GIRRAWEEN HIGH SCHOOL
MATHEMATICS (ADVANCED)

YEAR 12 - PRACTICE TRIAL HSC

Year 12 Mathematics (Advanced)
September 2021

TIME ALLOWED - 3 hours+ 10 min reading time TOTAL MARK - 100 marks

Instructions:

o Write using black pen.

Calculators approved by NESA may be used.

This task is open book but NOT open technology (ICT).

For all questions, show relevant mathematical reasoning and/or calculations.

Marks may be deducted for careless or badly arranged work.

You must have your:

e camera on (no virtual background)

e microphone off

e speakers on

¢ phone on the desk facing upwards and on silent and be visible to the teacher

e Upload your answers as a single PDF in your google classroom in the assignment
folder.



Year 12 Mathematics Advanced outcomes

A student:

MA12-1

MA12-2

MA12-3

MA12-4

MA12-5

MA12-6

MA12-7

MA12-8

MA12-9

MA12-10

uses detailed algebraic and graphical techniques to critically construct, model
and evaluate arguments in a range of familiar and unfamiliar contexts

models and solves problems and makes informed decisions about financial
situations using mathematical reasoning and techniques

applies calculus techniques to model and solve problems

applies the concepts and techniques of arithmetic and geometric sequences
and series in the solution of problems

applies the concepts and techniques of periodic functions in the solution of
problems involving trigonometric graphs

applies appropriate differentiation methods to solve problems

applies the concepts and techniques of indefinite and definite integrals in the
solution of problems

solves problems using appropriate statistical processes

chooses and uses appropriate technology effectively in a range of contexts,
models and applies critical thinking to recognise appropriate times for such
use

constructs arguments to prove and justify results and provides reasoning to
support conclusions which are appropriate to the context



Allow about 15 minutes for this section
Select the right answer for questions 1-10

1. What is the value of 8e ™2 correct to 2 significant figures?

A. 1.08
B. 1.083
C. 1.082
D. 11

2. A high school conducted a survey asking students what their favourite Summer sport was. The
Pareto chart shows the data collected.
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What percentage of the students chose Touch Football as their favourite summer sport?
A. 76%

B. 22%
C. 66%
D. 80%
. . 2
3. How many terms are there in the series 486 + 162 + 54 + ............ + 5
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4. What is the derivative of In(sin x)?

A. tanx

B. cosecx
C. cotx

D. In(cosx)



5. Which of the following is NOT an even function?

A fx)=(x—2)*
B. f(x)=lx|

C. f(x)=cosx

D. (x)=e*+e™*

6. A discrete random variable X has the following probability distribution:

X 0 1 2 3
P(X = x) 2q 64 3g | 4qg

The mean of X is which of the following?

1
B. 2
5
1
c =
D. 2

7. Thegraphy = x? + 4x + 7 is reflected in the y-axis, followed by a translation of 2 units to the
right. What is the equation of the new graph?

A y=(—x—-2)2+4(-x-2)+7
B. y=(—x+2)?2+4(—x+2)+7
C. —y=@x+2)?+4(x+2)+7

D. - y=((x—-2)?%?+4(x—-2)+7

8. Given f(x) = log.(x — 3) and g(x) = x + 4, the domain of f(g(x)) is
AL x=-4

B. x>-1
C. x>3
D. x=3




9. The graph of the function y = f(x) is shown below.
y y=f)

\ /_.\ )
x\/xz x}\/x4

Given that foxzf(x)dx = -3, fox3f(x)dx = —1, and fox"’f(x)dx = —4,

(=]

What is the value of f;"’ f(x)dx ?
2

A -1
B. -2
c. -3
D. —4

10. If f(x) = 3log.(2x), and f(5x) = log.(y), then y equal to

A. 30x

B. 6x

C. 125x3
D. 1000x3

Answer the questions in the booklet provided.
Your responses should include relevant mathematical reasoning and/ or calculations.

Question 11 (6 marks)

a) Find [ 224y 3m
X
b) Solve [3x + 2| < 5 and draw the solution on the number line. 3m

Question 12 (8 marks)

i. Find the equation of the tangent to the curve y = e2* at the point where x = 3. Leave your

answer in terms of e. 2m
iii. Find the coordinates of the point where the tangent meets the x-axis. 2m
jii. Find the coordinates of the point where the tangent meets the y-axis. 2m
iv. Find the exact area of the triangle formed by this tangent and the axes. 2m



Question 13 (7 marks)

a) Solve+v2sinx + 1 = 0 for the domain 0 < x < 27 2m

b)

i. Give exact value of cos 150° 1m

ii. InAPQR, PR =5v3cm, QR = 11cm and ZPRQ = 150°. Find the length of side PQ. 2m

iii. Find cos P 2m

Question 14 (3 marks)

In a school, boys and girls were surveyed about the time they usually spend on the internet over a
weekend. These results were displayed in box and whisker plots, as shown below.

i. Find the interquartile range for boys. im
ii.  What percentage of girls spend 5 or less hours on the internet over a weekend? im
iii.  Jenny said that the graph shows that the same number of boys as girls usually spend

between 5 and 6 hours on the internet over a weekend.
Under what circumstances would this statement be true? Im



Question 15 (6 marks)

a) The diagram shows the graph of y = g(x). Sketch the graph of y = g'(x) 3m

y=g(x)

/2-10 1 23456

b) Use the trapezoidal rule with four subintervals, together with appropriate log laws, to show
that 3m

5
f Inx dx =~ In54
1

Question 16 (6 marks)

a) Find the sum to infinity of the series 2m
324+16+8+4+ ... .. .o

b) A quantity Q of radium at time t years is given by Q = Qpe~*¢, where k is a positive
constant and @ is the amount of radium at time t = 0.

i. GiventhatbyQ = %QO when t = 1690 years, calculate the value of k. 2m

ii.  After how many years does only 20% of the initial amount of radium remains? Give your
answer correct to the nearest year. 2m

Question 17 (6 marks)

a) Sketch the graphof y = 10 sin%x and y = x for 0 < x < 12 in the space provided below.
Mark the point of intersection at (5,5). 3m

b) Find a simplified exact expression for the area bounded by the two graphs for0 < x < 5.
3m



Question 18 (8 marks)

a) Thecurve y = ax? + bx + 3 has a turning point at (—1,0). Find the values of a and b. 3m

b) A coal chute is built in the shape of an upturned cone. The sum of the base radius r and the
height h is 12 metres. (V = %m‘zh)

i. Show that the volume of the coal chute is given by V = 4nr? — %rrr3. 2m

ii. Find the radius of the cone that yields the maximum volume. 3m

Question 19 (6 marks)

a) Find %\/sz + 1.

2m

. X
b) Hence find fmdx im
c) Iff'(x)=6x%+3andf(2) =8, find f(x) 3m

Question 20 (7 marks)

a) Inthe diagram, the points A and C lie on the y axis and the point B lies on the x axis. The line
AB has equationy = V3x — 3. The line BC is perpendicular to AB.

y

R

Y
/

i Find the equation of the line BC.

2m
iii. Find the area of the triangle ABC 2m
b) Solvee?™* =x 46 3m



Question 21 (4 marks)

Two boxes each contain four stones that differ only in colour.

Box 1 contains four black stones.

Box 2 contains two black stones and two white stones.

A box is chosen randomly, and one stone is drawn randomly from it.

Each box is equally likely to be chosen, as is each stone.

a)

b)

What is the probability that the randomly drawn stone is black? 2m

It is not known from which box the stone has been drawn. Given that the stone that is drawn is
black, what is the probability that it was drawn from Box 1?

2m

Question 22 (5 marks)

ii.

Find the vertical and horizontal asymptote of the hyperbolay = z%z and hence sketch

-2 . . . .
the graph of y = % showing all intercepts with the coordinate axes.

3m
Hence or otherwise, find the values of x for which
x—2 <3 2m
x—4

Question 23 (5 marks)

Ten high school students have their height and the length of their right foot measured. The results
are recorded in the table below.

Height (cm) | 142 | 164 [ 183 [ 172 | 154 | 158 | 149 [ 181 [ 175 | 177
Foot(cm) |20 |26 |28 | 26| 22|23 |24 29 27 27

Using calculator, calculate Pearson’s correlation coefficient for the data. Give your answer
correct to 3 decimal places. 2m

Describe the strength of the association between height and length of right foot for these
students. Im

Using calculator, determine the equation of least squares regression line that allows height
to be predicted from right foot length. 2m

10



Question 24 (7 marks)

A particle moves on the x axis with velocity, v m/s, given at any time, t seconds, t = 0, by

1
V2t +1
Initially the particle is at the origin.
i Find the initial velocity and the velocity after 12 seconds. 2m
iii. Sketch the velocity-time graph. Im
iii. Find the acceleration of the particle after 12 seconds. 2m
iv. Find the displacement of the particle as a function of time. 2m

Question 25 ( 6 marks)

Between 5 am and 5 pm on 3™ March 2009, the height of the tide in a harbour was given by
h=1 +0.7sin(%t)for0 <t<12

where h is in metres and t is in hours, witht = 0 at 5 am.

i What is the period of the function h? Im

ii. What was the value of h at low tide, and at what time did low tide occur? 2m

iii. A ship is able to enter the harbour only if the height of the tide is at least 1.35m.
Find all times between 5 am and 5 pm on 3™ March 2009 during which the ship was able to
enter the harbour. 3m

END OF TEST

11



202 — TvercCe taood Soluhode

Marks:

Booklet 1 (Q1 to Q10)

Student Number:

Allow about 15 minutes for this section
Use the multiple-choice answer sheet for questions 1-10

1. What is the value of 8e™2 correct to 2 significant figures?
A 1.08
B. 1.083
1.082

C.
1.1

2. Ahigh school conducted a survey asking students what their favourite Summer sport was. The
Pareto chart shows the data collected.

- 100%

50%

80%

—i 70%

— 50%

50%

i 40%

Number of Students

Cumulative Percentage

30%

20%

10%

0%

Swimming Cricket  Touch Soccer Tennis  Hockey
Football

Favourite Summer Sport

What percentage of the students chose Touch Football as their favourite summer sport?

A 76%
22%
C. 66%
D. 80%




3. How many terms are there in the series 486 + 162 + 54 + ............ -

A

Clsz

o N Oy

4. What is the derivative of In(sinx)?
A. tanx
B. cosecx
@ cotx
D. In(cosx)

5. Which of the following is NOT an even function?
fG) = (& —2)?
B. f(x)=lx|
C. f(x)=cosx
D. (x)=e*4e™

6. A discrete random variable X has the following probability distribution:

xz 0 1 2 3
PX=x)] 2q 6g 3g 1 4q

The mean of X is which of the following?

A 1
B) 2
5
=
15
D. 2

7. Thegraphy = x? + 4x + 7 is reflected in the y-axis, followed by a translation of 2 units to the
right. What is the equation of the new graph?

y=(—x—2)2+4(-x—2)+7
B. y=(—x+2)2+4(-x+2)+7
C. —y=(x+2)2+4(x+2)+7

D. —y=(x—-2)2+4(x—-2)+7



8. Given f(x) = log.(x — 3) and g(x) = x + 4, the domain of f(g(x)) is
A, x=-—4

& x> -1
C. x>3
D. x=3

9. The graph of the function y = f(x) is shown below.
v v=f()

\ Pt x
X\_/xz Mx4

Given that foxzf(x)dx = -3, f0x3 f(x)dx = —1,and fox"“f(x)dx = —4,

<

What is the value of f;:f(x)dx ?

® -1
B.
C.
D

10. If f(x) = 3log.(2x), and f(5x) = log.(y), then y equal to

A. 30x

B. 6x

C. 125x3
1000x3




Marks:
Q11 /6
Q12 /8
Q13 /7
Total /21
Booklet 2 (Q11,12,13)
Student Number:
Answer the questions in the spaces provided.
Your responses should include relevant mathematical reasoning and/ or calculations.
Question 11 (6 marks)
. 2x+5
a) Find [==-dx 3m
2
S ! e 5 d ¥
- J =
e~
= 2\l x 2F* 0 L C
Y '
= o\apxi- 2 FC
b) Solve |3x + 2| < 5 and draw the solution on the number line. 3m
AL LS BAgx 2 >—-5
2x 43 3x > -1
A€ L0 > 5 = / 3
3
= fl i V4
- 7}3




Question 12 (8 marks)

i Find the equation of the tangent to the curve y = e?* at the point where x = 3. Leave your

answer in terms of e. 2m
DL .
dy - 2e whew D= R
¥ ‘j = e ¢
- dx Iy -2

EC\‘MQHOV\ ol Ahe %avxgexf\i’

y-ets 2e"(E3)
y = 2e% — 5e° — (R

il.  Find the coordinates of the point where the tangent meets the x-axis. 2m

Rabh Y- o e (A)

Qe,é*i.--— 56‘,g = o

~ = °fa

(5, ,0)

iii. Find the coordinates of the point where the tangent meets the y-axis. 2m

Sub L= ‘t\rv%’a m

y - —s5e"

[0, —5e°)




et

iv.  Find thearea of the triangle formed by this tangent and the axes. 2m
6 2
- 25&
5
Question 13 (7 marks)
a) Solve+2sinx + 1 = 0 for the domain 0 < x < 27 2m
Slox = = &
< | A
17 =
L L il
- = & 717
[ G
b)
i.  Give exact value of cos 150° 1m

oS (1gp—30) = — (830




ii. InAPQR, PR =5v3cm, QR = 11cmand £PRQ = 150°. Find the length of side PQ. 2m

r = vf(’ng)l+ N 2 X85J3 X1 A (es iSO

v - 19 Cm
ifi. Find cos P 2m
; I S
cosb 1P i
ER AR AN
cosP - o5 (3
iz
- 35 ]
[ Gox
("é‘?(‘f) = ‘N
3




Marks:
Q14 /3
Q15 /6
Q16 /6
Total /15

Booklet 3 (Q14,15,16)

Student Number:

Answer the questions in the spaces provided.
Your responses should include relevant mathematical reasoning and/ or calculations.

Question 14 (3 marks)

In a school, boys and girls were surveyed about the time they usually spend on the internet over a
weekend. These results were displayed in box and whisker plots, as shown below.

S T

i i i k1
£ El 3 3

0 1 2 3 4 5 6 7 8

d 1 ;]
k)

Time ¢hours)
i.  Find the interquartile range for boys. im
L2 = L
ii. What percentage of girls spend 5 or less hours on the internet over a weekend? im

15 %




iii.  Jenny said that the graph shows that the same number of boys as girls usually spend
between 5 and 6 hours on the internet over a weekend.
Under what circumstances would this statement be true? Im

5- € }\auri Qﬁo 31‘(15 Ol vt Q-Qy\/ 257/ &?G‘Uﬁ}\f}.s
S—6  heuce .g;r boy ¢ aoupds Lo 259, y?&l(éﬁd&

The ol enly e <eame Nurmalosyv \lil e
nuwloer oL all %\\»\g gwﬁv@w@é -@uﬁ(}\ “the
Nuwa oo AL bv?j < Ru{\/\@bmrg

Question 15 (6 marks)

a) The diagram shows the graph of y = g(x). Sketch the graph of y = g'(x) 3m




b) Use the trapezoidal rule with four subintervals, together with appropriate log laws, to show
that

3m
5
flnxdxz1n54
1
= rlalzluls |
v | o inx 3?\5\)9M“V\§\
o i Y
S .
(im)L Ax - 1 / [e+ o \ 1 o fimz-i—\vw'&%*iﬁu\ \
) ) C g I\ 7
1 == g
-1 Ing —+ 2 In (2% L)
o ‘j, e
1 >
— > lns + In 24 ]
— B Ins )r\57é7
- 3 {
- ] L]n{(}(é7é)7 = 4 [n28R0
2 e, In /2K
= jn 54
Question 16 (6 marks)
a) Find the sum to infinity of the series 2m
324+16+8+4+ ...
j
G- 22, Y = 5
22
S, = —— = Y
EEE

10




b) A quantity Q of radium at time t years is given by Q = Qge %%, where k is a positive
constant and @y is the amount of radium at time t = 0.

2m

i. GiventhatbyQ = %Qo when t = 1690 years, calculate the value of k.

-k xV 690

— 1690k = Jogs oS
v

Jn 0

—} &G

k -

k - OGocovhiollld 2€&

After how many years does only 20% of the initial amount of radium remains? Give your

ii.
2m

answer correct to the nearest year.

ésQ.:Q‘.K—t

—kt = a0 2

£ = frmi o2
—k
. v -3
E = lnod » [ 1222
N TO7U 2~

P

= 383\ Yeayg-
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Marks:
Q17 /6
Q18 /8
Q19 /5
Total /19

Booklet 4 (Q17,18,19)

Student Number:

Answer the questions in the spaces provided.
Your responses should include relevant mathematical reasoning and/ or calculations.

Question 17 (6 marks)

a) Sketch the graphofy = 10 sin%x and y = x for 0 < x < 12 in the space provided below.
Mark the point of intersection at (5,5). 3m

b) Find a simplified exact expression for the area bounded by the two graphs for 0 < x < 5.

50 s 3m
A= )&OS;‘,\ %—)ﬁ — > 4y
e
- jiov*‘é@jﬁi — 3—(—227 >
- L o & S
= &‘- bo  cos TX }_..l )5
L T & “’LJ@

12
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Question 18 (8 marks)
3m

a) Thecurvey = ax? + bx + 3 has a turning point at (—1,0). Find the values of a and b.
ok Yhe q%aé%‘imqgj?m\/d

Yz 2axxb =o
Sudo > =~
—_ 20tk =0 — @ h — 2
(o) Wes on gy = o E Y 3
o - RA— b 4+
oO— o = - 3
glmmo} o-26 — — 3
o, = 2
L = €

A coal chute is built in the shape of an upturned cone. The sum of the base radius r and the

b)
height h is 12 metres. (V = inrzh)
i.  Show that the volume of the coal chute is given by V = 4712 — =713, 2m
ey Y4t = 12
\\V(L/ W= W
=
Vv = < vk
-\ *rgvl( 12— V)
==
g , 3
- hWy — v

13




ii.  Find the radius of the cone that yields the maximum volume. 3m

AV SNy — wwr?
Ay T
QQ\\}\Q dv =T -——CQ{ \M\A/l,&/\;l\
oA ¢

%TTY«‘T\Yl:"“D
W(%'Y\ —°
v = o Yy = &
Yoo .Y Z 0 wm

AV ef— 2NY

o>
0\2\/ — QN DOV &
or> | r=g
= — ST £
/ Y = 8 wa O ann BV ppiaiin Velung -
U AY
Question 19 (5 marks)
Y
a) Find 2 v5x2 + 1 — ( "‘)(2:\’§> > im
2 — []
- N

S5
syCx

14




b) Hence find f%dx im

| s Ay = ot C oo
J rg‘f;T
Divde | fj _—
o ( > At — ‘ ¥ S . 3‘5‘2—
J [T | S
¢) Iff'(x) = 6x%+3and f(2) = 8§, find f(x) 3m

Fod = JEoayax

— &ﬁ-@—%b&%@

LN~ Ve o+ £ = R

C — —1y

L Loy = swowaEY S0

15




Marks:

Q17 /7
Q18 /4
Q19 /5

Total /16

Booklet 5 (Q20,21,22)

Student Number:

Answer the questions in the spaces provided.
Your responses should include relevant mathematical reasoning and/ or calculations.

Question 20 (7 marks)

a) Inthe diagram, the points A and C lie on the y axis and the point B lies on the x axis. The line

AB has equationy = V3x — 3. The line BC is perpendicular to AB.

¥

ANA

o
BZAN

o

i.  Find the equation of the line BC. 2m

St 1‘3*{: A

JEA-2 T e ?wouw@?k%: T
- 2
M = =

— e

‘v—

= [

o Oéf«aol,\@v\f D‘Q@DC:

Lauoiyon P &C . \
| LA (7 I

\-“-—‘0
[y = e
S —— 3~=/——-§—‘\
NI




ii. Find the area of the triangle ABC 2m

Y—ink- oL AR = |

Aron of A BAC = -5 vl Y3

= &Jz

b) Solvee?!"* =x +6 3m

2inx = 1w, (66 Y =2 oA =—])

Mo

s = e (3g )

'ygll >4 M S 3
A i
(52 ) (X +2) =

Question 21 (4 marks)

Two boxes each contain four stones that differ only in colour.

Box 1 contains four black stones.

Box 2 contains two black stones and two white stones.

A box is chosen randomly, and one stone is drawn randomly from it.

Each box is equally likely to be chosen, as is each stone.

a) What is the probability that the randomly drawn stone is black? 2m

2 Bex i 5
L — 8 8.8 =

3

i =
SN B2 B P28 %
DN o Ry WY

p(Bladk) = 2% & =

g L
5L FP(gY = 1- PRy ZT=4= 74

17




b)
black, what is the probability that it was drawn from Box 1?

It is not known from which box the stone has been drawn. Given that the stone that is drawn is

2m

|

o

P /E)(jx"i Q)ﬁd&\ -
~ \ / 2

Question 22 (5 marks)

I

-2 . . . .
the graph of y = g—_—; showing all intercepts with the coordinate axes.

Find the vertical and horizontal asymptote of the hyperbolay = 2—3 and hence sketch

3m
VexYhieold oSy apiste  oXx ~ =4
d > U—int= }/
(=2 - = A
N v > = 1~ = 1 .
S = Y Sty = O

18




ii. Hence or otherwise, find the values of x for which
x-2

;:SB 2m
And > whoin > 2
x4
212 = -2
2T = 10
> =5
) ) -
( 5.2\ s e Pt o (nteechioy, -
, A2 . .
g < 2 oo XLy og X> 4
A Y

19




Marks:
Q23 /5
Q24 /7
Q25 /7

Total /19

Booklet 6 (Q23,24,25)

Student Number:

Answer the questions in the spaces provided.
Your responses should include relevant mathematical reasoning and/ or calculations.

Question 23 (5 marks)

Ten high school students have their height and the length of their right foot measured. The results
are recorded in the table below.

Height (cm) | 142 | 164 [ 183 | 172 | 154 | 158 | 149 | 181 1175|177
Foot (cm) 20 1 26 |28 |26 122123242927 |27

i.  Using calculator, calculate Pearson’s correlation coefficient for the data. Give your answer
correct to 3 decimal places. 2m

= ofO(kOQS \
= 0. Ay (30{;:&*/\

ii.  Describe the strength of the association between height and length of right foot for these
students. 1m

Shom 3 P (\S;H"‘\\/ €

20




jiii. Using calculator, determine the equation of least squares regression line that allows height
to be predicted from right foot length. 2m

Fost  lew gt =X

Ve b = Y
0

N

U= b4 e

Question 24 (7 marks)

A particle moves on the x axis with velocity, v m/s, given at any time, t seconds, t = 0, by

1
TS
Initially the particle is at the origin.
i.  Find the initial velocity and the velocity after 12 seconds. 2m
TE=0 =12
V= jwalg v — Lwls
ii.  Sketch the velocity-time graph. im
Vv
i
1
/Ss —
‘} >
«eC -

21




jii. Find the acceleration of the particle after 12 seconds.

-1
Voo (xR

G
a-dv L/ opa T o)
ar — = L J
— \
(;ltﬁ—i)g/l
b=l o= L yalsT
IAS

iv.  Find the displacement of the particle as a function of time.

IR

~ =  (rop b 4
= | S S

— (11:‘\‘3)‘/)“ e
2 x Vs
i
> =  (2t+) 4 C
Wwhew + =o > = O
S — |t C
= — |

NG

Question 25 on the next page
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Question 25 { 6 marks)
Between S am and 5 pm on 3™ March 2009, the height of the tide in a harbour was given by

h=1+o.7sin(—’65t)for03ts12

where h is in metres and t is in hours, witht = 0 at 5 am.

i. What is the period of the function h? im
S 2\ i
‘= T/e
ii. What was the value of h at low tide, and at what time did low tide occur? 2m
h il bel watamum  wohen
i (j}'_“ t) = — SWhWee Sﬂ/\)‘;‘-;
£ - 2
ot = 7771
‘' h - 07X
s . v, 3T:7
= Or>m £ = Qhours

iii.  Ashipis able to enter the harbour only if the height of the tide is at least 1.35m.
Find all times between 5 am and 5 pm on 3™ March 2009 during which the ship was able to

enter the harbour. 3m
Hrdt  ohan W > 002g m
I+ 07 SINCE4) > 135
01 Sin(Ly) > o035
Sin Lg.t“ = ?%
V “f? - 1
T > g
v - ¢ 7 &

L= ), s, 50 T T

T me*f&gfof/\

,\ | Y=/ gin (L ¢ >/«é‘

50" { N\ iz whenl L2
I 5

~| "t‘ A Slu‘(J entes s Fhe @

har bojy befween B omdpain .
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