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General 
Instructions 

• Reading time – 10 minutes 

• Working time – 3 hours 

• Write using black pen 
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unless otherwise advised, are not permitted in this Assessment    
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• A reference sheet is provided 

• For questions in Section II, show relevant mathematical 
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• Write your NESA Student Number at the top of this page 
 

Total marks: 
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Section I – 10 marks (pages 2 – 5) 
 
• Attempt Questions 1 – 10 
• Allow about 15 minutes for this section 
 
Section II – 90 marks (pages 6 – 11) 
 
• Attempt Questions 11 – 16 
• Allow about 2 hours and 45 minutes for this section 
 

• Year 12 HSC Assessment Weighting: 30% 
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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 , which of the following is equivalent to ? 

A.  

B.  

C.  

D.  

2 The sign on a door reads as follows: “If you are not permitted, you do not have access.” 
 
Which of the following statements is logically equivalent to the one above? 

A. If you do not have access, then you are not permitted. 

B. If you have access, then you are permitted. 

C. If you are not permitted, then you have access. 

D. If you are permitted, then you have access. 

3 Which of the following is equivalent to ? 

A.   

B.   

C.  

D.  

4 The acceleration of a body is given by , where  is the velocity of the body. Which of 
the following equations is correct given the velocity is  when the body is  to the 
right of the origin? 

A.   

B.  

C.   

D.   
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5 Which of the following Argand diagrams represents the solution to the equation 
? 

A.  

 
C.  

 

B.  

 
D.  

6 Which expression is equal to ? 

A.   

B.   

C.   

D.   
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7 The spiral below describes the position  of a particle for time . 
 

 
 
Which of the following describes the spiral? 

A.   

B.   

C.   

D.   

8 What is the perimeter of a regular gon formed by the solutions of , for ? 

A.   

B.   

C.   

D.   
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9 Which of the following is the negation of ? 

A.   

B.   

C.   

D.   

10 On the diagram below, the point P represents the position of a unit mass that has been 
projected horizontally from the top of a cliff. The air resistance is , the gravitational force is 

, the position of the mass is , and the velocity is . 
 

 
 
Which of the following is consistent with the motion of the particle at P? 

A.   

B.   

C.   

D.   

 

End of Section I 
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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 a SEPARATE writing booklet. Extra writing booklets are available.  

In Questions 11 – 16, your responses should include relevant mathematical reasoning and/or 
calculations. 
 
 

Question 11  (14 marks) Use a SEPARATE writing booklet 

(a) Let , , and . Calculate . 3 
 

(b) Sketch the region of the Argand diagram described by . 2 
 

(c) Consider the line .  

(i) Show that the point  lies on . 1 

(ii) Show that the line through the points  and  is perpendicular to .  2 
 

(d) It is given that  is a zero of . Solve . 2 
 

(e) Consider the following statement: . 

(i) Show that the statement is false. 1 

(ii) State the converse of the statement. 1 

(iii) Determine whether the converse is true. 2 
 

 
End of Question 11 
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Question 12  (15 marks) Use a SEPARATE writing booklet 

(a) Consider the complex number . 

(i) Write z in mod-arg form. 1 

(ii) Evaluate . 1 

(iii) Find all values of n for which  is purely real. 1 
 

(b) Consider the points  and . Find the projection of  onto the 
xy-plane. 2 
 

(c) Use partial fractions to show that . 3 

 

(d)  Consider the line . 

(i) Find the Cartesian equation of the line l that passes through the point  
and is parallel to . 2 

(ii) Determine where the line l meets the xz-plane. 2 
 

(e) The motion of a section of a particular roller coaster track can be modelled by simple 
harmonic motion. The force acting on the roller coaster is given by , where 

, and  is the displacement of the roller coaster from the centre of motion at 
time t. 

(i) Show that  satisfies , where m is the mass of the roller 

coaster and A is the amplitude of the motion. 1 

(ii) The mechanical energy of the roller coaster is given by , 

where v is the velocity of the rollercoaster at time t. Show that M(t) is proportional 
to . 1 

(iii) Show that the maximum velocity of the roller coaster is  . 1 

 

 
End of Question 12 
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Question 13  (16 marks) Use a SEPARATE writing booklet 

(a) Find the value of k such that the points , , and  are 
collinear. 3 
 

(b) Let , , and , where . 

Find  with a real denominator. 2 

(c) Sketch the following on separate Argand diagrams. 

(i)  2 

(ii)  3 

 

(d) Consider the spheres  and . 3 

 

 Show that  and  intersect at a point.  
 

(e) Let  and, for , let . 3 

Use mathematical induction to prove that  for all integers .  
 

 
End of Question 13 
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Question 14  (16 marks) Use a SEPARATE writing booklet 

(a) Prove  for . 2 
 

(b) Evaluate . 4 

 

(c) A pulley system has been set up using a 60 kg counterweight to move a 50 kg box of 
tiles up on a roof. The roof is sloped at 30º to the horizontal on both sides and the safety 
stop ensures the box is pulled exactly 3 metres up the roof. 

 

 

 

Both masses are initially at rest and the acceleration due to gravity is . Air 
resistance is negligible but the frictional force opposing the direction of each mass is 
equal to half the normal force for each box, respectively. 

(i) Determine whether the pulley system will work as intended. 3 

(ii) Find the maximum weight of the box that can be pulled using this system. 2 

 

(d) The complex number z lies on the unit circle with . 

(i) Show that . 2 

(ii) Hence, or otherwise, solve , where w is a complex number. 3 

 

 
End of Question 14 

  

30° 30°

NOT TO
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Question 15  (15 marks) Use a SEPARATE writing booklet 

(a) For , explain why  , where . 3 

 

(b) Consider the complex number . 

(i) Expand and simplify . 1 

(ii) Show that 

. 3 

(iii) Hence, show that 

. 2 

 

(c) Double factorials are defined as follows: 

, where n is an even positive integer 

e.g.  

, where n is an odd positive integer 

e.g.  

(i) Show that  for even integers . 1 

(ii) Hence, prove that  for odd integers . 2 

(iii) Hence, or otherwise, prove that  . 3 

 
 

End of Question 15 
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Question 16  (14 marks) Use a SEPARATE writing booklet 

(a) A unit mass is projected vertically upwards with an initial speed of S  in a resisting 
medium that exerts a force of kv opposing the direction of motion, where k is a positive 
constant and the acceleration due to gravity is g . 5 
 
Find an expression for the velocity, , independent of S, given that the mass reaches 
maximum height after T seconds. 
 

(b) A regular triangular pyramid of side length 1, OABC, is shown below. M and N divide 
the sides AB and BC in the ratio , respectively. Let . 

 

(i) Let , where . Prove that . 3 

(ii) Show that . 1 

(iii) Show that . 2 

(iv) Determine the range of values of . 3 

 
End of Question 16 

End of Paper 
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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 , which of the following is equivalent to ? 

A.  

B.  

C.  

D.  
 

 

2 The sign on a door reads as follows: “If you are not permitted, you do not have access.” 
 
Which of the following statements is logically equivalent to the one above? 

A. If you do not have access, then you are not permitted. 

B. If you have access, then you are permitted.  

C. If you are not permitted, then you have access. 

D. If you are permitted, then you have access. 

 

3 Which of the following is equivalent to ? 

A.   

B.   

C.  

D.  
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4 The acceleration of a body is given by , where  is the velocity of the body. Which of 
the following equations is correct given the velocity is  when the body is  to the 
right of the origin? 

A.   

B.  

C.   

D.   
 

 

 

 

 

 

 

5 Which of the following Argand diagrams represents the solution to the equation 
? 

A.  

 
C.  

 

B.  

 
D.  



6 Which expression is equal to ? 

A.   

B.   

C.   

D.   

 
7 The spiral below describes the position  of a particle for time . 

 

 
 
Which of the following describes the spiral?  

A.   

B.   

C.   

D.   



 

− 5 − 
 

8 What is the perimeter of a regular gon formed by the solutions of , for ? 

A.   

B.   

C.   

D.   

 

 

9 Which of the following is the negation of ? 

A.   

B.   

C.   

D.   

 

 

 

 

 

 

10 On the diagram below, the point P represents the position of a unit mass that has been 
projected horizontally from the top of a cliff. The air resistance is , the gravitational force is 

, the position of the mass is , and the velocity is . 
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Which of the following is consistent with the motion of the particle at P? 

A.   

B.   

C.   

D.   

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Section I 
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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 a SEPARATE writing booklet. Extra writing booklets are available.  

In Questions 11 – 16, your responses should include relevant mathematical reasoning and/or 
calculations. 
 
 

Question 11  (14 marks) Use a SEPARATE writing booklet 

(a) Let , , and . Calculate . 3 
 
 
 
 
 
 
 
 
 
 

(b) Sketch the region of the Argand diagram described by . 2 
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(c) Consider the line .  

(i) Show that the point  lies on . 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) Show that the line through the points  and  is perpendicular to .  2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(d) It is given that  is a zero of . Solve . 2 
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(e) Consider the following statement: . 

(i) Show that the statement is false. 1 
 
 
 
 

(ii) State the converse of the statement. 1 
 
 
 
 

(iii) Determine whether the converse is true. 2 
 
 
 
 
 
 
 
 
 
 
 
 

 
End of Question 11 

 

Question 12  (15 marks) Use a SEPARATE writing booklet 

(a) Consider the complex number . 

(i) Write z in mod-arg form. 1 
 
 
 
 
 
 
 

(ii) Evaluate . 1 
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(iii) Find all values of n for which  is purely real. 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Consider the points  and . Find the projection of  onto the 
xy-plane. 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Use partial fractions to show that . 3 
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(d)  Consider the line . 

(i) Find the Cartesian equation of the line l that passes through the point  
and is parallel to . 2 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) Determine where the line l meets the xz-plane. 2 
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(e) The motion of a section of a particular roller coaster track can be modelled by simple 
harmonic motion. The force acting on the roller coaster is given by , where 

, and  is the displacement of the roller coaster from the centre of motion at 
time t. 

(i) Show that  satisfies , where m is the mass of the roller 

coaster and A is the amplitude of the motion. 1 
 
 
 
 
 
 
 
 
 
 
 

(ii) The mechanical energy of the roller coaster is given by , 

where v is the velocity of the rollercoaster at time t. Show that M(t) is proportional 
to . 1 
 
 
 
 
 
 
 
 
 
 
 
 

(iii) Show that the maximum velocity of the roller coaster is  . 1 

 
 
 
 
 
 
 
 
 
 

End of Question 12 
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Question 13  (16 marks) Use a SEPARATE writing booklet 

(a) Find the value of k such that the points , , and  are 
collinear. 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Let , , and , where . 

Find  with a real denominator. 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

− 14 − 
 

(c) Sketch the following on separate Argand diagrams. 

(i)  2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii)  3 
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(d) Consider the spheres  and . 3 

 

 Show that  and  intersect at a point.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(e) Let  and, for , let . 3 

Use mathematical induction to prove that  for all integers .  
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End of Question 13 

Question 14  (16 marks) Use a SEPARATE writing booklet 

(a) Prove  for . 2 
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(b) Evaluate . 4 
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(c) A pulley system has been set up using a 60 kg counterweight to move a 50 kg box of 
tiles up on a roof. The roof is sloped at 30º to the horizontal on both sides and the safety 
stop ensures the box is pulled exactly 3 metres up the roof. 

 

Both masses are initially at rest and the acceleration due to gravity is . Air 
resistance is negligible but the frictional force opposing the direction of each mass is 
equal to half the normal force for each box, respectively. 

(i) Determine whether the pulley system will work as intended. 3 
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(ii) Find the maximum weight of the box that can be pulled using this system. 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(d) The complex number z lies on the unit circle with . 

(i) Show that . 2 
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(ii) Hence, or otherwise, solve , where w is a complex number. 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
End of Question 14 
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Question 15  (15 marks) Use a SEPARATE writing booklet 

(a) For , explain why  , where . 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(b) Consider the complex number . 

(i) Expand and simplify . 1 
 
 
 
 
 
 
 
 



 

− 22 − 
 

(ii) Show that 

. 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(iii) Hence, show that 

. 2 
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(c) Double factorials are defined as follows: 

, where n is an even positive integer 

e.g.  

, where n is an odd positive integer 

e.g.  

(i) Show that  for even integers . 1 
 
 
 
 
 
 
 
 

(ii) Hence, prove that  for odd integers . 2 

 
 
 
 
 
 
 
 
 
 
 
 
 

(iii) Hence, or otherwise, prove that . 3 
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End of Question 15 
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Question 16  (14 marks) Use a SEPARATE writing booklet 

(a) A unit mass is projected vertically upwards with an initial speed of S  in a resisting 
medium that exerts a force of kv opposing the direction of motion, where k is a positive 
constant and the acceleration due to gravity is g . 5 
 
Find an expression for the velocity, , independent of S, given that the mass reaches 
maximum height after T seconds. 
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(b) A regular triangular pyramid of side length 1, OABC, is shown below. M and N divide 
the sides AB and BC in the ratio , respectively. Let . 

 

(i) Let , where . Prove that . 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

− 28 − 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) Show that . 1 
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(iii) Show that . 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(iv) Determine the range of values of . 3 
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End of Question 16 

End of Paper 
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