General Instructions

Working time — 60 minutes
Reading time — 5§ minutes

Write on both sides of the lined paper
in the booklet provided

Write using blue or black pen

Board approved calculators only

All necessary working should be
shown in every question

Each new question is to be started on
a new page. (The multiple choice
section is answered in a grid within
the question booklet)

Attempt all questions.
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Section 1
5 Marks
Attempt Questions 1 to 5

Mark your answers on the answer sheet provided.

3+4i . .
Ifz= Ii;_zf , the imaginary part of z is:

A) -2
B) 2.
z i
C) B E
5
D) -2
2. If z = a + ib where a and b are real and non-zero. Which of the following is true?

A) Z + Z is real

B) is non real

NN

C) z% — (2)? is real

D) zZ 1s real and positive

3. If z = v/3 + i then the modulus/argument form z = Z(COSZ* + isin%). Ifz™ + (Z2)™ is to be
rational, then the integer 'n’ cannot be:
A) 2
B) 3
C) 5
D) 6
4. The polynomial equation P(x) = 0 has real coefficients, and has roots which include x =
—2 + i and x = 2. What is the minimum degree of P(x)
Ay 1
B 2
<€ 3
D) 4



The polynomial P(x) = x3 + 3x? — 24x + 28 has a double zero. What is the value of the
double zero?

(A) -7
(B) -4
(©) 4
(D) 2

END OF SECTION 1

Answer sheet for Section I

Mark answers to Section I by fully blackening the correct eircle, o.g “g”
1-® ©
2- ® ® © ©
® @ 0 ©
- ® ®
5- ® ® © ©



Section 11

Total of 40 marks

Attempt Questions 6 to 8.

Write your answers in the writing book provided.
Your responses should include relevant mathematical reasoning and/or calculations.

Question 6 (13 marks)

(a)

(b)

(c)

(d)

Letz =2+ 2i and w = 1 — i. Find in the form of x+iy, where x and y are real,
0 zw

(i) |z|

(i) arg(zw)

Sketch the intersection of the following loci:

lz—2| =2 and~§§Arg(z) Sg—

Find the square root of 21 — 20i

i —1+i .
(1) Express —\75—1- in modulus-argument form

(i)

_1+i)1002
V2

Hence express ( in Cartesian form

Question 7 (13 marks)

(a)

(b)

It is given that 1 + i is a root of P(z) = 223 — 32z% + rz + s where 1 and s are
real.

(1)  Explain why 1 — i is also a root of the equation.

(11) Factorise P(z) over the real field.

The equation x3 + px — 1 = 0 has 3 non zero real roots a, 8 and y

(i)  Find the value of @2 + 2 + y2



(c)

(ii) Hence find the value of a* + g* + y*
(111) Show that p must be negative

(iv) Find the monic equation with coefficients in terms of p whose roots are
@ B v
By ay’af

P(x) = x* + 3x% — 6x% — 28x + ¢ has a zero of multiplicity 3.

Find the value of ¢

Question 8 (14 marks)

(a)

(b)

(©)

¢

/
o _p
/ﬁ_,,f

~,

In the Argand diagram above, the points P, Q and R represent the complex numbers
p,qandr.

(1)  Given that the triangle PQR is equilateral, explain why
2 2m

EY + Lsm?)(q - P)

(ii)  Hence, or otherwise show that 2r = (p + q) + iv3(q — p)

r —q = (cos

(i)  Find the roots of z° + 1, leaving your solutions in modulus-argument form

(i1)  Prove that the solutions of z* — z3 + z2 — z + 1 = 0 are the non-real
solutions of z> + 1 = 0

(i) Show thatifz* — z3 + z%2 — z + 1 = 0 where z = cos 8 + i sin 6 then
4cos?f —2cosf—1=0

: 3
(1v) Hence, find the exact value of sec?n

(i) By using zZ = |z|? to show that
Show that |1 — zw|? — [z — w|? = (1 = |z])(1 — |w]?)

(ii) Deduce that |1 — zZw|? = |z — w|? if either z or w lies on the unit circle
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