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Section I
10 marks
Attempt Questions 1-10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for questions 1-10

1  Whatis Jx2(2x3+1)5dx.

X3

A. §(2x3+1)6+c
1 6

B. g(2x3+1) +C
2

C. ;—6(2x3+1)6+C

D. i(2x3+1)6+c

36

2 What is the domain of the function In(x+2)++9—x?

A (=2,9
B. [-29]

C. (-2,9]
D. [-2,9)



3 Find j (e+sin2x) dx.

e2

1
A. >~ Ec052x+c

1
B. ex — §c052x+c

2
C. =~ 2cos2x+c¢

D. ex— 2cos2x +c¢

4 Which of the following is an expression for ilog7 4x7?

dxIn7

xIn7

xIn7
In7

In4x

5 Consider the series log, 54 +log, 18+log, 6+

Which of the following statements best describe the series?

A. A geometric series with common ratio of —3.
B. A geometric series with common ratio of —log, 3.

C. An arithmetic series with common difference —3

D. An arithmetic series with common difference of —log, 3.



6 Bella recently did a Maths test and an English test. The class scores on each test were
normally distributed. The mean on the English test was 60%, and the standard deviation
was 10%. Bella’s mark was 72%.

The mean on the Maths test was 73%, and the standard deviation was 5%.
What was Bella’s mark in the Maths test, if her z-scores in English and Maths were equal?

A, 72%
B. 78%
C. 7%
D. 83%

7 The diagram shows the graph of y = f(x), which is made of two-line segments,
a semi-circle and two quarters of a circle.

y

Which of the following is the value of [} f(x)dx?

A.

B.

2w+ 11

4m + 11

4 + 12

2w + 12



8 Let h(x)=f(g(x)), with f(4)=1, f'(4)=6,9(2)=4 and g'(2)=4. What is the equation of the
tangent to the graph of y=h(x) at x=27

S o w »
<
Il
[\
~
=
|
o}

9 Simplify cot (270° +x ) cos (—x° ) +cos (90o +x )

A. —2sin x
B. sin x + cosx
C. 0

D. 2 sin x



10 A biased four-sided die is rolled.

The following table gives the probability of each score.

Score 1 2 3 4
7 5
Probability — = 3k 32k+1
16 16

What is the probability of rolling 3?

1
A -
4
1
B. 5
1
C. 3



Question 11 (5 marks)

A shape consists of three sides of a square together with a sector, ODC, where O is the
midpoint of AB, as shown below (not to scale).

DA=AB=BC=2cm
D C
A (6] B
a) Find the exact length of DO, 1)
b) If ZDOC =0, show that cos 8 = —. ?2)
¢) Hence find the perimeter of the shape ABCD correct to 2 decimal places. )
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Question 12 (3 marks)

The following table shows the probability distribution of a discrete random variable with an
expected value of two.

X 0 1 2 3 4

P(X=x) |02 0.1 a b 0.2
a) Calculate the values of @ and b. ?2)
b) Hence calculate the standard deviation, correct to two decimal places. a1

Question 13 (2 marks)

Show that the curve y = 3x* =5Inx is concave up for all values of x> 0. ?2)

11



Question 14 (1 marks)

A company owner collected data related to the reasons given by employees for

being late to work.

The Pareto chart shows the data collected.
Pareto Chart of Late Arrivals by Reported Cause

168.0 ¢

151.2 |

134.4 |

117.6

Number of employees
9] o] @ Q
e N e e
& [N) o @

W
4
(«)]

Traffic Child care

Public
transportation

Weather

Overslept

Emergency

T 100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

Cumulative percentage

Question 15 (2 marks)

Differentiate e** In(x?).



Question 16 (5 marks)

Kate starts riding her bike from her house H. She rides 4 km on a bearing 320° to the park P
then rides 5 km on a bearing 250° to the beach B.

W N
swo o
B 4
&

H
1) Show that the angle HPB is 110°. (€3]
b) Find the distance BH correct to three decimal places. 2)
c¢) Find the bearing of Kate’s house H from the beach B ?2)



Question 17 (3 marks)

If 0<0<2m, solve \/Ecos[w—%j—lzo, 3)

Question 18 (2 marks)

Explain why the geometric series shown below does not have a limiting sum. 2)
3 3




Question 19 (2 marks)

The future value of an annuity when $1 is invested at the start of each period is shown in the

table below.

Future value of $1

Interest rate per period

Number of
periods 1% 2% 3% 4% 5% 6%
1 $1.0100 $1.0200 $1.0300 $1.0400 $1.0500 $1.0600

2 $2.0301 $2.0604 $2.0909 $2.1216 $2.1525 $2.1836
3 $3.0604 $3.1216 $3.1836 $3.2465 $3.3101 $3.3746
4 $4.1010 $4.2040 $4.3091 $4.4163 $4.5256 $4.6371
5
6

$5.1520 $5.3081 $5.4684 $5.6330 $5.8019 $5.9753
$6.2135 $6.4343 $6.6625 $6.8983 $7.1420 $7.3938

Jamie deposits $800 into a savings account at the start of each month for 6 months.
After the 6th deposit, Jamie stops making deposits but leaves the money in the savings
account until exactly 12 months from the first deposit.

The interest rate on her savings account is 12% per annum, compounded monthly.
What is the balance of Jamie’s savings account at the end of the 12 months?

15



Question 20 (6 marks)

Given a function:

3—x(2— ) for0<x<?2
f(x)= 4 X)1orusxs

0 otherwise

i) Prove that f(x) represents a probability density function. 2)
i1) State the mode of the distribution. 1)
111) Explain why the median is equal to the mode in this distribution. 1
iv)  Find P(X >1.5). (2)



Mathematics Advanced Student Number

Section 11
Answer Booklet 2

Booklet 2 - Attempt Questions 21 — 37

Instructions Answer the questions in the spaces provided.

. Your responses should include relevant mathematical reasoning and/or
calculations.

. Extra writing space is provided at the back of the question paper.
If you use this space, clearly indicate which question you are
answering.
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Question 21 (4 marks)

The diagram shows the graph of } =a”, where a > 1. Also shown on the diagram are 4 inner

rectangles of width 1 unit.

y [}
y=a*
NOT TO
SCALE
1 2 3 4 x
. . at-1
1) Show that the area of the 4 rectangles is " u’
a—

i1) By finding the area under the curve ¥ =a" between X =0and x =4, and using

the result in part (i), prove that Ina <a—1.

@)

21



Question 22 (4 marks)

A continuous random variable X has the following probability density function:

37 In3 forx>0
f(x)=
0 for all other values of x
1) Find the cumulative distribution function F (x). (2)
1) Find the exact value of the third quartile. ?2)
Question 23 (2 marks)
6
Evaluate L |2x— 6| dx . ?2)



Question 24 (4 marks)

X
2,2

Sketch the graph of the curve y = showing the coordinates of the turning

points and their nature. 4)



Question 25 (2 marks)

3
Differentiate In (3 sin gj ) )

Question 26 (2 marks)
: (E 3x |d
If [ g(x) dr=11, find | S8)+3x fdv, Q)

24



Question 27 (3 marks)

Last Sunday, 45 people were surveyed about three types of restaurants that they prefer to
attend on their next birthday.

Of them, 26 chose French, 22 chose Italian, 18 Japanese.

It is also found that 11 chose French and Italian, 10 chose French and Japanese and 7 chose
Italian and Japanese.

Only 4 people chose all three types of restaurants.

a) Represent this information in the Venn Diagram below. (€3]

a
SN

Japanese

1) A person from those who were surveyed last Sunday is to be selected at random.

What is the probability that this person chose French or Italian but not Japanese? (1)

i1) Two people are chosen at random, what is the probability of both chose French

only? @

25



Question 28 (3 marks)

2 l+cosf

(&)

Prove that (cot &+ cosecd) . 0
—cos

26



Question 29 (6 marks)

Consider the following diagram with the cone inscribed in a sphere.

i1) Show that the volume of the cone that can be inscribed in a sphere of radius R is

givenby V= %ﬂ' (2h2R -h ) where / is the height of the inscribed cone. (1)

Question 29 continued on the next page

27



Question 29 continued

1i1) Show that the volume of the largest cone is 2;87 of the volume of the sphere.  (4)

28



Question 30 (2 marks) (The table on page 27 can be used for this question)

Madelyn is a long jumper training for the national age championships. To be able to compete
at the national age championships her longest jump must be able to be beaten by less than
0.17% of the general population.

The distance jumped by the general population is normally distributed with a mean of 3.48
metres and standard deviation of 1.08 metres.

What is the minimum distance that Madelyn needs to jump, correct to the nearest centimetre?



Table : The standard normal distribution

The table below provides some values of the probabilities for the standard normal
distribution.

ie. ®(z)=P(Z<7)= f b(D)dt

+0.00

+0.01

+0.02

+0.03

+0.04

+0.05

+0.06

+0.07

+0.08

+0.09

0.0

0.50000

0.50399

0.50798

0.51197

0.51595

0.51994

0.52392

0.52790

0.53188

0.53586

0.1

0.53983

0.54380

0.54776

0.55172

0.55567

0.55962

0.56360

0.56749

0.57142

0.57535

0.2

0.57926

0.58317

0.58706

0.59095

0.59483

0.59871

0.60257

0.60642

0.61026

0.61409

0.3

0.61791

0.62172

0.62552

0.62930

0.63307

0.63683

0.64058

0.64431

0.64803

0.65173

0.4

0.65542

0.65910

0.66276

0.66640

0.67003

0.67364

0.67724

0.68082

0.68439

0.68793

0.5

0.69146

0.69497

0.69847

0.70194

0.70540

0.70884

0.71226

0.71566

0.71904

0.72240

0.6

0.72575

0.72907

0.73237

0.73565

0.73891

0.74215

0.74537

0.74857

0.75175

0.75490

0.7

0.75804

0.76115

0.76424

0.76730

0.77035

0.77337

0.77637

0.77935

0.78230

0.78524

0.8

0.78814

0.79103

0.79389

0.79673

0.79955

0.80234

0.80511

0.80785

0.81057

0.81327

0.9

0.81594

0.81859

0.82121

0.82381

0.82639

0.82894

0.83147

0.83398

0.83646

0.83891

1.0

0.84134

0.84375

0.84614

0.84849

0.85083

0.85314

0.85543

0.85769

0.85993

0.86214
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0.86433

0.86650

0.86864

0.87076

0.87286

0.87493

0.87698

0.87900

0.88100

0.88298

1.2

0.88493

0.88686

0.88877

0.89065

0.89251

0.89435

0.89617

0.89796

0.89973

0.90147

1.3

0.90320

0.90490

0.90658

0.90824

0.90988

0.91149

0.91308

0.91466

0.91621

0.91774

1.4

0.91924

0.92073

0.92220

0.92364

0.92507

0.92647

0.92785

0.92922

0.93056

0.93189

1.5

0.93319

0.93448

0.93574

0.93699

0.93822

0.93943

0.94062

0.94179

0.94295

0.94408

1.6

0.94520

0.94630

0.94738

0.94845

0.94950

0.95053

0.95154

0.95254

0.95352

0.95449

1.7

0.95543

0.95637

0.95728

0.95818

0.95907

0.95994

0.96080

0.96164

0.96246

0.96327

1.8

0.96407

0.96485

0.96562

0.96638

0.96712

0.96784

0.96856

0.96926

0.96995

0.97062

1.9

0.97128

0.97193

0.97257

0.97320

0.97381

0.97441

0.97500

0.97558

0.97615

0.97670

2.0

0.97725

0.97778

0.97831

0.97882

0.97932

0.97982

0.98030

0.98077

0.98124

0.98169

21

0.98214

0.98257

0.98300

0.98341

0.98382

0.98422

0.98461

0.98500

0.98537

0.98574

2.2

0.98610

0.98645

0.98679

0.98713

0.98745

0.98778

0.98809

0.98840

0.98870

0.98899

23

0.98928

0.98956

0.98983

0.99010

0.99036

0.99061

0.99086

0.99111

0.99134

0.99158

2.4

0.99180

0.99202

0.99224

0.99245

0.99266

0.99286

0.99305

0.99324

0.99343

0.99361

2.5

0.99379

0.99396

0.99413

0.99430

0.99446

0.99461

0.99477

0.99492

0.99506

0.99520

2.6

0.99534

0.99547

0.99560

0.99573

0.99585

0.99598

0.99609

0.99621

0.99632

0.99643

2.7

0.99653

0.99664

0.99674

0.99683

0.99693

0.99702

0.99711

0.99720

0.99728

0.99736

2.8

0.99744

0.99752

0.99760

0.99767

0.99774

0.99781

0.99788

0.99795

0.99801

0.99807

2.9

0.99813

0.99819

0.99825

0.99831

0.99836

0.99841

0.99846

0.99851

0.99856

0.99861

3.0

0.99865

0.99869

0.99874

0.99878

0.99882

0.99886

0.99889

0.99893

0.99896

0.99900

3.1

0.99903

0.99906

0.99910

0.99913

0.99916

0.99918

0.99921

0.99924

0.99926

0.99929

3.2

0.99931

0.99934

0.99936

0.99938

0.99940

0.99942

0.99944

0.99946

0.99948

0.99950

3.3

0.99952

0.99953

0.99955

0.99957

0.99958

0.99960

0.99961

0.99962

0.99964

0.99965

3.4

0.99966

0.99968

0.99969

0.99970

0.99971

0.99972

0.99973

0.99974

0.99975

0.99976

3.5

0.99977

0.99978

0.99978

0.99979

0.99980

0.99981

0.99981

0.99982

0.99983

0.99983
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Question 31 (4 marks)

Determine the area of the region enclosed by y* =2x+6andy=x-1.

31



Question 32 (4 marks)

Madison is learning to drive. Her first lesson is 10 minutes long. Her second lesson is 15
minutes long. Each subsequent lesson is 5 minutes longer than the previous lesson.

1) How long will Madison's fifteenth lesson be? 1)
i1) How many hours of lessons will Madison have completed after her fifteenth
lesson? 1)

1ii) During which lesson will Madison have completed a total of 40 hours of driving

lessons? )

32



Question 33 (2 marks)

Solve the equation log, (2—2x)=log 5 (1-x). (2)

Question 34 (2 marks)

Differentiate y = (sin3 2x°) . (2



Question 35 (7 marks)

Marge borrows $50 000 in order to buy a car. The loan attracts an interest of just 0.5% per
month. The company also offers an interest free period for the first six months. However,
the first payment is due at the end of the first month. Marge agrees to repay the loan over

10 years, by making 120 equal monthly repayments of $M . Let A, be the amount owing at
the end of nth repayment, then

i) Show that 4, =50 000-6M 1)

ii) Show that 4, = (50 000—6M)x1.005° — M (1.005+1) ()
iii) Hence derive the expression for 4,,,in simplest form. ?2)
iv) Find the value of the monthly repayment to the nearest cent 2)

34



Question 36 (5 marks)

A particle is moving in a straight line. It’s displacement, x metres, from the origin, O at time ¢

seconds, where ¢ >0, is given by x =4+ 3te™

d
i) Show the velocity of the particle is given by 7); =3¢ (1 - Zt) . 2)
.. D 1
i) Show that the particle is at rest when = 5 0}
iii) Find the greatest possible total distance the particle could travel. ?2)

35



Question 37 (3 marks)

Sally contributes $7200 each year into a superannuation fund for the first 15 years of her
working life. For the next 20 years until retirement, she decides to increase this, and invest a
total of $10000 each year. Each contribution is paid at the beginning of the year.

If the investment earns 7% per annum paid yearly over whole period, how much will her
investment be upon retiring? (Show all your working) A3)

End of the paper
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Multiple Choice Answer Sheet

Select the alternative A, B, C or D that best answers the question. Fill in theresponse oval

completely.
Sample 2+4=7 A 2 B 6 (Cys8 D9

AO B® C O DO

If vou think vou have made a mistake, put a cross through the incorrect auswer and fill in the |

HE™ anSWer,

B@ CO DO

Ifvou change vour mind and have crossed out what you consider to be the correct answer,
then indicate this by writing the word correct and drawing an arrow as follows:
correct

.
SRR O PO

Completely fill the response oval representing the most correct answer.
















Question 11 (5 marks)

A shape consists of three sides of a square together with a sector, ODC, where O is the

midpoint of AB, as shown below (not to scale).

DA=AB=BC=2cm

a) Find the exact length of DO.

po (" = /5

3
b) If ZDOC =0, show that cos 0 = g

- &

(i = (€)% (/I*}l— LL@

e R OXR[S 2CrC) (U7
co- _
A ¢

c) Hence find the perimeter of the shape ABCD correct to 2 decimal places.

T= ax3 +ré
: 6%‘[5-‘%@5’{%)@
07 o (O

1\

Mark | Criteria
1 Correct solution
Doce well.
Mark Criteria
2 Correct solution
1 Uses the cosine rule but
fails to obtain the
correct solution.
OR
Uses the tan™? 2 but
fails to arrive at an
expression for cos 8.
Communtt

mary Shnolen T OW/cwd'ca/eo(
Gir Seluthon by not aip o 4

(2)
Mark | Criteria
2 Correct solution
1 Obtains the correct
expression for the P but
fails to arrive at the
correct final answer.
(omments
——n

MMJ Ndents had fheir
Calcalator éo o{eﬁﬂer ool amol

fhws fuled fo get fll ma rs



Question 12 (3 marks)

The following table shows the probability distribution of a discrete random variable with an
expected value of two.

p 0 1 2 3 4

P(X=x) |02 0.1 i 7 0.2
Mark | Criteria
a) Calculate the values of @ and b. 2 | Correct solution.

1 Incorrectly obtains the

= = 2 | =02 = values of a and b usin

jf(X )ﬁ) / > O 110/ t Q*é / simultaneous :

A .{_L = - @ equations.

ECK)=1 2 Sxpl=x)= Qvp-2t (x0T 2xaT 3xb + ¥x0.2:=2
S )l+2at 361t 0-F=2
2at 3b= (- 1@

(! Comments

\1

Q) 1t (D) 2 2(0.5—1) + 34

—_— e —
.- b i 0 B { DOI'\!. WW‘
a = 0-%
b) Hence calculate the standard deviation, correct to two decimal places. (1)

H Can wte g calcilater R W€ ﬂ‘éﬁ»ﬂ(ﬂ M /&Z,ﬂ {éeeé
- Mark Criteria
Vf/g d:" 1 Obtains the correct value

o for the standard deviation.
5 6(X)-H
> S plten) -
= 0f /KO F LK OFF3XOI+4R0.2 2
5§ 2 02/.3% @O




Question 13 (2 marks)

2 .
Show that the curve ¥=3x"—5Inx is concave up for all values of x>0. 2)
% é _ 5 Mark Criteria
d - X ‘x 2 Correctly finds the second
X derivative and successfully

uses this to conclude that
the function is concave up

1
—p,(f-— = g-—,‘"’_s:_m__@ for all x > 0.

1 Finds the 2" derivative but
J v x fails to justify the
7(- | concavity.
Comments

. Tz = 1 6.5 o s
J-I’L('e X )0 %/ d/” > Jam.!_ J%NQA?S’ /'ﬂcof—u/?
ted [ b€ derivative rafie

” ész-(f%?”@w"@ than e 20
g
 concavt dp S oM X27

Question 14 (1 marks)

A company owner collected data related to the reasons given by employees for
being late to work.

The Pareto chart shows the data collected.
Pareto Chart of Late Arrivals by Reported Cause

168.0 —————= 100.0%
151.2 — ' 90.0%
134.4 { - | 80.0%
Y S A cobfat
5117.6 -~ /7% 7%(,/ ﬁjg‘(' 70.0% "
o ah
= == - = = = — = == = { . 0% =
5100 8 60.0% =
. / S
g 84.0 / 50.0%
L -
© g7.2 | | 40.0% 2
B 5
£ 3 =
g s50.4 30.0% =
= g
= 33.6 { 20.0% 5
N -- |
Traffic Child care Public Weather Overslept Emergency

transportation

Estimate the percentage of employees that were late because of public transport. (1)

~ (2% - 10/




Question 15 (2 marks)

Differentiate e In(x’) . (2)
fx 2%
o[ (ﬁ s Zﬂ? X) z ? é{ v/’ix) Mark | Criteria
% o 2 Correctly uses the product
Yy e [ @ rule and writes the
e ¥ Ye /r) X FAE F= derivative in the form
v u'v+vu
¢ 4 i
» g& 2 s 4 2¢ @ 1 Partially correct use of the
,--::'_ product rule.
(e mments
x / + / e
0 _p2e”" [ #lax 7) T will

Question 16 (5 marks)

Kate starts riding her bike from her house H. She rides 4 km on a bearing 320° to the park P
then rides 5 km on a bearing 250° to the beach B.

A

1) Show that the angle HPB 1s 110°. (1)

Z_ /—{Fﬁ - Z 5’00,. /LFO(’ - //0 M:rk Criteria

Shows clearly why < HPB is 110°
by marking the alternate/co-

) ; -
i ¢ interior angles subtended by the
J!A(M Jyed é’ UF 7%( O&ﬁw 74 W‘ compass directions on the diagram.
ments
&ﬁfﬂ

AAMAV off Srudinty bt st

{-7 not c{efﬂ& sﬁowrfg 4 ocy

%7 obtwned e gl



b) Find the distance BH correct to three decimal places. (2)

gw " 00 L'LICW y;{'/ﬁ Coﬁ\f’f. R“/é ! Mark | Criteria

2 Successfully uses the
cosine rule to find the
correct distance of BH.

- - 2 9
ﬁ}{ s §+¥-2x0xY 60_5//0@ 1 | Usesthe cosine rule

but fails to find obtain

ﬁ/{ ?,: ‘/—/ _ 5{0 - //oo the correct value of BH.

Com ments

0 Jome Sradents Aact Force
/)I,? = Cf/ ’Va cef // g telcwlatorr fa radlicn

mode instead of advﬂm&
2739 g O

¢) Find the bearing of Kate’s house H from the beach B. (2)
e

e

AN Mark | Criteria

Wd 2 Successfully uses the
sine or cosine rule to
find <HBP and then
correctly uses this to
find the bearing.

5k

1 Shows elements of
successful working
towards the solutions.

Lo mments
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Ldslalt,
: 7-39
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ror° 7D

\

6%&9 of H Fon B 70°+31°



Question 17 (3 marks)

T Mark | Criteria
If 0<0<2m, solve '\/5008 20-— [-1=0. 3 Finds all correct values for 6
3 within the specified domain.
Adiwit  Domada 2 Find correct values of 8 but
NW 7 l < 74 W misses certain solutions.
<Lt (8- = | = Or
- 3 o
- S 7' & / Incorrectly simplifies the trig
() €28 £XT ion but f
-t 1 equation but finds all the
z ) 3 i
-3 e - 4 correct solutions.
AMe28-Ne nr 28 i '(—/- 27 ZW’% J w 1 Simplifies the equation to
3 + "3 Gl cos (28 - E) ==
— ‘(F Eommtng
t ey Madents did 10 madifG e

any :
domaln whith led fo Stuslents mirs
16 = :”.,.. ) 47 y 77 + 7 77 1L-‘31@ Sofutions. :

" I8 dhadl afe
=7 - B all
- 2 ) [:2]
a T 10 y 257 3
0L 'S A L0

Question 18 (2 marks)
Explain why the geometric series shown below does not have a limiting sum. (2)

3 3

Fe: + =i
\/?_’ el (\/§ i 1) Mark Criteria

2 States the value of the
common ratio r and correctly
justifies why the series does
not have a limiting sum.

/ y
f_"; — :— / '3 -'}' @ 1 Only manages to correctly

state the value of r.

ot

Done well:

Siace 171, Yo Ha 110 &/w'ﬁ;f seon(T)
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Question 19 (2 marks)

The future value of an annuity when $1 is invested at the start of each period is shown in the
table below.

Future value of $1
Number of Interest rate per period
periods 1% 2% 3% 4% 5% 6%
1 $1.0100 $1.0200 $1.0300 $1.0400 $1.0500 $1.0600
2 $2.0301 $2.0604 $2.0909 $2.1216 $2.1525 $2.1836
3 $3.0604 $3.1216 $3.1836 $3.2465 $3.3101 $3.3746
4 $4.1010 $4.2040 $4.3091 $4.4163 $4.5256 $4.6371
3 $5.1520 $5.3081 $5.4684 $5.6330 $5.8019 $5.9753
6 $6.2135 $6.4343 $6.6625 $6.8983 $7.1420 $£7.3938

Jamie deposits $800 into a savings account at the start of each month for 6 months.
After the 6th deposit,Jamie stops making depositsibut leaves the money in the savings
account until exactly 12 months from the first deposit.

The interest rate on her savings account is 12% per annum, compounded monthly.

What 1s the balance of Jamie’s savings account at the end of the 12 months? (2)

I 2 L (o bl

;ﬁ‘???o.r@

Afle~ 67 chpesit, Jamie shps s
f i é o
e Vaha of d F rooihs § 497055101 = S 29

A own &
. oJ
fnveste Mark | Criteria

b moaTls 2 Finds the correct Future Value
(FV) and then correctly uses
the compound interest
formula to find the final
balance.

1 Finds the FV correctly but
incorrectly finds the final
balance.

Or

Fails to find the FV properly
but correctly finds the final
balance using the compound
interest formula (carry error).

(omments
L s T

Dane f"”’é- sy Phedkts fadted!
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Question 20 (6 marks)

Given a function:

3’—"C(z— ) for0<x<?2
f(x)= 4 X)JIorvsx s

0 otherwise

i) Prove that f(x) represents a probability density function. (2)

Lo fhow fj 76 d =1

Mark | Criteria

and hence is a PDF.

1 Correctly integrates the

< OP 2 Shows via integrati
w gration
f —%—i-"'/l"’(-)O(x = (Z)L’ )(.) that [© f(x)dx =1
!,ﬁ i
o = function but fails at
= 3 7' f 7(. @ correctly arriving at 1
,-— upon substitution.
Or
Show elements of

successful working

towards the solution.
s(l4-2)-0)
/ Lomments
A .
@ st Stadents  olfeuned

at Lewt [ mack.
& //x) 3 & fDF

1) State the mode of the distribution. (1)

7[/»)‘;2(7’4_/1,1) ry & Cow ¢ oéocun /Wa.év&,

Mark Criteria
//@1 ce /7,400@ = 74 xls ymm’;@ g 1 States the correct
modal score.
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111) Explain why the median 1s equal to the mode in this distribution. (1)

J})z(e 7% O&Y%Zw%n 2l ‘;M"ﬂe-?s'ff/{]mm#im@ dbud x= /|, e
/’}700& W’f l?“—‘f/{ 7@ 7%1 MWM Mark | Criteria

1 Correctly justifies that
the distribution is
symmetrical/symmetric

fee MJ about the mode and
thus the mode must

; equal to the median.
1 i (omments

e . )
Sxdents had fo aspletn rathe
/. Gian ‘Show' wits & bevef remtence
/ . ,f%:ﬁrg, flat fha frenchion 2
: i&[/-!/l', ‘/«Aéo/‘c ' or  a'noreed

: dff#‘éwﬁ'&’ was nelt a Vdﬂ\w(
; i

iv)  Find P(X >1.5). FPF fuchon i
Ik j (/@ s [Dfs )] fo
((ﬁ‘ ¢) — (2x/- /r))

= 0./5612:5 o®r st

\

Mark | Criteria

2 Successfully
integrates the
function to find the
probability.
1 Writes the correct
expression for the
definite integral but
fails at arriving at
the correct answer.
Or
Finds the
complement of this
this event.
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Question 21 (4 marks)

The diagram shows the graph of ¥ =a", where a>1. Also shown on the diagram are 4 inner

rectangles of width 1 unit.

i
Also hat o 7
m.Lqutﬂ.ﬂ e l NOT TO
GP L;\ = dao SCALE
o=\ "
Cou\a\w }’}_ Use /KLI_ 1 2 3 4 %

slow to gt The — for area.

a4*1 3

1) Show that the area of the 4 rectangles is u-. 2)

a-—1

H=\X\+kx0~+\x&+\xo~3 ................................
e e e B e B B G.2.owh oa-
................. :[Otﬂl> = N S
............................... Oz L0 gl Bl macls. you hadt

s o \ Yo show how o ég;{” (™

O — \ bres W awel 't(-m\'bl.g
ii) By finding the area under the curve ¥ =a between x =0and x=4, and using
the result in part (i), prove that Ina'<a—1. ()
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Question 22 (4 marks)

A continuous random variable X has the following probability density function:

37 In3 forx=20
)= {O " for all other values ofx}

i) Find the cumulative distribution function F (x). (2)
e 3__ ’Aso&% ................................ e gremanenssas
.................................................... K;:.—- 3*-(3

O P L” Lo -
.............. = [“'3.] FCIM):__B-‘-\
r
I S5 - S G e (A anﬁ...ﬂw{foﬁf._..@d\dfﬂ T

-K
............ FO) = 008 dn3d =lat
................ 3-%—1—\ -—g—-{ —L
7 e s ity
................ __(Klfnb_
.............. - S Woe -, S . i S
)n 3
x: ...... ]n"f ...................
Question 23 (2 marks) [n =3
Evaluate J-ls ‘2); - 6[ dx. )

P P e T O S I S S R I B I i R I R ]

......................................................... . - T
.............. dOJL&FOﬁV’J
........... fK. *\Fuﬁ(f'f‘aolfééwaa(w OR/MN
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Question 24 (4 marks)

showing the coordinates of the turning

Sketch the graph of the curve y =

points and their nature. N “)

P
























Table : The standard normal distribution

The table below provides some values of the probabilities for the standard normal
distribution.

ie. ®(2)=P(Z<2z)= fz ¢(t)dt

+0.00

+0.01

+0.02

A NS

+0.04

+0.05

+0.06

+0.07

+0.08

+0.09

0.0

0.50000

0.50399

0.50798

0.51197

0.51595

0.51994

0.52392

0.52790

0.53188

0.53586

0.1

0.53983

0.54380

0.54776

0.55172

0.55567

0.55962

0.56360

0.56749

0.57142

0.57535

0.2

0.57926

0.58317

0.58706

0.59095

0.59483

0.59871

0.60257

0.60642

0.61026

0.61409

0.3

0.61791

0.62172

0.62552

0.62930

0.63307

0.63683

0.64058

0.64431

0.64803

0.65173

0.4

0.65542

0.65910

0.66276

0.66640

0.67003

0.67364

0.67724

0.68082

0.68439

0.68793

0.5

0.69146

0.69497

0.69847

0.70194

0.70540

0.70884

0.71226

0.71566

0.71904

0.72240

0.6

0.72575

0.72907

0.73237

0.73565

0.73891

0.74215

0.74537

0.74857

0.75175

0.75490

0.7

0.75804

0.76115

0.76424

0.76730

0.77035

0.77337

0.77637

0.77935

0.78230

0.78524

0.8

0.78814

0.79103

0.79389

0.79673

0.79955

0.80234

0.80511

0.80785

0.81057

0.81327

0.9

0.81594

0.81859

0.82121

0.82381

0.82639

0.82894

0.83147

0.83398

0.83646

0.83891

1.0

0.84134

0.84375

0.84614

0.84849

0.85083

0.85314

0.85543

0.85769

0.85993

0.86214

1.1

0.86433

0.86650

0.86864

0.87076

0.87286

0.87493

0.87698

0.87900

0.88100

0.88298

1.2

0.88493

0.88686

0.88877

0.89065

0.89251

0.89435

0.89617

0.89796

0.89973

0.90147

1.3

0.90320

0.90490

0.90658

0.90824

0.90988

0.91149

0.91308

0.91466

0.91621

0.91774

14

0.91924

0.92073

0.92220

0.92364

0.92507

0.92647

0.92785

0.92922

0.93056

0.93189

1.5

0.93319

0.93448

0.93574

0.93699

0.93822

0.93943

0.94062

0.94179

0.94295

0.94408

1.6

0.94520

0.94630

0.94738

0.94845

0.94950

0.95053

0.95154

0.95254

0.95352

0.95449

1.7

0.95543

0.95637

0.95728

0.95818

0.95907

0.95994

0.96080

0.96164

0.96246

0.96327

1.8

0.96407

0.96485

0.96562

0.96638

0.96712

0.96784

0.96856

0.96926

0.96995

0.97062

1.9

0.97128

0.97193

0.97257

0.97320

0.97381

0.97441

0.97500

0.97558

0.97615

0.97670

2.0

0.97725

0.97778

0.97831

0.97882

0.97932

0.97982

0.98030

0.98077

0.98124

0.98169

21

0.98214

0.98257

0.98300

0.98341

0.98382

0.98422

0.98461

0.98500

0.98537

0.98574

2.2

0.98610

0.98645

0.98679

0.98713

0.98745

0.98778

0.98809

0.98840

0.98870

0.98899

23

0.98928

0.98956

0.98983

0.99010

0.99036

0.99061

0.99086

0.99111

0.99134

0.99158

24

0.99180

0.99202

0.99224

0.99245

0.99266

0.99286

0.99305

0.99324

0.99343

0.99361

2.5

0.99379

0.99396

0.99413

0.99430

0.99446

0.99461

0.99477

0.99492

0.99506

0.99520

2.6

0.99534

0.99547

0.99560

0.99573

0.99585

0.99598

0.99609

0.99621

0.99632

0.99643

2.7

0.99653

0.99664

0.99674

0.99683

0.99693

0.99702

0.99711

0.99720

0.99728

0.99736

2.8

0.99744

0.99752

0.99760

3.0

0.99813

0.99819

0.99825

0.99865

0.99869

0.99874

0.99767

V. gv01!1 0

0.99774

0.99781

0.99788

0.99795

0.99801

0.99807

0.99836

0.99841

0.99846

0.99851

0.99856

0.99861

0.99882

0.99886

0.99889

0.99893

0.99896

0.99900

3.1

0.99903

0.99906

0.99910

0.99913

0.99916

0.99918

0.99921

0.99924

0.99926

0.99929

3.2

0.99931

0.99934

0.99936

0.99938

0.99940

0.99942

0.99944

0.99946

0.99948

0.99950

3.3

0.99952

0.99953

0.99955

0.99957

0.99958

0.99960

0.99961

0.99962

0.99964

0.99965
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0.99966

0.99968

0.99969

0.99970

0.99971

0.99972

0.99973

0.99974

0.99975

0.99976

3.5

0.99977

0.99978

0.99978

0.99979

0.99980

0.99981

0.99981

0.99982

0.99983

0.99983
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Question 35(i) Marks

- Provides correct solution. 1 mark

Solution

Ay = 50000 — M

Ay= A — M
= (50000 — M) — M
= 50000 — 2M
Ay=Ay— M
= (50000 — 2M) — M

= 50000 — 3M

Ag = 50000 — 6 \/

Comments
- To prove formulae in financial maths, derive expressions for Ay, A and Ajz first.
- It was necessary to establish the pattern of repeated subtraction for full marks.

Question 35(ii) Marks
- Provides correct solution. 2 marks
- Finds an expression for A7 in terms of M only. 1 mark
Solution

Ay = Ag x 1.005 — M
= (50000 — 6M) x 1.005 — M \/
Ag = A; x 1.005 — M
= [(50000 — 6M) x 1.005 — M] x 1.005 — M
= (50000 — 6M) x 1.005% — M (1.005) — M
= (50000 — 6M) x 1.005% — M (1.005 + 1) \/
Comments

- Students who skipped the crucial line Ag = A7 x 1.005 — M lost one mark.
- It is not enough to mentally expand the brackets, you have to show every step.



Question 35(iii) Marks
- Provides correct solution. 2 marks
- Finds expression for Aj9g in terms of M only. 1 mark

Solution

Continue the pattern, then use the sum of a geometric series.

Ajgo = (50000 — 6M)(1.005)* — (1.005'** + 1.005™2 + - -+ + 1.005 + 1) M \/

s 1005 —1
1.005 — 1

= (50000 — 6M)(1.005)"* — 200(1.005"* — 1)M \/

— (50000 — 6 )(1.005)

Comments

- This part was quite well done.

- A common error was to write one of the powers as 120, when in fact both are 114.
- In cases where this mistake was made, one mark was lost in (iii).

- If (iv) was then answered correctly, full marks were awarded in (iv) (carried error).

Question 35(iv) Marks
- Provides correct solution. 2 marks
- Sets A9 = 0 and attempts to solve for M. 1 mark

Solution
We want the value of M such that Ay = 0.

A2 =0

(50000 — 6M1)(1.005)*** —200(1.005'* — 1)M =0

50000(1.005)*** — 61(1.005)'** — 200(1.005'** — 1)M = 0 \/

50000(1.005)"* = 6M(1.005)"* + 200(1.005"* — 1) M

50000(1.005)"1* = M [6(1.005)'* + 200(1.005* — 1)]

50000(1.005)!14
6(1.005)114 + 200(1.005114 — 1)

M ~ 539.18 \/ (nearest cent)

Comments

- A common error was to set A9 = 50000 instead of Ay = 0.

- Algebraic errors also occurred when attempting to solve for the equation for M.



Question 36(i) Marks
- Provides correct solution. 2 marks
- Attempts to differentiate using the product rule. 1 mark
Solution

The derivative of a constant is 0, so we have

dx d

— = — (4+3te”*
it~ )
d
= —(3te™*).
Now use the product rule on 3te™2:
u =3t v=e%

u =3 v = —2e2 \/

Therefore
dx . /+ !
pri v+ uv
=e 2 x 3+ 3t x (=27
=3¢ % — 6te
=3e 2 (1—2t) \/
Comments

- For “show” questions, it is not enough to mentally differentiate using the product rule.
- Students must show they are not just working backwards from the answer.

- One mark was awarded when students showed vu’ + uv’ by bracketing the expression.
- For example, 2 = (e72)(3) + (3¢)(—2e™2).

- It was necessary to state u = 3t,u’ = 3,v = e %, v' = —2e~? for full marks.
Question 36(ii) Marks
- Provides correct solution. 1 mark
Solution

Hence the particle is at rest when ¢ = 1

[\

Comments

- 'Well done.



Question 36(iii) Marks
- Provides correct solution. 2 marks
- Calculates distance travelled in first half of journey, namely 2% metres. 1 mark
Solution

The initial position of the particle is x = 4.
The only time the particle is at rest is when ¢t = %
At this time, the displacement is

1
r=4+ 3(%)6_2(5)
=4+ %

In the limit as ¢ — oo, we get

=443
—> 440
=4

Therefore, the particle starts at x = 4, travels right to x = 4 + %, then travels left back
to x = 4 without ever reaching it. This can be visualised on the number line below:

end «—
start ——

4 442 7

The distance travelled when moving right is (4 + &) — 4 = %\/
The distance travelled when moving left is also (4 + 23—6) —4=
It follows that the greatest total distance is

3
2e”

Comments

- This part was very challenging.

- Students needed to find the initial position, maximum displacement and final position.
- Finding these three points was necessary for one mark.

- Alternatively, one mark awarded for finding that ;’—e was the distance in the first half.
- Other approaches involved integration or sketching displacement against time.

- The solution above is simpler than these other approaches.

- Students are encouraged to visualise journeys on the number line like above.



Question 37 Marks
- Provides correct solution. 3 marks
- Successively finds Ajg and A7 or an expression for Azs with working. 2 marks
- Finds A;s. 1 mark

Solution
Ay = 7200(1.07)
Ay = (A; 4 7200)(1.07)
= (7200(1.07) + 7200)(1.07)
= 7200(1.07)% 4 7200(1.07)

Ays = 7200(1.07)" 4 7200(1.07)" + - - - 4 7200(1.07)* + 7200(1.07)

~7200(1.07)(1.07*° — 1)
N 1.07 —1

= 193593.9855... \/

From this point, the contributions are $10000 at the start of each year:

Asg = (Ays + 10000)(1.07)
— Ay5(1.07) + 10000(1.07)
Ayr = (Ayg + 10000)(1.07)
= A15(1.07)* + 10000(1.07)? + 10000(1.07) \/

Ass = A15(1.07)% + 10000(1.07)%° 4+ 10000(1.07)* + - - - 4 10000(1.07)

10000(1.07)(1.0720 — 1)
1.07 -1

~ $1187799.41 \/ (nearest cent).

= A15(1.07)20 +

Comments

- This question was challenging.

- Some students defined A,, as the value of the fund at the start of year n.

- In that case, the required value was Asq (start of year 36 = end of year 35).
- Errors were made with geometric series, using wrong value of n or forgetting
- Some students used a nice alternative method.

- They kept track of each individual payment, then added.

- For example, the first investment of 7200 grows to 7200(1.07)3°.

1.07.
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