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Section I  

Questions 1 – 10 (1 mark for each question) 

 

Read each question and choose an answer A, B, C or D.  

Record your answer on the Answer Sheet provided. 

Allow about 15 minutes for this section. 

 
 

 

 

 

1         Let  α = 2 − 𝑖  and β = 1 − 3𝑖 . 
 

           What is the value of ( α − β )4
 ? 

 

            A)      7 − 24𝑖 
 
 B)  − 7 − 24𝑖 

 
 C)   −7 − 40𝑖    
 
 D)    41 − 24𝑖   
 

 
 

 

 
 

 

2  Consider the statement. 

           
            “If a quadrilateral is a rectangle, then the diagonals of the quadrilateral are equal in 

length.” 

          
         Which of the following is true about this statement and its converse?  

 
 A)  Both the statement and its converse are true. 

 
 B)  Both the statement and its converse are false. 

 
 C) The statement is false and its converse is true.  

 
 D) The statement is true and its converse is false.  
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3        In the Argand diagram the point 𝐸 represents a complex number.  
 

          When this number is multiplied by ( √3 + 𝑖 )
4
( 

1 

4  
− 

√3

4  
𝑖 )

3

  it gives a new  

          complex number. 

  

 

 

 

 

 

 

 

 

          Which of the following points represents the new complex number? 

 

             A)   𝐹    

 

             B)   𝐺    

             

             C)   𝐻    

              

             D)   𝐼 

 

 

4        A particle is moving in simple harmonic motion. The displacement 𝑥 metres of the particle 

          is given by 𝑥 = 1 + 4 sin (2𝑡 −
𝜋

5
 ) , where t is measured in seconds. 

  

          Which of the following is the first time the velocity of the particle is −8 𝑚𝑠−1? 
 

  

 A)   
3𝜋

5
  

 

B)   
𝜋

10
  

 

C)   
7𝜋

10
  

 

D)   
2𝜋

5
 

 

𝐹 

𝐼 

𝐺 

𝑦 

0 
𝑥 

𝐸 

𝐻  



Mathematics Extension 2 Trial HSC 2024 

3 
 

5        Let the points 𝐴 and 𝐵 represent the complex numbers  𝜆 = 𝑙𝑛3𝛼 + 𝑖 𝑙𝑛2 𝛼  
 

         and  𝜙 = − 2 𝑙𝑛 𝛼 + 8𝑖 respectively. 
 

            When the point 𝐵 is rotated about the origin by  
𝜋

 2  
 in a clockwise direction 

          we get the point 𝐶. 
 

           

          For which values of 𝛼 do 𝐴 and 𝐶 coincide? 

 

          A)   𝛼 = 1  
 
          B)   𝛼 =  𝑒2    

 
          C)   𝛼 = 1 𝑜𝑟 𝛼 =  𝑒2    
 
          D)   𝛼 = 𝑒  𝑜𝑟  𝛼 =  𝑒2 

 
 

 

 

 

6      Consider the position vector of a particle  𝑟 = −3 sin 𝑡  𝑖 + 3 cos 𝑡 𝑗 + 𝑡 𝑘.              

 

        Which of the following statements best describes the motion of the particle? 

         

A)  A spiral about the 𝑧 axis in an anticlockwise direction. 
 

B)  A spiral about the 𝑧 axis in a clockwise direction. 
 

C)  A spiral about the 𝑥 axis in a anticlockwise direction. 

   
D)  A spiral about the 𝑥 axis in a clockwise direction. 

  

 

𝟕      Consider the following statement:  
 

        "∀ 𝑛 ∈ ℕ , if 𝑛2 is odd then 𝑛 is odd.” 

        

       Which of the following is the negation of the statement? 

       
A) ∀ 𝑛 ∈ ℕ , if 𝑛2 is not odd then 𝑛 is also not odd. 

 
       B)     ∃ 𝑛 ∈ ℕ , such that 𝑛 is not odd and 𝑛2 is not odd. 

 
       C)     ∀ 𝑛 ∈ ℕ , if 𝑛 is not odd then 𝑛2 is not odd. 

 
D)     ∃ 𝑛 ∈ ℕ , such that 𝑛2 is odd and 𝑛 is not odd. 
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8          The equations of two lines ℓ1 and  ℓ2 are  

 

            𝑟1⃗⃗⃗  =  (  −

−1 + 𝑡 ( 2𝜆 )  

5 +  𝑡 ( 6 − 2 𝜆  )

−2 + 𝑡 ( 7 − 2 𝜆  )

  )   and   𝑟2⃗⃗⃗  =  (  

1 +   𝑡 ( 8 + 2𝜆 )

2 +  6𝑡
−3 +   𝑡 ( 5 +2𝜆 )

 ) ,                  

          

             where 𝑡 is a real number and 𝜆 is a constant.   
+  

            For what value of 𝜆 are the two lines ℓ1 and ℓ2 parallel? 

           A)     4       

           B)     3  

           C)      2 

        

           D)      1 

 

 

 

 

9         A particle initially at rest at the origin starts to move along the 𝑥 axis.  
 

           Its velocity at any time t in seconds is 𝑣 𝑚 𝑠−1.  
 

           The acceleration of the particle is given by 𝑎 = ( 1 + 𝑣2 )
3

 2 . 
 
 

           Which of the following is the correct expression for the velocity 𝑣 ?   
 
 

          A)    𝑣 = tan  ( cos−1  𝑡 )        

 

          B)    𝑣 =  tan  ( sin−1  𝑡 ) 

 

          C)    𝑣 =  sin−1  (tan  𝑡 )     

 

          D)    𝑣 = cos  ( sin−1  𝑡 ) 
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10       The complex number 𝑧 satisfies | 𝑧 + 𝑎| = 𝑎, where 𝑎 is a positive real number. 
  

           The greatest distance that 𝑧 can be from the point 𝑃 representing the complex  

           number 𝑘𝑎 + 𝑎 (𝑘 + 1)𝑖, where 𝑘 is a positive real number, is (3√2 + 1)𝑎. 

 

 What is the value of 𝑘 ? 

 

 

 A)    1  

 

B)    2  

 

C)    3  

 

D)    4 
 

 

 

 

 

 

End of Section I 
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MATHEMATICS EXTENSION 2 
 

Section II  
 

 
 
 
 
 
90 marks 

Attempt Questions 11 – 16 

Allow about 2 hours and 45 minutes for this section. 

 

 

 

 

 

 

 

  

 

 

 

INSTRUCTIONS 

 

 

 

 Answer each question in a separate writing booklet.  

 

 

 Extra writing booklets are available. 

 

 

 Your responses should include relevant mathematical reasoning and/or calculations. 
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Question 11 (15 marks) Use a SEPARATE writing booklet    

   

 

a) Consider the complex numbers 𝛼 = 2𝑖 and  𝛽 = √ 3 + 𝑖 .                                                        3 
 
 

Show that (𝛼 −  𝛽)6 is purely real.  

 

 

b)         Consider the line ℓ with equation 𝑟 =  ( 
   3 
−2
    5 

 ) +  𝜆 (
    2
   6
   4

  ).                                            2     

           

            Show that the point 𝐴 ( 2 , −5 , 3) lies on the line ℓ. 
 

 

 

 

c) Solve 𝑧2 − 𝑧 + (4 − 2𝑖) = 0. Give your answers in the form 𝑥 + 𝑦𝑖,                               3   

where 𝑥 and 𝑦 are real. 

 

 

 
d)         PQRS is a parallelogram with vertices 𝑃 ( 2 , 4 , 3),  𝑄 ( 4 , 3 , 1), 𝑅 ( 3 , 2 , 5)                      3  

            and 𝑆 (𝑥 , 𝑦 , 𝑧). 
 

            Find the coordinates of 𝑆 and the length of the diagonal | 𝑄𝑆⃗⃗⃗⃗  ⃗ |. 

   

 

 

 
e) A particle is moving along the 𝑥 axis in simple harmonic motion             4

 centred at 𝑥 = 2 and with amplitude 3. 

  

            The velocity of the particle is given by 𝑣2 = 𝑝 + 𝑞𝑥 − 6𝑥2,     

 where 𝑝 and 𝑞 are constants. 

 

 Find the period of the motion. 
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Question 12 (15 marks) Use a SEPARATE writing booklet    

   

                

 

a) Prove that  𝑥3 +
1

𝑥3  ≥ 2 , where 𝑥 > 0 .                                                2   

 

 

b) Consider the predicate statement 𝑃(𝑛) where 𝑛 ∈ ℕ.                                                        3 
 

 “If 5𝑛4 + 8𝑛 is multiple of 16, then n is even.” 
 

 

 Prove that the converse of 𝑃 is true.       
 

 

 
 

c)         Find all the 4th roots of 1 + √3 𝑖. Give your answers in exponential form.                         3 
  

 

 

 

d) A particle starts moving from 𝑥 = 𝑙𝑛 (𝑒4 + 1) with velocity 𝑒 and                                  3 

            acceleration given by  𝑣2 (𝑒4  + ln 𝑣 ) , where 𝑣 is the velocity of the particle. 
 

 Find an expression for 𝑥, the displacement of the particle, in terms of 𝑣. 

 
 
 
 

 

e)        The polynomial 𝑄(𝑧) = 𝑧4 − 8𝑧3 + 𝑝𝑧2 + 𝑞𝑧 − 80 has a root 3 + 𝑖, 
            where 𝑝 and 𝑞 are real numbers. 

 

 
 

 i)  Find all the roots of 𝑄(𝑧).                 3 

 

 ii) Write 𝑄(𝑧) as a product of two real quadratic factors.             1 
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Question 13 (15 marks) Use a SEPARATE writing booklet                                     

         

 

 

a) The cubic equation  2𝑥3 − 7𝑥 + 4 = 0  has roots 𝛼, 𝛽 and 𝛾.                                 3  

            Find a cubic equation with roots  
 1

𝛼 𝛽
 ,  

1

𝛼 𝛾
 and 

1

 𝛽 𝛾
. 

 

 

 
b)       A boat needs to travel from port A to port B on a true bearing of 333°                              3  

          at a speed of 35 kmh−1. 
 

          However, a constant current of 15 kmh−1 is flowing from the southwest. 
 

          Find the speed and the direction to which the boat should head to compensate  

          for the current and maintain its speed of 35 kmh−1 in the desired direction. 

 
 

 

c)      Use a contrapositive proof to prove that “ If 𝑝 is divisible by 5 then 𝑝 can be                     2 

         expressed as a sum of five consecutive integers”. 

           

 
 
 

 

 
          

d)           Find     
  2

2

2 tan 3 sec

sec tan
d

 


 

 
 
  





                                       3 

 

 

 

e) i)   Show  
2𝑘

𝑘 + 2 
<

2𝑘 + 2

𝑘 + 3 
 for 𝑘 > 0.               1 

 

 ii)  Use mathematical induction to prove that                                                                     3 

                                                                     

                
1

 3! 
+

2

 4! 
+

3

 5! 
+ ⋯+

𝑛

(𝑛 + 2 )! 
<

2𝑛

 𝑛 + 2 
−

1

( 𝑛 + 2 )! 
  for 𝑛 ≥ 1. 
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Question 14 (14 marks) Use a SEPARATE writing booklet 

a) The complex equation 𝑧5 = 𝑖 has roots are  𝑒
𝑖 𝜋

10, 𝑒
9𝑖𝜋

10 , 𝑒
− 7𝑖𝜋

10 , 𝑒
− 3𝑖𝜋

10  𝑎𝑛𝑑 𝛼. 

i) Determine the value of α.  1 

ii) On an Argand diagram, sketch the roots of this equation.       2 

iii) Show that  cos 
𝜋
5

sin
𝜋
10

= 
1
4
.   3 

b) A particle of mass 1 𝑘𝑔 is projected from the origin with initial speed  𝑉 𝑚𝑠−1

at an angle 𝛼 to the horizontal plane.

The forces acting on the particle are gravity 1𝑔⃗⃗⃗⃗  ⃗  and air resistance 5𝑣⃗⃗  ,
where 𝑣  is the velocity vector of the particle.

Let the acceleration due to gravity be 10 𝑚𝑠−2.

  The position vector of the particle, at time 𝑡 seconds after the particle is projected, 

 is 𝑟 (𝑡) and the velocity vector is 𝑣 (𝑡). 

i) Show that  𝑣 (𝑡) =  (  𝑉𝑒−5𝑡 cos 𝛼
( 𝑉 sin 𝛼 + 2 ) 𝑒−5𝑡 − 2 

).  3 

ii) Given that 𝑣 ⃗⃗⃗  (1) =  (  250 𝑒−5

(250√3 + 2) 𝑒−5 − 2 
), find the initial speed 𝑉   2 

    and the angle of projection 𝛼.

iii) Show that the ratio of the horizontal velocity at the origin to the horizontal   3 

velocity at the maximum height is  ( 1 + 125 √3 ) ∶ 1.
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Question 15 (15 marks) Use a SEPARATE writing booklet                                     

             

 

 

 

a)         A particle of mass 𝑚 kg is moving along the 𝑥 axis under the action of  

             a resisting force 𝑚 ( 𝑝𝑣 + 𝑣2), where 𝑣 is its velocity and 𝑝 is a  

             positive constant. 

 

 Initially, the particle is at 𝑥 = ln 2 and is travelling with velocity 𝑝.  

 

i)    Show that the displacement 𝑥 of the particle in terms of 𝑣 is          2 

 

                  𝑥 =  ln (
4𝑝

 𝑝 +  𝑣
 ) . 

 

ii)   Show that the time t, which has elapsed when the particle is travelling                        3 

    with velocity 𝑣, is   
      

                  𝑡 =
1

𝑝
 ln  (

  𝑝 +  𝑣

 2𝑣
 ) . 

  

          iii)  It took the particle  
1

2
ln 2 seconds to reach the point where 𝑥 = ln 3.                        2 

     Find the value of 𝑝.     
     

                                           

b)      Two lines, 𝐿1 and 𝐿2, are represented by position vectors 𝑟1 and 𝑟2 respectively.  

           

          The vector equations of these two lines are 

 

 𝑟1 = (
 −1 
−1
   1 

 ) +  𝜆 (
   −1
     2
    1

  )     and     𝑟2 = ( 
   −1 
   1
−1

) +  𝜇 (
      1
  − 1
     1

  ) ,  

  

          where 𝜆 and 𝜇 are real numbers. 

 

 

i) Show that 𝐿1 and 𝐿2 are skew lines.                                              4 

 

 

           ii) Find the shortest distance between the two skew lines 𝐿1 and 𝐿2.                                 4       
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Question 16 (16 marks) Use a SEPARATE writing booklet 

 

a)       The point A, which represents the complex number 𝑧𝐴 = −5 − 4𝑖, lies between  

            two parallel lines ℓ1 and ℓ2.  
 

          The equations of ℓ1 and ℓ2 are 𝑦 = 5 and 𝑦 = −12  respectively. 
 

          The point B(𝑏, 5), which represents the complex number 𝑧𝐵, lies on ℓ1. 

          The point  C(𝑐, −12), which represents the complex number 𝑧𝐶 , lies on ℓ2 such that  

          𝐴𝐶 = 2𝐴𝐵 and  BAC =
5𝜋

6
, as shown below. 

   

 

 

 

 

 

 

 

Not to Scale 

 

 

 

 

 

Find the exact value of the complex number 𝑧𝐶.                                                                 4 
 
 

 

 

 

b)      Let 

2

2 3 5

0

sin cos , 0,1,2,n
nI x xdx n



   

 

          i)   Prove that 𝐼𝑛 =
𝑛 + 1

𝑛 + 4
 𝐼𝑛−1,   𝑓𝑜𝑟 𝑛 ≥ 1.                       3 

 … 

          ii)  Deduce that  𝐼𝑛 =  1
(n + 4) (n + 3)(n + 2)

 .                                    3 

 

          iii)  Let 𝐽𝑛 = ∫  𝑥4𝑛 + 7 (1 − 𝑥4) 2  𝑑𝑥, 𝑛 = 0, 1, 2, …
1

0
 

 

                 Show that 𝐽𝑛 =  
1
2
𝐼𝑛.                                  3 

 

 

 

c)        Prove by contradiction that   
 
 

     (sin 𝑥) 
2

𝑛 + (cos 𝑥) 
2

𝑛 ≥ 1, 𝑓𝑜𝑟 0 ≤ 𝑥 ≤
π

2
 and 𝑛 = 3, 4, 5, ….                                            3  

END OF PAPER 

 0  

 𝑦  

 𝑥  

5π

6
  

ℓ1  

𝐶 

  𝑦 = 5   

 𝑦 = −12   

 𝑧𝐴 = −5 − 4𝑖  

 𝐴  

 𝐵  

ℓ2  
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4 
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