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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 – 6)  10 Marks 

• Attempt Q1 - Q10 

• Allow about 15 minutes for this section 

 

Section 2 (Pages 7-15) 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
2

−1
) and (

3
4
6
) is 

A) 15𝑜 

B) 50𝑜 

C) 75𝑜 

D) 105𝑜 

 

Question 2 

The straight lines  

(
𝑥
𝑦
𝑧
) = (

1
7
0
) +λ(

3
4
−1

)  and (
𝑥
𝑦
𝑧
) = (

−5
−1
2

) +μ(
−6
−8
2

)  are 

A) Parallel 

B) Perpendicular 

C) Neither parallel or perpendicular 

D) The same line 

 

 

 

Examination continues next page… 
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Question 3 

Consider the statement: ∋  𝑥 ∈ 𝑍  such that 
1

𝑥
 > 𝑥. 

The negation of this statement is 

A) ∀ 𝑥 ∈ 𝑍,  
1

𝑥
 < 𝑥 

B) ∋  𝑥 ∈ 𝑍  such that 
1

𝑥
 < 𝑥 

C) ∀ 𝑥 ∈ 𝑍, 
1

𝑥
 > 𝑥 

D) ∋  𝑥 ∈ 𝑍  such that 
1

𝑥
 = 𝑥 

 

Question 4 

The contrapositive of the statement 

“If a number is irrational, its square root will be irrational” is 

A) “If a number is irrational, its square will be irrational” 

B) “If a number is rational its square root will be rational” 

C) “If a number is irrational its square root will be rational” 

D) “If a number is rational its square will be rational” 

 

 

 

 

 

 

 

 

 

Examination continues next page… 
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Question 5 

For two complex numbers 𝑧1 and 𝑧2, |𝑧1| = |𝑧2| = 1 and |𝑧1 + 𝑧2| = 
6

5
. 

|𝑧1 − 𝑧2| = 

A) 
3

5
 

B) 
4

5
 

C) 1 

D) 
8

5
 

 

Question 6 

Below is a diagram of the complex number 𝑧, where |𝑧| < 1 as shown. 

 

One of the square roots of 𝑧 could be 

    A)   B)  

 

 

 

 

 

       C)   D) 

 

 

    

 

Examination continues next page… 
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Question 7 

The following diagram is a graph of the velocity (𝑣) of a particle with respect to its position (𝑥). 

 

The graph of the acceleration (𝑎) in terms of 𝑥 would look like 

A)  B)  

 

 

 

 

 

 

C)  D)  

 

 

 

 

 

 

 

 

 

 

Examination continues next page… 
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Question 8 

A 5𝑘𝑔 weight is slipping down a plane inclined at an angle of 30𝑜 to the horizontal with an 

acceleration of 2 𝑚/𝑠2. It is slipping due to gravity, which has an acceleration of 10𝑚/𝑠2. The 

slipping is being resisted by friction (see diagram). 

 

The force due to friction is 

A) 3 Newtons 

B) 10 Newtons 

C) 15 Newtons 

D) 40 Newtons 

  

Question 9 

In the complex plane, 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑎,𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑏 and 𝑂𝐶⃗⃗⃗⃗  ⃗ = 𝑎 + 𝑏, where 
𝑎+𝑏

𝑎−𝑏
 is entirely imaginary 

and |𝑎 + 𝑏| ≠ |𝑎 − 𝑏|. 

𝑂𝐴𝐵𝐶 is a  

A) rhombus 

B) rectangle 

C) square 

D) trapezium 

 

Examination continues next page… 
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Question 10 

One of these curves is exactly the same as the spiral (
cos 𝑡
sin 𝑡
𝑡

). 

The equivalent curve is 

A) (

cos (
𝜋

2
− 2𝑡)

sin (
𝜋

2
− 2𝑡)

2𝑡

). 

 

B) (
cos(𝜋 − 2𝑡)

sin(𝜋 − 2𝑡)
2𝑡

). 

 

C) (

−sin (
3𝜋

2
− 2𝑡)

−cos (
3𝜋

2
− 2𝑡)

2𝑡

). 

 

D) (
cos(2𝜋 − 2𝑡)

sin(2𝜋 − 2𝑡)
2𝑡

). 

 

 

 

 

 

 

 

 

Examination continues next page… 
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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)  i) Find 
−√3+𝑖

−1−𝑖
 in Cartesian form.        2 

 ii) Express −√3 + 𝑖 in exponential form.       2 

 

 iii) −1 − 𝑖 = √2 𝑒−
3𝜋𝑖

4  . Use this information and your answers to (i) and (ii)  2 

 to find the exact value of 𝑐𝑜𝑠 
19𝜋

12
 

 

 

b)  i) Find the two square roots of 55 + 48𝑖.       2 

 

 ii) Hence solve the equation 𝑧2 − (2 + 𝑖)𝑧 − (13 + 11𝑖) = 0    2

   

 

c) Sketch on an Argand diagram the region where |𝑧 + 2𝑖| ≤ 2 and −
𝜋

2
 ≤ 𝐴𝑟𝑔 𝑧 <  −

𝜋

4
 3 

 

d) Find the seven seventh roots of −128𝑖. Leave your answer in modulus argument  2 

  form.        

 

 

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

a) Find ∫         𝑑𝑥         2 

 

b)  (i) Find 𝐴, 𝐵 and 𝐶 so that 
−7𝑥−43

(𝑥+4)2(𝑥−1)
=

𝐴

(𝑥+4)2
+

𝐵

𝑥+4
+

𝐶

𝑥−1
     3 

 (ii) Hence find ∫           𝑑𝑥        2 

 

c)  Find ∫           3 

 

d) Find  ∫     𝑑𝑥          2 

 

 

e) If 𝐼𝑁 = ∫    

 i) Show that 𝐼𝑁 = 
1

𝑁−1
 −𝐼𝑁−2        2 

 ii) Find 𝐼4           1 

 

 

 

 

 

 

 

 

 

 

Examination continues next page… 

  

1

sin𝑥+cos𝑥+1
  

−7𝑥−43

(𝑥+4)2(𝑥−1)

  

𝑥2

√1−𝑥2

  

𝜋

4
 

0 

𝑐𝑜𝑠𝑒𝑐3𝑥 𝑑𝑥  

𝑡𝑎𝑛𝑁𝑥 𝑑𝑥 
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Question 13  (15 marks)  Start a new writing page 

a)  A particle moves with simple harmonic motion about 𝑥 = 0. It starts at 𝑥 = 0 and 

 takes 2 seconds to reach its first stopping point at 𝑥 = 3. 

  

 (i) Write a formula for the particle’s motion in terms of time (𝑡).    3 

  

 (ii) If the particle weighs 4𝑘𝑔, find the force which produces the maximum  2 

 acceleration of the particle. 

  

b)  A particle is moving with simple harmonic motion about 𝑥 = 1. Its speed when  3

 at 𝑥 = 1 is 1𝑚/𝑠 and its speed at 𝑥 = 2 is 
√3

2
 𝑚/𝑠. Find the period and 

  amplitude of the particle’s motion. 

 (You may use 𝑣2 = 𝑛2(𝑎2 − (𝑥 − 𝐶)2) 

  

c)  Prove by contradiction that log
5
11 is irrational.      2 

 

d)  Prove by contradiction that √5 + √6 ≥ √21       2 

 

e) (i) If 𝑎, 𝑏, 𝑐 are real numbers, prove 𝑎2 + 𝑏2 + 𝑐2 ≥ 𝑎𝑏 + 𝑎𝑐 + 𝑏𝑐    1 

 (You may use 𝑎2 + 𝑏2 ≥ 2𝑎𝑏) 

 

 (ii) If 𝑎, 𝑏, 𝑐 are the lengths of the sides of a triangle, prove that 𝑐2 ≤ 2𝑎2 + 2𝑏2  1 

 

 (iii) Hence or otherwise prove 3𝑎2 + 3𝑏2 ≥ 𝑎𝑏 + 𝑎𝑐 + 𝑏𝑐 if 𝑎, 𝑏, 𝑐 are the   1 

 sides of a triangle.    

 

 

 

 

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

a)  (i) Solve 4𝑘2 − 2𝑘 − 1 > 0 where 𝑘 > 0.       1 

 

 

 (ii) Prove by induction that 5𝑁 > 6𝑁2 for all integers 𝑁 ≥ 2. (You may use  3 

 your answer to Part (i)) 

 

b)  A 5𝑘𝑔 weight is suspended from two taut non elastic ropes at angles of 

 30𝑜and 60𝑜to the horizontal respectively. The acceleration due to gravity is 10𝑚/𝑠2. 

 (see diagram). 

  

 (i) If the weight is stationary and the only forces acting on it are gravity and the   2 

 tensions in the two ropes, find the tensions in the ropes.     

  

  

 (ii) If the distance 𝐷𝐵 = 𝑥 metres, show that the distance 𝐴𝐷 = 3𝑥 metres   1 

 

 (iii) The weight is now winched up so that ∠𝐷𝐵𝐶 = 30𝑂. (see diagram below).  

  

 Find the new angle 𝛼 (∠𝐷𝐴𝐶).        2 
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Question 14 continues on the following page 

Question 14 (continued) 

 

c)  A bullet with a mass of 20 grams is fired horizontally at 400𝑚/𝑠. It encounters 

 air resistance of 0.0048𝑣 Newtons in a horizontal direction. Ignoring gravity: 

  

 (i) Show that 𝑥 =  
10 000−25𝑣

6
 and show that the bullet has travelled 1500 metres  3

 when its velocity has dropped to 40𝑚/𝑠. 

 

 (ii) Show that the time of flight in seconds is given by 𝑡 = −
25

6
 𝑙𝑛 (

𝑣

400
)   3 

 and find the time taken for the bullet’s velocity to drop to 40𝑚/𝑠. 

 

              

 

 

 

 

 

 

 

 

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

a)  (i) State the centre and radius of the sphere       1 

  (𝑥 − 2)2 + (𝑦 + 3)2 + (𝑧 − 1)2 = 169  

 

 (ii) Show that the distance 𝑑 of any point on the line (
𝑥
𝑦
𝑧
) = (

0
−1
29

) + 𝜆 (
4
3
−2

)  1 

 from the centre of the sphere  is given by the expression 

 𝑑2 = 29𝜆2 − 116𝜆 + 792  

 

 (iii) Hence or otherwise find the minimum distance from the line     2 

 (
𝑥
𝑦
𝑧
) = (

0
−1
29

) + 𝜆 (
4
3

−2
) to the centre of the sphere.   

 

 (iv) Show that the line (
𝑥
𝑦
𝑧
) = (

2
−3
1

) + 𝜇 (
0
3

−1
) is skew to the line     3 

 (
𝑥
𝑦
𝑧
) = (

0
−1
29

) + 𝜆 (
4
3

−2
) 

 

 (v) Find the equation of the line that is perpendicular to both     3 

 (
𝑥
𝑦
𝑧
) = (

0
−1
29

) + 𝜆 (
4
3

−2
) and (

𝑥
𝑦
𝑧
) = (

2
−3
1

) + 𝜇 (
0
3
−1

) that passes through 

 the centre of the sphere. 

 

 

Question 15 continues next page… 
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Question 15 (continued) 

b) A projectile with mass 𝑚 is fired vertically upwards with initial velocity 𝑈𝑚/𝑠. 

 It experiences a force due to gravity of  𝑚𝑔 Newtons and air resistance of 𝑚𝑘𝑣2 

 Newtons. 

 

 (i) Taking up as positive, state the acceleration in terms of the velocity and show  3 

 that the vertical displacement 𝑥 is given by 𝑥 =  
1

2𝑘
  ln  (

𝑔+𝑘𝑈2

𝑔+𝑘𝑣2
) 

  

 (ii) Find the greatest height the projectile reaches. Express your answer in terms of  2 

 𝑔, 𝑘 and 𝑈. 

 

 

 

 

 

 

 

 

 

 

 

 

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

a)  (i) Prove for any complex number 𝑧, 𝑧𝑧̅ = |𝑧|2      1 

 

 (ii) The roots of the equation 9𝑧4 − 18𝑧3 + 26𝑧2 − 18𝑧 + 9 = 0    3 

 are 𝛼, 𝛼̅, 𝛽 and 𝛽̅ where |𝛼| = |𝛽| = 1. 

 Show that the quadratic equation with roots 𝛼 + 𝛼̅ and 𝛽 + 𝛽̅ is 

 9𝑧2 − 18𝑧 + 8 = 0. 

 

 (iii) By solving this equation, find 𝛼 + 𝛼̅ and 𝛽 + 𝛽̅.      1 

 

 (iv) Show that if |𝛼| = 1 and  arg 𝛼 = 𝜃, 𝛼 + 𝛼̅ = 2 cos𝜃     1 

 

 (v) Hence or otherwise solve 9𝑧4 − 18𝑧3 + 26𝑧2 − 18𝑧 + 9 = 0    2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 16 continues next page 
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 Question 16 (continued) 

b)  (i) Prove that for a complex number 𝑧, if  |𝑧| = 1, and  𝐴𝑟𝑔 𝑧 = 𝜃, 0 < 𝜃 < 𝜋  2 

 then 𝐴𝑟𝑔(𝑧 − 1) =  
𝜃+𝜋

2
  and 𝐴𝑟𝑔 (𝑧 + 1) = 

𝜃

2
. 

 

 (ii) State the roots of 𝑧𝑛 − 1 = 0.        1 

 

 In the diagram below, 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 1, 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑤, 𝐵𝐶 = 𝑤2, 𝐶𝐷 = 𝑤3 etc where 𝑤 is 

  the root of 𝑧𝑛 − 1 = 0 with the smallest positive argument. 

 𝐶𝐷 = 𝑤3 

 

 

 

 

 

 

 

 

 

 

 

 

 (iii) State 𝐴𝑟𝑔 (1 + 𝑤)  and show that |1 + 𝑤| = 
sin(

2𝜋

𝑛
)

𝑠𝑖𝑛(
𝜋

𝑛
)
     2 

 (iv) Show that  𝐴𝑟𝑔 
(1+𝑤+𝑤2+𝑤3+⋯+𝑤𝑘)

(1+𝑤+𝑤2+𝑤3+⋯+𝑤𝑘−1)
  =

𝜋

𝑛
 and    2 

 |(1 + 𝑤 + 𝑤2 + 𝑤3 + ⋯+ 𝑤𝑘)| =  
sin(

(𝑘+1)𝜋

𝑛
)

𝑠𝑖𝑛(
𝜋

𝑛
)

 

 

 

 

 

End of Examination 

 

DIAGRAM 
NOT TO 

SCALE 
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