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Reading time — 5 minutes
e Working time — 60 minutes

e Write using black pen
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Section I
5 marks
Attempt Questions 1-5

Allow about 8 minutes for this section.

Use the multiple-choice answer sheet for Questions 1-5.

1+i\/§

1 Given that z = . which of the following is equal to z°?
+1
3,
A. 2\/5 e’
3,
B. 2\/5 el
3,
C.  42ev
Tz
D. 4\/5 e
2 Let z° = \/51’, what is the value of z*"**?
A. _22n+l
B (_2)8n+2
C. (_2)6n+4
D 2211+1
3 If z=x+1iy, where x and y are non-real numbers, which one of the following must

be a purely imaginary number?

A. Imz
B. iz
C. iz
D. z—Z



In the Argand diagram the point P represents the complex number z.

When this number is divided by \/i it gives a new complex number.
—3-i

Yy
S
) Q
R ° oP
O X
Tc

Which of the following points best represents the new complex number?

A Q B. R c. S D.

The Argand diagram shows the rectangle O4ABC where OC =2 OA.
Vertex A corresponds to the complex number w.

Which of the following complex numbers corresponds to vertex C?

A. —2iw
B. 2iw
C. 2w
D. 2w



Section 11

31 marks
Attempt Questions 6—7
Allow about 52 minutes for this section

In Questions 6—7 your responses should include relevant mathematical reasoning and/or calculations.

Question 6 (17 marks) Start a NEW Answer Booklet

(a) The complex numbers w, and w, are given by
w=2—iand w,=-2+i
) Show w, and w, on a single Argand diagram.
(ii))  Find the value of ‘ w, ’ .

(iii)  Find the value of argw,, giving your answer in radians to two decimal places.

(b) Given that z =3—i and z, =2+5i, express the following in the form of a+ib,
where a and b are real:

M (&)

(i)

N |J\‘|

S

(©) (1) Find the square roots of 16+ 30i .
Leave your answers in the form x+1iy, where x, yeR.

(ii))  Hence, solve the equation z° —2z—(15+30i)=0.
Leave your answers in the form x+1iy, where x, yeR.

Question 6 continues on page 5



Question 6 (continued)

(d)

(e)

®

Given that z=x+1iy, solve z+3iz =—-1+13i.
Leave any answers in the form x+iy, where x, yeR.

Given thatw=A—3i, where A€ R, and arg(4—5i+3w)= —%, find the value of A.

It is given that z=1+2i.

q

The real numbers p and ¢ are such that pz* + = is real.

Find, in terms of p, the value of ¢ and the value of pz* + % .
z

End of Question 6
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Question 7 (14 marks) Start a NEW Answer Booklet

(a) What are the integer values of n for which (3 - \/g i)n is purely imaginary?

Leave your answer in the form n = ak + b, where a, k, and b are integers.

(b) The series C and S are defined for 0 <0 <7 by

C=1+cos0+cos20+cos30+cos40+ cos50

S= sin@ + sin 26 + sin 36 + sin 460 + sin 56
0 _ g0 Sy
(1) Show that C+iS = ﬁez .
6519 _ 6—519

: 1 5. : .
(ii))  Deduce that C = cosecEOCosgé?sm 36 and write down the corresponding

expression for S.

(iii)  Hence find the values of 8 for which C = S.

(©) Let z,z,,...,z, be arbitrary complex numbers.

(1) Prove that zz +z,z, 22z, +zz,.
(i)  Hence, otherwise, show that

‘ z, ‘2+| z, |2+...+| z, ‘2 2Re(zz,tz,z,+..+z .z

n—1"n

End of paper

+ anl)
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Sample Solutions

NOTE: Some of you may be disappointed with your mark.
This process of checking your mark is NOT the opportunity to improve your marks.
Improvement will come by heeding the advice and comments in the solutions and
through further revision and practice.

Before putting in an appeal re marking, first consider that the mark is not linked to
the amount of ink you have used.

Just because you have shown ‘working’ does not justify that your solution is worth
any marks.

Quick MC Answers
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2020 Y11 T4 X2 Multiple Choice Solutions
Mean (out of 5): 4.06

3, &3.:)"—%—‘\‘»1 {A"'fﬁ’ A-'B rak_,
i 2 = 14 t\)—_?: v
VA A T = A-i8
g d
= 2ZAde s ;
g Q}E G 5 =3 Puod nagwbar
;f- > - et -
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TTE FrEE .
2 3, = g;-) 2 i 63 = a‘(A-{B)
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A 0 B N
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Question G

(@ w =2-1 and w,= -2+0L

o Im(z)
() i
1.
_wl‘_ e
_______ ‘ ";’___"1_ _f:‘ K i‘._>R€(a).
-\r nwl
@ = TTET __
__ =5 L]

(u,n,) arg (w,)=T-0 :.____jwhﬂr_e fan 0= 1
L
=T - Tan (.\i\

1 FFAS0YS
2.68 radians. (2.dp). [I]

o

Marker’s comments

- Parts (i) and (ii), generally done well.
- Some candidates had the right argument, but the wrong quadrant.



(byMEP:MBQL ond Zy= L+ 50

W) (FEYy = (-
. | (3+0)
A+ bl + 2
qAd+60-1

8+ bl 01

U o n 1 n

W) # = 3-v.
Z, 2+ bt

=?§iiﬂ”x -5
- 2 +5¢{ 2-5L
=z e-Hi +2L+5

2% +52
=1 - 13 1

Marker’s comments

- Part (i) generally done well.
- Although, some candidates forgot the realise the complex number in part (i1).



c) e "Le’r"":x T “j = {16+ 300

o = lb+30uv
-Lj 4 233 = b + 300
Ayt

?.ikjb = ?)()u |

Aty =2 (5+38) (2}

Marker’s comments

- Generally done well.



() zr-2z - (Br300) =0

= 2% [COEah%051300)

= 2% {4 +60+000

Marker’s comments

- Generally done well.



(d)y Z +3F = -V +13L

1+uj + 3 -ty) =) + BE

o At3y+ Ly +3x)=-1+130

~ Equahng Real and Imaginary parts:
'Wl+ﬁgﬁ—P 0o -

Marker’s comments

- Generally done well.



_(e\ - 50 43w = k50« 3()\
o Y N [

N ;u

~ SinCe Arﬂﬁ¥+5h—4%Q‘~:L

. :
LH?))\ ~1%¢ (fies on +he lmqﬂnnary.___
ams)

u

4+3A— | j  “Mfmf B

Marker’s comments

- Generally done well.

- Although, some candidates didn’t equate the real part equalling zero.



() 2 =1+10 = 'z 14 4i-4
- T L S
= 2Pz -3 440 -bi-%

pzt o+ _q— s real

sz +g,_ (-3+41) +-q_
! ( | -Zb)
=-3p44pb + g(-
125
==-3p-1lq (as +he humber- IS
| | real) -

s

Sinee the num ber s r‘eal

- .'.pzl-_g,a_:-%p — 1 X-250p
- 3|o + 12p

ﬁll_

n

Marker’s comments
Some candidates forgot the completely answer the question and didn’t find the actual values in

terms of p.



Question 7

Solution Marks Marker’s comments
a) ) 1 mark for correct - Candidates
i 1 . mod arg form or whom had the
exponential form. right
5' argument,

i 2 5 Re(2) 1 mark for correct generally had

- o answer. the right

A answer.

- Some general
15-Teul = Wq form afrglswers
e from

i £ candidates
3-(2i =2(3¢7 8 were incorrect
i G c ) due to not
il including all
Wh ¢ puwve { y o aginavy the I'qulired
SR e SRl R solutions or
4 4 had excess
S amount of
T ‘ & incorrect
G s A solutions.
n=-bu-3 Marks were
deducted.
# Mlso = -bk 4y L ov n=bk-3 ov
NW=zb+3 (‘W-/! be g'iff{/‘/uAfE’)
b) 1) 1 mark for - Candidates
| L= ( +ié establishing that who
= (4 €esh +isinb +ces18 13m0 C+iS=1+¢" manipulated
+ (0575 + (51n3b + LesYE 41546 + M0 4 RHS were
i generally not
t (o556 +isin5H 4i0 | 5i0 ;
AR e T e ST +e" +e able to achieve
SR bl 2 4 e A & te the LHS
which is g ¢ swneteis Spvies 1 mark for successfully.
b vt < establishing a - Candidates
NPT ns & geometric series. should avoid
s Hiii:_) working on
ot TR R Reia 1 mark for showing both sides to
Lo = { o (6 j Es ] ALL required steps to reach a
; : = simplify to the correct common
e = result. result,
o ee especia;lly this
T e example as it
e is a SHOW
e ey ke THAT
— " ; uestion. Start
(e L:?/‘L (1 L_(-:/_l :___Q_:_—?_:G/a) gn one Side
= QWD/ZLG diie 2’¢6) and work your

way towards
the other side.




b) ii) 1 mark Generally, well
Simplifying the result done by most
From (i) 7 of b) 1) showing all candidates.
TN LR e o < i E necessary steps. Important that
: " candidates
‘ 5 1 mark for the result show all
= z"c;“%[y +(5in 36 - ECS'{‘%;’} ”ﬂ”[_jf)/ necessary
Ve cs% pisin [£) - (es[~E)4isivf£ sin 390 (COSSZH +isin520j working.
o 36 4 Jein 56 n—
a3 ( £es _; =+ -, ) sin 5
= Auin e (“529 +"““’¥2—C ) 1 mark for correct
2L Gin % result of S.
= Sin36 cesecl ccsSE 4isjn3 cesecsinSe
2 z "Z
_____ Equate veal port and lmoginary
R R L
oG %6 _c_‘cwcﬁ Les 6 |
z
2
L= sintl gde G 450
— — — Z Z— -
b) ii1) 1 mark for correct set Done poorly by
Y e R R of solution when many
O = 36 cesec $in3b } .
(0 il 3P tosec ) fes ik 5”"”"’% sin36 =0. candidates.
- This was
Sinip ceset f AL T /) =L 1 mark for correct set mainly due to 2
S T = ~ i of solution when reasons:
L | e 50 1) Cancelling a
by (BRI L ¥ tan; =1. set of solution
e BE =0 - O e LT ie.
26 - TE AT oy P sin30=0.
2R 211 L 2) Ignore the
= fact this is not a

i z
?—ﬂm e |
2
.o th 4w
- Bree S
ok NN bR
(6 ”3 ! 16

general solution
problem i.e. the
question states
clearly that

0< @< rm.Note

that O is also
not included in
the boundary.




i) -

oLl

ol %‘2 +22 L R
=z % 42,2, leaa 7,2, 4y
B :g /zr,zr)—e% ( ;—E‘J i
= (% e
et 3= orviy
Lo b \Nvaz 0('0%‘/6&
23 f3,2,-%3, .33

= (ateiy) (x=iy) * (a+ib|{a-ih)
= (aiy) (adib} = (or-iy) (@-ib)

< e +\ﬂ +4° £t ~ (aa( —b\/w'/a\rf-%xﬂ
g (m by =0 {ay +hy))

=0 +V +4' 57 - 1 (aa by

1 mark for
establishing correct
result on both sides of
inequality.

1 mark for using “sum
of squares” to explain
that one side is
positive to prove the
inequality is true.

Candidates
who tried to
use the triangle
inequality were
least successful
in this
question.
Candidates
must give
strong
reasoning why
the inequality
is true i.e.
establish a sum
of squares.

= % -1o>( +0" -E\{I HZD\HL,‘L
('nm 4 (4 +h)®
2%
ST L T g 4P
c) i) (i) Mstiny that o 1 mark for using the This was done
3 R R (2.2,) | resultini)and poorly by many
s [z ,1_{{";‘? > 7 R?;ZH_“ establishing candidates as
BosswiE o 5 i they either did

More q€mevq”,,;
T

b 1251

413 szﬂg( Z, {_L

Lr{s—{e)rw‘ /%? e DN

i L m%ﬂ +ﬂ1 J +z 2\/1

2 %NZﬂ

L

! + b £
ik L1242, +d /rz,wlm

"

2

412,07+ ul‘) e
B Zoal e la])
i ‘/a £l 2] |
___ Kg XZRe A(E,_t_l __J‘_KIKE_[‘LLQ

SR ML (:)%1),+
flil . )

= Re (22 ¢2,2 + -

-J——?‘ZR{[% =

5 'f' 2;4_-,?'“

2 _

[Fuevs fy) |

t 2,2, )
= PUHS .

B TR RE SR s Sl

2 2
‘Zp‘ + ‘Zq‘ >2Re(z,z,)

1 mark for showing
relevant working to

establish the correct
result.

not attempt it or
wrote irrelevant
results and try
to fudge their
answer.




