
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General 
Instructions 

Total marks: 
100 

2025 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION 

Mathematics Extension 2 

• Reading time - 10 minutes 

• Working time - 3 hours 

• Write using black pen 

• Calculators approved by NESA may be used 

• A reference sheet is provided at the back of this paper. 

• For questions in Section II, show relevant mathematical 

reasoning and/or calculations 

• Write your Centre Number and Student Number at the top of this 

page 

• Write your Centre Number and Student Number on the Question 

13 Writing Booklet attached 

Section I - 10 marks  

• Attempt Questions 1-10 

• Allow about 15 minutes for this section 
 

Section II - 90 marks  

• Attempt Questions 11-16 

• Allow about 2 hours 45 minutes for this section 



THGS 2025 Ext2 Trials 
 

Page - 2 - of 23 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page has intentionally been left blank 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



THGS 2025 Ext2 Trials 
 

Page - 3 - of 23 
 

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 Consider the statement: 

 

‘If an animal can fly then it is a bird.’ 

 

Which of the following is the contrapositive of this statement? 

 

A.  If an animal is not a bird then it cannot fly. 

B.  If an animal is a bird then it can fly. 

C.  If an animal can fly then it is not a bird. 

D.  If an animal cannot fly then it is not a bird. 

 

 

2 It is given that |𝑧 − 1 − 𝑖| = 1. 

 

What is the maximum value of Arg (𝑧)? 

 

A.      −
𝜋

2
 

B.            0 

C.           
𝜋

2
 

D.            𝜋 

 

 

3 Consider the following proposition. 

 

‘If a positive integer is not a perfect square, then it is not prime.’ 

 

If a number was found which had the following properties, which would be a 

counterexample to the proposition? 

 

A. A positive integer that is not a perfect square and is prime. 

B. A positive integer that is not a perfect square and is not prime. 

C. A positive integer that is a perfect square and is prime. 

D. A positive integer that is a perfect square and is not prime.  
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4 The diagram shows the complex number 𝑧 = 𝑥 + 𝑖𝑦 in the third quadrant, with 𝑥 < 𝑦. 

Given 𝑧2 = 𝑎 + 𝑖𝑏, which of the following statements is true?

A. 𝑎 < 0,  𝑏 < 0

B. 𝑎 < 0,  𝑏 > 0

C. 𝑎 > 0,  𝑏 < 0

D. 𝑎 > 0,  𝑏 > 0

5 Which of these algebraic fractions cannot be written as partial fractions in the form 

𝑎

𝑥 + 𝑏
+

𝑐

𝑥 + 𝑑
 , 

where 𝑎,  𝑏,  𝑐 and 𝑑 are real numbers? 

A. 
2𝑥 + 6

𝑥2 + 6𝑥 + 5

B.       
2𝑥 − 8

𝑥2 − 8𝑥 + 16

C.       
2𝑥 + 4

𝑥2 − 4𝑥 + 8

D.       
2𝑥 + 2

𝑥2 + 2𝑥 − 3
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6 Which of the following is equivalent to (√2𝑒
𝜋

4
𝑖)

3

? 

 

A.      − 2 − 2𝑖 

B.      − 2 + 2𝑖 

C.           2 − 2𝑖 

D.           2 + 2𝑖 

 

 

7 Consider triangle 𝐴𝑂𝐵, where 𝐴 is the point (1,0,1) and 𝐵 is the point (0,2,2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Which of the following is true? 

 

A. Angle 𝐴𝑂𝐵 is a right angle 

B. Triangle 𝐴𝑂𝐵 is isosceles 

C.  Angle 𝑂𝐴𝐵 is twice the size of angle 𝑂𝐵𝐴 

D.  Angle 𝐴𝑂𝐵 is twice the size of angle 𝑂𝐵𝐴 
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8 The spheres represented by  |(
𝑥
𝑦
𝑧
)| = 𝑟1 and |(

𝑥 − 𝑎
𝑦 − 𝑏
𝑧 − 𝑐

)| = 𝑟2, where 𝑟1, 𝑟2 are prime 

numbers, intersect at one point only. 

Let 𝑑 = √𝑎2 + 𝑏2 + 𝑐2. 

Which statement could be true? 

A. 𝑟1 + 𝑟2 + 𝑑 = 0

B. 𝑟1 − 𝑟2 = 𝑑

C. (𝑟1)
2 + (𝑟2)

2 = 𝑑2

D. 𝑟1 × 𝑟2 = 𝑑

9 Evaluate: .

3

2

0

1

9

x
dx

x

+

+

A.        
𝜋

4
+ ln 2√3

B.        
𝜋

4
+ ln√2

C.        
𝜋

12
+ ln 2√3

D.        
𝜋

12
+ ln√2

10  

The equation of the sphere with centre (4, b, ─1) is 𝑥2 − 8𝑥 + 𝑦2 + 4𝑦 + 𝑧2 + 2𝑧 = 4.

What is the value of b? 

A. ─8

B. ─4

C. ─2

D. 2
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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) Use the Question 11 Writing Booklet  

 

(a) Given 𝑎
~

= 2𝑖
~
+ 3𝑗

~
+ 𝑘

~
 and 𝑏

~
= −5𝑖

~
+ 𝑗

~
− 2𝑘

~
, find 2𝑎

~
− 𝑏

~
 in the form ( 

𝑥
𝑦
𝑧
 ). 2 

 

 

(b) The complex number 𝑧2 is shown on the diagram below.      2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Given that 𝑧 lies in the fourth quadrant only, find z in mod-arg form.  

 

 

Question 11 continues on page 8 
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Question 11 (continued) 

(c) Consider the line 𝑟
~

= (
5
3

) + 𝜆 ( 
−5
3

 ) where .R

(i) Show that the point (0, 6) lies on 𝑟
~

. 1 

(ii) Show that the line through the points 𝐴(2, 3) and 𝐵(−1,−2) 2 

is perpendicular to 𝑟
~

.

(d) It is known that 1 + 2𝑖 is one of the square roots of 4𝑖 − 3. 2 

Using this fact, or otherwise, solve 𝑧2 − 5𝑧 + 7 − 𝑖 = 0.

(e) A particle is initially at the origin with velocity 2 metres per second. 2 

Its acceleration given by 

𝑣
𝑑𝑣

𝑑𝑥
= 𝑣2 − 𝑣,

where 𝑣 is the velocity of the particle in metres per second and 𝑥 is its 

displacement in metres. 

Find an expression for 𝑥 in terms of 𝑣. 

(f) (i) Find the values of 𝑎 and 𝑏 such that 2 

𝑥 + 7

(𝑥 − 2)(𝑥 + 1)
=

𝑎

𝑥 − 2
+

𝑏

𝑥 + 1
. 

(ii) Show that 2 

∫
𝑥 + 7

(𝑥 − 2)(𝑥 + 1)

1

0

𝑑𝑥 = −5 ln 2 . 

End of Question 11 
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Question 12 (14 marks) Use the Question 12 Writing Booklet  

 

(a) Consider the complex number 𝑧 = 𝑎 + 𝑖𝑏.        2 

• The product of 𝑧 and 𝑧̅ is 25.  

• The sum of 𝑧 and 𝑧̅ is 8. 

 

Find 𝑧. 

 

 

(b) Find               2 

∫𝑥 ln 𝑥 𝑑𝑥. 

 

 

(c) Prove that (𝑛 + 1)𝑛 − 𝑛𝑛+1 is odd for all positive integers 𝑛.    3 

 

 

(d) For the complex numbers 𝑧 and 𝑤, it is known that 
𝑧

𝑤
 is purely real    2 

with a modulus of 2.   

 

 If 𝑧 = 4𝑒
𝜋

3
𝑖
, find 𝑤 in exponential form. 

 

 

(e) An 80-kilogram mass is being dragged along a horizontal surface by a  

force of 100 newtons.  

 

 

 

 

 

The mass is subject to friction of 0.1𝑣 newtons, where 𝑣 is the speed of  

the mass in metres per second. The mass is initially at rest. 

 

The equation of motion is 
 

𝑥̈ =
1000 − 𝑣

800
.        (Do NOT prove this.) 

 

(i)  Show that the equation for time as a function of velocity is     3 
 

𝑡 = 800 ln (
1000

1000 − 𝑣
) . 

 

(ii)  Find the velocity of the mass after 10 seconds, correct to 1 decimal place.  2 
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Question 13 (16 marks) Use the Question 13 Writing Booklet  

 

(a) Find              3 
 

∫
4𝑥 − 3

4𝑥2 − 4𝑥 + 5
𝑑𝑥. 

 

 

(b) It is known that for all positive real numbers 𝑥,  𝑦      2 
 

                     𝑥 + 𝑦 ≥ 2√𝑥𝑦.       (Do NOT prove this.) 

 

 Using this result, or otherwise, show that for all real 𝑎 
 

|𝑎| ≤
𝑎2 + 1

2
. 

 

 

(c) Given 𝑎𝑛+1 = √2𝑎𝑛 and 𝑎1 = 1, prove by mathematical induction that for all  3 

integers 𝑛 ≥ 1 
 

𝑎𝑛 = 2(1−2(1−𝑛)). 

 

 

(d) The complex number 1 + 𝑖 is a zero of the polynomial     3 
 

𝑃(𝑧) = 𝑧4 − 2𝑧3 + 𝑧2 + 2𝑧 − 2. 

 

 

Find the remaining zeros of the polynomial.  

 

 

Question 13 continues on page 11 
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Question 13 (continued) 

(e) A tiler is working on the roof of a house which has an angle to the horizontal

of 30° on both sides as shown.

The tiler uses a rope and pulley to move a 50-kilogram box 3 metres up  

the roof, with a 60-kilogram counterweight attached to the other end. Both 

masses are initially at rest. 

When the masses are released, the 60-kilogram mass slides down the roof 

until it hits the safety stop, pulling the 50-kilogram up the roof exactly  

3 metres.  

Assume that there is no friction and no air resistance. The acceleration due to 

gravity is 10 m s−2.

(i) Prove that 3 

𝑣 =
5𝑡

11
. 

(ii) Hence, or otherwise, find the time it takes for the 50-kilogram mass 2 

to move 3 metres up the roof, correct to 1 decimal place.

End of Question 13 
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Question 14 (15 marks) Use the Question 14 Writing Booklet  

 

(a) Find               2 

∫
𝑒2𝑥 − 𝑒𝑥

𝑒𝑥 + 1
𝑑𝑥 . 

 

 

(b) A 2-kilogram mass is moving in simple harmonic motion along the 𝑥-axis   

about the origin, with a period of 𝜋 seconds. 

 

The greatest magnitude of the force acting on the mass during its motion is 24 newtons. 

 

(i) Show that 𝑥̈ = −4𝑥 and the extremities of the mass’ motion    2 

are 3 metres from the centre of its motion.      

  

(ii) By integrating 𝑥̈ = −4𝑥, prove that 𝑣2 = −4(𝑥2 − 9).    2 

 

 

(c) (i) Let 𝑧 = cos 𝜃 + 𝑖 sin 𝜃.          2 

 

Show that 𝑧𝑛 + 𝑧−𝑛 = 2 cos 𝑛𝜃.     

 

(ii) Hence prove that           3 
 

8 cos4 𝜃 − 10 cos2 𝜃 + 2 = cos 4𝜃 − cos 2𝜃 . 

 

 

Question 14 continues on page 13 
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Question 14 (continued) 

 

(d) A spiral starts at the origin and completes two clockwise spirals to end at (0, 2𝜋). 

  

Its position from 𝑡 = 0 to 𝑡 = 𝑇 is shown in the diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The parametric equations of the spiral are  
 

{ 
𝑥 = 𝑓(𝑡)

𝑦 = 𝑔(𝑡)
        for     [0, 𝑇] . 

 

(i) Find 𝑓(𝑡),  𝑔(𝑡) and 𝑇.          3 

 

(ii) The parametric equations of a second spiral are        1 
 

{ 
𝑥 = 𝑔(𝑡)

𝑦 = 𝑓(𝑡)
        for     [0,

𝑇

2
] . 

 

If the second spiral was drawn on the axes above, how many points of 

intersection  would it have with the first spiral? 

 

 

End of Question 14  
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Question 15 (14 marks) Use the Question 15 Writing Booklet 

(a) For the positive real numbers 𝑎 and 𝑏, 𝑎 ≠ 𝑏, it is given that

𝑎3 + 𝑏3 = (𝑎 + 𝑏)(𝑎2 − 𝑎𝑏 + 𝑏2) and (𝑎 − 𝑏)2 > 0.

(i) Using these facts, or otherwise, prove 2 

𝑎3 + 𝑏3 > 𝑎𝑏(𝑎 + 𝑏).

(ii) Hence, or otherwise, show that if 𝑐 is also a positive real number 2 

that is not equal to 𝑎 or 𝑏, that

2(𝑎3 + 𝑏3 + 𝑐3) > 𝑎2(𝑏 + 𝑐) + 𝑏2(𝑎 + 𝑐) + 𝑐2(𝑎 + 𝑏).

(b) For the positive real numbers 𝑎 and 𝑏, with 𝑎 ≠ 2𝑏, prove that 3 

1

𝑎 − 2𝑏
≠

1

𝑎
−

1

2𝑏
. 

(c) The vectors 𝑢
~

 and 𝑣
~

 are defined as 𝑢
~

= 𝑎
~

+ 𝑚𝑏
~

 and 𝑣
~

= 𝑚𝑎
~

− 𝑏
~

, 3 

where 𝑎
~

 and 𝑏
~

 are unit vectors and 𝑚 is a real constant.

Given that the dot product of 𝑢
~

 and 𝑣
~

 is 1, and that the acute angle 

between 𝑎
~

 and 𝑏
~

 is 
𝜋

3
, find the value of 𝑚.

(d) A unit mass is projected vertically upward under gravity with a speed 𝑆 4 

metres per second in a medium that exerts a resistance to motion equal

to 𝑘𝑣 newtons, where 𝑘 is a positive constant and 𝑣 is the upward

velocity of the mass in metres per second.

The acceleration due to gravity is 𝑔 m s−2, where 𝑔 > 0.

If the particle reaches its greatest height in time 𝑇 seconds, show 

for 0 ≤ 𝑡 ≤ 𝑇 that 

𝑣 =
𝑔(𝑒𝑘(𝑇−𝑡) − 1)

𝑘
. 
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Question 16 (16 marks) Use the Question 16 Writing Booklet  

 

(a) Consider the integral  
 

𝐼𝑛 = ∫ √𝑥(1 − 𝑥)𝑛
1

0

𝑑𝑥,        𝑛 = 0, 1, 2, 3, … 

 

(i) Show that            3 
 

𝐼𝑛 =
2𝑛

2𝑛 + 3
𝐼𝑛−1,          𝑛 = 1, 2, 3, …              

 

 (ii) Evaluate 𝐼1.           1 

 

 

(b) The complex number 𝑤 lies on the unit circle with Arg(𝑤) = 𝜃.   

 

(i) Show that             3 
 

1 + 𝑤

1 − 𝑤
= 𝑖 cot

𝜃

2
. 

 

(ii) Hence solve            3 
 

( 
𝑧 − 1

𝑧 + 1
 )

8

= −1. 

 

 

Question 16 continues on page 16 
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Question 16 (continued) 

 

(c) 𝑀 and 𝑃 are two points with position vectors 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑚
~

 and 𝑂𝑃⃗⃗⃗⃗  ⃗ = 𝑝
~

   3 

 respectively.     

 

𝑁 is the midpoint of 𝑀𝑃 and has position vector 𝑂𝑁⃗⃗⃗⃗⃗⃗ = 𝑛
~

. 

 

𝑃𝑄 is perpendicular to 𝑀𝑁 and 𝑁𝑄⃗⃗⃗⃗⃗⃗ = 𝜆𝑂𝑁⃗⃗⃗⃗⃗⃗  , where .R  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Show that 
 

𝜆 =
|𝑚
~
|
2

+ |𝑛
~
|
2

− 2𝑚
~

∙ 𝑛
~

|𝑛
~
|
2

− 𝑚
~

∙ 𝑛
~

. 

 

 

Question 16 continues on page 17 
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Question 16 (continued) 

(d) Consider the curve 𝑦 = 𝑓(𝑥), where 𝑓(𝑥) =
1

1+cos𝑥+sin𝑥
. 3 

The area of the region 𝑅1, bounded by the 𝑥-axis, the 𝑦-axis, the line 

𝑥 =
𝜋

2
 and the curve 𝑦 = 𝑓(𝑥), is ln 2  units

2
. (Do NOT prove this.)

The region 𝑅2 is bounded by the 𝑥-axis, the line 𝑥 =
𝜋

2
 and the curve 

𝑦 = 𝑥 𝑓(𝑥). 

Prove that the ratio of the area of 𝑅1 to the area of 𝑅2 is 4: 𝜋. 

End of paper 
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MATHEMATICS: MULTIPLE CHOICE ANSWER 

SHEET 

Student Number:_______________________ 

Teacher:________________________ 

Select the alternative A, B, C or D that best answers the question. Fill in the response circle 

completely. 

Sample: 2 + 4 = A. 2 B. 6 C. 8 D. 9

If you think you have made a mistake, put a cross through 

the incorrect answer and fill in the new answer. 

If you change your mind and have crossed out what you consider to be the correct answer, 

then indicate the correct answer by writing the word correct and drawing an arrow towards 

the correct answer. 

1 16 

2 17 

3 18 

4 19 

5 20 

6 21 

7 22 

8 23 

9 24 

10 25 
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A B C D 

A B C D 
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A B C D 

A B C D 

A B C D 

A B C D 

A B C D 

A B C D 

A B C D 

A B C D 

A B C D 

A B C D 

A B C D 

A C 

A C D 
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Worked Solutions 

1 A 

Reverse the two parts of the statement and negate each part, so A is correct. 
B is the converse, C is a negation of the conclusion and D is the inverse. 

Tm 
2C 

z - 1 - i = 1 is a circle of radius one unit centred at (1, 1). 

The maximum value of Arg(z) occurs when z is directly 
above zero at (0,1), where it takes a value of� as shown. 

2 
(0, 1) ------------• (1, 1) 

3A 

1[ 

2 

The negation of P ⇒ Q is P and --,Q, so in this case 'not a perfect square and is prime'. 

4D 

The principal argument of z is between - 3rr and -n, so when it is squared we get an argument 
4 

between - 3
2
rr and -2n, which places it in the first quadrant, where a and bare both positive. 

Alternative solution I: 
z2 = (x + iy) 2 

= x 2 - y2 + 2xyi 
:. a = x2 - y2 and b = 2xy 
Now x 2 > y2 since x < y and they are both negative, so a> 0. 
2xy > 0 since x and y are both negative, so b > 0. 
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SC 

A. 

B. 

C. 

D. 

2x + 6 1 1 
----=--+-­x 2 + 6x + 5 x + 5 x + 1 

2x - 8 1 1 
x2 - 8x + 16 

= x - 4 
+ x - 4 

2x + 4 2x + 4 
x 2 - 4x + 8 (x -2)2 + 22 

The denominator cannot be written as the product of two real linear factors as it is not 
the difference of two squares. 

2x + 2 1 1 
----=--+-­x2 + 2x - 3 x - 1 x + 3 

Alternative solution I: 
If the denominator is the product of two real linear factors, then it can be written in this form. We can 
do this if the discriminant is non-negative. 
A. !::. = 62 

- 4(1)(5) = 16 2:: 0 ✓ 
B. !::. = (-8) 2 - 4(1)(16) = 0 2:: 0 ✓ 
C. !::. = ( -4) 2 

- 4(1)(8) = -16 < OX 
D. !::. = 22 

- 4(1)( -3) = 16 2:: 0 ✓ 

6B 

( 
rr.

)
3 3rr . 

../2e41 = 2../2eT1 

( 
3rr 3rr

) = 2../2 cos 4 + i sin 4 
= 2../2 (-cosi + i sini) 

= 2../2 ( -Jz + i Jz) 
= -2 + 2i 

Alternative solution I: 

(..fzeiif = [..fz(cosi+ isini)J
3 

= [ ../2 (Jz + i Jz) r 
= (1 + i)3 

= 1 + 3i + 3i 2 + i 3 

= 1 + 3i - 3 - i 
= -2 + 2i 
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7D 
IDAI = ✓12 + o2 + 12 = ..Jz 

IDBI = ✓02 + 22 + 22 = -Js = 2..Jz 

IABI = 1(-1,2, 1)1 = ✓C -1) 2 + 22 + 12 = V6 

!DAI: IABI: IDBI= ...fi: --/6: 2..Jz = 1: 13: 2 
This is the�,� exact triangle (scalene) with LBAO = �, LAOB =�and 

6 3 2 3 

LOBA =�'so angle AOB is twice the size of angle OBA. 

Alternative solution I: 

IDAI = ✓12 + o2 + 12 = ..Jz 

IDBI = ✓ o2 + 22 + 22 = -Js 

IABI = 1( -1,2, 1)1 = ✓�(--1-)-2 +-22 _+_1_2 = V6 
:. !10AB is not isosceles, so eliminate B. 

jDBj
2 

= jOAj
2 

+ jAB( so L OAB = 90°, so LAOB * 90°, so eliminate A. 
Now since !10AB is not isosceles, LOBA * 45°, so eliminate C. 
By elimination, LAOB = 2LOBA 

8B 

B 

rr 
6 

2..Jz 

rr 
3 

A ..Ji 

Case 1: If the two spheres touch externally the distance between the centres equals the sum of the 
radii, so d = r1 + r2. 

Case 2: If the two spheres touch internally the distance between the centres equals the difference of 
the radii, so d = r1 - r2 or d = r2 - r1. Since the second one matches B, this is the answer. 

Explanation of why A, C and D are not possible: 
For A, it could not be true as at least one of the three would have to be negative and they are all 
positive. 

• For C, we would have: 
Case 1: d2 = (r1 + r2 ) 2 = (r1) 2 + 2r1r2 + (r2 ) 2 > (r1)2 + (r2 ) 2 since r1r2 > 0, so false. 
Case 2a: d2 = (r1 - r2 ) 2 = (r1) 2 -2r1r2 + (r2 ) 2 < (r1) 2 + (r2 )2 since r1r2 > 0, so false. 
Case 2b: Similarly if d = r2 - r1 this is false. 

For D, we would have 
T1 Case 1: r1 x r2 = r1 + r2 ➔ r1 = -+ 1 
T2 

Now this is a contradiction, since if r1 and r2 are prime numbers with r1 * r2 then :i. is not an 
Tz 

integer so r1 is not an integer. 
Cases 2a  and 2b: r1 x r2 = r1 - r2 

similar. 
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9D 

J.
3 1 + x d _ f.3 

( 
1 + x ) d -- x -- -- x 

O 9 + x2 
-

O 9 + x2 9 + x2 

10. C 

:. b = -2 

[
1 X 1 ] 3 = -tan-1- + -ln(9 + x 2 ) 
3 3 2 O 

1 (rr) 1 = - - +-In 2 
3 4 2 = !!... + ln../2 
12 

x 2 - 8x + y 2 + 4y + z2 + 2z = 4 

x2 
- 8x + 16 + y2 + 4y + 4 + z2 + 2z + 1 = 4 + 16 + 4 + 1 

(x  - 4)2 + ( y  + 2)2 + (z + 1)2 = 25 
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section II 

[A] rm etc in the sample answers indicate the point where each mark is awarded. 

Question 11 (a) 

Criteria 
. Provides correct solution 

. Attempts to find 2a -b, or equivalent merit - -

Suggested solution(s} 

2a-b = 2(2i + 3j + k) -(-Si+ j -2k) - - - - - ...., -
=4i+6j+2k+5i-j+2k - - - --
= 9i + Sj + 4k - --

=(D 

-

Question 11 (b) 

Criteria 
. Provides correct solution 

=-

-

[A] 

�c �) � c-r > 

rm 

Marks 

2 

1 

comments 

. v ,e,,,f y "'"',c...,\ \ ec.. W 

Marks 

2 

. Writes z2 in mod-arg form, or attempts to take the square root of the 1 
modulus or halve the argument, or finds the correct modulus or the 
correct argument, or equivalent merit 

Suggested solution{s} 

z2 = 4 ( cos ( -
2

3rr) + i sin ( -
2

3rr)) 

z = "4 ( cos ( -
2

3rr -;-2) + i sin ( -
2

3rr -;-2)) 

= 2 ( cos ( -i) + i sin ( -i)) 
�� 

n. 
--! Accept z = 2e 3 . 

'?JL f-• 

rm 
"""� 

comments 

. ,Z.e-o,...� """-.. lo l• 
IN --tl a..\fe. 

\ , I ..,. l'{.o,1 • C:,d� I� 

� tlJ...- A-ir� � 
\:.- \'-l-o w:,w :l 
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Question 11 (c) (i) 

Criteria 

• Provides correct solution 

Suggested solution(s} 
�,w.o.....-+""--� 

-=I-- P'-A_ vc.v 

/, . 
� ""-, ll l>.e. l By inspection let A = 1 \-� 

C = (�) + c-}) = (�) so co, 6) is on c [A] 

Question 11 (c) (ii) 

Criteria 
. Provides correct solution 

. Finds AB or BA, or equivalent merit 

Suggested solution(s} 

AB = ( -1 -2) = ( -3) -2 - 3 -5 t>• 't4t '-.. r-.:.\�s- [A] 

( -
5
3) • (-

3
5) = 15 - 15 = 0, so the lines are perpendicular. . [ID - a.-; �"\o '="O 

Alternative solution I: BA = (� : ;) = G) 4:o--4-"""--e... [A] 

G) · C'/) = -15 + 15 = 0, so the lines are perpendicular. [ID 

Marks 

1 

comments 
.--. we-Ll �� 

- Sot-v,--L-o{-J 

t.;,. i,w:.i- +""2. 

Marks 

2 

1 

comments 

• v�"'I \.,U-eU M, ' - -b 
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Question 11 ( d) 

Criteria Marks 

. Provides correct solution 2 

. Attempts to use the quadratic formula or to complete the square or 1 
to factorise the quadratic, or equivalent merit 

Suggested solution(s) 

z2 - 5z + 7 - i = 0 
5 ± ✓C -5) 2 - 4(1)(7 - i) 

z= 
2 

5 ± ✓25 -2s + 4i --
2 

5±-V4i - 3  --
2 

5 ± (1 + 2i) --
2 

4 -2i 6 + 2i = ----
2 ' 2 

= 2 - 63 + i 
C> r­

Altemative solution I: 
z2 - 5z + 7 - i = 0 

2 25 . 25 
z - 5z + - = l - 7 + -

4 4 

(z-�f = 4i
: 

3 

(1 + 2i)2 
=---

4 
5 1 + 2i z--=+--
2 - 2 

5 1 + 2i 
z= - + --

2 - 2 
4 -2i 6 + 2i - -----

2 ' 2 

Alternative solution II: 
z2 - 5z + 7 - i = 0 

(z  -2 + i) (z - 3 - i) = 0 
z=2 -b 3 + i 

&1<" 

[A] 

ffi] 

ffi] 

[A] 
ffi] 

comments 

. V..e-r� .,_ e.-U oc 

• N,.,ok-

±J11,-� = .! 

{;,-� -=I= I 

I 
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Question 11 (e) 

Criteria 

• Provides correct solution 

. Separates the variables, or equivalent merit 

Suggested solution(s) 

dv v-=v2 -v dx 
iv dv 

J

x 
--= dx 

2 V -l 0 

[1njv - 11 J: = [x[ 
In Iv - ii - In 1 = x -O 

-

x = In Iv - 11 
,,,;--

v(v-1) 

o-r 
.la-t)v-il == 

Accept x = ln(v - 1) since v 2 2 given initial conditions. 

Alternative solution I: 
dv v-=v2 -v dx 

J�=Jdx v-l 
lnlv -ll= x +c 

Let x = 0, v = 2 

In lz - 11 = 0 + C 

c=O 

[Al 

-x:.. 

[ID 

[Al 

.. x = In Iv - ii [ID 

Accept x = In ( v -l) since v 2 2 given initial conditions. 

+c:.. 

Marks 

2 

1 

comments 

N.<>� V"F D 

·'· �\/ 
� =- v-> 

•,J.c...,&.c/l. � \.L..-

�� c:r. "· 
v-;,., 

,w;> « e-l- � 

'- ..l,,. C V _, ) 
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Question 11 (f) (i) 

Criteria 
. Provides correct solution 

. Finds a orb, or equivalent merit 

Suggested solution(s) 

x + 7 a b 
Lct =-- +--

(x - 2)(x +l) x-2 x+l 
2 +7 a=--=3 
2 +1 
-1 + 7 'b =-- =-2 
-1 - 2 

Alternative solution I: 
x + 7 a(x + 1) + b (x - 2) ----- = (x - 2) ( X + l) ( X - 2) ( X + l) (a+b )x+a-2b = (x - 2)(x + 1) 

a+ b = l (1) 
a - 2b = 7 (2) 

(1) - (2): 3b = -6 ➔ b = -2 
sub in (1): a - 2 = 1 ➔ a= 3 

Alternative solution II: / 
x + 7 a(x + 1) + b (x - 2) = (x - 2)(x + 1) (x - 2)(x + 1) 

x + 7 = a(x + 1) + b (x - 2) 

[d] 

[ID 

[d] 
[ID 

Let x = -1: - 1 + 7 = b ( -1 - 2) ➔ 6 = -3b ➔ b = -2 [dJ 
Let x = 2: 2 + 7 = a(2 + 1) ➔ 9 = 3a ➔ a = 3 [ID 

Marks 

2 

1 

comments 

• '?-c) \,vTto µ .]I-

\. , 
� k>e...,._.of 

'""",<_� p 
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Question 11 (f) (ii) 

Criteria 

. Provides correct solution 

. Obtains the correct antiderivative, or equivalent merit 

Suggested solution(s) 

f l X + 7 

0 (x - 2)(x + 1) dx = f l 3 2 ----- dx o (X - 2 X + 1) 
= [ 3 ln Ix - 21 - 2 ln Ix+ 11 L = (3 ln 1 - 2 ln 2) - (3 ln 2 - 2 ln 1) = 0 - 2 In 2 - 3 ln 2 + 0 = -5 ln 2 

[A] 

[m 

Marks 

2 

1 

comments 

. V.e--,-y WJ2-C( � J.t..._ .•• -....-
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Question 12 (a) 

Criteria Marks 
. Provides correct solution 2 

. Finds the value of a, or creates a quadratic which will have z and z 1 
as solutions, or equivalent merit 

Suggested solution(s} comments 

zz = l zl 2 
• v�'6 w .e.u c:-4 :. 25 = a2 + b 2 (1) 

z + z = 2Re( z) 
8 = 2a 

• 

a =4 [A] 
sub in (1): 25 = 4 2 + b2 

b 2 = 9b 

= ±3 [ID 
z = 4 ± 3i 

Nz>� to ,+'-'..t� Cc>L.t-c>t b,-
Alternative solution I: c:.e......,�o� 

Let z and z be the solutions of the quadratic P ( w) = 0. 
:. (w - z)(w -z) = 0 

w 2 -( z  + z)w + zz = 0 
w 2 - 8w + 25 = 0 [A] 
w 2 - 8w + 16 = 16 -25 

(w -4)2 = -9 
w -4 = ±3i 

w = 4 ± 3i 
:. z = 4 ± 3i [ID 
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Question 12 (b) 

Criteria 

. Provides correct solution 

. Attempts integration by parts, or equivalent merit 

Suggested solution(s) 

J xlnxdx 

= x2 ln x - � J x dx 
2 2 

= x2 In x _ � (x2) 
+ 

c 
2 2 2 

x2 Inx x2 

=----+c 
2 4 

u = lnx 
du 1 
dx x 

dv -=x dx x2 v=-

' . 

2 

Marks 

2 

1 

comments 

• \j e,g '/ i,u J2. Lt 

•Q.wif- � ...... 

,e."h�� £> 
t,,.>#-$,, �e,c. 
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Question 12 (c) 

Criteria Marks 
. Provides correct solution 3 

. Proves that the result is true for all odd numbers or all even 2 
numbers, or equivalent merit 

. Attempts to prove the result for an odd or even number, or proves 1 
the result is true for n = 1, or equivalent merit 

Suggested solution(s) 

Case 1 - if n is odd 
Let n = 2k + 
1 
(n + l)n -n n+l = (2k + 1 + 1)2k+l - (2k + 1)2k+1+1 = (2k + 2)2k+l - (2k + 1)2k+2 

2k + 2 = 2(k + 1) is even, and an even number to any integer power is 
even. 

• 2k + 1 is odd, and an odd number to any integer power is odd. 
The difference between an even number and an odd number is odd. 
:. (n + l)TI -nn+l is odd if n is odd. 
[m 

Case 2 - if n is even 
- -

Let n = 2k 

(n + l)n _ n n+l = (Zk + l)2k _ (Zk)2k+l 
• 2k + 1 is odd, and an odd number to any integer power is odd. 
• 2k is even, and an even number to any integer power is even. 
The difference between an odd number and an even number is odd. 
:. (n + l)n -n n+l is odd ifn is even. 

[g 

:. (n + l)n -n n+l is odd for all positive integers n. 

Alternative solution I: 
If n is even then n + 1 is odd 

[Al 
⇒ (n + l)TI is odd and nn+l is even as an odd power to an integer power is 
odd and an even number to an integer power is even 
However an odd number minus an even number is odd 
:. (n + l)n -n n+l is odd ifn is even 
[m 

If n is odd then n + 1 is even 
⇒ (n + l)n is even and n n+l is odd as above 

comments 

• J,,t...�,f G-0 !L4�C �r 
�e> ?--«�IS 

Page 14 of 53 



However an even number minus an odd number is odd 
:. (n + 1r -n n+l is odd if n is odd 

[£] 
:. (n + 1r -n n+l is odd for Vn E :?i:+. 
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Question 12 ( d) 

Criteria 

. Provides correct solution 

. Finds that w = ± ½ z, or equivalent merit 

Suggested solution(s) 

. .  - = +2 w -

z = ±2 w 
1 

w = + -z - 2  
1 

( 
rr .) = ±2 4e11 

rr . 
= ±2e11 

rr . (rr ) ·  = 2 e J1 , 2 e  3-rr 1 

rr . 2rr .  
w = 2 e J�e -T1 

"" 
[ID 

Marks 

2 

1 

comments 
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( 

Question 12 (e) (i) 

Criteria 

• Provides correct solution 

. Separates the variables, or equivalent merit 

Suggested solution(s) 

1000 - V 
x =  

dv 
dt 
dt 

= 800 
1000 - V 

800 
800 = --:----

dv 1000 - v  

( dt = (
v 800 

dv � . \/4,11 [A] J0 J0 1000 - v 
t ] v  [tL = -800 [1n l lOOO - v i  

0 

t - 0 = -800 (1n 1 1000 - v i  - In 1000) [I] 

( 
1000 

) t = 800 1n 
1000 _ v 

since 1000 - v  > 0 

Alternative solution I: 
1000 - V 

x = 
800 

1000 - V dv 
dt 
dt 

= 
800 
800 = ---

dv 1000 - v 

J dt = J lO��� v 
dv 

t = -800 ln 1 1000 - v i + c 

Let t = 0, v = 0 
0 = -800 In 1000 + c 
c = 800 In 1000 

t = -800 In I 1000 - vi + 800 In 1000 

[A] 

( 
1000 

) = 800 ln 
1000 _ v since 1000 - v > 0 

--

Marks 

2 

1 

comments 

o 6 y 4 '--° 0 
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Question 12 (e) (ii) 

Criteria Marks 

. Provides correct solution 3 

. Correctly removes the logarithm  from the equation , or equivalent 2 
merit 

. Substitutes t = 10  into the result from ( i ) ,  or equiva lent merit 

Suggested solution(s) 

10  = 800 In ( 
lOOO 

) 1000 - V 

0 .0125 = In ( 
lOOO 

) 1 000 - V 
1 000 eo.012s = __ _ 

1000 - v  
1000 - V - -0.0125 

1000 - e 

1000 - V = 1 OOOe-O.OlZS 

V = 1 000(1 - e-O.OlZS) 
.. ✓ = 1 2.42 2 1 99 . . .  

\ �e...+y = 1 2 .4 �-1 (1 dp) 

ffi] 

1 

comments 

• 'Ve.-rk I,\) e. u u - •  n 
a-tf-e.lA,(.,r i--

. B, w.,,f-- M,o .fe 

y :::- \,"'l,.• c.f- � - · · 
ht> 

v.e.lo�"--� ts 
- X l� t.(.- 11,�/$ 
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Question 13 (a) 

Criteria 

. Provides correct solution 

. Completes the square on the denom inator and rearranges the 
numerator in terms of 8x - 4,  or equivalent merit 

. Completes the square on the denom inator, �rearranges the 
numerator in terms of 8x - 4, or equivalent merit 

Suggested solution(s} 

f 4x - 3 
4x2 - 4x + 5 dx 
f 4x - 3  = (2x - 1) 2 + 2 2 

dx 
1 f - (8x - 4) - 1  = 2 dx (2x - 1)2 + 22 

1 f 8x - 4 1 f 2 = 2 4x 2 - 4x + 5 dx - 2 (2x - 1) 2 + 22 dx 
1 

I 

2 

I 

1 1 -1 
(
2x - 1

) = 2 In  4x - 4x + 5 - 2 x 2 tan 2 + c 

1 
I I 

1 
(
2x - 1

) = 2 In  4x2 - 4x + S  - 4 tan-1  
2 + c  

[d] 

[ID 

[g 

Since 4x2 - 4x + 5 > 0 for all x, the absolute value signs are not required 
for full marks . / 

Marks 

3 f "( 
,1._d 

2 

1 

comments 

• "JU-6 '° .el..( 
a,�1--4 

v-
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Question 13 (b) 

Criteria Marks 

. Provides correct solution 2 

. Attempts to use a or a2 in the AM-GM inequality, or finds LHS minus 1 
RHS, or equivalent merit 

Suggested solution(s) comments 

Let x = a2 , y = 1 in the given result 

0 Ve.-� II\) el( a2 + 1 :2: 2✓ a2 x 1 [A] 
/ a2 + 1 :2: 2l a l  since W, = J a l  ec.,�f� 

a2 + 1 
.-. l a l � -2- [ID 

Alternative solu tion I: 
a2 + 1 

LHS - RHS = J a l  - -- [A] 2 
a2 -2la l  + 1 -

2 
( l a l  - 1) 2 

= -
2 

� o  since !Rs. 2 :2: O 
.-. LHS � RHS 

a2 + 1 
.-. l a l � -2- [ID 
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Question 13 (c) 

Criteria 
. Provides correct solution 

. Proves the base case and uses P (k) correctly in the body of the 
proof, or equivalent merit 

. Proves the base case, or uses P (k) correctly in the body of the 
proof without proving the base case, or equivalent merit 

Suggested solution(s) 

Let P(n) represent the proposition. • 
P(l) is true since a1 = 21-21-1 = 21-1 = 1 � Cf I ' $  I [1] / 

If P(k) is true for some arbitrary k 2:: 1 then ak = 2(1-z <i-kl) _ � . �) 
(1-z-k) ak+l = 2 RTP P (k + l) 

LHS = ak+l 
= � 

= jz x z(i-z <i-kl ) from P(k) 

= .J 21+ 1-21-k 

= .J 2z-z 1-k 

= .Jz2(1-z-k) 

= 21 -z-k 

= RHS 
:. P (k) ⇒ P (k + l)  
Hence P ( n) is true for  n 2:: 1 by induction 

Marks 

3 

2 

1 

comments 

w �  �t � 
• & k...,._Jl_ 

+t.a..w 

• ?w.6 ""1i..tf)_ b 
V � I. ¼ "id 
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5 
0 = 

1 1  (O) + c 

c = O  

V 

5 
=-t 1 1  

Alternative solution Il: 
5 dv :. v = -t since the gradient of-

d is constant and when t = 0, v 
11  t = 0 [g 

Note : students who do not use calculus need to refer to both the gradient 
and v-intercept to gain the third mark. 
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Question 13 (e) (ii) 

Criteria 

• Provides correct solution 
. Finds the primitive correctly 

Suggested solution(s) 

dx 5 - = - t 
dt 11 

1 3 dx = �J\ dt 
0 11 0 

H: � :JJ: 
5 2 3 - 0 = 22 

(t - 0) 

5 
3 =- t2 

22 

t2 = 
66 
5 

t = 3.63318 (t > 0) 
= 3 .6 seconds (1 dp) 

Alternative solution I: 
dx 5 
dt 

= 
11 t 

J dx = 
1\ f 

t dt 

5 x = - t2 + c  
22 

Let x = 0, t = 0 
0 = 0 + c  

c = 0  

St2 x = -
22  

Let x = 3 
5 

3 =- t2 
22 

t2 = 66 
5 

t = 3 .63 3180 (t > 0) 
= 3 .6 seconds 1 d B 

Marks 

2 

1 

comments 

[ID 

[I] 
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Question 14 (a) 

Criteria Marks 
. Provides correct solution 2 
. Rearranges the numerator in terms of ex + l, or correctly rewrites 1 

the integral in terms of their u, or equivalent merit 

Suggested solution(s) 

J 
e 2x _ e x 

ex + l 
dx 

_ 
J 

(e x (ex + 1) - 2e x) -
x l dx e + 

= J (e x -�) dx ex + l 

= e x - 2 ln l e x + 1 1  + c 

0J 

[ID 

The absolute value signs are not needed as e x + l > 0 for all x, so e x -
2 ln(e x + 1) + c is acceptable for full marks. 

Alternative solution I :  

J 
e zx _ e x 

ex + l 
dx 

= J
u2 - u  x du 
u + l u 

= -- du J
u - l 
u + l  

= du J
u + l - 2  

u + l  

= J ( 1 - 1 ! u) du 

=u - 2 tn j l +u j +c 

u = e x 

du 
- = e x 
dx 

du 
dx = -u 

=e x - 2 1n j 1 +e x j +c 

0J 

[ID 

comments 

. y e,q � \,Ao> ..et(_ 
e<,�� 
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Question 14 (b) (i) 

Criteria 

. Provides correct solution 

. Shows that x = -4x, or equ iva lent merit 

Suggested solution(s) 

2rr 2rr 
T = - ➔ rr = - ➔ n = 2  n n 
c = O  

x = -n2 (x - c) 
:� = -4x �u.+- �? [A] 

The � force is at the left-hand extremity of the motion, x = -a. 
, .  ---� --.,7 k- - 2. 'f'  F = mx � max max I / _-1 

24 = 2 X ( -4( -a)) �<!c_ o q_ 

24 = 8a 
a = 3  [ID 

The extremities of the mass' motion are 3 metres from the centre of its 
motion. 

Question 14 (b) (ii) 

Criteria 
. Provides correct solution 

. Separates the variables, or equ ivalent merit 

Suggested solution(s) 
x = -4x dv v - = -4x dx 

f
vv dv = -4 J

x x dx 
0 - 3  

[
v

z'[ � -4 [
x

zl 
v z 

- - 0 = - 2 (x2 - 9) 2 v 2 = -4(x2 - 9) 

Alternative solution I: 

[A] 

[ID 

Marks 

2 

1 

comments 

.. 

Marks 

2 

1 

comments 

. v�7 � eet  
a,��..e 
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dv v-= -4x dx 
J v dv = -4 J x dx 

V2 - = -2x2 + C 
2 

Let x = -3, v = 0 
0 = -2(-3)2 + C 

C = 18 
V 2 - = -2x2 + 18 
2 

v2 = -4x2 + 36 = -4(x2 - 9) 

Alternative solution II: 
x = -4x 

_!}__ (� v 2 ) = -4x dx 2 

�

2 = -4 J xdx = -2x2 + C 

Let x = -3, v = 0 
0 = -2(-3)2 + C 

C = 18 
v

2 - = -2x 2 + 18 
2 

v2 = -4x2 + 36 = -4(x 2 - 9) 

ill] 

� 

ill] 
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Question 14 (c) (i) 

Criteria 
. Provides correct solution 

. Uses De Moivre's theorem correctly, or equivalent merit 

Suggested solution(s) 

zn + z-n = (cos 0 + i sin er + (cos 0 + i sin e)-n 

= cos n 0  + i sin n 0  + cos( -n0) 
+ i sin( -n0)  

p vt.T 

Marks 

2 

1 

comments 

= cosn0 + i sin n 0  + cosn 0  - i sin n 0  
= 2 cosn0 

since cosine is  even and sine is  odd 

Alternative solution I: 
Zn + z-n = (cos 0 + i s in er + (cos 0 + i sin 0) -n 

J 
� 1 

= (cos 0 + i sin er + (cos 0 + l Sin 0 )71 

= cos n0 + i sin n 0  
+ cos n0 + i s m  n 0  

= 2Re(cos n 0  + i s in n0)  
= 2 cosn 8  

Alternative solution II: 
Zn + z-n = ( e i8f + ( e i8rn 

= e in8 + e- in8 

= e in8 + e m8 

= 2Re(e inB) 
= 2 cosn8 

J 

J 

-

[ID 

[ID 

[J] 

[ID 
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Question 14 (c) (ii) 

Criteria Marks 

. Provides correct solution 

. Rearranges the expression in preparation to use the result from (i) 
with n = 2 and n = 4 or n = l respectively, or proves the result 
using the double angle result without using the result from (i), or 
equivalent merit 

. Attempts to use the result from (i) with n = l, or attempts to use the 
result from (i) with n = 2 and n = 4 ,  or equivalent merit 

Suggested solution(s) 

Alternative solution I: 
cos 40 - cos 20 

1 1 = - (z4 + z-4) - - (zz + z-z) [A] 2 2 �'*-> = ½ z4 + ½ z-4 - ½  zz - ½  z -2 
' ��ct..""- 'I J2. .....,c4,,1 ' = [½ z4 + 2z2 + 3 + 2z-2 + ½ z-4] - [; z2 + 5 + ; z -2] + 2 

1 5 �k..--1,. = - (z + z-1 )4 - - (z + z-1 )2 + 2 cl 
2 2 
1 5 = 2 (2 cos 0)4 - 2 (2 cos 0)2 + 2 = 8 cos4 0 - 10 cos2 0 + 2 L.tA-S-

rnJ 
[g 

3 

2 

1 

comments 

� t..bf-S 
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Question 14 (d) (i) 

Criteria 
. Provides correct answers 

. Finds the parametric equations without finding T,  or finds T and 
creates a pair of parametric equations with an increasing radius or a 
clockwise spira l ,  or equivalent merit 

. Attempts to find the parametric equations of a spiral ,  or attempts to 
find the value of T, or equivalent merit 

Suggested solution(s) 

{ x = jsin t 

y = 2cos t 
for [ 0, 4rr] 

Three bald answers is worth three marks. 

Alternative solution I: 
Every rotation by '!!. increases the distance from the origin by '!!., so f(t) = E. x p(t) and 

2 4 2 
t g(t) = 2 X q( t). 

w 

Marks 

3 

2 

1 

comments 

Clockwise rotation is the opposite to the normal rotation of the unit circle , so instead of 
p(t) = cos t and q(t)  = s in t we swap them around to get p(t)  = sin t and q(t)  = 
cos t. 
Combining the above, we have 

{ x = 2
t

t 
sin t 

for [O, T] 

y = 2cos t 

Checking a few points: 
When t = rr x = '!!. sin rr = 0 y = '!!. cos rr = - '!!. ✓ 

' 2 ' 2 2 
3rr 3rr . 3rr 3rr 3rr 3rr When t = - x = -s m  - = - - y = -cos - = 0 ✓ 
2 '  4 2 4 '  4 2 

The distance from the origin is always half the value of t. At t = T, the distance from 
the origin is 2rr, so T = 4rr. 

[£] 

Alternative solution I I :  
An anticlockwise spiral is typically in the form 
{ X �?S t 

y = at sm t w 
As this is in a clockwise direction we need 

{ x = at s in t 
y = at cos t 

The spiral completes two revolutions 
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:. 0 s; t s; 4rr ➔ T = 4rr 

When t = 4rr, y = 2rr 

:. 2rr = a(4rr) cos 4rr 
2rr = a x 4rr x 1 

1 
a = -

2 {x = .£ sin t 
. 2 . .  t 

y = 2 cos t 
for [ 0,4rr] 
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Question 14 (d) (ii) 

Criteria Marks 

• Provides correct solution 

Suggested solution(s) 

There are 3 points of intersection. 

A bald answer is acceptable.for this question. 

Explanation - not needed for the mark. 
The domain of the second spiral is [O, 2n] , so it is a single anticlockwise spiral ending at 
(n, O). 
The graphs intersect when !sin t =! cos t for [0,2n] , which is when t = O,� and srr _ 

- 2 4 4 
The points of intersection occur when t = 0 (they both start at the origin) and when 
sin t =cos t ➔ tan t = �- tl �> -l:- - ._ . ...  -t:-) =-=o 4 -c-l 1-d-"" --b - l) 

.:::,r- 0 

Not required as part of the solution, but here we can see the two curves together , with 
· f · · h O rr Srr J � +-,i -b =- ( pomts o 111tersect10n w en t = , - , -. � - ,r- , 4 4 l,:- := - ,/:I 

spiral I 

l Question 15  (a) (� 

----
--t' 

y 

n 
t = -

X 

sp iral 2 
( .:! .L :f -...C.'4. t ) \: �� �  I ,.. 

-4-:::-0 �' ii) 
-l- �.!:" 

1 

comments 

Criteria Marks 

. Provides correct solution 2 

Page 33 of 53 



• Finds a2 - ab + b2 > ab, or shows a2 - ab + b2 = a2 - 2ab + b2 + 
ab, or factorises LHS - RHS, or equivalent merit 

1 

Suggested solution(s) comments 

(a - b )2 > 0 since a * b 
a2 - 2ab + b2 > 0 
a2 - ab + b2 > ab (1) 

a3 + b 3 = (a +  b)(a2 - ab + b2) given 
• •  3 + b 3 > (a +  b)ab using (1) 

Alternative solution I: 
a3 + b3 = (a + b)(a2 - ab + b2) 

= ( a + b) ( a 2 - 2 ab + b 2 + ab) = ( a + b) [ ( a - b) 2 + ab] 
> (a +  b)[O + ab] since !R2 :2: 0, a * b = ab(a + b) p.#. � '::7-0 

Alternative solution II: 
LHS - RHS = a3 + b 3 - a2 b - ab2 = a(a2 - b2) - b(a2 - b2) 

Gil 

[ID 

= (a - b)(a2 - b 2) [A] = (a - b)(a + b)(a - b) 
= ( a - b) 2 

( a + b) 
1 � -. t-lo ':70 > 0 since IR2 :2: 0 and a, b > 0 

LHS > RHS 
a 3 + b 3 > ab ( a + b) [ID 

Alternative solution II I: 
LHS - RHS = a3 + b 3 - ab (a + b) 

= ( a + b) ( a 2 - ab + b 2) - ab ( a + b) = (a + b)(a2 - ab + b 2 - ab) [A] = (a + b)(a2 - 2ab + b2 ) 

= (a +  b)(a - b)2 
, e..  "'-"" "- +b 7o 

> 0 since IR2 :2: 0 and a, b > 0 
LHS > RHS 

a 3 + b 3 > ab ( a + b) [ID 
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Question 15  (a) (ii) 

Criteria Marks 
. Provides correct solution 2 

. Use the result from ( i ) ,  or attempting to use the AM-GM for two or 1 
th ree terms,  or equ ivalent merit 

Suggested solution(s) comments 

Similarly from (i) 
a3 + c 3 > ac(a + c) 
b3 + c2 > bc(b + c) . ✓(H4 � � .e-t{ ( 

Adding the inequalities a �.e \U � �  J 
2(a3 + b3 + c 3 ) > ab (a + b) + ac(a + c)  + bc(b + c) 
2(a3 + b3 + c 3 ) > a2 b + ab 2 + a2 c + ac2 + b 2 c + bc2 

2(a3 + b 3 + c3 ) > a2 (b + c) + b 2 (a + c) + c 2 (a + b) [ID 
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Question 15 (b) 

Criteria 

. Identifies the contradiction, or provides correct solution 

. Rearranges the equation to eliminate all fractions, or equivalent 
merit 

. Attempts a proof by contradiction, or equivalent merit 

Suggested solution(s) 

Suppose by contradiction that t he negation is true 
1 1 1 - - - -

a - 2b a 2b 
1 2b - a --

a - 2b 2ab 
1 a - 2b --- = - ---

a - 2b 2ab 
-2ab = (a - 2b)2 

This is a contradiction as the LHS is negative as a, b > 0 and 
the RHS is positive as !Rs.2 2 0 

1 1 1 

:. a _  Zb  -=t- a 
- Zb 

for a,  b > 0 and a -=t- 2b  

Alternative solution I: 
Suppose by contradiction that the negat ion is true 

1 1 1 - - - --
a - 2b a 2b 

1 2b - a --
a - 2b 2ab 

1 a - 2b --- = - ---
a - 2b  2ab 
-2ab = (a - 2b)2 

-2ab = a2 
- 4ab + 4b 2 

.. a2 - 2ab + 4b 2 = 0 

[ID 

[A] 

[ID 

-:)... �e:S. 
:3-- ').-

Marks 

3 

2 

1 

comments 

_ t)  a2 - 2ab + b 2 + 3b 2 = O � �� + ">IP 

(a - b )2 + 3b 2 = O � C"'-'- ;.b)
,-, 

+- �i, 
Now (a - b ) 2 2 0 since !Rs.2 2 0, and 3b 2 > 0 since b > 0 ,  so the LHS > 0. ,t.,o ,., -- " 
This is a contradiction as the RHS = 0. 

1 1 1 :. 
b -=t- - - -

b 
for a, b > 0 and a -=t- 2b  

a - 2  a 2 

Alternative solution II: 
Suppose by contradiction that t he negation is true 

[g � ""<---l.ai(...4';. " G> �s 

[A] 

Page 36 of 53 



JC 
1 2b - a 

a - 2b 2ab 
-2ab = (a - 2b)2 

-2ab = a2 - 4ab + 4b2 

:. a2 - 2ab + 4b2 = 0 
Using the quadratic formula as a shortcut for completing the square -
taking a as the variable and b as a constant 
ti = (-2b)2 - 4(1)(4b 2) 

= -12b 2 

� 0 since b 2 2". 0 
:. no solutions, which is a contradiction, so the negation is false 

1 1 1 :. 
Zb 

=t- - - -
b 

for a, b > 0 and a =t- 2b  
a - a 2 

[ID 

[g 
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Question 15  (c) 

Criteria 

• Provides correct solution 

• Finds a ·  b = +. or equ ivalent merit 
- - m -1 

. Finds an expression for the dot product of u and v i n  terms of m, a 
and b ,  or equ ivalent merit 

Suggested solution(s) 

(� + m£) · ( m� - £) = 1 

m a  • a - a • b + m2 a ·  b - m b • b = 1 

m , � ,
2 

+ (m2 
- 1) � • £ - m 1 £ (  = 1 

m + (m2 - 1) a ·  b - m = 1 
(m2 - 1)a • b = 1 

1 
a · b = --­
- - m2 - 1  

a · b  
cos 3 = j�j ,;, 

1 
rr 2 _ 1 cos - = _m __ 
3 l x l  

1 1 
2 m2 - 1  

m2 - 1  = 2 
m2 = 3 

-

[A] 

m = ±13 [g 

- -

Marks 

3 

2 

1 

comments 
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Question 15 ( d) 

Criteria 
. Provides correct solution 

. Finds a correct expression for v in terms of t or S in terms of T, or 
finds an equation linking g, T, k and S, or equivalent merit 

. Finds the correct primitive for T or t, or equivalent merit 

. Attempts to find a force equation , or equivalent merit 

Suggested solution(s) 

x = -g - kv = -(g + kv) 
dv 
dt 

= -(g + kv) 

l t

dt - - J
V dv ? �,. . v�. 

o s g + kv 

[t( = 1 [1n(g + kv) J : 
1 

t - 0 = k (In(g + kS) - ln(g + kv)) 

(
g + kS

) kt = In 
g + kv 

e kt = g + kS 
g + kv 

gekt + kve kt = g + kS (1) 
kve kt = g(1 - e kt) + kS 

( -kt 1) 
V = g e - + Se -kt (2) 

k 
From (1): kS = g(e kt - 1) + kve kt 

g (e kt - 1) 
S = ----+ ve kt 

k 
Let t =  T, v = 0 

g(  e kT - 1) 
S = k 
Substitute (3 )  into (2) :  

( 3 )  

g(e -kt - 1) g (e kT - 1) -
v =---- + ----e k t  

k k 
g( e -kt _ 1 ) g (  e k(T-t) _ e -kt) = 

k 
+ 

k 
g (e -kt - 1  + e k(T- t) _ e -kt) = 

k 
g(  e k(T- t) _ 1) = 

k 

[ID 

l- =-0 � ==-

t == T >l '::. � 

t:-- :::-- t >< .::- :lit'.. 

Marks 

4 

3 

2 

1 

omments 

. . 
x...- = 
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Alternative solution I: 
x = -g - kv [A] 

= - (g + kv) 
dv 
dt 

= - (g + kv) 

l
t

dt - - J
v dv 

o s g + kv 

[t( = 1 [1n(g + kv) J : [ID 

t - 0 = k (ln(g + kS) - ln(g + kv)) 

kt = In (! : �!) 
e kt = g + kS 

g + kv 
ge kt + kve kt = g + kS (1) 

g + kv = (g + kS)e -kt 
kv = (g + kS)e -kt - g 

(g + kS)e -kt - g v = ----- (2)  k 
Sub t = T, v = 0 in (1) 

:. ge kT = g + kS ( 3) [g 
gekT X e -kt - g 

Sub (3) in (2): v = 
k 

g( e k(T-t) _ 1) = -----'-----'--- [Q] k 
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Question 16 (a) (i) 

Criteria 

. Provides correct solution 

. Correctly splits the integrand, or equivalent merit 

. Correctly applies integration by parts, or equivalent merit 

Suggested solution(s) 

Question 1 6  (a) (ii) 

Criteria 

• Provides correct solution 

Suggested solution(s) 
2 

11 = --lo 
2 + 3  

2 1 1 
=

s o  
{x dx 

= � [�A( 
15  

u = (l - xr 
du 
- = -n(l - xr-1 
dx 

dv 1 - = xz 
dx 

2 3 
v = -xz 

3 

Marks 

3 

2 

1 

comments 

Marks 

1 

comments 

. v� � 
....., �  

0] 
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Question 16 (b) (i) 

Criteria 
. Provides correct solution 

. 

. 

Simplifies the expression in terms of trig ratios of !!. and i , or in terms 
2 

• 
(
l+w

) 
rr 

1 1+
w

1 I 
0

1 of t and i, or shows Arg - = ± -, or shows - = cot- , or 1-w 2 1-w 2 
equivalent merit 

Substitutes w = e i0 or w = cos 0 + i sin 0, or draws a diagram 
showing vectors 1 - w and 1 + w where w is on the unit circle, or 
equivalent merit 

Suggested solution(s) 
1 + w 1 + cos 0 + i sin 0 
1 - w 1 - cos 0 -i sin 0 

1 - t2 . 2 t  1 +
i+t2 

+ L i+t2 
1 - t2 . 2t  1 - 1 + t2 - L 1 + t2 

1 + t2 + 1 - t 2 + 2ti 
1 + t 2 - 1 + t 2 - 2ti 
2 + 2ti 

2 t2 - 2ti 
1 + ti 

t(t - i) 
1 + ti t + i 

= --- x --

t (t -i) t + i 
t + i + t2i - t 

t( t2 + 1) 
i( l + t 2 ) 

t( l + t 2 ) 

t 

[g 

Alternative solutions next two pages 

I +-1.-C> 

t- � 

Alternative solution I: 

) - ;:;; <J.- W - \.u� 

I - _ 1..0 ,+-- vv W  - �  
\..,,_;) - \.0  

:;, - (__ w4-w ) 
;;2 .,L  � 

?- C L - c.....) 
::;;. -:i.. � /2 c.. �? 

/- (l-'"24>.,�,) 

Marks 

3 

2 

1 

comments 
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1 + w 1 + e i0 

1 - w 1 - e i0 
i0 i0 

e -T + eT 
i0 i0 

e -T - eT 

2Re (e -1 ) 
i0 

2i Im ( e-T ) 

cos (-;) 
. . 

( 
0

) i sm - 2 

cos (- ;) i 
=---� x -

. .  
( 

0
) 

i i sm -
2 

. 0 

[ID 

i cos
2 

. 0 sm
2 

since cosine is even, sine is odd and i 2 = -1 

0 = i cot 2 

Alternative solution II: 

[g 

1[ 
Arg(l - w) = Arg(w + 1) - 2 

1[ 
Arg(w + 1) - Arg(l - w) = 2 

Aro (w + 1) = � 
[ID b 1 - W 2 

l + w 
:. -

1
-- is purely imaginary 
- w  

Now l
l + w

l = ll + w l 
1 - w 11 - w l 

= cot 2 from diagram 

1 + w 0 
-- = i cot-
l - w 2 

Alternative solution III: - :> 

[g 

-1 

[A] 

[111 

1 1 - wl 

Re 

Angle in a semic ircle is a right-angle 
lu1gle at rlie circumference is half the 

angle at tbe centre 

t- Ce, 
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Arg G � :) =: Arg(l + w) - Arg(l + w) �c ) f 
== Ar 1 + cos 0 + i sin 0) - Arg(l - cos 0 - i sin 0) [Al 

sin 0 
) 

_1 - sin 0 
) + cos 0 - an - cos 0 

== tan-1 [tan { tan-1 (i : :as 0) - tan-
1 

( 1 -=_
s

�:: 0) }] 

_ t 
_1 

[ 
tan {tan-1 (1 !

i

�:s e)} - tan {tan-1 (1�
s

��t0)} 
l - an 

{ ( 
s in e 

)} { ( 
- s in 0 

)} 1 + tan tan-1 
1 + cos 0 

x tan tan-1 
1 _ cos 0 

== tan-1 
[ 

1 !
i

�:s 0 - l �
s

��: 0 
] 1 + sm 0  x - sm 0  

1 + cos 0 l - cos 0 

[ 

''" 0 - ''" 0 cos� + ':" 0 + ''" 0 cos "

] == tan-1 1 cos 0 

1 _ sin2 0 
1 - cos 2 0 

== tan-1 
[ 

1 :_ 
s

::s� 0 
] 1 - cos2 0 - s in2 0 

1 - cos2 0 
_1 [2 sin 0] 

== tan -
O-

rr 
== ± 2  (1) [ID 

1
1 + w

l 
== 

1
1 + cas e + i sin 0

1 1 - w 1 - cos 0 - i s in 0 
)(l + cos 0) 2 + s in2 0 

) (l - cos 0) 2 + s in2 0 
✓1 + 2 cos 0 + cos 2 0 + sin2 0 
✓1 - 2 cos 0 + cos2 0 + s in2 0 
✓2 + 2 cas e 
✓2 - 2 cos 0 

1 + cos 0 
1 - cos 0 

1 - t2 

1 + "f+t"2 

1 - t2 

1 - 1 + t2 

1 + t2 + l - t2 

1 + t 2 - l + t2 

1 
- -0 tan 2 

== l cot ;1 
From ( I )  and (2): 

0 
w == i cot-

(2) 

W-OVJ 

-/ 
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Question 16 (b) (ii) 

Criteria 

. 

• 

. 

Provides correct solution 

l+w Shows z = - where l w l  = 1 and Arg(w) = 0 ,  or shows the 1 -w 
solutions satisfy lz - 11 = lz + 11 and arg [

2-1
] = (zk+i)n:, or Z+l 8 

equivalent merit 

Shows z-i is equal to one the eighth roots of -1, or rearranges the 
z+l 

equation to ( 1+2)8 = -1, or shows the solutions satisfy 1-z 
lz - 11 = lz + 11 or arg [

2-1] = (zk+l)n:, or equivalent merit z+l 8 

Suggested solution{s) 

(
z - 1)8 _ 
-- - -1 
z + l  = �2k + l)rr 

z - 1 . (2k + l)rr 
:. -- = c1s -- -- for k = - 4, - 3, . . . , 3 

z + l  8 

. (2k + l)rr . (2k + l)rr 

k,.. t;- 2...  

� �  

Marks 

3 

2 

1 

comments 

[A] 

:. z - 1 = z c1s ---- + c1s ----z 
8 8 

( 
. (2k + l)rr

) ( 
. (2k + l)rr

) 

- � .,( �+1)� 

Z 1 - ClS 
S 

= 1 + ClS 
S 

1 +ci/2k+1)rr 

z- 8 

- l . (2k+l)rr -c,s--
8 

. (2k + l)rr . . (2k + l)rr . . = i cot 16 
with w = c 1s 

8 
m p art ( 1)  

= i cot ( ± 1:) , i cot ( ± �:) , . . . , i cot ( ± ::) 

= ± icot (1:) , ±icot G:) , . . . , ± icot G:) 
Alternatively: 

z = i cot (1
rr
6) , i cot G:) , . .  aJ-cot (\

5

:) 
g l  

Alternative solutions next two pages 

Alternative solution I: 

-4 � .L. le- �  
t'. \<..= -'t, -�, - ·  ;2, 3, 

• 

-::--I ;::; 
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(2k+l)rr . (2k + 1) rr .  
z - l =e a iz +e a 1 

z 1 - e a i =l +e a 1 
( (2k+l)rr . ) (2k+ l)rr . 

(2k+l)rr.  
1 + e 8 L z = (2k+l)rr . rnJ 
1 - e a 1 

_ . ((2k + l)rr) (2k+l)rr . - i cot 16 with w = e a 1 in part (i) 
= i cot ( ± 1:) , i cot ( ± �:) , . . .  , i cot ( ± ::) [g 

= ± i cot (1:) , ±i cot G:) , . . .  , ± i cot G:) 

Alternative solution II: 

1e:�)
8

l = 1 -1 1 

l�,
8 = 1 z + l  

1;: �, = 1 

lz - l l = lz + l l [A] 
The solutions lie on the perpendicular bisector of the interval joining (1,0)  and (-1,0), 
which is  the imaginary axis. The solutions are all purely real. 

arg [ C: �f] � arg (-1) 

8 arg [
2 - 1] = (2k + l)rr z +l 

arg [z - 1] = (2k + l)n 

z + l  8 rnJ 
. (2k+l)rr In the d iagram a = ---

16 
1 tan a =
� 

l z l  = cot a 

= cot ((2k :6 
l)rr) 

- 1  

Since z lies on the imaginary axis above or  below zero, 

z = i cot ( ± 1:) , i cot ( ± �:) , . . .  , i cot ( ± ::) [g 

= ± i cot (1:) , ±i cot G:) , . . . , ±i cot G:) 

Im 

z 

a 

1 1 Re 
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Question 16 (c) 

Criteria Marks 

. Provides correct solution 

. Finds an equation for the dot product of QP and MN in terms of m -
and n, or equivalent merit 

. Finds expressions for p and q i n  terms of m and n, or equ ivalent 

merit 

Suggested solution(s) 
DP =DN +NP 

p =DN +MN 

= n + n - m 

= 2n - m  

OQ = DN +NQ 
q =DN + iofJ / 

= c1 +}., )ON 
= (1 + }., )n 

QP =p - q 

- -

0 

= 2n - m - (1 + }.,)n � � - ( l-A)� 

= (1 - }.,)n - m  

PQ · MN = O  
( r:: - (1  - ).,)7::) • (7:: - r::) = O 

m • n - m • m - (1 - }.,)n • n + (1 - }.,)n • m = 0 
(A - 1) 1 1:: 1

2 

+ (2 - A)
r::

. 1:: - l r:: 1
2 

= 0 

A ( 1 1:: 1
2 

- r:: . 1::) + 2r:: • 1:: - l r:: 1
2 

- 1 1:: 1
2 = 0 

- -

;-; � t - �  
MN � i c t - � ) 

�-1 1-/ - N p 
➔ -'5 -.:, 1'L 6<. �.A o N, )I 6-n 

� A  IA 

[ID 

A (b l
2 

- r:: • 72) = lr:: 1
2 

+ l 1:: l
2 

- 2r:: • 12 
2 2 

A = 1� 1 + bl - 2� . 72 
2 

bl - m · n 

3 

2 

1 

comments 

L0L\<.......__ � l\_ .:.) 
l '> -'7 
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Question 1 6  (d) 

Criteria 
. 
. 

. 

Provides correct solution 

Simplifies the denominator, or equivalent merit 
n; n; 

Uses J;Jx t(x) dx = fo4G - x) r G - x) dx, c;.k,.:�/ k,.,..,a ·� P,-.1 

or A2 = fl G - x) f G - x) dx , or equivalent merit 

Suggested solution(s) 
A1 = In 2 

TI 

A2 = f2

x f(x) dx 
TI 

= 12 (� - X) f (� - X) dx 
0 2 2 

T[ T[ 

Marks 

3 

2 

� 1 

comments 

since O and - are equidistant from - and the two functions are reflections about x 
2 4 - - - • ? rr A tf4•'( �..._...,_\ . 

-- -
4 

rr rr 

12 
2 - X 

= rr rr dx 
o 1 + cos (2 - x) + sin (2 - x) 

J
I !!_ - X 

= 2 dx 
0 

l + sin x + cos x 
rr rr 

rr l2 dx 12 x dx = 2 
0 1 + cos X + sin X 

-
0 l + cos X + sin X 

rr 
A2 = �12 f(x) dx - A2 2 0 

T[ 
:. 2A2 = 2A1 

rrA1 = 4A 2 

. . A1: A2 =4: rr 

tl°\ n "2-- .' Lr- A-., 
i4-i.. ::- � I �> 

(.{--

� = Id:­
�,,. -er 

Alternative solution I: 

[ID 

• )-,ID'\-- "'.) ,et( 
I 

/J 
e,e..\:-l-e,_--f>� 

• N,.e..,:u;,I. -1-e> 
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n n 
= J4 x f(x) dx + J4 (� - x) f (� -x) dx 

0 0 2 2 

since (� - x) f (� -x) is a reflection of  xf(x) about x = � 
2 2 --------;. +lo..-co.,t- k...c..., 4 ��$. ') 

J
i X 

J
i ; - X o �p •,-'o/ o 

= . dx + (rr ) (rr ) dx 
0 1 + cos x + sm x O 1 + cos 2 - x + sin 2 - x 
n n 7r 

= J
4 x dx + J

4 2 - x dx 
0 1 + cos x + sin x O 1 + sin x + cos x 

n rr 
J

4 dx 
= 2 0 1 + cos x + sin x 

n 

[ID 

rr 1 Jz ___ d_x __ _ 
= 2 X 2 0 1 + cos X + sin X 

7[ 1 

1[ 
since f (x) is symmetrical about x = 4 

= - x -ln 2 
2 2 
1[ 

=- ln 2  
4 

A1: A2 = In 2 <t: In 2 

= 4: 7[ 

I f  ""-l -e-CJ , .  
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2025 Year 1 2  Trial HSC Mathematics Extension 2 

Mapping Grid 

Section I 

Question Marks Content Syl labus Outcome Targeted 
Bands 

1 1 MEX-P1  The Nature of Proof MEX1 2-2 E2-E3 

. use the formal language of proof, including the terms statement, implication, converse, negation and 
contrapositive (ACMSM024) 

2 1 MEX-N2 Using Complex Numbers M EX1 2-4 E2-E3 

. identify subsets of the complex plane determined by relations, for example l z  - 3 i l  � 4, rr/4 � Arg(z) � 3;, 
Re(z) > Im(z) and lz  - 11  = 2 l z  - i i  (ACMSM086) 

3 1 MEX-P1 The Nature of Proof MEX1 2-2 E2-E3 

. use examples and counter-examples (ACMSM028) 

4 1 MEX-N2 Using Complex Numbers M EX1 2-4 E2-E3 

. represent and use complex numbers in the complex plane (ACMSM071 ) 

5 1 MEX-C1 Further I ntegration MEX1 2-5 E2-E3 

. decompose rational functions whose denominators have simple linear or quadratic factors, or a combination of 
both, into partial fractions. 

6 1 MEX-N 1  Introduction to Complex Numbers M EX1 2-4 E3-E4 

. represent and use complex numbers in Cartesian form AAM 

7 1 MEX-V1 Further Work with Vectors MEX1 2-3 E3-E4 

. define and use the scalar (dot) product of two vectors in three dimensions AAM 

8 1 MEX-V1 Further Work with Vectors MEX1 2-3 E3-E4 

. recognise and find the equations of spheres 

9 1 M EX-M 1  Applications of Calculus to MEX 1 2-6 E3-E4 Mechanics 

. derive equations for displacement, velocity and acceleration in terms of time, given that a motion is simple 
harmonic and describe the motion modelled by these equations AAM 

1 0  1 MEX-M 1  Applications of Calculus to MEX 1 2-6 E3-E4 Mechanics 

. solve problems involving projectiles in a variety of contexts AAM 
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Section I I  

Question Marks Content Syllabus Outcome Targeted 
Bands 

1 1  (a) 2 M EX-V1 Further Work with Vectors M EX1 2-3 E2-E3 

. perform addition and subtraction of three-dimensional vectors and multip l ication of three-dimensional vectors by 
a scalar algebraically and geometrically, and interpret these operations in geometric terms 

1 1  (b)  2 M EX-N 1  Introduction to Complex Numbers MEX1 2-1 E2-E3 

. use multiplication, division and powers of complex numbers in polar form and interpret these geometrically 

1 1  (c) ( i )  1 M EX-V1 Further Work with Vectors MEX1 2-3 E2-E3 

. determine when a given point l ies on a given l ine in vector form 

1 1  (c) ( i i )  2 M EX-V1 Further Work with Vectors M EX1 2-3 E2-E3 

. determine a vector equation of a straight l ine or straight-line segment, given the position of two points or 
equivalent information, in two and three dimensions (ACMSM1 05) 

1 1  (d} 2 MEX-N2 Using Complex Numbers MEX1 2-4 E2-E3 

. solve quadratic equations of the form ax2 + bx + c = 0, where a, b, c are complex numbers AAM 

1 1  (e) 2 M EX-M 1 Applications of Calculus to MEX 1 2-6 E2-E3 Mechanics 

. consider and solve problems involving motion in a straight l ine with both constant and non-constant acceleration 
and derive and use the expressions dv, v dv and .!:.. (.!:. v2) for acceleration (ACMSM 1 36) AAM dt dx dx 2 

1 1  (f) ( i )  2 M EX-C1 Further Integration M EX1 2-5 E2-E3 

. decompose rational functions whose denominators have simple l inear or quadratic factors, or a combination of 
both, into partia l  fractions 

1 1  (f) ( i )  2 MEX-C1 Further Integration MEX1 2-5 E2-E3 

. use partial fractions to integrate functions 

1 2  (a) 2 MEX-N1  Introduction to Complex Numbers M EX1 2-4 E2-E3 

. prove and use the basic identities involving modulus and argument (ACMSM080) AAM 

1 2  (b) 2 MEX-C1 Further Integration M EX12-5 E2-E3 

. evaluate integrals using the method of integration by parts (ACMSM 1 23) 

12 (c) 3 MEX-P1 The Nature of Proof M EX1 2-2 E2-E3 

. prove simple results involving numbers (ACMSM061 )  

1 2  (d) 2 M EX-N 1  Introduction to Complex Numbers M EX1 2-4 E2-E3 

. represent and use complex numbers in exponential form, z = re i0 , where r is the modulus of z and 0 is the 
argument of z 
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Question Marks Content Syllabus Outcome Targeted 
Bands 

12 (e) (i) 3 MEX-M 1 Applications of Calculus to MEX1 2-6 E2-E3 Mechanics 

. solve problems involving resisted motion of a particle moving along a horizontal l ine AAM 

1 2  (e) ( i i )  3 M EX-M 1 Applications of Calculus to M EX1 2-6 E2-E3 Mechan ics 

. solve problems involving resisted motion of a particle moving along a horizontal l ine AAM 

1 3  (a) 3 M EX-C1 Further I ntegration MEX1 2-5 E2-E3 

. integrate rational functions involving a quadratic denominator by completing the square or otherwise 

1 3  (b) 2 MEX-P1 The Nature of Proof M EX1 2-2 E2-E3 

. prove results involving inequalities . 

1 3  (c) 3 MEX-P2 Further Mathematical Induction MEX1 2-2 E2-E4 

. use mathematical induction to prove first-order recursive formu lae 

1 3  (d)  3 M EX-N2 Using Complex Numbers M EX1 2-4 E2-E3 

. solve problems involving real polynomials with conjugate roots 

1 3  (e) ( i )  3 MEX-M 1 Appl ications of Calculus to MEX1 2-6 E2-E4 Mechanics 

. describe mathematically the motion of particles in situations other than projecti le  motion and simple harmonic 
motion 

1 3 (e) ( i i )  1 MEX-M 1 Appl ications of Calculus to MEX1 2-6 E2-E4 Mechanics 

. describe mathematically the motion of particles in situations other than projecti le  motion and simple harmonic 
motion 

14 (a) 2 MEX-C1  Further Integration M EX1 2-5 E3-E4 

. find and evaluate indefinite and definite integrals using the method of integration by substitution, where the 
substitution may or may not be given 

1 4  (b) 4 MEX-M 1 Applications of Calculus to MEX1 2-6 E2-E4 Mechanics 

. derive v2 = g (x) and the equations for velocity and d isplacement in terms of time when given x = f(x) and initial 
conditions, and describe the resulting motion 

14 (c) ( i )  2 MEX-N2 Using Complex Numbers M EX1 2-4 E2-E3 

. use De Moivre's theorem with complex numbers in both polar and exponential form AAM 

1 4  (c) ( i i )  3 MEX-N2 Using Complex Numbers M EX1 2-4 E2-E4 

. use De Moivre's theorem with complex numbers in both polar and exponential form AAM 
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Question Marks Content Syl labus Outcome Targeted 
Bands 

14 (d) (i) 3 MEX-V1 Further Work with Vectors MEX1 2-3 E3-E4 

. use vector equations of curves in two or three dimensions involving a parameter, and determine a corresponding 
Cartesian equation in the two-dimensional case, where possible (ACMSM 1 04) AAM 

1 4  (d) ( i i )  1 MEX-V1 Further Work with Vectors MEX1 2-3 E3-E4 

. use vector equations of curves in two or three dimensions involving a parameter, and determine a corresponding 
Cartesian equation in  the two-dimensional case, where possible (ACM SM 1 04) AAM 

1 5 (a) ( i )  2 MEX-P1  The Nature of Proof MEX1 2-2 E2-E3 

. prove further results involving inequal ities by logical use of previously obtained inequalities 

1 5 (a) ( i i )  2 M EX-P1  The Nature of Proof MEX1 2-2 E3-E4 

. prove further results involving inequalities by logical use of previously obtained inequalities 

1 5  (b) 3 MEX-P1 The Nature of Proof MEX1 2-2 E2-E4 

. use proof by contradiction including proving the irrational ity for numbers such as -../2 and log2 5 (ACMSM025, 
ACMSM063) 

1 5  (c) 3 M EX-V1 Further Work with Vectors MEX1 2-3 E2-E4 

. define and use the scalar (dot) product of two vectors in three dimensions AAM 

1 5  (d) 4 MEX-M 1 Applications of Calculus to M EX1 2-6 E2-E4 Mechanics 

. solve problems involving the motion of a particle moving vertically (upwards or downwards) in a resisting medium 
and under the influence of gravity AAM 

1 6 (a) ( i )  3 M EX-C1 Further Integration M EX1 2-5 E2-E4 

. derive and use recurrence relationships 

1 6  (a) ( i i )  1 MEX-C1 Further Integration MEX1 2-5 E2-E3 

. derive and use recurrence relationships 

16 (b) ( i )  3 M EX-N 1  Introduction to Complex Numbers MEX1 2-4 E3-E4 

. represent and use complex numbers in polar or modulus-argument form, z = r(cos 0 + i sin 0) , where r is the 
modulus of z and 0 is the argument of z AAM 

1 6  (b) ( i i )  3 M EX-N 1  Introduction to Complex Numbers MEX1 2-4 E3-E4 

. represent and use complex numbers in polar or modulus-argument form, z = r(cos 0 + i s in 0) ,  where r is the 
modulus of z and 0 is the argument of z AAM 

1 6  (c) 3 MEX-V1 Further Work with Vectors M EX1 2-3 E3-E4 

. define and use the scalar (dot) product of two vectors in three dimensions AAM 

1 6  (d) 3 M EX-C1 Further Integration MEX1 2-2 E2-E4 

. apply these techniques of integration to practical and theoretical situations AAM 
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