇 is on 𝐵𝐴 so that 𝑂, 𝑋 and 𝑇 are collinear. (see diagram). 

 

 (i) Show that 𝑂𝑋⃗⃗ ⃗⃗  ⃗ = 
1

3
 (1 − 𝜆) 𝑎

~
 +𝜆 𝑏

~
        2 

 

 (ii) 𝑂𝑋⃗⃗ ⃗⃗  ⃗ can also be shown to be 𝜇 𝑎
~

 + 
1

2
 (1 − 𝜇) 𝑏

~
 (Do NOT prove this!)   2 

By finding 𝜆 and 𝜇, show that 𝑂𝑋⃗⃗ ⃗⃗  ⃗ = 
1

5
 𝑎
~

 +
2

5
 𝑏
~

 

 

 (iii) Given that 𝑇 is collinear with 𝑂 and 𝑋 and is on the line 𝐴𝐵, express 𝑂𝑇⃗⃗⃗⃗  ⃗ in terms 3 

 of 𝑎
~

 and 𝑏
~

. 

 

Examination continues next page… 
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Question 16  (10 marks)  Start a new writing page 

a) Sketch the curve (
𝑥
𝑦) = (

𝑡 cos 𝑡
𝑡 sin 𝑡

) from 𝑡 = 0 to 𝑡 = 2𝜋      2 

 

 

b) (i) State the solutions to 𝑧9 − 1 = 0 (leave your solutions in modulus/argument form).  1 

 

(ii) Hence using that 𝑧9 − 1 = (𝑧3 − 1)(𝑧6 + 𝑧3 + 1), state the solutions to   1 

 𝑧6 + 𝑧3 + 1 = 0. 

 

(iii) Show that if 𝑧 = cos 𝜃 + 𝑖 sin 𝜃, 𝑧𝑛 + 
1

𝑧𝑛
 = 2 cos 𝑛𝜃.     1 

 

(iv) Express 𝑧6 + 𝑧3 + 1 in terms of real quadratic factors.     2 

 

(v) Hence show that 

 cos 3𝜃 + 
1

2
 = 4(cos 𝜃 − 𝑐𝑜𝑠 

2𝜋

9
 ) (cos 𝜃 − 𝑐𝑜𝑠 

4𝜋

9
 ) (cos 𝜃 + 𝑐𝑜𝑠 

𝜋

9
 )   2 

 

 

 

c)  A projectile with mass 𝑚 𝑘𝑔 is launched vertically from the ground with a velocity 6 

of 𝑣0 metres per second where 𝑣0 < 200  metres per second. It experiences gravity 

of 10𝑚 Newtons and air resistance of 0.05𝑚𝑣 Newtons against its direction of motion, 

where 𝑣 is the current velocity. If the projectile lands in the same place 5 seconds after 

launch, find its initial velocity 𝑣0.      

 

 

 

End of Examination. 

 






























































