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Structure of this paper
Number of Number of Working
. ) . . Marks Percentage
Section questions questions to time :
) ) available of exam
available be answered (minutes)
Section One: 7 7 50 53 35
Calculator-free
Section Two: 12 12 100 99 65
Calculator-assumed
Total 152 100
Instructions to candidates
1. The rules for the conduct of examinations are detailed in the school handbook. Sitting this
examination implies that you agree to abide by these rules.
2. Write your answers in this Question/Answer Booklet.
3. You must be careful to confine your response to the specific question asked and to follow
any instructions that are specified to a particular question.
4. Spare pages are included at the end of this booklet. They can be used for planning your

responses and/or as additional space if required to continue an answer.
e Planning: If you use the spare pages for planning, indicate this clearly at the top of the

page.

e Continuing an answer: If you need to use the space to continue an answer, indicate in
the original answer space where the answer is continued, i.e. give the page number.
Fill in the number of the question that you are continuing to answer at the top of the

page.

5. Show all your working clearly. Your working should be in sufficient detail to allow your
answers to be checked readily and for marks to be awarded for reasoning. Incorrect
answers given without supporting reasoning cannot be allocated any marks. For any
question or part question worth more than two marks, valid working or justification is
required to receive full marks. If you repeat any question, ensure that you cancel the
answer you do not wish to have marked.

6. It is recommended that you do not use pencil, except in diagrams.

7. The Formula Sheet is not to be handed in with your Question/Answer Booklet.

See next page
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Section Two: Calculator-assumed (99 Marks)

This section has twelve (12) questions. Answer all questions. Write your answers in the spaces
provided.

Working time: 100 minutes.

Question 8 (5 marks)

(a) Given the graph of y = f(x) below, sketch on the same axes the graph of y = |—f(x)|
(2 marks)

Correct shape ‘/‘/

1
(b) Given the graph of y = f(x) below, sketch on the same axes the graph of y = —f( ) .
X
(3 marks)
y
27
Poles sketched ‘/
1 " Correct shape -1<x<1 v
Correct Shape x>1, x<-1 ‘/
} } } 4 { X
-2 -1 ] 2
| ) 1 |

See next page
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Question 9 (8 marks)
3 1
The line [; has the equation r= 1[+A]2
0 4
1 2
(@) Find the acute angle between [; and the line joining the points P| —1 | and Q| —1 |,
1 —4
giving your answer correct to the nearest degree. (3 marks)
2 1
Direction of line:| -1 |—| -1 |=| O
—) B Direction of line /
1 1
21el 0 Correct formula /
cosd = Y\ Final A J
JP+ 22+ 2P+ -5y nal Answer
V21426
0=144.40°

180°—-144.40°=36°

1
(b) Determine the position vector of the point R that lies on the line joining P| —1 | and

1
2
Q| -1, suchthatPR:RQ=1:2. (3 marks)

—4
w s waau
PO =00 - OP

1
w
PO=| 0

States PQ
Correct expression OR

-5 Correct Solution

E
SE
SSS

See next page
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Question 9 continued...

2
(c) Find an equation of the plane through Q| —1 | and perpendicular to Iy, in the form rn=p .
-4
(2 marks)
I =an
%% %°/
1 1
r.| 2 —1/]2
o Correct Normal Vector ‘/
4 -4
1 Correct Constant ‘/
r]2|=-16
%
4

See next page
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Question 10

Draw sketches of the following loci on the Argand diagrams provided.

(@) {z:]z]=1and 2Re(z) < Im(z)}

4 — =
o 2+
—— -+t |
4 2 /2
2+
4

(c) Jz:ESArg(z+l)££l

Question 11

4,,

2 =

2

6 CALCULATOR-ASSUMED
(9 marks)
(3 marks)
y>2x Sketched correctly \/
Circle Correct \/
Shading \/
(3 marks)

Line correct

Shading

Correctly identifies (-2,2) (0,-4)

N SS

Draws correct argument
Correct translation

Shading

See next page

(3 marks)

LSS

(7 marks)
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Let a=-1+i .

(a) Express a in polar form. (1 mark)

a= x/zcis(%z)

Correct Answer ‘/

(b) Show that & is a root of the equation z* +4=0. (3 marks)

4
3
(\/Ecis(—”)j +4
4 Uses de Moivre’s Theorem ‘/
4 RY/4
=2 cis(4x>=)+4 ]
( 4 ) Evaluates cis37 correctly /
=4cis3zr +4 LHS=RHS /
=4(-1)+4
=0
(c) Hence or otherwise find a real quadratic factor of the polynomial z* + 4 (3 marks)
a=-1+i a,=-1-i States Complex Conjugate

—1 —i)) pair

—1—i)]x+(—l+i)(—l—i) Expands correctly

(x—(—1+i))(x—
=x=[(-1+i)+

=x+2x+2 States solution

A~~~

NS S

See next page



MATHEMATICS SPECIALIST 8

Question 12

(a)

(b)

(c)

Sketch the graph of f(x) described by:

| I
| L
T }

CALCULATOR-ASSUMED

)

P
N

Correct x<0

Correct x>0

AN NN

Open circle x=0

|
)

4

3
Hence, or otherwise, determine [ f(x) dx.

-2

(9 marks)

(3 marks)

(2 marks)

Sum OfArea=l3x1.5—10.5x1+1x1—11x1
2 2 2

=2.5

eWhen k<-3
1-2k>4(-k-3)
2k+4k>-1-12

Uses Area under curve to
calculate integral

Correct answer

v
v

Use an algebraic approach to solve for k if |1-2k | > 4k +3|.

kz—l%

eWhen -3<k<0.5
1-2k>4(k+3)
2k—-4k>-1+12

ks—l%

Separates domain correctly
Establishes correct inequalities
Solves inequalities correctly

Correct Answer

eWhen k>0.5
142k >4k +3)
2k—4k>1+12

ks—l%
.~.—1%gks—l%

See next page

(4 marks)

SSSS
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(4 marks)

CALCULATOR-ASSUMED 9
Question 13
. . z—z"
If z=cos®f+isin@, show that tan = ————.
i(z+z7)
.. 1
cos@+isinf ——
RHS = cos@+isind
i(cos€+isin0+1”j
cos@ +isind
cos@ +isinf — cos@—z‘s%nt?
_ cos” @ +isin "0
i(cos«9+isin0+ coiﬁ—z‘s%nf j
cos” @ +isin "6

cos@+isin@ —cos@ +isind

=tan@
=LHS

i(cos@+isin@+cosd —isind)
2isind
2icosd

Multiplies by Complex Conjugate

Uses cos’x +sin’ x =1

Simplifies correctly

AN NN

LHS=RHS

See next page
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Question 14

CALCULATOR-ASSUMED

A particle moves such that its position from O at any time, t > 0 is given by

r(t)=(cost+tsint)i+ (sint—t.cost)j

where i and j are unit vectors in the East and North direction respectively.

(a) Find, in terms of t and in simplest form,

(i) the distance of the particle from O,

(15 marks)

(3 marks)

distance=\/(cost +tsint)” + (sint —tcost)’

=~/14+1* units

—\Jcos?t +2fcostsint + 12 sin’ ¢ +sin’ ¢ — 2¢sinz cost + 2 cos® ¢

(i) the speed of the particle.

&) = (—sint +sinz +1cost)i + (cost — cost +¢sint) j
&) =tcosti +1tsintj

Speed=v/f>cos’¢ +>sin’ ¢

= \/t2 (cos’t +sin’t)

=t units/ time

States distance formula
Expands correctly

Simplifies

<SS

(3 marks)

Differentiates

Simplifies

v
Calculates Speed correctly \/
v

(b) Find, correct to 3 decimal places, the first non-zero time when the particle is due East or

due West of O.

r, comp =0

sint—tcost=0
t =4.493 units (CAS)

r, comp =0

Correct solution

(2 marks)

v
v
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Question 14 continued...

(c) (i Find an expression for a.r in simplest form and use it to find when a.r = 0.

. (5 marks)
&) =tcosti +1tsintj

&) = (cost —tsint)i + (sint +tcost) j

a.r =((cost —tsint)i + (sinf + tcost)j).((cost +t.sint)i+ (sint — t.cost)j)

=cos’t—¢t*sin*t+sin’f —t* cos’t

=1-¢ Determines Acceleration

Expands Dot Product

a.r =0
1—2=0 Simplifies expression
(1-0d+1)=0 Factorises
= la_X

SSSNKKS

Finds Solution

(i) Interpret the result from (c) (i) in terms of the motion of the particle.
(2 marks)

At ¢t =1 the acceleration is perpendicular to the position vector.
Change in velocity is tangential to its position.

v
v

See next page
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Question 15 (11 marks)
4+32 1
(@) Theline r= 1-34 | isinclined to the plane ’6/' a |=4 atan angle of 30°.
L1+ -2
Find a . (4 marks)

The angle between the normal vector of the plane and || patermines Correct /
the direction vector of the line must be 90-30=60° Angle

3 1 Applies correct formula \/

3| a |=3 + (3 + PP +a% +(=2)* cos60 -

L1 implifies J

1 Solution
1—361:\/E\/5+az><E v
a=-1.713 or 3.12 (CAS)
(b) Find the vector equation of the plane with Cartesian equation 2x—y=3-2z . (1 mark)

r—-1{=3 J
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Question 15 continued...

. PSP . . . . _179
(c) Does the line - 2z°/+ 3& IgA+/1(3g% {V+ Ig)\ lie on the plane G/n({%:l- 6{M+ 3]82, 177

n

Justify your answer. (2 marks)
1
r| 6 : .
Substitutes line into plane ‘/
3
243\ (1 Shows result ‘/
=l 3—-4 || 6
-1+4 )3
=2+31+18-64-3+341
=17

.. lies on plane

(d) Determine the equation of the plane which is parallel but 5 units away from the plane

3
rl 2 |=4 (4 marks)
%

-2

3
Let new plane IT: r.{ 2 J: X
-2

0
A point on the original plane = | 2 Recognises new plane shares J
0 normal vector
2 |d| 2 | i v
Aline 1 to original plane: r.=| 2 |+ A| 2 Determines eqgn line L to plane
0 -2 .
The intersection of the line and I' D.etermmes value(s) for x where J
distance = 5
32 3
zjf ' 22 - Determines equation(s) of a plane ‘/
IA+4+41+40=x
_x—4
17
3
Al 2 |[=%5
-2
= _74 V17 =15
x=425J17

See next page
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Question 16 (16 marks)

A particle A is projected with velocity 12i+ (24 —10¢)j from the origin O, where t seconds is the
time after projection. At the same time, particle B is projected from 80i + 5j so that its

displacement is given by (80 —20¢)i + (5 + 22t —5¢)j . All distances are given in metres.

(a) Which particle was projected with the greatest initial speed, and what was this speed?

(4 marks)
Speed of A = |VA| =720 Calculates Speed A
Vel of B = —20i +(22-10t) Differentiates to get vel of B

Speed of B = |v,|=~/884
B has greatest speed 29.73 m / s

Calculates Speed B

N SKS

Evaluates greatest speed

(b) How far apart are A and B after 1 second? (5 marks)

r,(t) =12t + (24t -5¢*) j+ ¢
when t =0,c=0 Integrates v, correctly

_ . 542N :
ra(0 = 1200 + (241 = 51°) Determines (1)
r,(1)=12i +19j

Determines 7;(1)

ry(1)=60i +22j
Correct expression for distance

SSSKS

dist = \/(60 —12)* + (22 _ 19)2 Correct Solution
=48.09 m
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Question 16 continued...

(c) Which particle reached the greatest height, and how much higher was this than the other
particle? (3 marks)

(v)Jj=0
24-10t=0
t=2.4s Height A=28.8m

) Determines Height A
(vz)j=0
22-10¢=0 Determines Height B

t=22s Height B=29.2m|| correct difference

<SS

B reaches greatest height by 0.4 m

(d) Show that the particles collide and state the time and position of the collision.
(4 marks)

If the particles collide
12¢ 3 80 —20¢
24t 5% )\ 5422t -5

i: 12t=80-20¢
t=2.5s Evaluates t for i and | ‘/J

Correct statement and position J

Equates position vectors J

Ji 24t—5t7=5+22t-5¢
t=2.5s

.. Particles collide after 2.5s at the position 30i + 28.75j

See next page
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Question 17

Suppose that a complex number w, lies on the unit circle, and 0 < arg(w) <

Prove that 2arg(w+1)=argw.

16 CALCULATOR-ASSUMED

(SN

2arg(w+1)=argw

_ 2y(x+1)
P+ 2x+D)—(1-xY)
_ 2y(x+1)

T2+ 2x

_2y(x+1)

C 2x(x+1)

S
=]
VR
S
-+
[
=]
/;\

=
+ =
—_
N—
N——
Il
S
=]
TN
S
:sl
/%\
= =
N—
N—

let w=x+ yi

(5 marks)

Takes tan of both sides

Uses tan 2x identity
Simplifies fraction
Recognises Unit Circle

x2+y2:1

Factorises Correctly

N N SN

(x2 +y*=1-Unit Circle)
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Question 18 (4 marks)

Sketch the graph of the rational function f'(x) given that it has the following properties:
« f(0)=0,/'0)=0
e Ilim f(x)=1lim f(x) >
x—-3" x—2"
e Ilim f(x)=1lim f(x) > -
x—-3" x—2"

« lim f(x)=lim f(x)=1

10

Correct poles
T.P. at (0,0)

Correct shape -3<x<2

SSSS

Correct shape -3>x  x>2

See next page
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Question 19 (6 marks)
OABCDEFG is a rectangular prism with OA4 = a, ocC = ¢ and OE = e.
E D
(@) Using the fact that |a X CL: |aJr|cLSin 0, show that
o/. O/, oyl oL, F G
the area of the base OABC is given by Area= |c(1)/>< %L
(2 marks) 0 c
A B
Areca=1 x w ¥
=|a]x]c]
= in90° Z0OAC =90°
|a|>< |c|sm ( ) Expresses length and width as
=laxc| magnitude of vectors \/
Shows sine angle J
(b) Prove that the volume of the rectangular prism is given by (ccz)/x %) e. (4 marks)

Area base = |a X c|
height =|e|
Vol =
o |a § c||e| Expression for Volume J
axc isparalleltoe ..angleis 0 Expresses Parallelism /
Uses Dot product J
cos(0) _(axo)e :
B |a % c||e| Conclusion /
|a X c||e| =(axc).e
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Additional working space
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