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Mathematics Advanced

General
Instructions

Reading time — 10 minutes

Working time — 3 hours

Write using black pen

Calculators approved by NESA may be used

A reference sheet is provided

In Questions 11-34 show relevant mathematical reasoning
and/or calculations

e Write your NESA ID below, on the Multiple Choice Answer
Sheet and the front of Booklets 1 & 2.

Total marks: Section | — 10 marks (pages 3-8)
100 e Attempt Questions 1-10
o Allow about 15 minutes for this section
Section Il - 91 marks (pages 9-32)

e Attempt Questions 11-34
e Allow about 2 hours and 45 minutes for this section

NESA NUMBER:
TEACHER:
Differentiation | Statistics | Algebra & | Integration Series Trigonometry
Multiple Graphing
Choice: N 2 /a N /1 N
9 2,6 3,4,7,8 10 5 1

Differentiation | Statistics | Algebra & Integration Logarithms & | Probability | Series | Trigonometry
Graphing Exponentials
/16 /10 /9 /19 /8 /10 /9 /20

Total: /101

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 The graphs of f(x) = 3 cos (g) and g(x) =3 — %x are shown below.

4

# 2 0 w2
2
4
How many solutions are there to the equation 3 cos G) =- %x +3 for 0<x<4m?
A1
B. 2
C. 3
D. 4
2 Mr Kim recorded the time it took him to drive to work over five days. The mean time was 37
minutes. The next workday it took Mr Kim 49 minutes to drive to work. What is his new mean
time?
A 39
B. 43
C. 47
D. 49



3

What is the equation of the graph shown below?

fOO = —lx—41+3
fx)=-2|x+4[+3
fx)=—|x+4[+3
f(x) =-2|x—4]+3

o 0w >

What type of relationship is represented by the graph shown below?

4

Many-to-many
Many-to-one

One-to-many

oo wp

One-to-one

An investment of $7 000 gains 3% per annum for 20 years, with interest calculated monthly.

Which expression gives the value of the investment after 20 years?

A.

7000 (1 + 0.03)%°
240

7000 (1 +7)

20
7000 (1 + (0.03 x 12))*2

7000 x 0.03 x 20

The height of 400 students were measured. The results are displayed in the cumulative
frequency polygon shown below.

Cumulative frequency
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What is the median height of the students?

O 0w >

150
156
165
200



Let f(x) = é and g(x) = x — 5. The domain of f(g(x)) is

A.  Allreal x
B. x=#2
C. x=#3
D. x=#8

The radius and centre of a circle with equation x? + y?> — 8y — 1 = 0 is
A. Radius = 17, Centre (0,—4)

B. Radius = 15, Centre (0, 4)
C.  Radius = V15, Centre (0, —4)
D. Radius = V17, Centre (0,4)

Find the derivative of e*¢°s3¥,

e3xsm3x

B excos3x

C. e*0s3%(cos3x + 3xsin3x)

D. e*°s3%(cos3x — 3xsin3x)

10

The graphs of y = g(x) and y = f(x) are shown below.

y=9x)

-3

6
It is known that f(g(x) —f(x)dx = 42,
0

6

Find Jg(x) dx

0

A, 30
B. 315
C. 36
D. 38




Question 11 (3 marks) Question 13 (3 marks)
Find the equation of the tangent to the curve y = x® — 4x? at the point (2, —8). 3 The function f(x) = e is transformed to g(x) = —e3**+9

Describe, in words, the sequence of transformations.

Question 14 (2 marks)

2

3
Differentiate = _+

Question 12 (2 marks)

Solve 5—3x < 20, giving your answer in interval notation. 2

Question 15 (2 marks)

What is the limiting sum of the following geometric series?

—324+108-36+ 12..

-10- -11 -



Question 16 (4 marks)
Question 18 (4 marks)
Solve 2log, x —log,(x + 6) = 3. 4
Mr Tan played a table tennis match. The number of points, X, that he scores in each set is a

random variable with probability distribution given by:

X=x 9 10 11 12
P(x) 0.2 a b 0.1

(a) Evaluate a and b given that Mr Tan has an expected score of 10.4 per set.

Question 17 (3 marks)

T
2
valuate | cos g dx. 3
E
0

(b) Calculate the variance of X.

-12- 13-



Question 19 (6 marks) Question 20 (3 marks)

A semi circle with radius 5 has equation f(x) = V25 — x2. Mr Huynh recorded how many push ups he did each day for thirty days.
(a)  Use the trapezoidal rule with five function values to approximate the area of the semi 3 The results are shown in the frequency table.
circle. Answer correct to 3 decimal places.
Push ups per day Frequency
100 10
120 6
140 12
160 1
180 0
200 0
220 1

Using calculations, decide whether or not 220 push ups was an outlier.

(b) Calculate the difference between the actual area of the semi circle and the approximation 2

by the trapezoidal rule. Answer correct to 3 decimal places.

(c) Explain why the trapezoidal rule gives an estimate that is lower than the actual area of the 1

semi circle.

-14- -15-



Question 21 (4 marks)

The diagram shows three triangular blocks of land which all share a common point 0. The distance

and true bearings of the corners of the blocks from point O are shown.

B
(161°)

The area of the obtuse-angled triangle BOC is 899 km>.

Question 22 (3 marks)

Mrs Briggs notices that the amount of emails she receives per week from students is cyclical. Every 12
weeks she receives the highest number of emails. The average amount of emails per week is 25 and the
highest number of emails per week is 40.

The number of emails Mrs Briggs receives each week, f(t), is given by
f(t) = acos(bt) + ¢

where t is the number of weeks after 1 January 2022 and 0 < t < 52.

The number of emails is at a maximum when t = 0.

Find the values a, b and c.

DIAGRAM NOT
TO SCALE

Calculate the true bearing of the point € from the point O, correct to the nearest degree.

- 18-

Question 23 (4 marks)
Currently, there is a mouse plague in Western NSW. The population of mice can be found using the
formula N = 10(e*?), where N is the number of mice and t is the time in months.
The plague started with 10 mice and increased to 100 mice after 3 months.

. . . 1
By first finding the value of k, show that the exact rate of increase after 12 months is % (91“10000)
mice/month.

-19 -



Question 24 (5 marks)

Mrs Zhou studied the growth of one of her indoor plants over several months.

The collected data is shown in the table and graphed in the scatterplot shown.

Months since planting, m. 1 2 3 4 5 6 7
Height of plant, h cm 4 6.5 11 x 18 20 24
24 . >
'g o
ED 14
T 12 I
== .
10
8
. .
.
2
2 3 4 5 6 7 8 9
Months

(a) Determine the equation of the least-squares regression line for this data.

Question 24 (Continued)

(¢)  Mrs Zhou missed recording the plants’ height at four months. Use the least squares regression
line to estimate the height, x, of the plant at four months. Answer correct to one decimal place.

(d) Discuss the accuracy of your answer to part (c).

(e) Interpret the value of the gradient of the least squares regression line in the given context.

Question 25 (3 marks)

Prove that tanfsiné + cosf = secf.

(b) Calculate Pearson’s correlation coefficient for the data, correct to three decimal places.

Question 24 continues on page 19

-20 -
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Question 26 (5 marks)

Sketch the graph of the curve y = x3 — 3x2 + 1, labelling the stationary points and point of inflection.

Do NOT determine the x-intercepts of the curve.

-22-

5

Question 27 (2 marks)

Mr Pollard is creating a website. Every weekend, apart from the first, he adds the same number

of pages to his website. After four weekends he has added 25 pages and after eleven weekends

he has added 74 pages.

(a)  Show that the total number amount of pages, P, added after the nth weekend can be
modelled by the recurrence relation

P,=P,_y +7, wheren=2,3,4...

(b)  Given that on the first weekend he only added 4 pages, use the recurrence relation to find

the total number of pages Mr Pollard has added after the third weekend.

Question 28 (4 marks)

Dr Katyal pours 500 mL of liquid fertiliser into a previously empty bucket. She then fills the
av av 5

bucket with water at a rate of T litres per minute, where iy and ¢ is time in minutes.

Find the time, to the nearest second, at which there is 10 L of liquid in the bucket.

-23-



Question 29 (7 marks) Question 29 (continued)

Each year, the number of ice creams sold, c(t), can be modelled by the function (b)  Sketch the graph of ¢(t) for 0 < ¢t < 52.
T
c(t) = 200 cos (% t) +300

where t is the number of weeks after January 1*.

(a)  Find how many ice creams were sold on January 1st. 1

(b)  What are the two values of t for which there were 400 ice creams sold? 3

Question 29 continues on page 23

-26- 27 -



Question 30 (3 marks)

2
(a) Show that the derivative of 2xlogsx is 2logs x + r:s

T

2
1
b)  Hence, fi f — dx.
(b)  Hence, find logs x + = dx
0

Question 31 (4 marks)

Ms Alrubai and Mrs Norman are employed as doctors. They both start on the same annual
salary. However, Ms Alrubai negotiated an annual salary increase of $5 000, while Mrs
Norman negotiated an annual salary increase of 7%.

Find their starting annual salary given that after 16 years they have both made the same amount
of money in total.

-28 -

Question 32 (6 marks)

If Mr Ferrarin wakes up late, the probability that he exercises is % , and if he wakes up on time

the probability that he exercises is %’

(a) Inaparticular week, Mr Ferrarin wakes up on time on Thursday morning and late on
Friday morning.

Find the probability that Mr Ferrarin exercised on at least one of these days.

() The probability that Mr Ferrarin wakes up on time on a Monday is %.

@) Find the probability that Mr Ferrarin exercises on any given Monday.

(i)  Hence, or otherwise, find the probability that Mr Ferrarin woke up on time on

a Monday, given that he exercised that day.

-29-



Question 33 (4 marks)

The graphs of f(x) = —x? + 2 and g(x) = x> — x? — kx + 2, where k is a constant,
are shown below.

The graphs intersect and create two closed regions, A and B.

g) =x3—x* —kx+2

f(x)=—x*+2

Show that these two regions have the same area.

-30-

Question 34 (5 marks)

Ned Kelly, N, left his hideout, H, and walked along a straight path at 7 km/h. At the same time
that Ned left his hideout, the Police, P, are 20 km away from his hideout, walking towards it
along a different straight path at 5 km/h. The two paths meet at an angle of 120°.

DIAGRAM NOT
TO SCALE

The distance between Ned Kelly and the police at time ¢ hours is D km.

(a) Show that D? = 39t? — 60t + 400.

(b) Find the minimum distance, to the nearest kilometre, between the police and Ned Kelly.

-31-
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1 I'he graphs ol f(x) = 3 cos (%) and g(x) =13 —%x are shown below.

A

-

How many solutions are there to the equation 3 cos ({-) = —%x +3 for 0<x<4m?

/
r At inclode
D 2=0

& 3
D. 4

2 Mr Kim recorded the time it took him to drive to work over five days. The mean time was 37
minutes. The next workday it took Mr Kim 49 minutes to drive to work. What is his new mean
time?

@ 37 S Ua
- 43 RFEE e RS

C. 47 6
D 49 =39



003 20x =240

What is the equation of the graph shown below? 5 An investment of $7 000 gains 3% per annum for 20 years, with interest calculated monthly.

Which expression gives the value of the investment aller 20 years?

A. 7000 (1 +0.03)*

20

€. 7000 (1+(0.03x12))

D. 7000 x 0.03 x 20

6 The height of 400 students were measured. The results are displayed in the cumulative
[reyuency polygon shown below.

fG)=—lx—4+3

A.
B f(x)=—2lx+4+3 e s s e é
C. f(x)=—|x+4+3 350 R W s i f:
N
g
8 250
What type of relationship is represented by the graph shown below? & S
o 2
E‘ 150
1 ~ o0 r
30
3 2 0 7 0 i Frr e ;
100 110 120 130 140 150 160 170 180 190 200
J Height (cm)
What is the median height of the students?
5
A. 150
A. Many-to-Many b, 156
B. Many-to-one
c. 165
D, 200
D.  One-to-one



Let f(x) = ﬁ and g(x) = x — 5. The domain of f(g(x)) is

All real x Z

5 mad 3-(%-5)
= Z -ue 243 +0
ety pIE 3¢

5.

249

"W

The radius and centre of a circle with equation x + y? — 8y — 1 =01is

2t v (lj?.gs:ft%z = (%)l+ I
2ely-4 =0

A. Radius = 17, Centre (0,—4)

B. Radius = 15, Centre (0,4)

C.  Radius = V15, Centre (0, —4)
Radius = vT7 , Centre (0,

Find the derivative of e*¢°s3*, LA: Qf 0 W =2I-
xsin3x o= -az, u'.‘ [
A, e? 3 3 - —? (’,) ) V . c% 3L

B. exrnsax

14 ==3sindn
D= cona ~Zrend

C.  e*083%(cos3x + 3xsin3x)

L eX0s3¥(poe3y  3xsin3x]

10

The graphs of y = g(x) and y = [ (x) are shown below.

It is known that fé( g(x) — f(x) )dx =42 . - l/
' A= 5. Xbx2

Find [}’ g(x) dx. s 6

A. 30 ¢

B. 315 SO j&) e :4[—2_..6
C. 36

- =31



Question 11 (3 marks)

Find the equation of the tangent to the curve y = x3 = 4x? at the point (2,-8).

g zpafecre) Y= BAn

EEre=TA N — srz) «@__@;
Ry —

Question 12 (2 marks)

Solve 5 — 3x < 20, giving your answer in interval notation.

sy WA B
e _

ALTERNATZ

Question 13 (3 marks) l
3x+|2_ 3

" 4 -
The function f(x) = e* is transformed to g{x) = —e3*+4), =

Describe, in uords the sequence of transformations.

M,x_pmaﬁ _!._1/ %ﬂaﬁﬁgﬂ_g(_% LA
H‘MW Miiff _Dﬁ}mrmvhélﬁ q{uuo(g

N T, polfeckion. cone be plaied any wlore, @ ong 2
A forasndd Hoedstmakions maﬁq o (fo&?gbler

Question 14 (2 marks)

Differentiate I: _+ 2. 2
= 2f+d :
R (D020 7))
SEE [_:;Tafl:'_ _____ I o) .1‘7_-' = e
el i frhY :
e PR RO
—_— R ,ﬁﬁf "DL
Question 15 (2 marks)
What is the limiting sum of the following geometric series?
~324+108-36+ 12.. 2
— 1) S
o= Tr @=-324
ceseen r=l= _ i =
= - 324 =5
= jZZ} B 3 N




Question 16 (4 marks)

Solve Zlog,x — Ing;(x+6) 3.

4

‘3{[ Q—jwc&,\\vj nc@& "‘PO

lm, og?_ La.f_é_\ K¢

EAEE N \?_5 \owss .

OJZL'Z— .

—————wr{. _CJ__ _l‘._.

=8
=92+ &R
m——-f}bf’gk’bwo DC::—’iJE;
/x D-\fk.f‘)’] () % Z
{ L-B’ZM‘\CS
217 or -4 } \ £
N ' = L I 7 P
xs=h (x20) | ol e ara il a”’
Question 17 (3 marks)
3

Evaluate jEcus (;) dx.

=%

- % (_‘fﬁdx

{=%

; J“E//cwaté’é)dao

=5 Lém(%)

T

:—3@“&?‘%«"‘0‘3‘*&‘0 ’ =l

= 3|sm(%)=sn0 | -

Question 18 (4 marks)

i Mr Tan played a table tennis match. The number of points, X, that he scores in each set isa
|
random variable with probability distribution given by:

\
‘ X=x 9 10 11 12
P(x) 0.2 a b 0.1
(a) Evaluate a and b given that Mr Tan has an expected score of 10.4 per set. 3
| 0-24ath+6.( = | W01+ 0atllb+ 2x8l=I04 /|

| _ a+b =07 S+ 10atllp+1.2 =10.4
a = 0.7-b \_l/ [0atllb = 2.4

| - lo(07-py b =24

| S - 7=0b 411k :3}.4 ff},
T 50
&Q _DGLA L./EL\ / i “y/

X Aach a=o:32

( .
o ) a=0.7~04%
ﬁ = O\Q \ =0.3 /\,\]
g gy e K it ..,
Lemee | meK Y

(b) Calculate the variance of X. @

KEI9)L oo [ 121 ] (44

j —
E@_m_wwxo A [440.)

| oo
| -
| -

E2)-pr = 19 =104 = 101 =108 ]b
=0.34 §

 GpX e wrng
3
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Question 19 (6 marks) m E
A semi-circle with radius 5 has equation £(x) = V25 — x2. % 5
(a)  Use trapezoidal rule wﬂh,[!_c_l'umumucs to approximate the area of the semi-circle. 3

Answer correct to 3 decimal places,

-5 Bysfuyrfie) *ch\kha)}%im_%@ 0_

(b

(c)

( =-2.6 _C-é-z,'i\hl'tf"?_r
ST [ =0 NS5
Iz?*‘)zo 0 z[(’."ms’lmﬁ? %f Yen2S zES’i_JE]"F

i —bxe 450 ( /
= 315063509 \g <

i
=3RS it (e )
e Bomiler ondl Tine

Calculate the difference between the actual area of the semi-circle and the approximation @

by trapezoidal rule, Answer correct to 3 decimal places.

A=Y axSE1

e [, ek % zg_ = LS
— g5 {LZQ&- /z.mﬁﬂﬂq )

=31 2037 = 5.1 umis e by W@ad«i k.

e EA\% Sere..

A
Explain why trapezoidal rule gives an estimate that is lower than the actual area ofthe Ll 7

semi-circle,

fﬁufxzam_m\m_g(m_ajamac_gsbmk_becm_
L@mgoud{aw T mfguoms. on.a_toncowe olown.

L 1 ,J’L&\tj il alwwws e ]?Qéw{h. Cun.fe,jc..:-_jk- v Q

N N decen.

N =

P

\ﬂ O A \.)‘:\
= e g 1 R

Question 20 (3 marks)
Mr Huynh recorded how many push ups he did each day for thirty days.

The results are shown in the frequency table.

Push ups per day Frequency 0-@.
100 10 )
120 6 I
140 12 2{/
160 1 19
130 0 9
200 0 m
220 1 30

Using calculations, decide whether or not 220 push ups was an outlier.

Hedan = [S.53 o =120 =

R, = 8 sore = (00 o Jf )

Q§ = 2%cd Score. = 140
= 40- 100 = 40

= O =0 15 7
R LS% ST
L T

Z-ZO>@ i o

oLt an aotler.

&

ﬁf\:-‘wef Qn\& = \f"\"‘r\ﬁ.












Question 29 (7 marks)

Each year, the number of ice creams sold, ¢(t). can be modelled by the function
c(t) = 200 cos (E"g:) +300

where t is the number of weeks after January 1%

(a)  Find how many ice creams were sold on January 1st.

—c(0)= 200008(Zex9) 200

=P ([
(b)  What are the two values of t for which there were 400 ice creams sold?
_LIQLEZOOM(_% 1"} 0
160 =200 ot
BEAY~YL 2 MO

__MﬁL:_’Iz_j%

# Mot cudets  did 1F well

b If oy ewe seluron  F3

I L ch‘i_;g,_g,g e 10\“.'\»:1 OLVLJV\EVE_-JK;;(MJ'

_ _unless  convevteed {6 mudians  aneda .
v,

Question 29 continues on page 23

Question 29 (continued)

(b)  Sketch the graph of ¢(t) for 0 < ¢ < 52.

= 25
e

6

=52

] 5 % s
() Attt flom
| y&ln-i-ﬂ,loj'-l ,,,,,,,,,
Pevicd  (and
tovectny iebeltecl mc_:’s)
=== d
| R oo e
} B mconect
\ __ k.= 1‘# not .S\,qMﬂA-PJY; cel

U
Fnen =l




Question 30 (3 marks)

(@)  Show that the derivative of 2xlogsx is 2logg x + %:5

. 2
depck e e [CLEM. & Neecl fo
oy W= Z!%z. 2l (m&S ] O ehow e ot
® _ A% !o_jst?!c .__‘.,213‘_;__ .,,,ﬁ___.;{‘.':hg_t:mm
vz | | "'ug N R 75 T 3 Ing- Oftaginan 1 € mr;u:‘fj
5 J
hﬁ)& NS S foon answent,
() Hence, find _{( logs x +—) dx. 1

erélpx+%ﬁ'

= Z S-X 4 n‘s‘ ,_ <
¥
%:L([n 2+ } F)L = uv\_zl.e,pa wed
A I_ ; 3
Question 31 (4 marks) ab lpqo(0) &
ﬂ uu@\ﬂ_&w@c}
Ms Alrubai and Mrs Norman are employed as doctors. They both start on the same annual 4

salary. However, Ms Alrubai negotiated an annual salary increase of $5 000, while Mrs
Norman negotiated an annual salary increase of 7%.

Find their starting annual salary given that after 16 years they have both made the same amount
of money in !oia]

Alnbu-A . j B
Sy\_ 3 [&f(n-l)ﬂ M% 07 o
i u',";,:_ |
7o) D

0.0

— =lha+ b0 009 () ka—n\) g

K Bosk stadeats  wed

i::::::::j'{';mgoooad*z e TW QI M
{AQJ’W”\M = 400000 o g L 2 AR
malket it pnbitv
- ,,ﬂ,___LE_- ——&DOQQ # W evan  fovnandes
ok n CCWQd’hj -1,
Goooa L

(!6 [ ;} 5)5_0 4770.840)

Question 32 (6 marks)

T . ;
If Mr Ferrarin wakes up late, the probability that he exercises is 2, and if he wakes up on time

I
the probability that he exercises is <.

(1) Ina panicular week, Mr Ferrarin wakes up on time on Thursday morning and late on 2
Friday morning.

Find the probability that Mr Ferrarin exercised on at least one of these days.

4\"_?@;6 .._maié-_au*'}
TR0

() The probability that Mr Ferrarin wakes up on time on a Monday is %

2
0] Find the probability that Mr Ferrarin exercises on any given Monday.
bx*g + & X3 (G ——
=045 O o
| (ii)  Hence, or otherwise, find the probability that Mr Ferrarin woke up on time on 2

a Monday, given that he exercised that day,

V@g}“'?mnk\

7+ Proble it s ?‘sthhq:

€ e mistale i< MNLQJ
have to o CFé&.
Uest  midakel mocle
Llelﬁm ealin i (r\u'#
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Question 33 (4 marks) 4 Question 34 (5 marks)

The graphs of f(x) = —x2 + 2 and g(x) = £* — x? — kx + 2, where k is a constant, 5 Ned Kelly, N, left his hideout, H, and walked along a straight path at 7 km/h. At the same time
that Ned lefl his hideout, the Police. P, are 20 km away from his hideout, walking towards it

are shown below. 5
along a different straight path at 5 km/h. The two paths meet at an angle of 120°.

The graphs intersect and create two closed regions, A and B.

v
DIAGRAM NOT
gE) = - —kx+2 TO SCALE
flx)y=-x2+2 | The distance between Ned Kelly and the police at time ¢ hours is D km.
(2)  Show that D? = 39¢2 - 60t + 400, 2

Shaw that these two regions have the same area. . B P ZD & ______ N # % DCME. Joovly -
o1 of understefton=> e %= ok = =54 —— <

A-prz0 o : ¢t =a? + > - 2abeos
x(~kY =0 | D2 = (-6t () _z(zost)(%)cos%fzo Q.
xooru-b.m'lm =90 200t + 2P+t = 70"

=Yoot Mt =35 7

=3Jp. 1™
= 3t =60k +h00_ @ -

Beho (. ’f}w?—)—LwL’mrj >L—m (u bt

= x —-
ﬂ § J k)b d)’ | (b)  Find the minimum distance, to the nearest kilometre, between the police and Ned Kelly. 3
E = Jt- *'lll D 5 O Minimym E,JLM_D?' 4

T30 e i fa 4 '
best, FeTE e ———

—dﬁ
= (o) - ((m‘f’ u(rfjtf(fr)v qr)) 70) | uet =Tt~ g@ = 371 s'hs:m

I . 7 ,:. s I o 7703_73{;'(30 (hD’ M'l-gkm (_Z_Q{@_

B

l

= 5 iy ; 6250 R
s g ey
® R?: 5410 2‘{

Pin inra
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