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General Instructions 
• Reading time - 5 minutes 
• Working time - 120 minutes 
• Write using black or blue pen 
• Board-approved calculators may be used 
• All necessary working should be shown 

in every question 
• Marks may be deducted for careless or 

badly arranged work 
• Attempt all questions 
• Start a new page for each question 
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Total marks - 70 

Exam consists of 8 pages. 


This paper consists of TWO sections. 

Section 1 - Pages 2-4 

Multiple Choice 

Question 1-10 (1 0 marks) 

Section 2 - Pages 5-8 

Extended Response 

Question 11- 14 (60 marks) 



Section I 

10 mal"ks 
Attempt Questions 1-10 
Allow about 15 minutes {Ol" this section 

Use the multiple choice answer sheet in your booklet for Questions 1-10 

3 2 
1. What is the remainder when x + X + 5x + 6 is divided by x + i? 

(A) 5 -	 4i 

(B) 5 + 6i 

(C) 7 -	 6i 

(D) 7 -	 4i 

2. Consider the Argand diagram below. 

y 

2 

-2 -I 

-2 

Which pair of inequalities define the shaded area? 

(A) 	 Iz - 11 :::; Ji and 0 :::; arg(z - i) :::; 11 

4 

11 

(B) Iz - 11 :::; Ji and 0 :::; arg(z + i) :::; 	 ­
4 

11 
(C) Iz -	 11:::; 1 and 0 :::; arg(z- i) :::; ­

4 
11

(D) Iz -	 11:::; 1 and 0 :::; arg(z + i) :::; ­
4 

3. Given 3x + 2iy - ix + 5y = 7 + 5i, where x and yare real numbers, then: 

(A) 	 x=-1,y=2 

39 8


(B) x=- y= - ­
11' 11 


3 22

(C) x= -s'Y=S 
(D) x=-1l,y=8 

2 



4. 	 If z represents a variable point on the Argand diagram, which description best represents 

the locus of Iz - 4 + il = Iz + 4 - il? 

(A) Circle 
(B) Ellipse 
(C) Hyperbola 

(D) Line 

I 
5. 	 If U) is a non-real cube root of unity the value of -- + 2 is equal to 

l+w l+w 
(A) -1 

(B) 0 
(C) 

(D) U) 

6. 	 The polynomial equation P(z) = 0 has real coefficients, and has roots including a double 

root of -3 + 2i and a single root of 3. 

What is the minimum possible degree of P(z)? 

(E) 3 
(F) 4 
(0) 5 
(H) 6 

7. 	 The points P, Q and R are represented by the complex numbers p, q and r respectively. 
The points P, Q and R are joined to form a triangle. 

If r + pi = q + r i what is the value of the ratio ofRQ:PQ? 
1 

(A) 
Ji 

(B) 1 

(C) Ji 
(D) 2 

3 




8. P and Q are two points representing the complex numbers p and q respectively. 

Which of the following shows the locus of z defined by arg(z + q) - arg(z - p) = TI ? 

It\(A) 	 (B) 
y 

p 	 I p 

Q~ Q 
~----------+-------~--~ x 

-Q 

(C) 	 (D) 


Q 

/-Q 

9. If lo&, a = c and log.. b = c, then 10& x equals 

(A) 	 a 

-2 


(B) c 
(C) b 

(D) 	 b
2 

2 2 

10. For what values of k will __x___ + -y- = 1 be a hyperbola? 
12kl- 3 k - 2 

3 3 
(A) 	 - - < k < - or k < 2 

2 2 

3 


(B) 	 -<k < 2 
2 

(C) 	 k < 2 

3 3 


(D) 	 k < --or-<k<2 
2 2 

End of Section I 
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Section II 

60 marks 
Attempt Questions 11-14 
Allow about Ihour and 45minutes for this section 

Answer each question on the relevant page of your writing booklet. 

In Questions 11-14, your responses should include relevant mathematical reasoning and/or 

calculations. 

Question 11 (15 marks) Answer on the relevant page of your writing booklet. 

(a) 	 Consider the complex number z = J3 + i 
(i) 	 Express z in modulus-argument form . 1 

1 
(ii) 	 Write down '2 in modulus-argument form. 1 

z 
(iii) 	 Find the least positive value of n for which Zll is a positive real number. 1 

( 
3)z - 2TI

(b) 	 Sketch the locus of z if arg -- =- 2 
z+ 5 3 

(c) 	 Find integers m and n such that (x + 1)2 is a fuctor of/ + 2/ + mx + n 3 

2 2 
X Y 

(d) 	 Consider the ellipse - + - = 1 . 
9 4 

(i) 	 Find the eccentricity 1 
(ii) 	 Find the equation of the directrices 1 

(iii) 	 Find the coordinates of the foci. 1 
(iv) 	 Sketch the graph of the ellipse, clearly showing all intercepts with the 1 

axes and the foci and directrices. 

(e) 	 The product of two of the roots of the cubic 6/ - 23x
2 

+ kx - 12 = 0 is 2. 

(i) 	 Find the value of k. 1 
(ii) 	 Find all the roots of the cubic equation. 2 

End of Question 11 
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Question 12 (15 marks) Answer on the relevant page of your writing booklet. 

2 
(a) 	 Let P(z) = z + 8 + 6i 

(i) 	 Solve P(z) = 0 2 

(ii) 	 Hence, or otherwise solve z 
2 

- (5 - i)z + 8 - i = 0 2 

(b) 	 The point P represents the complex number z. The reflection of P in the line OR, 
making an angle of a with the positive direction of the real axis, is the point Q, 

representing the complex number w. 

Q. R 

p 

~----~----~---------------__ x 

(i) 	 Explain why Izl = Iwl 1 

(ii) 	 Hence prove that zw = Izr (cos 2a + isin 2a) 2 

(c) The po ints P [ cp,!Jand Q[ Cq,~Jare two distinct points on the rectangular 

hyperbola xy = 
2 

c . 

~----------r-~------~

\ 
X 

2 
(i) 	 Prove that the equation of the tangent at P is x + p y = 2cp . 2 

(ii) 	 The tangents at P and Q meet at R. Find the coordinates of R. 2 

(iii) 	 The midpoint of PQ is M Find the coordinates of M 2 

(iv) 	 If 0 is the origin, prove that O,R and M are collinear. 2 

End of question 12 
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Question 13 (15 marks) Answer on the relevant page of your writing booklet. 

2 
X + x-6 

(a) 	 Solve 
2 

~ 1 3 
x -4x 

(b) 	 The roots of the cubic equation x 
3 

- 6x
2 

- J J = 0 are a, ~ and y. Form the 3 

equation which has roots a + ~, ~ -+- y, and y + a . 

2 2 2 
(c) 	 The point P(asec8, a tan 8) is a point on the rectangular hyperbola x - y = a . 

y 

P(asec8,atan8) 

S' S 

'V 

,,, 
~ 

The foci are Sand S'. 

(i) Show that the eccentricity is Ji.. 
1 

(ii) Show that SP = aJi (sec 8 - Ji) ' 

(iii) Hence show that SP.S'P = OP2, where 0 is the origin. 

1 

2 

2 

(d) In the diagram, AB is the diameter of the circle (radius r) and LBAC = 8. 

B 

A 	 r 

(i) 	 If the area of the shaded region is one third of the area enclosed by the 2 
TI 

circle, show that sin 28 = - - 28 . 

3 


(ii) 	 By drawing appropriate graph/s, show that the above equation has only 2 

one solution. 

End of Question 13 
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Question 14 Start on the appropriate page in your answer booklet 

3
4tan8 -	 4tan 8 

(a) 	 Given tan 48 = 2 4 (DO NOT PROVE THIS RESULT) 
1 - 6tan 8 + tan 8 

(i) 	 Find the roots of x 
4 + 4x

3 
- 6i - 4x + 1 = 0 2 

(ii) 	 Hence, without the aid of a calculator, prove that 3 
2 rr 2 3rr 2 5rr 2 7rr 

sec -+ sec -+ sec -+ sec -= 32 
16 	 16 16 16 

(b) 	 Two circles touch at A. BC and AE are common tangents. BA is produced to meet 

the second circle at D. 

D 

(i) Prove that AC .1 AB 2 

(ii) Prove that the lengths AB, AC and AD are in geometric progression. 2 

(c) (i) Sketch the curve Iz - al = lal where a is a complex number. 2 

(i i) Hence find the maximum value of Iz - 2Re(a)1 1 

(d) (i) In how many ways is it possible to separate 5 distinct objects into two 1 
different boxes so that no box remains empty? 

(ii) In how many ways is it possible to factor the number 30 030 into three 2 

positive integer factors greater than 1 (note: 30 x 77 x 13 is the same 
factoring as 13 x 30 x 77 ). 

End of Paper 

8 



L 

~c..t:~i"\ :t. -- M",,(iirk. c.Ll tL 

l. A P ~c.):. _;llil._s"i~' 
, 5-'t-i 

.~A 


6 c;r~ J-j a4.(. (1,0 ) ~"'wJ I': r;;

eli 

A':J (1; -~l)) ~ "-'J6Icj 
~. , /!, 

!.A 1i.,,,,,J''j 	r~ ~ ~c1'',...(A,! I'",rll 
LtJ 5, ;: 1 ((J 

L'") - JI. ': ) (i.J 
J'...~ Q.; I;' 0 3	(LJ-SJ rr~ ::1 


"J -,5 +SS :: 7 

II J ~ l-L. 

~ ~ 1­

It:. 1-x l..-S 
.\.. ( -) 

... A 

tt. () L~J iJ J pr"", 11:. - ~II ~ /t -~I w,"ih J...rl-J,-./1J 

~Q./'ft-"Jr'().A.lcM ~IJtJo/" D'{ IA:ivlI""{ <I .;., ~L • 

\ . - 0 

S. c J of -L ~ --L t -=l 
I~Lv I~w\.. ~). "V 

::. -I-Lv 

: I 

c. 



1.;' 

[P. Oil... Il1I -3~o I:. L-'L >0 
\Lk.\ L 3 ~ t) L 

- ~ L l L t IL It> L 

.~. S:J\A.11~ is t ~ -~ or 4- ~ l L L 
.*, D 

http:S:J\A.11


6) 


~~---+-----=:::::.f.ri.---4 k,{l) 
-r J 

Y.A. -" I 11 d... J()"",v.z ru.:1. 
f0:J; J rf LJ.- L iM}t.}t\c) p {~lJ.::. 0 -:: '- I fJ.- ....'" '" " 

r '{- Jj ~u ~ 5- - 4- f rr'\. f bJ. .: J)- ~ 1 4t. J'"'" 

(i) (prrc.J 
'),-1 A. -:,u 60 (KIrrtd r'\ 

I\.:-L Q) \'\s~J f~y::o 
.... 1"7.- -} t 

cA) i) 

/ 



___ ___ 

~o<~4) & '~3 ) =0 

_" /(,4 a.~ I ~ }. /
J 

-b).- ;; - Jr-(t 

& t·~ lL/ IJ ",' 
J' """'-)'" n,:;,' e--'(.6 t} 

I 

/ 

l;;3 .. Ii t.ol' lk 
'J U 

b) ((J 

./ 

f 

---f~~ ~/L 

() 

S, h.'l.{.. C-l( I ~ ~ ~ (~l.b-"", .,.f (J I,., tIL f'(j.l ~Il r-rJ ~:,;~c I-~-I 
c<{ f6( (S~" ()f~, 

,'_ £1 0('(ll }j 15'-'5('~ WUJrrtJ 
'\of -' () G( . r I..e..SW'\.lj 

http:I..e..SW


.1­

t. 
j,)~ T 

cl:, }-1.

7 ... '-( A. 
-: _ ( 1. -It" 



(Uj) 


(I'll) (Of it e<-P't,- ~) -.;> It, L'tZ ':J' I"~i 
tJ 1'i I' l(t . J" 1tlJ 

, - t, fv) -/ 

It 'J' t;v '. tt I., ,~/.... ~ It 1L.t-((:u) 

fur M A..: dt.!.:~) ') ~ t: (flU 
J L [,It 

:''J:: ~ 
t(l 

I J I I <~ -I .L ., 0 n ,~
~ ',,",...> /.4."", 5,··~U" --VI /1/ ,...j "­

jJ~J~ I~i (~'V '/ 
• 0 Il M ~ (i;11,~ 

OIL OF- of or,\k 0 k ~;J. nt 
( (9 {~ ~,J ;.i.J~ 



\ 

I 

'> l "') 6"il,~ o\ ......~ P"1­

) b.) A, 
) 
-,~ - - it'D 

: '" @_~J -, ({ ->.) -II ~a / 
Ll6 _ 3.C, ~ t ~ ~b.'· -.A \ -lOb -Ill-h~) -II "'0 

.-ll ~Il~'- ~)L. _ II -:;u 
'"' it J I), >.~ ~)6;· -cO._ 4 it 

j 

I 



J) . ~J .. (jAt!L '15 (Jw~ (a1~ ~.) 
. ..... L 

Cf
/!'" ~ ;'.' .,.' ~'~ Ac v..;. 

, .. -UJ (L5~ 01 n)uJ 

./ 

~) 

~ 
'"):; f-w 

(fj~~. 

OJ o~ ~~l" ~'" 
w/-Il. IrJ~ Ih..~te};j 

v'. LI~ tu'4~ ,;)e~ :. ~ fU,-J. 

J ) ~) ;t:--I iL - (, ~ I 
l J._ it-L 

~/if--B ? I A- :/OJ 'f 
A.~~ 

(~n4~ pc;...1( 
(,l.-I V(IL---1.-J ~ 1 

J..(t.~ 
II J-.-I iL ~-t :: >-- 1-..., t It.. 

y)L =~ 

~ -:; *­
.J ./ 

( $ • 6) . 

o 



,'+ 0,) 0 kJ ~""- it-tJ ~ l tic ttl .l~ f~" 6 

,:; If i- - lf~1 


l-bjL""-.J i- 'f 


).- If _ &j\,).. ~ I:: Lf}L - LfIv J 


). ~ t 'he' _~~>--+•.A I -=0 4. .ool, ~ ~'J L '" 1&.r- G I 
~ ~%~I 



o 
( ') 1.-,'''1"-1 ~/ fi ~ U.J 6: 

-IRJ {-l.~A .~ rJ 

£C.A~ ~,( (("'~...:i, ~ VtW/,,J ~,rl.. "tvJ,/.)&~ 'I /' 
/Jo;';;'.o) 	 II'

5.M.'Lt) .oJ LU:k fo 
II L CA&7_() 


Nlh-v h lJ&JfL 


,< Iq.t/l f fJ .; /.{{/ (L S~~ c(A!.At.)if 1(» -~ Ivo' 

c/1/J 0-]0" 


.::. 	 L Ot: 0 {ti" / 
-" - .fi~.J.. /J3 



----~~~--~~~v 

/ 

l~K) 

\~) i , 

h>r rf'c'~~lj ~ - 2. (k..~ \) l M\J'.J ~ a" J~~ V'"'. ~JrJ. ~ ~. 

:-, r ,- LfI<-(,,(~: 1(0</ I 

)d{'~S 4AS'j(~ 

fU)$J.( (;A>~~;~ - J~';'fo €J-,~ -- 2- bo~ ~ 
~ 3' - ~ (16._1-) - ~ x II. 
~- It' 

1>' r4-o 
-y 

~ 10 


