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Your name

Time allowed for this section
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and up to three calculators satisfying the conditions set by the Curriculum
Council for this examination.

Important note to candidates

No other items may be used in this section of the examination. It is your responsibility to ensure
that you do not have any unauthorised notes or other items of a non-personal nature in the
examination room. If you have any unauthorised material with you, hand it to the supervisor
before reading any further,
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Structure of this paper
Number of Number of o
Section questions questions to Wortfsng time Mgirk; Pe:ccentage
available be answered (minutes) avatlable or exam

Section Two:

Calculator-assumed 14 14 100 80 67
Total 120 100

Instructions to candidates

1. The rules for the conduct of Western Australian external examinations are detailed in the

Year 12 Information Handbook 2011. Sitting this examination implies that you agree to

abide by these rules.

2. Write your answers in the spaces provided in this Question/Answer Booklet. 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.

¢ Planning: If you use the spare pages for planning, indicate this clearly at the top of the

page.

¢ 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(s) that you are continuing to answer at the top of the

page.

3. Show all your working clearly. Your working should be in sufficient detail to aliow 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
reguired to receive full marks. If you repeat an answer to any question, ensure that you

cancel the answer you do not wish to have marked.

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

See next page
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CALCULATOR-ASSUMED
(86 Marks)

Section Two: Calculator-assumed
This section has thirteen (13} questions. Answer all questions. Write your answers in the spaces

provided.

Working time for this section is 100 minutes.

(3 marks)

Question 7
Find the area enclosed by y = tan (x -=
decimal places.

n), the y -axis and the line y = x. Give your answer to 2
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Solution 1: vy = tan (x - %)

1""-), (2.048025, =) v

Point of intersection at T = tan (x -

Area = 2048025, - [0+ (tan (x- g)) ix

Area = 559 units’

Solution 2: y = tan (x - g)

o

x=tar1“1y-'l*£"E v

"
o

Area= [ (tan‘1 v+ ":Zf') dy

i
e

Area = 5.59 unite® -

See next page
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Question 8 {5 marks)

(@)  Find the distance between the points with polar ccordinates [5, %} and (12’ '%)

where distances are in centimetres and angles in radians. (2 marks)
Solution 1
Zr  Bx 3 & . /
27 | e s f= 2 - = o At right angles.
ﬁ{3+6J TTp T Toainentang

d* =5% +12°

d =13 cm.
Solution 2

dz=52+122m2x5x12xc05(ﬂ":‘5£) /

3 6
d=13cm

(b) Thegraphsof ¢=a , r=>b and r=nf are shown below together with the points A and B
which have polar coordinates of (1, 2) and (5, 4). Find the values of «,b, » and the polar

coordinates of point C. (3 marks)

>

o
T

Using A, =2 and 1=nx2:>r=05

Using B, p=05x4=2

5 peo pe "
a=2, é;/g n% {i\ng/

See next page
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Cluestion §

The point 4 has position vector 3i - 2j + 4k .

(a)

(b)

(d)

Find the value of a if the vectors 04 and ai+ 3]~ 3k are perpendicular.

Find the siz

()
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o

e of the angie between 04 and the z -axis, to the nearest degree.

Angle between (4 and the line r=k

t

Ve
jamgzwi:gg—nz,égﬁm,@,w i

42.82111377] §

42°
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(8 marks)

(1 mark)

(2 marks)

Find the value of & if the point (7, &, 2) lies in the plane containing the point (-1, 2, 5) and
with normal vector O4 .

Plane 3x -2y +4z=k
H-B-22)+45)=13= k=13

3Ty~ 2(by + 4(2) =13

b=8

{2 marks)

Find the value of ¢ if the point (15, -14, ¢} lies on the straight line through 4 and the

point (-1, 2, 5).
Direction of line given by
P37 [-1] [ 4
2l 2]=-4 \.,f/f
41 5] [~
3| (4' 15
~2 |+ 2|4 |=|-14 7
4 | [—1_ N v
3+4i=15=41=3
o =4+ 3(=1
=1

See next page

(3 marks)
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Question 10 (5 marks)

When an object is at a distance »cm from a lens of focal length f cm, an image is formed at a
distance of v cm from the lens.

The variables are related by the formula 1 = 1+ -1—

v

An object is moving with a constant speed of 2 cm/s towards a lens of focal fength 20 cm.

At the instant when the image is 30 cm from the lens, in what direction and with what speed is it
moving?

Given -‘gff::—z find 5}})— when v =30
o i

iml.;— ‘-E—-numﬁo f
20 w 30

o

o1t 20w

____._{ﬂ Y — o

55:}1 v w20

.

du (g-202

dv dv du
d du 4t :
e
(60 - 20y

;« cm/s away from the lens ( since +ve) v

See next page
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Guestion 11 {5 marks)

(@) The graph of y= f(x) is shown below.

3 L L i L ] L ]
i 3 3 T v ¥ v ¥ T T

Sketch the graphs of {2 marks)
()) y=IAx)| (ity y = AUxD

(b}  One set of solutions for the equation | ax+5 |=|x-4 | is x=-0.2 and x=-3.
Find four sets of solutions for ¢ and b. (3 marks)

Solutions when |-0.2a+ b/ =4.2 (using xr=~0.2)

{9 Edir Aotion Interactive

o3 Ee [ e dul /el

’E a%%“‘%&ﬁm”m‘g}y {f;«wwh&m%} & {&xétﬁ?w”‘z}a {8&“-’433’}"*‘«'&3}} ﬁy”’f
A o
i 4

See next page
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Question 12 {4 marks}

1+ sin 260 - cos 26

= tan @.
1+ sin 260+ cos 26

Prove by deduction that

1+2 sin @ cos 9 - (1-2sin° &)
1+ 2 sin 8 cos 8 +(2cos® §-1)
_ 2sin® 9+2sin 6 cos §

" 2cos? §+2sin 6 cos b
_sin 8( sin 9+ cos 6)

cos 6 sin 8+ cos &)
= tan &

LHS =

NN N

See next page
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Question 13 {7 marks)

An insulated flask is placed in a room that has a constant temperature of 20 °C. The rate of
change of the temperature, J °C, of a liquid contained in the insulated flask at any time ¢

seconds can be described by the differential equation: % = ~0.003(7 - 20). The initial
temperature of the liquid is 65 °C.

(a) How long will it take for the temperature of the liquid in the flask to fait by 10%7? (3 marks)

1
f}-:z"'adf = f -0.003dt

in|l — 20| = —0.003t + ¢
I=20+efem000% v
t = 0 when | = 65°
=20+ 45¢70003¢ v/
To fall by 10%, | = 58.5°

58.5 = 20 + 45¢~0-003¢

t = 52 seconds f

A second flask is placed in the same room and the temperature of a liguid in this second,
uninsulated flask, is falling at a rate that is also proportional to the difference between the
temperature of the liquid and that of the room. The percentage decay rate is 0.75% per second
and the initial temperature of the liquid in the uninsulated flask is 95°C

{(b)  The temperatures of the two flasks are observed for 5 minutes. Determine when the
difference in temperature between the two liquids is 10°C. (4 marks)

ar _

— = —0.0075(/ — 20)

r = 20475600075

ilgt s 75e_6.0975f _ 45€~i}.003€ /

t=60.96, 262.40 seconds [2 d.p.].

J

See next page
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Question 14 (6 marks)

Two complex numbers are given by ¢ =3/ and v =§3/—§~é-_~—-?i’; .

(a) By using de Moivre's Theorem, express # v in the form r(cos & +i sin ) where

<0<z and r=0. (3 marks)
u=23 (cos (-725) + isin (g)) v v =3 (cos (:g) + isin (:615)) v
uwiv =81 (cos (_Bﬂ) + isin (-_%E)) f

(b)  Find all solutions for z in the form re' , given that z* =u>v. (3 marks)

£t = 1 eos (25) e tn ()
ro=3eos(Z) s ()
1= 3 (cos (3) + ssn ()
=5 e (2) 1 )

=3 cos(29) +1in(29)

2

4 T 5T R )
z=23e"'%, 3e's, 3e's, 3e 3 v

See next page
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Question 15 {5 marks)

At a school with 108 boarders, boarders can either eat breakfast or not. The canteen manager
estimates that of those boarders who eat breakfast one morning, 5% of them will not eat
breakfast the next morning and of those boarders who do not eat breakfast one morning, 55% of
them eat breakfast the following morning.

(a) W55 boarders eat breakfast on Monday, how many boarders should the canteen manager
expect to eat breakfast on Wednesday? (3 marks)

0.95 055 551 W
s P= |
005 045 53J
r2pJ91‘96
| 16.04

Expect 82 students for breakfast f”ft

(b}  Inthe long term, what proportion of boarders can he expected to eat breakfast? (2 marks)

085 11
0554005 12
o v
oF
n 99 : 88 11
TP 3 a8 n MCreases b ——r =
g 99+9 12

/ v

See next page
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Question 16 (7 marks}

The graphs of the function f(x)=2log,(x + k), where & is a constant, and its inverse f - (x),
intersect where x=-2 and at one other point.

(@) Find the exact value of % . (2 marks)

F(x) and inverse intersect along y = x

Solve f(-2)=-2 "

-2 =2n(~2 + k)

km1+2 f

€

(b)  Sketch the graphs of f(x) and its inverse f ~(x) on the axes below, giving equations of
any asymptotes and showing the coordinates of all points of intersection and axes-
intercepts correct to 2 decimal places. (5 marks)

~,

x=-2.37 Y

(3.56, 3.56)

(©, 1.72)

y=-2.37

See next page
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Question 17 (5 marks)

(a) The matrix equation 4AX = B could be used io solve the following system of equations.

20+ 3b=c-5
b—2c—4a=1
b=c+b
Write down suitable matrices for 4, X and B. (DO NOT SOLVE YOUR EQUATIONS)
(2 marks)
203 -1
A=|—4 1 -2 /
o 1 1
)
X=1b
_C
-5 v
Be=j 1
o
10 7 - . )
(by If PO=3P+ I where Im[o J and Q:[5 _8],find matrix P. (3 marks)
PO-3P=1 e
P(O-31y=1
P=(0-30)"
p:”mﬁ Q]M
-5 4

See next page



MATHEMATICS SPECIALIST 3C/3D 14 CALCULATOR-ASSUMED

Question 18 (6 marks)

The displacement x(¢) metres, of a small particle undergoing simple harmonic motion is given by
x(¢t)= 4 cos wt + B sin @t , where 4,B and » are positive constants.

(a)  Show that x"¢) + @®x(t)=0. (2 marks)

x'(@) = o~ 4 sin @1 + B cos wi}
"1} = > (A cos @t + B sin of) \//
=~ x{f)

MO+ mzx(t} =} \f

The body passes through the origin (where x(¢f) =0) five times per second, x(0)=1.5m and
x'(0)=7.5ms™.

(b}  Find the exact values of the constants 4,5 and o. (3 marks)

Passing origin 5 times per sec means frequency is 2.5 cycles/sec.
w=2rx25=58x

18=4cos0+EBsin(

75=8z{-15sin0+Bcos()

3
B
2 v

{c) What is the amplitude of motion, correct to the nearest millimetre? (1 marks}

2 (3Y
157 4] | =1.57416
2}’2';

=1.574 m 1o nearest o, f

See next page
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Guestion 19 {5 marks}
Every odd integer I can be written as/ =10n+ %, where k ¢ {1, 3,57, 9}.
(a) Show how the integers 237, 3 and -35 can be written this way. (1 mark)

237=10x23+7

3=10x0+3

~35=10x(-4)+5 /

(b) By considering the five different cases for k, or otherwise, prove that the square of every

odd integerends in 1, 5or 9.

(10n+k)? = 10002 +20kn +k? v

k=1: 100n? + 20n +1

{4 marks)

10(10n% + 2n) + 1, the unit digit is 1, therefore when k = 1 the square of the /
odd integer ends in 1.

k=3: 100n°+60n+9

10(10R? + 6n) + 9, the unit digit is 8, therefore when k = 3 the square of the
odd integer ends in 9.

k=5 100n%+ 100n + 25

10(10n% + 10n + 2) + 5, the unit digit is 5, therafore when k = 5 the square of the Vw’f
odd integer ends in 5.

k=7: 100n®+ 140n + 49

10(10n? + 14n + 4) + 9, the unit digit is 9, therefore when k = 7 the square of the
odd integer ends in 9.

k=9: 100n?+ 180n + 81

10(10n% + 18n + 8) + 1, the unit digitis 1, therefore when k = 9 the square of the
odd integer ends in 1.

Therefore, for the five cases of k, the square of the odd integer ends in 1, 5 or 8.

See next page

~



MATHEMATICS SPECIALIST 3C/3D 16 CALCULATOR-ASSUMED

Question 20 {9 marks)

Relative to itself, an anti-ballistic missile (ABM} launch site detects a ballistic missile at
11i-18j+ 10k km headed at constant velocity for a target at 35+ 14j+k km. The baliistic

missile is expected to hit the target in 50 seconds.

(a) How close does the ballistic missile come to the ABM launch site? (5 marks)

Let missile M be at A and target T at B initially. Then

3511 24 . 24| [ 048
AB={14—(-18)|=| 32 | km and Vo =g 32|=| 064 | ks
1-10 -9 -8 |-0.18

Closest when (04 +1xV, eV, =0

{‘ 11+048/ | [ 048
~-18+0.64¢ #| 064 |=0 when =11.957 seconds.

i_m-wm&; -0.18 S "
114048 16.739
OM =| —18 + 0.64¢ - —19.347J and |5ﬁ“f|:21.186 km
e
10-0.18¢ | . ... | 7.848 v

(b)  The launch site plans o fire an ABM to hit the ballistic missile. The hit is timed to take
place at the instant the ballistic missile comes within 8km of the target. Assuming the ABM
instantly achieves a constant velocity of 1150 ms™ as it is launched, how long from the
time of detection should the defence site fire it? (4 marks)

{2§§ =41 km. Collide at C, 8 km from B and 33 km from A after %% x 50 ~ 40.244 seconds.

11 s [ 247 [30.317 o
OC=-181+221321=| 7.756 | and ;5&?::31.415 km.,
10 {-—9 2756

e
e
o
S

Time for ABM o hit M =31415 +1.15=27.317 seconds.

Must launch after 40.244 - 27.317 =12.93 seconds. "

See next page
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