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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 provided for Questions 1 to 10. 

 

1. In which quadrant does the number  3𝑒−
𝑖𝜋

3 + 3𝑒
𝑖𝜋

6   lie? 
  

A. I 
B. II 
C. III 
D. IV 

 

 
 
2. Consider the following statement: 
 
 “If Mollie O’Callaghan attends all training sessions, then she will win a gold  
 medal at the Paris Olympic Games.” 
 
 Which of the following is the negation of the statement? 
 

A. Mollie O’Callaghan does not attend all training sessions, and she does  
win a gold medal at the Paris Olympic Games. 
 

B. Mollie O’Callaghan attends all training sessions, and she does not win a  
gold medal at the Paris Olympic Games. 

 
C. Mollie O’Callaghan does not attend all training sessions, and she does not  

win a gold medal at the Paris Olympic Games. 
 

D. If a gold medal was won at the Olympic Games, then Mollie O’Callaghan  
attended all training sessions. 

 
 

3. For 𝑧 ∈ 𝐶, if Im(𝑧) > 0, then arg (
𝑧𝑧̅

𝑧−𝑧̅
) is : 

 

A. −
𝜋

2
 

 
B. 0 

 

C. 
𝜋

4
 

 

D. 
𝜋

2
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∫𝑥3(𝑒𝑥 + 𝑒−𝑥)𝑑𝑥

𝑎

0

 

∫𝑥3(𝑒𝑥 + 𝑒−𝑥)𝑑𝑥

𝑎

−𝑎

 

∫
𝑥3

(𝑒𝑥 + 𝑒−𝑥)
𝑑𝑥

𝑎

0

 

∫
cos𝑥

(𝑒𝑥 + 𝑒−𝑥)
𝑑𝑥

𝑎

−𝑎

 

 
4. Which expression is equal to      ? 
 

A. sin−1 (
1−𝑥

2√2
) +𝐶 

 

B. sin−1 (
1−𝑥
3

) +𝐶 

 

C. sin−1 (
1+𝑥

2√2
) +𝐶 

 

D. sin−1 (
1+𝑥
3

) +𝐶 

 
 
 
 

5. Consider the two statements: 
 
 𝑃 ∶   ∀𝑥 ∈ ℝ, ∃𝑦 ∈ ℝ such that 𝑦3 = 𝑥. 
 
 𝑄 ∶   ∃𝑦 ∈ ℝ, such that ∀𝑥 ∈ ℝ, 𝑦3 = 𝑥. 
 
 Which statement best represents the truth of each of  𝑃  and  𝑄? 
 

A. 𝑃 is true and 𝑄 is true. 
 

B. 𝑃 is true and 𝑄 is false. 
 

C. 𝑃 is false and 𝑄 is true. 
 

D. 𝑃 is false and 𝑄 is false. 

 

6. Which of the following integrals is equal to zero?   

 
A.  

 
 
 

B.  
 
 

C.     
 
 
 D.   

J 
dx 

✓s- 2x - x 2 
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∫ (
1

𝑢 − 1
−

1

𝑢
)   𝑑𝑢

𝑙𝑜𝑔𝑒2

0

 

∫(
1

𝑢
−

1

𝑢 − 1
)   𝑑𝑢

3

2

 

∫(
1

𝑢
−

1

𝑢 − 1
)   𝑑𝑢

3

1

 

∫(
1

𝑢 − 1
−

1

𝑢
)   𝑑𝑢

3

2

 

∫
1

1 + 𝑒𝑥
 𝑑𝑥

𝑙𝑜𝑔𝑒2

0

 

 

7.  Consider the complex numbers  𝑧1 = (𝑙𝑛𝛼)3 + 𝑖(𝑙𝑛𝛼)2  and  𝑧2 = −2𝑙𝑛𝛼 + 8𝑖. 

 When  𝑧2 is rotated about the origin by  
𝜋

2
 in an anti-clockwise direction, we get 𝑧3. 

 For which value(s) of 𝛼 do 𝑧1 and 𝑧3 coincide? 

 

A. 𝛼 = 1 

 

B. 𝛼 = 𝑒−2 

 

C. 𝛼 = 1 𝑜𝑟 𝛼 = 𝑒−2  

 

D. 𝛼 = 0 𝑜𝑟 𝛼 = 𝑒−2 

 

 

 

 

8. Using the substitution 𝑢 = 1 + 𝑒𝑥 ,                 can be expressed as :  
 

   

A.   

 

 

B. 

 

 

C. 

 

 

D. 
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9. Consider the diagram below. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 What is the size of  𝐵𝑂𝐴 correct to one decimal place. 
 

A. 54.7° 
 
B. 70.5° 
 
C. 109.5° 
 
D. 179.0° 

 
  

y 

,----+-----=.fl B(l, 1, - 1) 

I 

D(- 1, - 1, - 1) fl - - -

I 
I 

'2 

X 
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10. Which diagram best shows the curve described by the position vector 
 
  𝑟

~
(𝑡) = −3sin (𝑡)𝑖

~
+ 3cos (𝑡)𝑗

~
+ 𝑡𝑘

~
  for −2𝜋 ≤ 𝑡 ≤ 2𝜋 ? 

 
 
 

A.        B. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 C.        D.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   END OF SECTION I 
  

10 

z z 

·o 

X 

z 
8 

-10 .3 
,10 -1 

.• ~ 
., ·o 

' 
X I 

V 
• 

-2 1 
v X 

y 

y 

-4 



St George Girls High School 
Year 12 – Mathematics Extension 2 – Trial HSC Examination – 2024   Page 8 
 

 

Section II   
90 marks 
Attempt Questions 11 – 16 
Allow about 2 hours and 45 minutes for this section 
 
In Questions 11-16, your responses should include relevant mathematical reasoning and/or 
calculations 

 
Question 11 (16 marks) START A NEW WRITING BOOKLET. Marks 
 
(a) Let 𝑧 = 3 − 2𝑖  and 𝜔 = −1 − 𝑖. Find: 
 

(i) 𝑧𝜔̅ in cartesian form.         2 
 

(ii) arg(𝜔) .           1 
 

(iii) 𝜔−12.           2 
 
 
 
 

(b) If  𝑂𝐴⃗⃗⃗⃗  ⃗ = 𝑖
~
+ 3𝑗

~
+ 𝑘

~
  and  𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 3𝑖

~
− 3𝑗

~
− 2𝑘

~
,  find: 

 

(i) the magnitude of  𝐴𝐵⃗⃗⃗⃗  ⃗ .         2 
 

(ii) the position vector of length 14 that is in the same direction as 𝐴𝐵⃗⃗⃗⃗  ⃗.  1 
 

(iii) a vector equation of the line 𝐴𝐵.       2 
 
 
 
 
(c) Solve 𝑧2 − 𝑧 + (4 − 2𝑖) = 0 . Express your answer in the form 𝑥 + 𝑦𝑖 ,  
  
 where 𝑥 and 𝑦 are real.          3 
 
 
 
 
(d) Evaluate       .         3 

 

  

 

 

 

 

11: 

J sin3 xcos 2x dx 
0 
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Question 12 (16 marks) START A NEW WRITING BOOKLET.          Marks 

(a)  The point (2, 𝑦, 𝑧) lies on the line 𝑟
~

= (
6
2
3
) + (

4
−1
5

).  

 Find the values of 𝑦 and 𝑧.          2
  
 
 
 
(b)      Find       .          3 
 
 
 
 
(c) The polynomial 𝑝(𝑧) = 𝑧3 + 𝑎𝑧2 + 𝑏𝑧 + 𝑐, where 𝑧 ∈ 𝐶 and 𝑎, 𝑏, 𝑐 ∈ ℝ ,  
  
 can also be written as 𝑝(𝑧) = (𝑧 − 𝑧1)(𝑧 − 𝑧2)(𝑧 − 𝑧3), where 𝑧1 ∈ ℝ   
 
 and 𝑧2, 𝑧3ℝ. 

 
(i) State the relationship between 𝑧2 and 𝑧3 .      1 

 
(ii) Determine the values of 𝑎,𝑏 and 𝑐, given that 𝑝(2) = −13,  
 

|𝑧2 + 𝑧3| = 0  and  |𝑧2 − 𝑧3| = 6 .       3   
 
 
 
 
(d) Prove or disprove the statement that for all 𝑥 ∈ ℝ,  |2𝑥 + 1| ≤ 5    |𝑥| ≤ 2 .  2 
 

 

 
 
(e)    Consider the following lines: 
 

𝑟1
~

= (
2
1
1
) + (

1
2
1
)   and    𝑟2

~
= (

2
−1
−1

) + 𝜇 (
1
4
3
) 

 
 (i) Prove that the lines  𝑟1

~
  and  𝑟2

~
  are not skew.      2 

 (ii) Find the equation of a line that passes through the point of intersection  

  of the two lines  𝑟1
~

  and  𝑟2
~

 , that is also perpendicular to both lines.  3 

 

f 
x3 

---- dx 
x 2 +x+l 
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Question 13 (15 marks) START A NEW WRITING BOOKLET.                Marks 
 
 

(a)     (i)  Find the values for 𝐴, 𝐵 and 𝐶 such that   
3𝑥2+4𝑥+12

𝑥(𝑥2+4)
 = 

𝐴

𝑥
 + 

𝐵𝑥+𝐶

𝑥2+4
 .  2 

  
           
 (ii)  Hence, find            .        2 
 
 
 

           

(b)  (i) What is the contrapositive of the statement : 

 

  “For 𝑥 ∈  , if 𝑥2 + 3𝑥 + 1 is even, then 𝑥 is odd.”     1 

 

(ii) Using the contrapositive, prove for 𝑥 ∈   , 

  if  𝑥2 + 3𝑥 + 1 is even, then 𝑥 is odd.”       2 

 

  

 
(c)  Use integration by parts to find      .      3 
   

 
 

(d) Consider the point  𝑧4 = √3 + 𝑖 . 

 

(i) Using the Argand diagram provided on pg15 of this exam,  

 

sketch the ray given by arg(𝑧 − 𝑧4) =
5𝜋

6
 .      2 

 

The ray  arg(𝑧 − 𝑧4) =
5𝜋

6
  intersects the circle  |𝑧 − 3𝑖| = 1 , dividing it into  

a major and a minor segment. 
 
(ii)  Sketch the circle |𝑧 − 3𝑖| = 1 on the same Argand diagram provided  
 on pg15 of this exam.         1 
 
(iii) In your answer booklet, find the area of the minor segment.   2 

 
 
 

J 
3x2 + 4x + 12 
-----dx 

x(x2 + 4) 

f e-x sinx dx 
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Question 14 (16 marks) START A NEW WRITING BOOKLET.   Marks  

 

(a) (i) If  𝑡 = tan
𝑥

2
 , derive an expression for  

𝑑𝑥

𝑑𝑡
  in terms of 𝑡.    1 

 
(ii) Hence, find                                           .       2 

 
 
 
 
(b) Prove that for all real numbers 𝑥 and 𝑦, where 𝑥 ≠ 𝑦 , 
 
  𝑥4 + 𝑦4 + 𝑧4 > 𝑥2𝑦2 + 𝑥2𝑧2 + 𝑧2𝑦2.       2 
 
 
 
 
(c)  𝑆1  is a sphere with centre  2𝑖

~
+ 2𝑗

~
+ 𝑘

~
  which passes through the origin. 

 
 𝑆2  is defined by the equation 𝑥2 + 𝑦2 + 𝑧2 − 12𝑥 − 12𝑦 − 16𝑧 + 100 = 0. 
 
 Do the spheres touch each other OR do they intersect. Justify your answer with   

 
appropriate mathematical calculations.       4 

 
 
 
 

(d) Prove by contradiction that for  𝑎 ≥ 2, √𝑎 + √𝑎 + 2 > √𝑎 + 8 .     3 
 
 
 
 
 
(e)     Evaluate       .         4 

   

11: 

12 1 
. dx 

0 1 + smx + cosx 
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∫
𝑒𝑥sin2𝑥

1 + 𝑒𝑥
𝑑𝑥

𝜋
2

−
𝜋
2

 

Question 15 (14 marks) START A NEW WRITING BOOKLET.   Marks 

 

(a) (i) Show  
2𝑘

𝑘+2
<

2𝑘+2

𝑘+3
  for  𝑘 > 0.        2 

 
(ii) Use mathematical induction to prove that : 

 
1

3!
+

2

4!
+

3

5!
+ ⋯+

𝑛

(𝑛+2)!
 <  

2𝑛

𝑛+2
−

1

(𝑛+2)!
  for all integers 𝑛 ≥ 1.  3 

 
 
 
 
(b)  Let  𝑧1,  𝑧2 and 𝑧3 form an equilateral triangle as shown below. 
  
        Im(𝑧)   
 
                          𝑧1 
 
 
                                                     𝑧3 
 
                    Re(𝑧) 
 
 
 
                                                                                              𝑧2 
 
 

(i) Show that   
𝑧2−𝑧1

𝑧3−𝑧1
 = cis (

𝜋

3
).        2 

 
(ii) Deduce that  𝑧1

2 + 𝑧2
2 + 𝑧3

2 = 𝑧1𝑧3 + 𝑧1𝑧2 + 𝑧2𝑧3 .     2 
 
 
 
 
            
(c) (i) Prove that                                                                     .     2 
  
              

(ii) Use the identity from part (i) to calculate           .    3 
 
 
 
 
 

1: f(x)dx = ia [f(x) + f( - x)]dx 
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𝜋

2
(
2𝑛 + 1

2𝑛 + 2
) <

22 × 42 × ⋯ ×  (2𝑛)2

1 × 32 × 52 × ⋯ × (2𝑛 − 1)2(2𝑛 + 1)
<

𝜋

2
 

Question 16 (13 marks) START A NEW WRITING BOOKLET. Marks 

 
(a)  A sequence is defined by the following formula for 𝑛 ∈ +: 
 

    𝑇0 = 0 
 

    𝑇𝑛 = √𝑇𝑛−1 + 2 

 

 Prove by mathematical induction that  𝑇𝑛 = 2cos (
𝜋

2𝑛+1)  for integer 𝑛 ≥ 0 .  4 

 
 
 
(b) Consider      , 𝑛 ≥ 0. 
 

(i) For 𝑛 ≥ 2, show that  𝐼𝑛 = 
𝑛−1

𝑛
 𝐼𝑛−2 .       3 

 
 

(ii) Hence, show that                     and  
 

  
4 

 
 

(iii) Given that  𝐼𝑘 > 𝐼𝑘+1 , deduce that  
 
 

2
  

 
 
 
 
 

 
 

END OF EXAMINATION 
 
  

Tr 

In = l \ innx dx 

Zn - 1 2n - 3 3 1 rr 
l2n = X --- X • •• X - X - X -

Zn Zn- 2 4 2 Z 

2n 2n- 2 4 2 
l2n+l = --- X --- X ••• X -

5 
X - X 1. 

2n + 1 2n-1 3 
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 Answer Sheet for Q13 d) (i) and (ii) 

  
 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLACE THIS ANSWER SHEET INSIDE YOUR BOOKLET FOR Q13 

Student Number: 

Teacher: 

𝐈𝐦(𝒛) 

𝐑𝐞(𝒛) 




























































































