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Total Marks:
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* Reading time — 5 minutes

» Working time — 90 minutes

* Write using black pen

* NESA approved calculators may be used

* A reference sheet is provided with this paper

* For questions in Section II, show relevant mathematical reasoning
and calculations

Section I — 8 marks (pages 1-3)

* Attempt Questions 1-8

* Allow about 15 minutes for this section

o Answer on Multiple Choice Answer Sheet provided

Section II — 48 marks (pages 4-8)
* Attempt Questions 9-11
* Allow about 75 minutes for this section

o Answer each question in a separate booklet




Section I (8 marks)
Attempt Questions 1 — 8
Allow about 15 minutes for this section.

Use the multiple-choice answer sheet for questions 1 — 8.

Ql. Let ® be a non-real cube root of 1.

The value of (1 + ©)* is:

A -1
B. 0
C. 1
D. 2

Q2. What is the negation of the following statement?
“If Mike stays up late, then he sleeps in until midday.”

A. If Mike does not stay up late then he sleeps in until midday.
B.  If Mike stays up late then he may not sleep in until midday.
C.  Mike stays up late and he does not sleep in until midday.

D. Mike does not stay up late and he sleeps in until midday.




Q3. Letz=ga+ ibwhere g, b€ R and q+#0, b#0.

If z+lemr , which of the following must be true?
z

A Arg(z) = %
B. a=-b

C a=b

D. |z =

Q4. Assume that x and y are negative real numbers with x >y .

Which of the following statements might be false?

A.

<0
x-y
Y

B. —-==<0
X

X
y
C.x+ty>2y

D. 2x>3y

Q5. Which of the following statements is false?
A YxER X >0
B. Vn€ZIAmEZ, m=n+5
C. 3keR, VxeER, kx=x

D. 3meZ,vn€Z m=n+5




. + ]
Q6. Given that z = |17+3! , the modulus and argument of the complex number z* are:

I

A. r:zﬁ,e:%"

B. r=4y2,0=22
12
Tn
C. 7':4\12 ,G:E

il Ll [l2]
D. r—zﬁ,e——lz

Q7. Giventhat (1 + )" = ai where g is a non-zero real constant, then (1 + /)>"*?2 simplifies
to:

C.1+d%

. 2207

o

Q8. On an Argand diagram, a set of points lies on a circle of radius 3, centred at the origin.
Which of the following defines this circle?

A {zeC :Z=3}

B. {z€C : 22 =9}

C. {zecC: (Z"‘E)z 7(272)2 =36}

D. {z€C : Re(z) + Im(z®) = 9}




Section II (48 marks)

Attempt Questions 9 — 11

Allow about 75 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 9 Use a separate writing booklet. 16 marks

a. Letl, o, w? be the cube roots of 1 and let ® be the non-real root with lowest positive

argument.
i Show that 1 + @ + ©* =0 1
ii.  Hence evaluate (1 — @)(1 -~ ©*)(1 - 0)(1 - 0°)(1 - 0")(1 - o 3
b.
i Graph the locus of z given that |z — 2i| = 1 2
ii. Hence or otherwise, find the maximum value of Arg(z) 2




c. As shown on the Argand diagram below, the complex numbers z and zw are
represented by the points 4 and B respectively.

B(zw)

A(z2)

B

"]

) i
Given z=re®and w=e’  wherer>0,
i.  Explain why OAB is an equilateral triangle.

ii.  Write the complex number z — zw in exponential form in terms of  and 6.

d. Prove that for any integer n> 1, log,(n + 1) is irrational.




Question 10 Use a separate writing booklet. 16 marks

a.  Convert 4\/5 — 4i into exponential form. 2
b.
i.  Find the square roots of -8 — 6/ 2
ii.  Hence or otherwise, solve z> — (1 = i)z + (2 + 1) =0 2

c. A three digit numeral N has a, b and c as its digits when writing from left to right
respectively.

For example, if N=735,a=7,b=3 and ¢ =5.

Show that if @ + ¢ = b then N is divisible by 11. 3
d. In a sequence of numbers, T') = 7 and T, = 2T, | - I for integers n = 2.
Use mathematical induction to prove that 7, = 3(2") + I for integers # = 1. 3




e.  Let/be the line in the complex plane that passes through the origin and makes an angle a
with the positive real axis, where 0 < a < g .

Q

The point P represents the complex number z, , where 0 < arg(z,) <a.
The point P is reflected in the line / to produce the point O, which represents the complex
number z, . Hence |z,| = |z,|.

i, Explain why arg(z)) = arg(z,) = 20

ii.  Deduce that z, z, = |z]|2(cos 20 + isin 20.)




Question 11 Use a separate writing booklet. 16 marks

a.  Sketch the region in the complex plane which is defined by the intersection of the regions:

0<Arg(zflfi)5§ and |z—1-i <2 3

b.  Use contraposition to prove the following proposition, where m , n € Z

“If m> + n’ is odd, then only one of m, n is odd.” 3
c.
i Given that x” + y2 > 2xy forall x,y € R show that:
x2+)!2+222xy+xz+yz forallx, y,z€R 2
ii. Hence show that:
30 +y4 +2Y =+ yz + 22)2 forallx, y,z € R 3
d.
. ) B . n _ 2cosnd '
i. Show that (1 + itan®)" + (1 — itanf)” = "o for cos) # 0 and n € Z
0s'
2
ii. By using the result in part (i) and by letting z = itan0) , show that the roots of
(1+2+(1-2)%=0are z:iitan%
3

End of paper
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33 out of 43
students answered
correctly




(100 2(14aY" (1ei) =[a2007 (32 204 &) D
= (i)t (24) = o3, 24k 26 out of 43
=-2°i students answered
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TRE =KL : C
(2+7)-(z-2) =30
Pr2 2T 2B 0 X 007 R E=30 13 out of 43
2 = e F o students
43E5=30 Dr2s1zll =9 answered
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C .




9ai

1 Mark: Correct solution

@ Fenen = 23'4 = TR (- L - -0 O AU
.S n.f Yools.5 %0 g
Dot - :
oR
wizd P wi-1zo
D (Ww-2Xwriwst)=o
w'ﬂ_ 3 {4+t -go
e Solutions using vectors and/or Argand diagrams
accepted if logically sound
e Using sum of GS assumes result is TRUE
e Most common error was lack of rejection of (w-1)
solution
9aii 3 Marks: Correct solution
T Y P s Nk o 2 Marks: Copverts powers 4, 5, 7 and
S (1-wX e (4 (A L} e ) 8 of w to equivalent powers 1, 2 and 3
= () (A ) P e AND progresses to an equivalent
= [(1-w)(a- ] : | version of
= [2-w- vy [ (1- wy(1-w?)}
2 [lawdfwewn] a[ivt-c202 37 B wguwe-a
=27 1 1 Mark: Converts at least two of the
powers 4, 5, 7 and 8 of w to
equivalent powers 1, 2 and 3.
e Poorly done for easy Q
9bi digy 3:.\ IR T At oy 2 Marks: Correct answer
Carsde ceote (0,2) aud Crdius L unit
) 1 Mark: Circle centre (0,0), radius 1
5 unit
— OR
Circle centre (0, -2i), radius 1 unit
. . OR
e Poor quality diagrams (should be at least 1/3 Any circle with correct centre OR
page) correct radius
9bii e 2 Marks: Correct answer

’ﬁw( amime Value,
poiat. P where. 0P s g
i ] el and of | co

x‘?‘" 1

Maximum. vabiue.
Lo O T W A o
5 FER T 3

Q
fread

e Note tangent at left most extremity will be
vertical

1 Mark: Finds sind OR draws a
correct diagram




9ci

B Iwl= ] = Arg v =4
[2w]zlz ] lul= lz!x—r
;| [GR1=IBB]. D AR08 is tasceles

Av’quu)“f\m}. r Agw =Am g +%
inoB= 13

LLAAOR s Qq\w{mtua\{ (is0s A worth apex.t 5

e Varied quality of attempts with those presenting
logical, sequential relevant statements obtaining

2 Marks: Correct answer

1 Mark: Nominates one correct
feature such as equal sides, correct
Arg w etc

full marks
9cii 2 Marks: Correct answer
2-.’.&):;{1 ) -(219(1 QLA) W
a1 T
=g B(L feos PR 4 isin )ﬁ} g 1 Mark: Obtains an expression
wplt 4= 45 ﬁ} 54) = peo (% =% '“),. equivalent to an unsimplified
=re® = AL irfs exponential form of
&’ "'_rY o
3- 23] 5 g0l
' z-zw
e Only small portion of candidates were able to
obtain second mark
9d

rd) ASSMME- —Enq (nx4)38 ot imal

fm ('m.ﬂ-_f_ whece.p S EZ and have mo
% {amm on "tQY' al’d.
Gt AE “ffq,- ; 170 f‘k and..
e (nesd¥ =
Case 1,
SM?DD\O AR e i i

But..01 s add 4 (02" s pdd

odd = even

Y & tontladiction

Cose 2

3“{’?@5& n. it add

nf is_odd

But ntd s ewin L)Y s ewven

L = add

oo covitadiet Can

Cm:\,,_ {mr4) is dreadiomal

e Induction proofs not as successful as proof by
contradiction
e Omission of cases most common deficiency

prr
e Note: ng is NOT nnP P —nni4

4 Marks: Correct answer

4 Marks: Correct answer

3 Marks: Identifies two cases and
proves one case and attempts to prove
the other.

2 Marks: Identifies and proves one
case

1 Mark: Obtains
(n+ 1)1 =nP
OR
n+1=nPd




10a

o
)

bl 2z W3- ai
3 T 45 lzlzrs/mren) = 8
! &= Tuvf'( y‘ﬂ’i) = tan‘l( %)=1}"
S EET e TR Y P A
i
.-.‘.l'ﬂ"r
L2 WA hizge

10bi

2 Marks: Correct answer

1 Mark: Finds |z| or Arg(z)

@@L&* o ) 2 Marks: Correct answer
...... &n Ez':-'ﬁ-l’ox: - (xti.n()l:-g-b;; 1 Mark: Obtains xZ_yZI_
Koyt Axg iz c¥oll and 2xy =-6
SIS B x4 2k
: = =3
2
=3 Y s -8
\x7 -
X? Ok sty
act
é x* 4 gx*-9:0
(o 49)(x*-1):0
T actay
> x=ziL, 4:33
o Xadym A3 or Rhig= cdA34
10bii = 2 Marks: Correct answer
2 -{1-1)7 + (2:4)=0
B2 (A= 0 2 - D 40D 1 Mark: Obtains a correct quadratic
2 formula expression for z
=y 3/ -5.00
2' ........
Ziz A=l #4143 = 2.4 i E o= A-i- (1-31)s i‘_,
L i,? £
10c 3 Marks: Correct answer

@[ﬂ,}L&tN-‘IWG—*‘!QE‘rC

Them. b zate 5 N=tovati0ktc) 4o

=110e +41c

2lone. 1003100 +£C

= 11100 4 ¢7
7 =11 M )
whece Mz10a +¢c €71 -

* Nis divisible by 11

2 Marks: Recognises b = a +c gives
a correct initial expression for N in
terms of @ and c.

1 Mark: Writes an expression
equivalent to N=100a + 10b +c




10d

WJFWM T =341 =7
L S(4) 735 trwe
S(k)i. . Assume ’E 232141
S(k+1):  Prave L -_-.3(’;“"‘]41 )

,rkn =2T, -1

=2§3@)paf-1

-'321 A2 =1

= 3(1"‘“ 141

1 S(lﬂ)ﬁs(lﬂ'l d_nd ‘({w re._uu& LR frouodv b\.f

ma Ihemadt rca.-L l.f\D{U\ Ctlon,

3 Marks: Correct answer

2 Marks: Shows S(1) is true,
correctly states S(k) & S(k+1) and
attempts the implication proof

1 Mark: Proves S(1) AND correctly
states S(k+1)

10ei b@‘j = i 2 Marks: Correct answer
1 1] sealt) et Arg. 2,z
3 o k e 1 Mark: Recognises that angle QOL
%0 =0-e
X e
|0 x g
10eii - l 2 Marks: Correct answer
@ zzlzlcis e Z.z]|Zlcis (24-8)
=12, ]ces (24 -8) . 1 Mark: Forms a correct expression
n B 2zt leae, [z, ) cis (2u-1) for 2122
=2l cia(e 120.28)
o e ! Z, [.z CL8 2ol
11a 3 Marks: Correct diagram

) kg (1 .O f)) = 7

direchon aﬁ the veche—

4;:\\.-,\ Ikt 4= 2

2 Marks:

Draws the correct region with some
features missing:

- open circle at (1, 1), since Arg0
undefined

- dotted lines for < and solid lines for
<

- radius or angle not labelled /
inconsistent radius (Note: the circle

passes through O !)

1 Mark:
Draws the correct circle OR the

correct rays

Marker’s comment:

Most students obtained 2 marks
(correct region with missing
features).

Draw a large diagram (about 1/3
page) so that all information can be
seen clearly.




11b

'@Cm&mfm&w X5 neither m e
..... bath..m amd.r\ arz. )
240 18 nat add {2 aven)
Assume. neither vanev n is sdd y
mz2p....and. 0z.2g, quZ+
R n:ﬁo)’hﬂu) ;

Case L

S mIEn S pvea

Asswme bolh. m_and n_ace_add
¥
LMz apid nz2¢ai. a7
t Sl

G2

3 Marks: Correct answer

2 Marks: Proves one case

OR
Identifies two cases and makes
relevant substitutions in each case

1 Mark: Makes a relevant

substitution for either Case 1 or Case
2

Marker’s comment:

m? +v.\3=(.ép+1\3 + (53 dY
an +m‘+egt1 + Sq ’1'1«: 454 [y
-3:: -rw‘n.ana Ak 42
22.19p° ¥op' £ 3p 44 64 42 44
22k ReZ
1.5 Ev@r\
result_is peaniad le CmTra.fodition.

. mPyn?

The correct negation of “only one of
m, n is odd” is “m and n are both
even or both odd”. Many students
wrote “m, n are both even”, which
gave an incorrect contrapositive,
which simplified the proof to 2
marks.

2 Marks: Correct answer

1 Mark: Identifies inequalities 1 and
2

Marker’s comment:
Mostly done well

2 Marks: Correct answer

1 Mark: Forms a correct difference
expression and attempts to simplify
OR substitutes x> , y? , z% into part (i)

Marker’s comment:

Mostly done well. Examining LHS —
RHS was a straightforward method
in this question.

Hei | s o iyl 2 7xy NO)
) Lo AN L) el (VT o sl
> gt z 2292 @
D+@+B: 2ot 247 +Lz 2. 2% +ixr +243
152 1y’ a’§> Fixgrxz 32
Jc-l—'« o :1'_3+:'ta-}3:
11cii i) 3(1"1-‘1'*1—2“] _(xl_i,._jz._}i.z)z
= 3t A3 4320 - Sty 43 g 2ty o 2at o 250)
-.b,‘*+1-\"1.21"—1(1‘n1"+x St ] !
2 23t 5y pat (R +n.‘«’."‘€
3 1x0 {\«Mm with x =t qu “ond L 2zt
Q
L3280 r ) 2 i gyt i)
11di

s ed o 6uel” Hlnssmnass

P (A tdsne ) 41 sinn )

Cos® (ose
= (esepisie) + (€050 - £ 3m&)"
cos" @ ces"@
e 0308 X LS8, . COS NG = SN
cosne
S Reo8Sne
cos" e

Alternative method

2 Marks: Correct answer

1 Mark: Forms a correct expression
involving cos”"e

Marker’s comment:

Students who converted tan to
sin/cos were generally successful.
Be sure to show all steps in “show
that” questions, particularly
shorter questions!




Convert 1 + itan® to mod-arg form:
r=4/1+ tan’0 =+/sec’d = sech
argz = tan'l(lanﬂ) =0

cish
cost

= 1 + itan = secO cis 0 =

(cish)” +(cis(70))"

= (1+ itan0)” + (1 — jtan0)" =
cos” cos” 0

etc

11dii

&) (1+2)" 4 (1-2) =0

B ZATANG 2 (134 t6082 1 (1=l tan6Y 20

For Nn=2

250828, =0
Z

folo] Y 'S
Cos2e =0
e g=Ar. A
2 £l
6 =T Im
4
Foe 8220 2 24t zixd =i
4 [
Fe. 8.2 310

3 Marks: Correct answer

2 Marks: Finds two correct values for
(S]

1 Mark: Forms a correct expression
by substituting n =2

Marker’s comment:
Mostly done well.




