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MATHEMATICS SPECIALIST
UNIT 1

Section Two:
Calculator-assumed

Your Name:

SOLUTIONS |

Time allowed for this section
Reading time before commencing work:  ten minutes
Working time: one hundred minutes

Your Teacher’s Name:

Materials required/recommended for this section
To be provided by the supervisor

This Question/Answer booklet

Formula sheet (retained from Section One)

To be provided by the candidate

Standard items: pens (blue/black preferred), pencils (including coloured), sharpener, correction
fluid/tape, eraser, ruler, highlighters

Special items: drawing instruments, templates, notes on two unfolded sheets of A4 paper, and up to

three calculators approved for use in this examination

Important note to candidates

No other items may be taken into the examination room. It is your responsibility to ensure that you do not
have any unauthorised material. If you have any unauthorised material with you, hand it to the supervisor
before reading any further.
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8 9 15 8
9 4 16 7
10 6 17 10
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Structure of this paper

. Numbgr of Nump er of Working time Marks Percentage of
Section questions questions to . i e
. (minutes) available examination
available be answered
Section One:
7 7 50 46 35
Calculator-free
Section Two:
Calculator-assumed 12 12 100 100 59
Total 100
Instructions to candidates
1. The rules for the conduct of the Western Australian Certificate of Education ATAR course

examinations are detailed in the Year 11 Information Handbook 2019. 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 answers to the specific questions asked and to follow any
instructions that are specific to a particular question.

4, Additional pages for the use of planning your answer to a question or continuing your answer to a
question have been provided at the end of this Question/Answer booklet. If you use the space to
continue an answer, indicate in the original answer space where the answer is continued, i.e. give
the page number.

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.
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Section Two: Calculator-assumed (100 Marks)
This section has twelve questions. Answer all questions. Write your answers in the spaces provided.

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 that you are continuing to answer at the top of the page.

Working time: 100 minutes.

Question 8 {1.3.7, 1.3.9, 1.3.11, 1,3,15} (9 marks)

Point 0 is the centre of the circle below, and CD is tangent to the circle.
For each of the angle sizes indicated below, fill in the table.

Size Reason

£0cD=90° (,{4&3*1: ad Adiw o T%Am\w)
24/ P =060 =24 (tgler in & dioge add B (20°)
P / caladates uning 200D =40

LEAC=+LEDL (a,»ju, X oAre s e MJ(L a

’5’5¢ u‘foww\ ce
q / J/ frtnce)
r . LEAC=LECD (LHLMJL ujMﬂv\t 'ﬂrmm)
2
3/ /
LOEC = ptc =871° (n-,c+m'w 47(@ Mw)\/zt?ézigf,h

L AEC =180 - S8 =|27° (oFmetL NJ(M in & wydic
L5 ° Wz‘mld’h‘. e Surruuz,d)j)

LAE0= 157 245 ° ((hjund augler) gﬂ i oq ki
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Question 9 {1.3.8, 1.3.12} N (4 marks)
In the diagram on the right, AY bisects ZBAC.

a) Prove that AABX is similar to ACYX. ) (2 marks)
B
AXXY = BYeXC  (idnpecking chomls Asertan) X
- % /oo

Ao
/0B = £XY (ehelly eppoiti agler ae eypesk)

vt
DABX I ACyx

AABX Il ACYX  (~SAS) /

b) Hence, prove that AAYC is similar to ACYX. (2 marks)

L BAY = LYAC (boiven)

L ABX = LAYC (”""’Jlln in Sowe '“'JM are chL)

AABX Il AAYC  (~AR) / pores
ARSI acYx  (pet @) ARBX Il 4 Ave

ARYC I ALYy (b e sindla o A ABX)
tswehduder
A AYC Il ACYX
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Question 10 {1.2.14} (6 marks)
At 8pm, a lighthouse detects a ship at a position of 4i — 7j km.

(a) If the ship is travelling at i + 2j km/h, express its position t hours after 8pm.
(1 mark)

0S = 4i — 7j + t(i + 2j)
=@ +t)i+ (-7 + 2t)j km v'correct position

(b) At what time is the ship closest to the lighthouse? (3 marks)

0S| = /(4 + )2 + (=7 + 2t)?
=16 + 8t + t2 + 49 — 28¢ + 4t2
=+/5¢t2 — 20t + 64 v'correct magnitude (no need to simplify)

.. b
Minimum att = — —:

2a
_Z20
2(5)
= 2 hours v correct number of hours

t =

The ship is closest at 10pm. v correct time

(c) Hence, what is the closest distance the ship is from the lighthouse? (2 marks)

|0S| =/5t2 — 20t + 64
=.,/5(2)2 —20(2) + 64 v substitutes t=2
= /20 — 40 + 64
= /44
= 24/11

The closest distance is 24/11 km. v evaluates




Question 10 (8 marks)

Let OACB be a parallelogram, and let a = OAand b = 0B. Let P, Q, R and S be the midpoints
of 0A, AC, CB and OB respectively, and let X be the point of intersection of PR and QS

Yavavs
///

(2 marks)

Nste: net Swﬁ(a'bi“
+ asume .
l &‘,’l = gﬁ+0$

bevs Y ot judificaton

. U\!mg vedon
(b) Let N be the midpoint of PR. Determine an expression, in terms of a and b, for ON.
—_ -

ON=LOA+LPR  \hae PR=-2a+tb+sa (1 mark)
> =k
ON =72t 3

7"% \/M £ Pra$) By

(c) Explain why 0X = OM. (2 marks)
-

Sice ON=OM=Fa+ghk, M:zN, ad 5o M is Al pod

of  Wlepedion of PR ad BS, W' ‘/M{(,, ANt O—;J=g/?4
is X by defimhion.

S oneto A Mo
I fllow Ak 6?( = on. vt of ideadin

(d) Hence, prove that OPXS is a parallelogram

. (3 marks)
>, > = CoL
OS"L,LL ad  PX = Ox - 0P ‘/?nm‘{'\‘(:‘f/) Ansk
clartbota Sy =L b
TRAeT 1~ 2~ P_)f:ZN
3 SKzae
(oY‘S‘bT(/) aloovt wifln
hfeadion gires

eadser pat o q,uh‘{\zM)
hew 05 -T2, Whick impier Thdt  / shio vedur s
06| = 1P%| &t 08 [ PX. el
T+ hlowm ALd 0PxS s f,w.uziogw. \/Mﬁ
pralidegren
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Question 12 {1.2.11, 1.2.12} (10 marks)

A circle has centre 0 at the origin. Point 4 on the circle has position vector 04 = ai + bj, and point B on the
circle has position vector OB = bi — aj, where a and b are real constants. Point C (outside the circle) has

position vector OC = 34i + 14j.

(a) Determine expressions for each of the vectors AC and BC. (3 marks)
v - - -  —
AL = OC - 0A BL = o - OB / shas
= 34i+ Ipg-(airoy) = 34 +lpg - (bsmag)  caleadahion
te+ ¥ - - ‘ Ao o loait
= (34-9)i+(b-v)2 = (34-b)L+(1v+a)y et
V vord vedoe / woweit veitor
(b) Hence determine expressions for each of AC - 04 and BC - OB. (3 marks)
- ) . . )
AC*0A = [(3(4/&) G+ (W'b)ﬂ- (M,+ L?) / oo
= gqa—mlJrllfl,,—lf v cored” BApras o todd o for
B_)L‘ ob = [(3q—b)g + (+a) ﬂ (Lg-wf) e S5 prsion

:ELPLV'U"“{«A"AL S owwd oK prasi o

(c) Given that AC and BC are both tangent to the circle, and the radius of the circle is 26, determine the

values_?f a and b.
COr =0 = =at LY (4 marks)
AC-0A =0 5 3¢a +llb ~a® +h \/ewto Ast ono‘wib
- 2+
BL-0B=0 3 3lb ~lka =&+ 4+

Sivee M ade ha, radamn 20 lo_)A(=Zé.
So [GA[ =a+b = 206" S v il =26

Hence 3qk+|l\ub =2(>z /i 2 comidt
i'\ a & b
‘S,,lmj simdt teualy g0 acl0 and b=24
/ okt yred

Valus, for a kb
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Question 13 {1.1.1-1.1.4} (7 marks)
The 10 letters of the word

OPAPOPAPOP

are written on 10 separate pieces of card. These cards are arranged in a line next to each other.

(a) How many different word arrangements (of length 10) can be made? (2 marks)
10!
——= 2520
51312!

v Numerator
v"denominator

(b) How many arrangements start and end with P? (2 marks)

8!
313121 -~ 2220

v" Numerator
v'denominator

(c) The ten letters are arranged in a random order. Determine the probability that the resulting
arrangement will start and finish with the same letter.

(3 marks)
8! 8! 8!
+ +
313120 " 5121 5131 784 14
10! T 2520 45
513121

v’ Setting up addition of permutations
v" Numerator
v'denominator
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Question 14 {1.1.1-1.1.5} (9 marks)
The nine single digit numbers are written on nine separate pieces of card.

1,2,3,4,5,6,7,8,9

Four of these cards are picked at random and placed next to each other to form a four digit number.
Determine the probability that the four-digit number will be formed with the given conditions:

(a) has both odd and even digits. (3 marks)

total different arrangments: °P, = 3024
all even numbers: ‘P, = 24
all odd numbers: °P, = 120

3024 - (24 + 120) 20
3024 21

v determining total number of all even and all odd numbers
v" Numerator
v' Denominator

~ has odd and even digits:

(b) the number has at least three odd digits. (3 marks)

all odd: 120
3 odd numbers: 3P, X 4 X 4 = 960

120+ 960 5
3024 14

v’ determining total number of all odd numbers and at least 3 odd digits
v" Numerator
v" Denominator

P(at least 3 odd digits) =

(c) the sum of the four digits is 28.
(3 marks)

4x2 1
3024 63

v Recognising that there are 2 groups of combinations of numbers that make 28, hence x2.
v" Numerator
v" Denominator

P( sum of four digits is 28) =
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Question 15{1.1.6, 1.1.7, 1.1.8} (8 marks)
(a) How many 8-character passwords can be generated using the symbols !@#$%2&*
i) if the first three symbols must be $&@ (in any order) and the next two symbols must be A*
(in any order)? (2 marks)
Solution

31X 2! x31=72

Specific behaviours
v uses multiplicative reasoning

v’ correct number

ii) if the order of I#%& cannot be changed, but their placement may be changed? (e.g.
#%&@%$" and @$#"* %& are acceptable, but &#%!@$"&* and @$%!*&# are not)
(3 marks)

Solution

(i) X 41 = 1680

Specific behaviours
v" correct selections of placement for 1#%&

v’ correct arrangements of placement for @$"*

v’ correct number

(b) Year 7 students at Perth Modern School were asked to write a password generator in Python with a
mix of lowercase letters, uppercase letters, whole numbers, and symbols from (a). Each password
must have length six. Prove that at least one character will be used more than once within 12
generated passwords. (3 marks)

Solution
12 passwords will require 12 x 6 = 72 characters (pigeons).

The number of characters available is 26 x 2 + 10 + 8 =
70 (pigeonholes).

Since the number of characters used exceeds the number of
characters available, the Pigeonhole Principle guarantees that
among 12 passwords at least one character will be used more than
once.

Specific behaviours
v identify pigeonholes

v identify pigeons

v' uses the Pigeonhole Principle
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Question 16 {1.1.7, 1.1.8} (9 marks)
A team of six students is to be selected for a Mathematics competition from ten Year 11 and eight Year 12

students. How many different teams are possible if:
a) there are no restrictions. (2 marks)

Nw\o&r o{ “'uﬂm = <IZ’) \/

=35ty
b) there must be exactly 3 Year 11 students and 3 Year 12 students. (2 marks)
Nuwber of deamn = (1) () v/ mettiplies
= (120 vd
c) there must be at least 2 Year 11 students and at least 2 Year 12 students. (3 marks)
G A LANAY (o % lo 3
Numbac of osn = ( 25)((45 + <3>;(3>+ (q "(L> V adds
hrwna b2
- powda
= [57S0 coreopomany
| Y P differet
bswrm[’f\'d\«w

d) one student in the team is assigned to the role of captain, and another student to the role of vice-
captain, and there are no other restrictions. (Note that teams consisting of the same students count as
distinct if the roles of captain and/or vice-captain are assigned differently). (2 marks)

("D ()

§s¢two

(4]

NUAM\oLr o{ ‘{U*“"

I
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Question 17 {1.2.1 — 1.2.5} (10 marks)
a) Inthe diagram below, M is the midpoint of AB, a = CA and b = CE. Given that CP: PM = 3:2,
determine the value for 1 if CN = ACB. (5 marks)
A
Solution
AB=-a+b
a M W=lﬁ= —la-i-lb
2 272
m=ﬁ+m=a—la+lb=la+lb
2 2 2 2
N — 3 3 3
¢ : " & CP=§CM=Ea+Eb

—_ 3 7 3
AP=AC+CP=—a+ sa+ sb=—sa+ b
AN =AC+CN=—-a+b

AN is a scalar multiple of AP since in the same direction
. 7\ (10
(7)1
3,10y 3
1= (%)(7) =7

Specific behaviours
v Expresses AP interms of a and b
v Expresses AN interms of @ and b
v’ Uses AN is a scalar multiple of AP
v’ Finds the scalar multiple ?
v Correct value for A

k(c-d)

b) Lete=[*~ T andda=, "1 ] Find the value of k. if |d — ¢| = ==

Solution
—-1-(Gk-D]_7 —k
d_c_[ k+1-6 ]_[k—S]
|d — ¢| = /(=k)? + (k — 5)2

=/2k? — 10k + 25

c-d=—(k—1)+6(k+1)=5k+7
N k(5k + 7)
2 __ - 7
2k? — 10k +25 = ———
2k% — 10k + 25 = k?

k?—10k+25=0
k=5

Specific behaviours
v determines d — ¢
v determines |d — c|
v determines ¢ - d
v' writes equation for k
v’ correct value for k

(5 marks)
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Question 18 {1.2.6 — 1.2.9} (9 marks)

Elizabeth Quay Jetty (Point E) and Mends St Jetty (Point M) are such that EM = (—335i — 1287j) m. A
yacht is to be sailed from E to M. In still water, the yacht can maintain a steady speed of 3.2 m/s. The wind
is blowing with a steady velocity 3i —j.
(a) Find, in the form ai + bj, the velocity vector the sailor should set so that the yacht can travel from E
to M. (7 marks)

Solution
v, = (a+3)i+ (b-1)j
Also, v, = AEM = —3351i — 12871j
(a +3)i+ (b —1)j = —3351i — 12871j

(a +3=-3351
b—1=-12871
_1287 419
~ 335 7 335

Ja2+ b2 =32

1287 419, .,
335 ¢t 3350 =3

a=-3.19and b = 0.28
a=-292 and b = 1.32
Sincedl>0=> a+3<0&b-1<0
Hence, ai + bj = —3.19i + 0.28j

b

a’ + (

Specific behaviours
v" Expresses resultant velocity of the yacht as the sum of velocities of the yacht and the wind
v Expresses resultant velocity of the yacht as a scalar multiple of EM
v Writes simultaneous equations for a and b
v" Expresses the magnitude of velocity of yacht in terms of a and b
v Writes a quadratic equation for a or b
v" Correct values foraorb
v Chooses correct set of values for a and b

(b) Determine, to the nearest minute, the time the yacht takes to travel from Elizabeth Quay Jetty to
Mends St Jetty. (2 marks)

Solution
,_ 3%
~319+3™"

1763 _ g
60 = minutes

/s=

Specific behaviours

v Finds the magnitudes of EM and resultant velocity
v" Correct time taken (accept 1783s/30min if unrounded values
used)
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(11 marks)

lfr =2i—j,s=xi—4j, t = —3i+4j, and u = i — 8j determine

(a) the value of x suchthatr L s.

(2 mark)

Solution

22+ (—1) X (—4) = 0

x=-2

Specific behaviours

v’ State the scalar product is 0
v’ Correct value for x

(b) the angle between the directions of s and t to the nearest tenth of a degree (using the value of x

found in part (a)).

(2 marks)

Solution

|s|[t]

s-t
2 =cos'1( )=cos

= 116.6°

1 <(—2) X (=3) + (—4) x 4>
25 x5

Specific behaviours

v states angle

v’ correct expression for scalar product with cos

(c) the unit vector in the direction of u.

(2 marks)

Solution

u

u=—-=

i—8j 1

Specific behaviours

v’ correct magnitude
v correct unit vector in component form

(d) the vector projection (i.e. the vector resolute) of t on u. (2 marks)

Solution

(t-W)a = [-3 x

L oiaxe L
\/6—57 ( )]

1

.+56.
13' 13/

Specific behaviours

v’ correct expression for projection vector

v’ correct projection vector in component form
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(e) the area of triangle that vectors s, t, and u form by drawing a diagram with all the given vectors
(3 marks)

Solution

5

e —) —
Area = % X 24/5 X 5 X sin 116.6° = 10 units>
Specific behaviours
v’ correct diagram with given vectors

v’ correct expression for area of triangle
v  correct value
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Additional working space

Question number:
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Additional working space

Question number:
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Additional working space

Question number:





