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HSC Assessment Task 1

Mathematics Extension 2

General Instructions

e Reading time — 5 minutes

e Working time — 50 minutes

¢ 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.

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

e Answer all questions in the space provided.

e For questions in Section I, 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 — 45
Exam consists of 12 pages.

Section I: Pages 3-4
5 marks
Attempt Questions 1-5

Section 11: Pages 4-12
40 marks
Attempt Questions 6-15.



Formulae from NESA Reference Sheet:
Complex Numbers

z=a+ib=r(cos@+isind)
= re'?

[r(cos 6 + isin 9)]“ = r"(cosn8 + isinno)

_ rnemé»’

Mathematics Extension 2
Section | — Multiple Choice

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

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

ACO B@ CO DO

If you think you have made a mistake, put a cross through the incorrect answer and
fill in the new answer.

A @D Bx cCO b

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 as follows.

correct

Ax B% cO O
Start

Here® 1. AO BO cO nO
2.0 BO cO nO
3.0 BO cO nO
4. O BO cO nO
5. 0O BO cO nO




Section I: Marks
5 marks
Attempt Questions 1-5

Use the multiple choice answer sheet on the previous page.

1 Letz=2-3iandw = 3 + 2i. 1
What is the value of z — w?
(A 5-—i
(B) —-1-5i
© -1-i
D) o
2 If z is a complex number, which of the following is equivalent to zz — |z|? ? 1
(A 1
(B) 0

C) z+2(z-2)
(D) (z+iz)(z—iz)

3 Let z = a + bi, where a and b are non-zero real numbers. If z + i is purely real, which of 1
the following statements must be true?

(A) a=b»b
(B) a=-b
©) Izl =1
(D) z2=1

4 When the complex number —1 + 5i is written in the form v26e'®, which of the 1
following is the approximate value of 8 ?
(A) —-1.77
(B) —1.37
C) 137
D) 1.77




5  The complex number z is shown on the Argand diagram below.

oA
"""l ““z
c T
D
v
Which of the following best represents —2iz ?
(A) Point A (B) Point B (C) PointC (D) PointD

End of Section |

Section I1: 40 marks
Attempt Questions 6-15 in the space provided.

Question 6 (5 marks)

Letz=1—2iand w = 3 4+ i. Find in the form x + iy (where x and y are real numbers):

() zZW

(i) z%2-—w?

(i) (ZT)




Question 7 (3 marks)
Iflz-2|=|z—il:

(i) Sketch the locus of z on an Argand diagram.
y

(if) Find the equation of the locus of z in Cartesian form.




Question 8 (3 marks)
Giventhat |z + 2 — 3i| = 2:
(i) Draw the locus of z on the Argand diagram.
}J

(i) Find the maximum value of |z|.




Question 9 (5 marks)

Givenz =3 —i

Q) Express z in modulus-argument form.

(i)  Hence or otherwise, evaluate z'°, giving your answer in Cartesian form.

(i) What is the value of the least positive integer n for which z™ is purely imaginary?




Question 10 (4 marks)

() Find the complex numbers z such that z? = 5 + 12i. Answer in Cartesian form.

(i) Hence or otherwise, solve the equation z2 + 3z + 1 — 3i = 0.

Question 11 (3 marks)

(i) Expand (cosf + isinf)3.

(i) Hence express sin 36 in terms of sin 6.




Question 12 (5 marks)
The polynomial P(z) = 3z* — 423 — 622 + 20z — 16 hasazeroatz = 1 + i.

() Find a quadratic factor of P(z).

(i) Express P(z) as a product of linear factors.

Question 13 (2 marks)

Simplify (e®® — e~%)", expressing your answer as a trigonometric function.




Question 14 (4 marks)

In the diagram below, AABC is an equilateral triangle with 04 = z,, OB = z,, OC = z;
and arg(z, — z;) = a:
v B(z»)

Az
C(z3)

() Find arg(z, — z3) in terms of a.

(i)  Find the modulus and argument of 221

Z3=2Z3

10



Question 15 (6 marks)

Given P(z) =z°—1andz € C:

Q) Find the roots of P(z) = 0.

(i) Express P(z) as a product of real linear and real irreducible quadratic factors.

(ilf)  Using the identity:
22 —1=0CZ-1DE*+23+2z2+z+1)

Find the value of : (1+ cosZ) (1 + cos )

11



END OF EXAMINATION
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‘ 5  The complex number z is shown on the Argand diagram below.
SovuTi LIV
- y
Section I: Marks B,
5 marks )
Attempt Questions 1-5 ] oA
Use the multiple choice answer sheet on the previous page. , h "\ z
1  Letz=2-3iandw=3+2i 1
What is the value of z — W?
2.3¢-(3-20) R ‘

A) 5-i . c

(B —1—-5i S o~ = . .

(c§ -1—i D

Do) 0 _ Which of the following best represents —2iz ?

(A) Point A (B) Point B (C) Point C Point D
End of Section I

2 If zis a complex number, which of the following is equivalent to zZ — {z{? ? 1

A 1 . Section II: 40 marks
1) 23 = { z I R Attempt Questions 6-15 in the space provided.

® o
©) z+2(z-2)
D) (z+iz)(z—iz)

Question 6 (5 marks)

Let z = 1 — 2i and w = 3 + i. Find in the form x + iy (where x and y are real numbers):

@® = 1
3 Letz = a+ bi, where a and b are non-zero real numbers. If z + i is purely real, which of 1 = (1-20) (34 ) = 342 b 4 —
the following statements must be true? = 5.5/ , | corrct v
A) a=bh
B) a=-b
@© Izl =1 () z2-w? 2
D) z2=1
= (-2 _3-)(1-20 43 4+¢) T -9 420 —20-3
. . . Feporhinil, woread
; = -2 - 4 - = - i e e
4 When the complex number —1 + 5i is written in the form vZ6e®, which of the 1 — ( >¢) ( ) o +10 — wores
following is the approximate value of 6 ? - meorract waves
@ ) 2
m-1-37 z .
A) ~1.77 »
il 1o ig j-2¢ .
(B) —-1.37 = = X 7 B ] :g-lftm,; Fo  reclisae
z i i ; .
(©) 137 142 1-2Z4 n dememinets
. Lo riag” Y e
®©y 177 o (1-2) s

\
2= enrert | seluhe

kY

= 2(1-20 )  or 24
3 4



" Question 7 (3 marks)

If|z=2|=|z—il:

" " Question 8 (3 marks)
Given that |z + 2 — 3i| = 2:
(i) Draw the locus of z on the Argand diagram.

(i) Sketch the locus of z on an Argand diagram.
y
| = ¢irele it o
Cerdre or roddius
€
(-2‘2)\ / Z ~ Covect Cirefe
{ \
AN P
\‘" .,
0 X i ..‘«.
N -2 4 x
/ — Shougk‘{’ I'N
/ 2 - cocrect soluhya
(ii) Find the equation of the locus of z in Cartesian form. 1
A [
Pependicolar biseckor _of (6,) and (20) (i)  Find the maximum value of |z|. 1
T 4 t 2
m =1 M'o’,ﬂ* z (TI- ] £ ) MAXI;HUM value oIL |2/ occurs of A
|J‘____ ) = 2_(3( — I) 3 Jl-3
Max. vale of (2] JE +2 x
L z ﬁ
y - 5 = 2x — |
J = 3
Uy _ 24 -3 =0 or 3 2 Do ;_ o | = correct gulubon

! — coceect ey A




N

' Question 9 (5 marks)

Givenz =v3—i
P
(i) Express z in modulus-argument form. 2
H . o -f
2(cos = =~ + (5"'\“1 ,,,,, )
= | > 7
| = correct moct or ary
a\" 2 "si‘\ Coru,bl
of Z s o
(Mur* be pl:}«c"flt/ Wg)
(ii)  Hence or otherwise, evaluate z'°, giving your answer in Cartesian form. 2
1o to -0
=z = 2 cis (|O>< A )
— [ = ot npbs  to_opply
= 024 s —3~ De Morvres +Hasromm
. [ 2 -~ correct sala
= lo2zY s 3
NI
N K= A ¢ (li t =z )
=52 4+ 50243
(ili)  What is the value of the least positive integer for which z" is purely imaginary? 1
. I .
I‘ﬁ purdq Moy nx - 5 on 6010! M\JH"f,—e
— ¥ » J —J g7 5 = 1
of L
] z

n=3 is e fesk  soch value

| - catret aasewwes ,

" Question 10 (4 marks)

@) Find the complex numbers z such that z2 = 5 + 12i. Answer in Cartesian form. 2
2 .
Lot z:;u:'j , /Z—#[Jq) = 5+12, g(q -Sx*_3C ~o
2
byt =5 <) (o - N (X +4)_=20
2)(‘.4 212 7.—‘-*;3 U\ztl
J J
xXy=b - 2) -z:i(S'é +ZI>
ST )
X -/,_\ = 5 [ = obtaris a_cotmo~ pases "
{ x / oF ;/"m-/“- £guchony Sad
o”’m,'f\ fo selue
(il)  Hence or otherwise, solve the equation zZ + 3z + 1 —3i = 0. 2
2~ cotreet sala
2 2 B . .
A=b"—tac = 37 ~w((-3i) = SHL
2 = -3 i.“?«uz" —
2 | = aluiol;;:': quadratc
- — ¥ N rMAJ-L* PYIECN
= -3 £(3420) TN
2 2 - (G’recj’ Sofufrong
: L — D=t
/
Question 11 (3 marks)
(i)  Expand (cosf + ising)3. 1
2 ' . .2 . . .
c<>539 + 3COS 0. (5@ + 3¢asB SMZ@ + L330439
- 2 . .2 ] .
= (6539 + 3¢ cos Osng - 3 o 5060 — ¢ 5‘143@
’_l —_ %ifl«u cf k“ﬂl.xu; /r:\eJ -
(ii)  Hence express sin 36 in terms of sin 8. 2

(cos €+ 5n6)3 = 05 30 4 ¢ 515 30
ch 30 = 3cos? O 5220 — 5139

= (|-sn"B) 5n 0 — 550

| - cavotes s.5 20
7

. . KJ:H—\ fan oy Ay
= 35 O - "f' 7‘436 : ) I

e lr)a/* of eir

2 he Cof/pff seolubh g m




Question 12 (5 marks)

The polynomial P(z) = 3z* — 423 — 622 + 20z — 16 hasazeroatz =1 + i.

@) Find a quadratic factor of P(z). 2
Sha  coefficieds ace reel | = /s also o root .
= J=l=,'k l+e 2 =l-c / —'.dc'“;?:o:: oo .
o<+15=2 ! 22,2/_42' 2 - correct . X
LB =2 ) fock r /7 -
(ii) ! Express P(z) as a product of linear factors. 3
P(z) = (2%-22:2) (32" +k=-%)
Composing _teems ta 2 !
62z 4 2kz =20=
L =2
P(z) = (2* -2z +7_)(322 r 2z -¢)
(z—1- )(Z-H—a‘) (2= ~4)(z+2)
bt (==Y )
|~ obfans /3’zl» 22.8)(z -22+12)
1 - /2’1.—,)(:_”,,)(;_‘}:)(7_;9 o-«.h fc _{'
A
et “”‘Q“‘ii’its‘i;tm;f
3 - cotrect sola,
i
i
Question 13 (2 marks) x
Simplify (e 0 _ e'i9)4, expressing your answer as a trigonometric function. 2

. . ¥
=(CGSQ +05.,06 ((OS (- ©) + ( Sin ('6))>

I

(c ©

(ros O+ (510 £ s 6) )H

= (2 ( 51"’\ o )Lf

| - S.gnifcamk  pron-,;
4 A

Z - cotredd safuhg.

= I, sat G

Question 14 (4 marks)

In the diagram below, AABC is an equilateral triangle with 04 = z, OF = z,, oC = Z3
and arg(z; —z,) = a:
JI

@) Find arg(z, — z3) in terms of a. 1

L of

B= aq(z,-23 ) .
! J (C0|;\+<fn})r L5,

/gae 0y 4 [T VA\/\:TT px
\/ 3/ k3 / /4 ’1’\15)
g, 2 4 =1
t 3
m
B = g (2,-2.N\ =« + 3
T 3—) 3

il — caceact solube~

(i) Find the modulus and argument of Z i‘ 3
2
NModudus = | (siace A s Q7UYOJ‘UQ.I )

-2, )

140,/22’2' \ = gz -7 )
JIBm-2,) -

arg (2,
J J o7

2 )

= o(’(’ﬂ’,

~d

"
S
[
=
-’.

8
ey

W=

(/) ~ cowwret modolos

Tun

(L) _=migafsad progerd

A correcf sala 0\9



Question 12 (5 marks)

The polynomial P(z) = 3z% ~ 4z% — 622 + 20z —~ 16 hasazeroat z = 1 + i.

@) Find a quadratic factor of P(z). 2
Sine coefhcieds ae el | 1 =( s alo o roof -
oz bt lpl | B f ot B~
2£tp = 2 } e 2 9 2 2 - correct -

LB =2 Fctor -
(i) 7 Express P(z) as a product of linear factors. 3
P(z) /22—.71&2)(312 *kz-?)

_C O/ulﬂ()fl't\j terms (a2
[tz 4+ 2kz = 20=
E =2

P(2) = (2* »21*7—3(321 +2‘L—?)

(z=1-i)(==1si) (32 -4)(2¢2) .

)

P ¢ PR V.2
obtnd (&= jUs—1rty

I~ obfers /3;14 2;-3){21’2&&1]

2 -

{2+ =)(22 140 (=~ ) (24D), .,...b Jfeod

- _(z-1! D(_z'\ ) qrc‘.«nca"lad’ Lck‘ 3 /o
3 - cotrect Joln )
Question 13 (2 marks)
Simplify (ew - e'ie)l', expressing your answer as a trigonometric function, 2

:\/(65@ +15.,.0 — (s ) + ( s5in (—@)) >'+

. ]
(rgs O + (5180 — (tw © - ¢ 5-‘4@) >

= (21‘ 5,}\@)7
= 6 satS

I - 9'54:'6’:&»* p'o;r;vu

Z — cotrred Safuhya

AN §

Y

Question 14 (4 marks)

In the diagram below, AABC is an equilateral triangle with 04 = z, OB = 2, oC = Z3

and arg(z, — z,) = a:
y ,(22)-';!- P ——
T
Ac=z,) — ! g
o X
()  Findarg(z, — z3) in terms of . 1
L—d ’B= WB(Zv“Z‘(). ( I
Co;\ N gr LS,
/R 4 T Al -+ /T' .‘;\/\ = TT l y .
U 3 7/ k3 / /ALY E] )
g2 —a-=n
7 3
oo
B = X q (21 - 2 \ = K + ;
[ J >/ S
s [ = encrreh Soluwhe~
(i)  Find the modulus and argument of ;2 :1 3
3742
/HG(JA«LLUJ =, (SI"\CQ A (R ﬂh(AYnJ-UQI ,}

...‘A..-\rk-.,.d-.'tjnqm,

. &+ <.+ T.-‘- = (L Sum J
S S"VNJL‘A' Iy

an

a’s (z '2 ) = J - __3_

( l] — coewret pmadules

;,,a.‘j...(?a.»‘.'-z- 3(23,2. \

;>

=2 (’*'25 _ .
zn _J%—E_L’;%(_Lu)
= d—(d—g) @ ot o+ fa

_ 2n o




(l) so(gb‘ﬁ‘h“lz 2!
11

5

Wielled L . . .
: . T 271 2 4a U zZ4il =
" Question 15 (6 marks) (Z Q2 cos <+ \ 3(2_ -2z cos T 4-\3 = oz 42 A2+ Q(z)
v (421 , (’L ull )
Given P(z) =z5 — land z € C: Te ook of Q(z) ace s (- < ) cis 7
()  Find the roots of P(z) = 0. 2 b 21 il
2n + - 2 T s U 4 oals —¢ Yaois — Y os =
! , cis t = , Cis —t_'-—fg N OH-F*Y (g o 3
41
- = 7. <o 2‘2 b 2 ws *‘0:
| = obtan | _ond _gng odtur
torrect reot ]
© - s = Fef AL ©)
2 - (orn,o; 'Dok(mﬂ) m
- Z °($ =t = <is 20 e -8y s fz—g ‘-‘JLm + Cis — C\;q’—_
- < <
on
-~ . —4n
4+ cis Zi; iy \1;‘;_' A <is 7:2 i Z_-.
o -4l
s . . . . y <is H’i‘l ais L—f?
(i)  Express P(2) as a product of real linear and real irreducible quadratic factors. 2 s
21 2 ¥ s
2 20 4l
P(Z)‘(Z")(l’zin?H)(z-ches— +i> ‘ = +c;51—2.ofsw S
i, — A 4N Lo -4
| - obfan (g,;) ond  Pwn . +  Cis < atls < L s c - os < +
wao{ly coctetd fl&cd .Fc)‘nrx 2n
pitilbhme i = is 20 (C\S 4n an \
2 — escrech  Afudhoes s ¢ b2 =
cis ~7—°g (Qﬁs Lfg r Cis —H'_: 3
S
(V) zotrech Eat .
= a0 1N (as2D 4 <
-(CAS —  +cis — ) s -+ s —
T = s <
(iii)  Given the identity: bosat~
5_1=(7— 4 3 2 (1) c(atrec 20
25—-1=0E-D(*+2°+2°+z+1) 29 cos L{_g 2 cos 2
i : 2 i
Find the value of : (1 +cos S)(1+cos ) 2 \
210 - -
cos T s T 4 @
i . 27 2 4
Pe)==° | Let Q2) =(2'-22ws% *' )(2"-Q2cos ¢ +!)
. _ : 20 Y7 _ , 4 2 PAY)
—Neted = ="y 2,.§_._,+*,2.1+ Z+ L : Now (| + cos ¢ )(H ws ¢ )‘ b+ (cos g +cos S ) + s
Now Q("I\: (14 2cas D & 1N\ 41 2ces i 1) = | =l+i-14f \
o S L =1Ly %)~ (5
2T i (T ees 42 {
- AL RN °s = ) =1 o
2 gy [N
(\%(os—g )(\"'(OS )—q

{2) cotrect saln-




Melbot 3.

(7_"’31 cos 2’? H\(Zl—ﬂzms‘!g +') = 2" -l—7-‘5 "7'1 rzv|

Equv’.\'ﬂj co‘{‘ﬁq:&."s eF 2

~2cs L 2o D - '

ik ils
20 L |
tas = s re 2

(@) Cotfec“"j coqu wle
to e[{:t re A

{3} correcd  soluhon
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