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Western Australian Certificate of Education
Examination, 2011

Question/Answer Booklet

MATHEMATICS:
SPECIALIST
3C/3D

Section Two:
Calculator-assumed

Please place your student identification label in this box

Student Number:  In figures

In words

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

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, pencils, pencil sharpener, eraser, correction fluid/tape, ruler, highlighters

Special items: drawing instruments, templates, notes on two unfolded sheets of A4 paper,
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 taken into the examination room. 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 . .
. ) . Working time Marks Percentage
Section questions questions to . .

available be answered (minutes) available of exam
Section One:
Calculator-free v v 50 0
Section Two:
Calculator-assumed 13 13 100 80

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. Answer the questions according to the following instructions.
Section Two: Write answers in this Question/Answer Booklet. Answer all questions.

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 an answer to any question, ensure that you
cancel the answer you do not wish to have marked.

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

3. You must be careful to confine your responses to the specific questions asked and to
follow any instructions that are specific 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.

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

See next page
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Section Two: Calculator-assumed (80 Marks)

This section has thirteen (13) 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(s) that you are continuing to answer at the top of the page.

Working time: 100 minutes.

Question 8 (5 marks)
Radium decays at a rate proportional to its present mass; that is, if Q(t)is the mass of radium
present at time ¢, then cil_? =kQ -

It takes 1600 years for any mass of radium to reduce by half.

(a) Find the value of k. (3 marks)

(b) A factory site is contaminated with radium. The mass of radium on the site is currently
five times the safe level. How many years will it be before the mass of radium reaches
the safe level? (2 marks)

See next page
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4 CALCULATOR-ASSUMED
Question 9 (4 marks)
y A
3
2
1 B
-3 -2 -1 00 1 2 SA X >
1
-2
-3

A triangle has vertices 0(0,0), A4(3,0) and B(1,1), as shown in the diagram above.
(a)

Write down the matrix that rotates triangle OAB through 90° clockwise about the origin.

(1 mark)

(b) If triangle OAB is transformed by a dilation about the origin of scale factor k (k > 0),
determine the matrix that will create an image of area 24 square units.

(3 marks)

See next page
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Question 10 (8 marks)

Two radio-controlled model planes take off at the same time from two different positions and

with constant velocities. Model A leaves from the point with position vector (—3i —7j) metres

and has velocity (5i—j+ 2k) m/s; model B leaves from the point with position vector (7i—j — 8k)
metres and has velocity (3i—4j+6k) m/s.

(a) Find the distance between the two model planes after 1 second of flight. (3 marks)
(b) Find: (5 marks)
(i) the shortest distance between the two model planes.

(ii) the time when this occurs.

See next page
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Question 11 (4 marks)
The triangle ABC has vertices A(2, 1, 0), B(3,—3, 3) and C(5, 0, 4).

(a) Find the size of ZABC correct to the nearest degree. (2 marks)

(b) Given that the vector (—13i +5j+1 lk) is perpendicular to the plane which contains the
triangle ABC, find the vector equation of this plane. (2 marks)

See next page
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Question 12 (6 marks)

Three dry-cleaning companies, A, B and C compete for business. Each year A loses 40% of its
customers to B and 20% to C; B loses 30% to A and 50% to C; C loses 60% to A and 10% to B.

(a) Complete the following transition matrix. (2 marks)
From
A B C
A 0.4
To B 104
c 10.2 _ ]

(b) At the end of 2011, company A will have 80% of market share, while B and C will have
10% each. What will be the market share of each company at the end of 20127

(2 marks)
(c) If these conditions remain unchanged, what will be the long-term percentage market
share for each company, correct to one (1) decimal place? (2 marks)

See next page
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Question 13 (6 marks)

An engine piston undergoes simple harmonic motion that can be described by the differential
2

dx
equation ? =—-9x, where x m is the displacement of the piston from its mean position at # seconds.

(a) Write down the period of the motion. (1 mark)

(b) If the maximum speed of the piston is 5 m/s, find the amplitude of the motion.
(2 marks)

See next page
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Question 13 (continued)

(c) The amplitude and period of the motion are now changed, but the piston still undergoes
simple harmonic motion. These new readings are taken:

when x =1 m, speed =+60 m/s; when x =3 m, speed =./28 m/s
Find the new exact values for: (3 marks)

(i) the period.

(ii) the amplitude.

See next page
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Question 14 (5 marks)
The points P, O and R are such that PO = 5i and PR =i +4j + 2k.

Find the vector RM that is parallel to P—Q and such that the size of ZRQOM is 90°.

See next page
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Question 15 (5 marks)

, . e
(a) Use Euler’s formula (e‘x =CcosXx +isin x) to show that smx = — (3 marks)
1

et —e

—1X 5
(b) Expand ( 2—} to obtain an expression for sin’ x in terms of sinx, sin3x
i

and sinSx. (2 marks)

See next page
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Question 16 (6 marks)

S = street lamp

51m

[ = length of shadow

footpath
In the diagram above, P is the initial position of a boy, of height 1.7 metres, who is walking
along a straight footpath in the direction shown.
S is the position of a street lamp of height of 5.1 metres; its base is 2 metres from P.

The street lamp will cast a moving shadow of the boy as he continues to walk along the
footpath at 1.5 m/s.

See next page
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Question 16 (continued)

(a) If x metres is the distance walked by the boy, show that the length (/ metres) of the
1
boy’s shadow is [ = 5\/4 +x% (3 marks)

(b) Find the rate of change, in m/s, of the length of the boy’s shadow after 5 seconds.
(3 marks)

See next page
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Question 17 (9 marks)

The point P on the Argand diagram below represents the complex number z. The points O and
2 . 2
R represent the points wz and wz respectively, where w = COSTﬂ+iSIHTﬂ . The point M is

the midpoint of QR. (The diagram is not drawn to scale.)

A
Imz
0
P
0 Rez _
N
S R
(a) If z=rcis(@), find wz and wz in polar form. (2 marks)

See next page
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Question 17 (continued)

(b) Hence explain why |(7’| = |0—Q| = |ﬁ| . (2 marks)

(c) Show that the complex number representing M is —%z . (2 marks)

(d) The point S is chosen so that POSR is a parallelogram. Find the complex number
represented by S'in terms of z. (3 marks)

See next page
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Question 18 (8 marks)
A model for a population, P, of numbats is
900
=———77 ,where tisthe time in years from today.
3+2e
(a) What is the population today? (1 mark)
(b) What does the model predict that the eventual population will be? (1 mark)

See next page
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Question 18 (continued)

(c) By first expressing ¢ in terms of P, or otherwise, show that P satisfies the differential

equation d—P = P 1—i . (4 marks)
dt 4 300
(d) What is the instantaneous percentage annual rate of growth today? (2 marks)

See next page
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Question 19 (7 marks)

Let f(n)=3""+(-1)"x2" for all positive integers n.

(@)  Showthat 2/ (n+1)— f(n) is divisible by 5. (2 marks)

See next page
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Question 19 (continued)

(b) Hence, or otherwise, prove by induction that f(n) is divisible by 5. (5 marks)

See next page
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Question 20 (7 marks)

e . 1
Let n be a positive integer greater than 1. The area of the region under the curve y =— from
X

x=n—1 to x =n lies between the areas of the two rectangles, as shown in the diagram.

n

(a)  Use the diagram to show that ¢ "' < (1 - lj <e . (6 marks)

n

See next page
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Question 20 (continued)

: 1Y
(b) Hence deduce lim (1——) : (1 mark)

n—o n

End of questions
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Additional working space

Question number:
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Additional working space
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This examination paper — apart from any third party copyright material contained in it — may be freely copied, or communicated
on an intranet, for non-commercial purposes in educational institutions, provided that it is not changed and that the Curriculum
Council is acknowledged as the copyright owner. Teachers in schools offering the Western Australian Certificate of Education
(WACE) may change the examination paper, provided that the Curriculum Council’s moral rights are not infringed.
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permission of the Curriculum Council. Copying or communication of any third party copyright material can be done only within
the terms of the Copyright Act or with permission of the copyright owners.

Published by the Curriculum Council of Western Australia
27 Walters Drive
OSBORNE PARK WA 6017





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



