
Student Name:

Maths class:

James Ruse Agricultural High School

2022 Task 1

Mathematics Extension 2
General
Instructions

• Reading time – 5 minutes

• Working time – 1 hour and 15 minutes

• Write using black pen

• NESA approved calculators & templates
may be used

• A reference sheet is provided

• In Question 6 – 10, show all relevant math-
ematical reasoning and/or calculations.

• Marks may not be awarded for careless or
badly arranged working.

Total Marks:
45

Section I – 5 marks

• Attempt Questions 1–5
• Answer on the Multiple Choice answer

sheet provided.
• Allow about 10 minutes for this section

Section II –40 marks

• Attempt Questions 6–10
• Answer on lined paper provided. Start a

new page for each new question.
• Allow about 1 hour 5 minutes for this sec-

tion.

The answers to all questions are to be returned in separate stapled bundles clearly labelled
Question 6, Question 7, etc. Each question must show your Candidate Number.



Section I

5 marks
Attempt Questions 1 to 5
Allow approximately 15 minutes for this section

Answer on the Multiple Choice sheet provided.

1. The point R represents the complex number z on the Argand diagram. Which of the following
describes the locus of R specified by |z−6|= |z|? 1

(A) Circle center (6,0) and radius |z|

(B) Circle center the origin and radius |z|

(C) Perpendicular bisector of (0,0) and (0,6)

(D) Perpendicular bisector of (0,0) and (6,0)

2. Let u = 4e
3iπ
4 and v = r(cosθ + isinθ). If uv = 12(1+ i

√
3) 1

(A) r = 3,θ =
5π

12

(B) r = 6,θ =
−5π

12

(C) r = 6,θ =
5π

12

(D) r = 3,θ =
−5π

12

3. If ω is an imaginary cube root of unity, then
(
1+ω −ω2)2023 is equal to 1

(A) −22023ω2 (B) 22023ω (C) −22023ω (D) 22023ω2



4. Consider z =
1
2
(
−1+ i

√
3
)
, if a and b are constants, then |a+bz| is 1

(A)
√
(a−b)2 +2ab

(B)
√

(a−b)2 −ab

(C)
√

(a−b)2 +ab

(D)
√

(a−b)2 −2ab

5. In the Argand diagram, ABCD is a square and the vertices A and B correspond to the com-
plex numbers u and v respectively. Which complex number corresponds to the diagonal BD?

(A) (u− v)(1− i) (B) (u− v)(1+ i) (C) (v−u)(1+ i) (D) (v−u)(1− i)

End of Section I



Section II

40 marks
Attempt Questions 7 to 10
Allow approximately 1 hour for this section.

Write your answers on the paper supplied.
Your responses should include relevant mathematical reasoning and/or calculations.

Question 6 (8 Marks)

(a) Given that z = cos
7π

12
+ isin

7π

12
and ω = 1− i

√
3

i. Find ω in modulus argument form. 1

ii. Express zω in the form x+ iy. 2

iii. Hence or otherwise find exact value of z in the form x+ iy. 2

(b) Two complex numbers z1 = x1 + iy1 and z2 = x2 + iy2 both satisfy

z+ z̄ = 2|z−1| and arg(z1 − z2) =
π

4
,

find Im(z1 + z2). 3

End of Question 6



Question 7 (8 Marks)

(a) i. Solve ω2 =−11−60i for ω , writing your answer in the form ω = x+ iy,
where x and y are real numbers. 2

ii. Hence, or otherwise, solve the equation

z2 − (1+4i)z−1+17i = 0

2

(b) Let P(z) = z4 −11z3 +az2 −35z+b, where a and b are real constants.

Given that z = 5 and z =
1
2
+ i

√
3

2
are zeros of P(z).

i. Explain why z2 − z+1 must be a factor of P(z). 2

ii. Hence, or otherwise, find a and b. 2

End of Question 7



Question 8 (8 Marks)

(a) i. Sketch the locus of z showing all important features, given that

arg
(

1− 2
z+1

)
=

π

3

2

ii. Hence, show that the points on this locus also satisfy

(|z−1|− |z+1|)2 = 4−|z2 −1|

2

(b) Given the complex numbers z1,z2,z3,z4 and z5, see diagram below.

i. Prove that

arg
(

z4 − z1

z3 − z1

)
+ arg

(
z2 − z5

z2 − z4

)
+ arg

(
z3 − z1

z3 − z5

)
+ arg

(
z2 − z4

z4 − z1

)
+ arg

(
z3 − z5

z2 − z5

)
= α +β + γ +δ + ε −180◦.

3

ii. Hence, write the exact value of α +β + γ +δ + ε . 1

End of Question 8



Question 9 (8 Marks)

(a) i. Find the roots of z7 +1 = 0, leaving your solutions in modulus-argument form. 2

ii. Prove that the solutions of z6 − z5 + z4 − z3 + z2 − z+ 1 = 0 are the non real solutions of
z7 +1 = 0. 1

iii. Show that if z6 − z5 + z4 − z3 + z2 − z+1 = 0, where z = cosθ + isinθ , then

8cos3
θ −4cos2

θ −4cosθ +1 = 0.

3

iv. Hence, find the exact value of

cos2 π

7
+ cos2 3π

7
+ cos2 5π

7
.

2

End of Question 9



Question 10 (8 Marks)

(a) Given z1, z2, and z3 are the complex numbers in the Argand diagram (see diagram).

Let ω = cos
2π

3
+ isin

2π

3
, so z2 = ωz1 and z3 = (1+ω)z1.

i. Show that z2
3 = z1z2 2

ii. Let N be the point on OB, where ON = tOB for 0 < t < 1 and t is a real number. The lines
AN and BC intersect at point M which is represented by the complex number z. Show that

z = z1

(
ω +(1− 1

t
)

)
3

iii. Prove that the angle between the lines OM and CN is the argument of the complex number

te
iπ
3 −1

1− 1
t

e
−iπ

3

2

iv. Hence, find arg

 te
iπ
3 −1

1− 1
t

e
−iπ

3

 1

End of Question 10

End of paper.



Question 6 

i) 𝜔 = 2 (cos (−
𝜋

3
) + 𝑖 sin (−

𝜋

3
))       1 mark 

 

 

ii) 𝑧𝜔 = (1 × 2) (cos (
7𝜋

12
−

𝜋

3
) + 𝑖 sin (

7𝜋

12
−

𝜋

3
))       1 mark 

       = 2 (cos (
𝜋

4
) + 𝑖 sin (

𝜋

4
)) 

       = √2 + 𝑖√2                                                           1 mark 

 

 

 

 

iii) 𝑧 =
𝑧𝜔

𝜔
 

    =
√2+𝑖√2

1−𝑖√3
×

1+𝑖√3

1+𝑖√3
     1 mark 

    =
√2+𝑖√6+𝑖√2−√6

4
  

    =
√2−√6

4
+ 𝑖(

√2+√6

4
)      1 mark 

 

 

 

 

iv) Let 𝑧1 = 𝑥1 + 𝑖𝑦1 and 𝑧2 = 𝑥2 + 𝑖𝑦2 

𝑧1 + 𝑧1̅ = 2|𝑧1 − 1| → 2𝑥1 = 2|𝑥1 − 1 + 𝑖𝑦1| 

∴ 𝑥1 = √(𝑥1 − 1)2 + 𝑦1
2 − 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1 

Similarly, 𝑥2 = √(𝑥2 − 1)2 + 𝑦2
2 − 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2  1 mark 

arg(𝑧1 − 𝑧2) =
𝜋

4
→

𝑦1 − 𝑦2

𝑥1 − 𝑥2
= 1 

∴ 𝑦1 − 𝑦2 = 𝑥1 − 𝑥2 − 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3   1 mark 

(𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1)2 − (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2)2 → 𝑥1
2 − 𝑥2

2 = (𝑥1 − 1)2 − (𝑥2 − 1)2 + 𝑦1
2 − 𝑦2

2 

(𝑥1 + 𝑥2)(𝑥1 − 𝑥2) = (𝑥1 + 𝑥2 − 2)(𝑥1 − 𝑥2) + (𝑦1 − 𝑦2)(𝑦1 + 𝑦2) 

(𝑥1 + 𝑥2) = (𝑥1 + 𝑥2 − 2) + (𝑦1 + 𝑦2) 

∴ 𝑦1 + 𝑦2 = 2 

∴ 𝐼𝑚(𝑧1 + 𝑧2) = 2     1 mark 
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