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BAULKHAM HILLS HIGH SCHOOL

2021
HSC Assessment Task 1

Mathematics Extension 2

General Instructions

¢ Reading time — 5 minutes

¢ Working time — 60 minutes

e Write using non-erasable black or blue pen.

e Calculators approved by NESA may be used.

e Marks may be deducted for careless or badly
arranged work.

¢ Relevant formulae from the NESA Reference Sheet
are provided on page 2.

e Answer all questions on the appropriate page of
your answer booklet.

e For questions in Section II, show relevant
mathematical reasoning and/or calculations.

o If extra paper is used, it must be clearly labelled
with your name and the question being answered,
and stapled inside your answer booklet.

Total marks — 43
Exam consists of 5 pages.

Section I: Pages 2-4
5 marks
Attempt Questions 1-5

Section II: Pages 5-7
38 marks
Attempt Questions 6-9



Formulae from NESA Reference Sheet:

Complex Numbers

z=a+ib=r(cosf+isin6)

= re'®

[r(cos @ + isin 9)]“ = r"(cos n8 + isinn)

- eimf)
Section I:
5 marks
Attempt Questions 1-5

Use the multiple choice answer sheet in your booklet.

1. Ifz=+/3+1i, what is the value of (LJ?
z

(A) “jﬁ
® =
© 1—:5
(D) ﬁ"'

2. w is anon-real root of the equation z° + 1 = 0.
Which of the following is not a root of this equation?
(A) @
B) w
(©)
D) w’

2

1

Marks



3. The locus of a complex number z is shown on the Argand diagram below.

I

i H{'-
].\

Which of the following is the equation of this locus?

(A) arg(z—i)—arg(z—1)=0
(B) arg(z—i)—arg(z—1)=m
(C) arg(z+i)—arg(z+1)=0

(D) arg(z+i)—arg(z+1)=m

4. What is the smallest positive value of 8 such that e” xe*’ =i ?

® =
B)
©
@ %



The complex numbers z; and z, are represented by points A and B respectively.
QM is perpendicular to AB, and QM = AM = BM.

Im(z)

A(z,)

0 / Re(z)

B(z,)

What is the complex number that corresponds to Q?

21T 2
(A) l( > j

End of Section 1



Section II: 38 marks

Attempt Questions 6-9

Question 6 (11 marks)

a) Simplify

i) |2+ 3i|

i) Arg(-1-i3)

. 4+3i
il
) 1-2i
b) Find the square roots of 9¢ 5 expressing your answers in simplest exponential form.
c) Given |z-2-2i|=1:

(i) Draw the locus of z on the Argand diagram.

(i) Find the maximum value of |Z|

(iii) Find the maximum value of Arg(z), giving your answer in radians correct to 3 decimal

places.



Question 7 (9 marks)

a) (1) Find the two square roots of 15 — 8i, giving the answers in the form x + iy, where x and 2

y are real numbers.

(ii) Hence, or otherwise, solve the equation z2 — (2 + 3i)z — 5 + 5i = 0 giving your solutions 3

in the form a + ib where a and b are real numbers.

b) The polynomial P(z) = 3z* — z3 + 322+ 29z — 10 has aroot z; = 1 — 2i.

(1) Explain why 1 + 2i is also a root. 1

(i)  Hence express P(z) as a product of real linear and real quadratic factors. 3

Question 8 (10 marks)

a) zisa complex number which satisfies arg(z + 2) — arg(z — 2) = =

"

(i) Sketch the locus of z. 2

(i) Find the Cartesian equation of this locus, noting any restrictions. 2

b) (i) By using De Moivre’s theorem and the binomial expansion of (cosd+isin 9)5 , show 3
that cos 56 =16cos’ @—20cos’ @ +5cos 8.

(i) Hence solve the equation cos56 =cosé for 0<H<2r. 3



Question 9 (8 marks)
a) Given1—iisarootof P(z) = z3 — (1 + 2i)z? + (1 + 3i)z + 2 — 2i, find the other roots.

b) The points P, O and R on the Argand diagram represent the complex numbers z,, z, and z,

so that PQR is an equilateral triangle whose centre is the origin (ie. OP = 0Q = OR) and
ZPOQ = %” .

Im(z)

2T

3
\
27

2T ..
Let ®w=cos—+isin—.
3 3

0(z,)

Re(z)

(1) Show that 1+ w+w’ =0.

(i1) Find an expression for z, in terms of z, and .
(11)  The complex number z, is represented by point S such that PORS is a parallelogram.
Using vector methods, express z, in terms of z, and @ giving your answer in its simplest

form.

END OF EXAMINATION
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k S€ctrion 1L
|
.
|

O (V] es',’\ S->ﬁ 6 B
@) L A3 =3 (1) correct answer
) (-ivcd3) = Ag(-1-id3 —
4,9 J - ) B (2) correct soln
T3 (1) obtains pi/3
: ;"l) 6‘-'_3, ) /,42(‘ - _."f‘-—é.AJ—]'c\
-2y T2 = (2)-correct answer
! ’ (1) multiply by conjugate
= - g_ + —“ l.
. s
Ke ( 4¢3iy 0 -2 >
{ /-2 ) - E’
‘ in/
Z)) f 9™ = 13, °
| 2
‘}f 3 ‘177/&0 3 l‘(_q']/'l/" ) —
“ ) (2) correct solution
o R (1) one correct root
| (}) / z- 2- 2—{/ =/
1o 1
| sl
'v
' 21 Y
} v L // (Sane L(bcus ES o oire
| / : R
€ - : ) % >
} : (2) correct locus _
\2 (1) circle with correct centre or radius
' i) Max = J8 o+
I () Max 2] 2 | (1) correct answer
= 2]2 4+ 1
/ iy ax ooz = = PR
j 77 G L Sin ({8_) )
| .
i

= 47 (1) correct answer
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xy = —Y
1 .
J 3

2 16 —-

x ';Z = ]S

(2) correct soln
(1) obtains simultaneous eqns and

Z = Lf -(,‘ , - “f‘ L attempts to solve
e = E(4-0)
2 : . .

Z - (24*3-)2 —C5-—5_L) =Q
A=H230 — 4 - (5-S0)
= 4 =9 {2/ 20 - 20y

= s 8
= = 243y t‘_(q- -1 >
= b2 24y
2 ) 2
- B4 -1 +2¢

(3) correct soln
(2) attempts to link result from (i) to quadratic formula
(1) finds discriminant
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Queston T (cont)

(I‘) S;hce I”‘?.,‘ iS o :’OO?l , a/d OJ/ '#\SZ COQfﬁC/eﬂ“}S
s CMJ'UﬁQ«"“— mus"' elss be o rool
f C L+ 2 '(i—) corre.c:c expla.u;ation‘ ’ - )
('U") Thet w  a ?Ua_deJﬁL vfacfb»’ ‘ (5 =2, P=5)
| =2 2z +S

Lo3z% =22 322 1292 -0
= (22 - 92 +sS) (3L 152 -2 ) 3
= -2z +3) (32 - M=z + 2)

a‘e ! LCL/(

7

(3) correct soln
(2) finds a second quadratic factor
(1) finds one quadratic factor
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(2) correct arc, endpoints
excluded
(1) a major arc with correct
endpoints
locvs ofF 2
(h) 2t = s e
=g
- : 2 L
c =28 "Eﬂ“: x “’(\J'\'QW = ¥
h = waith Lj < O
Ceﬂk “ (2) correct eqn and restriction
(1) correct eqn
(U[Cos G + (sin 9) = s 50 + ( 5in 50 ([93 De Moivreo

. Hheoro~ )
(COS@ + USin @) = e g 5_011& + 10 c;g(ts)'l + IOCZ(L‘S)‘%

F5c(is) & (i)Y
= @5: IOC?’S?‘ + ‘o’csq) U (SCL*S —/OCQS\?) +S‘S)

Ok/l\rw? (G CGJ@/ S :Sm@ .

Eéua‘h;g the  real /DO«//3

cos 50 = s’ O - 0o O 5n°C + 5 o5 GsntS

= s G - 0 60530(/ {OSZ@) +5 s O (- 2eos®
-+c05’®)

= cos 0 —l0acs S + 100058 + 5056 ~ 100G + 5o’
= 165G - 20cos?® + Scos©

(3) correct soln

(2) 2 correct expansions and attempt to equate
real parts

(1) 2 correct expansions




|
‘ Queshon 3 (cond ).

by

(ir) cos 56 — cos & -O Losg<am])
/écosgé}_«QOa@?@ thas § =0
4 cos © (%cos"e ~ 5cs® +f) =0

\

s © (@—C@LQ——')(COS‘QQ") =0
as @ =0 cos & = £ 5 s O = ¢ )
T 37 o 20 Ym 50 :
9:‘2—,"3/3,-P§/.3)'3 }.O)v)zn

(3) All correct solutions
(2) Solves 2 of the three cases correctly
(1) Factorises LHS of the eqn



Queshor 9

a) Lot cooh be B 10
’ o(+'P + /—-\_ = /\/4—‘2_,
‘ .

R (3) correct soln .
i 3 Lol — - -2 (2) Solves simultaneous eqns arising
2L oo from sum and product
od — DlK - =O (1) Forms eqns using sum and
' , . product of roots.
(ol - 20 - L) = O
The o Fvio raots G 2 S
(nc‘#e \‘: d=2\)F=\ c~ot \ o(:\)%,’z‘ .
L | 2 277 , 27] 4n &0
) [+ oo + w = |+ cosg ks F bocos g Fisia g

=+ (- RNPE [ (""-Z—[E
2

2
= I - —»/ i' ‘fi ( ri JE
z 2 T 2 T =
= O
Ok
. N o] - 201
/I 4w+ w = { 4 cis 3 i oCis 3
= / 4 2 cos Zg
= I -+ 2(‘&)
(1) correctly shown
= QO .
(fll) Z, T =z 0w
| 7

(1) correct answer
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(“l ) Qf =Ks S.~Cce &
; O'f.ngv-\'e g;_dej OF PC&!\O"/KA“LQS"C\M > s
— - = .
Z! ZZ. oy 23
ZH- = Zn - 22 —+ Zg
z

; T FE - ZW 2w
: f
f 3 L2
= z‘(\--u~>+w>
1 . 2
l{:}om (1) , ] 4 o e = O
| .
, =z, ‘=Z,(l—w -l -w) = —Qooz_l

(3) Correct soln
(2) Uses vectors to obtain z4 in terms of z1 and w with reason
(1) Uses vectors to obtain a relationship between z1, 22, z3, 4
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