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HSC Year 12 Mathematics Advanced Trial Examination

SECTION |

10 marks

Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1

Line [ is shown in the graph.

What is the gradient of line [?

A.

B.

C.

D.

1

NE)
3
1
N

3

What are the solution(s) to |2x — 1| =57

A.

B.
C.
D

x=-2
x=3
x=-2and x =3
x=-3and x=2

LY
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HSC Year 12 Mathematics Advanced Trial Examination

3 pH measures the concentration of hydrogen ions, [H'],ina liquid solution. The formula to calculate
the pH of a solution is given by

pH = —log,,[H'].

What is the concentration of hydrogen ions in a solution with a pH of 1.5?

A157
B. 15"
c. 10"
D 101.5
4 The graph shows the quadratic function y = ax’® + bx +c.
YA
0 %

Which of the following statements is correct?
A, a>0,c>0andb” —4ac=0
B a>0,c>0andb2—4ac>0
C. a>0,c<0andb’—4ac<0
D

a>0,c>0andb2—4ac<0
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5

The duration of each game in a chess tournament was recorded. The data is represented in the

cumulative frequency graph.

A
80—

70—
60—
50—
40—
30—
20—
10—

Cumulative frequency

T [ I
15 30 45

I I I I
60 75 90

105 120 135

A
I >

I I I |
150 165 180

Duration of game (minutes)

If 25% of the games took less than n minutes, what is the value of n?

A. 10
B. 675
C. 170

D 112.5

Which of the following is the derivative of y =In x_Jri ?
\j x—

dx 2\x-1

Coa (1 1
’ dc 2\x+1 x-1

dy 1 1
Dy —
¢ dx [x-i—l x—l)

dy

d 1{x+1
A _y:_(x_]

D. = %(ln(x +1)—In(x —1))

dx
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7 The function y = f(x) is transformed to y = g(x), as shown in the diagram.
S A gxX) A
x 0 x

w i 2

Which of the following equations best represents the transformed function?
A g =-/2-x)

B.  g)=-x-2)

C. g=f2-x

D. g)=fix-2)

8 Consider the simultaneous equations.

ax+y—-4=0
x+2y—-a=0

If the equations have no real solutions, what is the value of a?

A. a= l

2

B a=1

C. a=4

D a=38

Copyright © 2023 Neap Education Pty Ltd HSC_MAdv12_QB_2023 5



HSC Year 12 Mathematics Advanced Trial Examination

10

Consider the information about events A and B.
P(B)=0.6

P(A|B)=04
P(A|B)=038

What is the value of P(B |A )?

A.

B.

NiA QLW N -

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

S A

|
W

I

T

<Y

What is the domain and range for y =f ( g(x))?

o Q0w »

Domain Range
(-1, 2] [-3, 3]
(-1, 2] (-1, 2]
(=00, 00) [-3.3)
(=00, 0) (-1,2]

g(x)
2
-1 2 X
- 1l0—me
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HSC Year 12 Mathematics Advanced

Section Il Answer Booklet

90 marks
Attempt Questions 11-30
Allow about 2 hours and 45 minutes for this section

Instructions e Answer the questions in the spaces provided. These spaces provide guidance for the expected length
of response.
e Your responses should include relevant mathematical reasoning and/or calculations.
e Extra writing space is provided at the back of this booklet. If you use this space, clearly indicate
which question you are answering.

Please turn over
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Question 11 (2 marks)

Solve 97 3 =27, 2
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Question 12 (3 marks)
The probability distribution table for the discrete random variable X is shown. 3

X 0 1 2 3 4 5
P(X=x) 0.35 a b 0.15 0.05 0.01
If E(X) = 1.5, find the values of a and b.
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Question 13 (6 marks)
The diagram shows the first four figures in a pattern.

F, F, F3 F,

(a)  Determine the number of squares required to construct F's. 2
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(b) Isit possible for a figure in the sequence to have 175 squares? 2
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(c)  Determine the number of squares required to make the first 50 figures. 2
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Question 14 (2 marks)

Differentiate y = (3x2 + 1)3 in terms of x. Give your answer in the simplest form. 2
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Question 15 (2 marks)

3 J—
Find J de. 2
X
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Question 16 (2 marks)

4
Evaluate I 2\/; +§dx. 2
1
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Question 17 (8 marks)
The data set shows Mathematics test results of a sample of 20 students.

35% 55% 65% 65% 66% 68% 69% T0%
2% T4% 75% T71% 19% 80% 81% 82%

(a)  Calculate the interquartile range.

...................................................................

...................................................................

...................................................................

(b)  Show that the result of 35% is an outlier.

...................................................................

...................................................................

...................................................................

...................................................................

...................................................................

1% T2%
88% 92%

........................

........................

........................

........................

........................

........................

........................

........................

The teacher wanted to determine whether there was a relationship between the students’ school attendance
and their Mathematics test results. She drew a scatterplot to show the relationship.

A
100

90

°
°
80 e 9

70 : V‘i;

60

50

40

30

Mathematics test results (%)

20
10

0 20 40 60 80 100

School attendance (%)

The least-squares regression line has the equation y = 0.7341x + 12.151.

Question 17 continues on page 13

\
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Question 17 (continued)

(©

(d)

(e

The teacher initially calculated the correlation coefficient for this dataset to be r = -2.6577.
She realised she had made a mistake in her calculation.

Without calculating the correlation coefficient, give TWO reasons why r = —-2.6577 is incorrect.
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The teacher recalculated the correlation coefficient and found that » = 0.8031.

Describe the strength and direction of the correlation between the students’ school attendance
and Mathematics test results.
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Robin, who was absent on the day of the Mathematics test, has an attendance of 88%.

Use the equation of the least-squares regression line to estimate that Robin would have
achieved a result of approximately 77%.
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End of Question 17

2

Copyright © 2023 Neap Education Pty Ltd HSC_MAdv12_QB_2023



HSC Year 12 Mathematics Advanced Trial Examination

Question 18 (3 marks)

The graph shows the function y = f{x) with a horizontal asymptote at y = —2. 3
YA
4
___________Q“_ __________

On the axes below, sketch the graph of y =f'(x), clearly showing the behaviour at the intercepts
and any asymptotes.

YA

<Y
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Question 19 (3 marks)

The function y = sin(x) undergoes a series of graphical transformations and becomes y =5sin| 2x + 3

Outline the transformations that were applied to y = sin(x) in the correct order.
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Question 20 (4 marks)
Find the sum of the geometric sequence 6 — 12 + 24 — ... + 1536.
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Question 21 (3 marks)

The table shows the future value interest factors for an annuity of $1. The contributions are made 3
at the beginning of each year.
Interest rate per period
Period
1% 2% 3% 4% 5%
3 3.0301 3.0604 | 3.0909 | 3.1216 | 3.1525
4 4.0604 | 4.1216 | 4.1836 | 4.2465 | 4.3101
5 5.1010 | 5.2040 | 5.3091 5.4163 5.5256
6 6.1520 | 6.3081 6.4684 | 6.6330 | 6.8019

Duncan deposits $5000 into a savings account at the beginning of each year for eight years. During
the first six years, the interest rate is 3% per annum, compounding annually. During the seventh and
eighth years, the interest rate is 2.5% per annum, compounding annually.

What is the total amount in Duncan’s account at the end of eight years?
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Question 22 (3 marks)

The diagram shows a 75 m vertical tower, represented by line DC. Points A and B are in the

same horizontal plane as the base of the tower, point C, and point A is west of point B. The angle of
elevation from point A to point D is 28°, and the angle of elevation from point B to point D is 35°.

The bearing of point C from point A is 050°T, and the bearing of point C from point B is 300°T.

Find the distance between points A and B, correct to the nearest metre.
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Question 23 (6 marks)

The continuous random variable, ¢, represents the time it takes, in years, to construct a high-rise building.
The probability density function for ¢ is given by

kt(5—t) 0<r<5

0 otherwise

f@)=
6

(a)  Show that k =—. 2
125
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(b)  Find the mode of the distribution. 2
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(c)  What percentage of high-rise buildings are constructed within a year? 2
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Question 24 (7 marks)

(a)

(b)

Show that i(x Inx—x)=Inx. 2
dx
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| . .
Show that y =—x is the equation of the tangent to the curve y = Inx at the point (e, 1). 2
e
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Question 24 continues on page 20
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Question 24 (continued)

1
(c)  The graph shows the function y = Inx and the tangent y =—x. 3
e

YA

=Y

~<
I
g

Find the shaded area.
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Question 25 (7 marks)

A speedometer is a device that measures the speed of vehicles. The data recorded by a speedometer
on a motorway that has a speed limit of 110 km/h is normally distributed with a mean of 110 km/h
and a standard deviation of 5 km/h.

(a)

(b)

If drivers travelling at a speed of more than 120 km/h are considered to be driving at a dangerous

speed, what percentage of drivers travel at a dangerous speed?
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The probability density function for a normal distribution is

e 2.

1
fx)=
V21
Explain why the probability of drivers travelling at a speed between 102.5 km/h and 120 km/h
can be found by evaluating
2

2 1 -
I e 2dx.
-15~27

Support your answer with relevant calculations.
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Question 25 continues on page 22
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Question 25 (continued)

(c)  Using the integral from part (b), use three applications of the trapezoidal rule to find the 2
probability that a driver travels at a speed between 102.5 km/h and 120 km/h.
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(d)  Hence, find the approximate probability of a driver travelling faster than 102.5 km/h. 2
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Question 26 (4 marks)

Find the value of k such that

| W
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Question 27 (5 marks)
A particle travels in a line such that its displacement is given by the function

5t 0<r<1

t)= ,
*©) 6\/t_—1 r>1
t

where x is the particle’s displacement from the origin, in metres, and ¢ is the time, in seconds.

(a)  Show that the particle begins its journey at the origin. 1
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(b)  Show that the particle is never at rest. 3
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(c)  Find the distance travelled in the first four seconds of the particle’s journey. 1
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Question 28 (6 marks)

Edie and Catriona are playing a game. They take turns picking a coloured ball from boxes X and Y.
The first player to choose a blue ball wins the game. If the ball is red, the ball is placed back into
the box and the game continues.

X

In each round of the game, players have to choose a ball from a particular box.

. In the first round, both players must choose a ball from box X.
. If the game continues to the second round, both players must choose a ball from box Y.
. If the game continues to the third round, both players must choose another ball from box X.

Edie takes the first turn in each round.

(a)  Find the probability that Edie wins in the first round. 1

...........................................................................................

...........................................................................................
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...........................................................................................
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Question 28 continues on page 26
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Question 28 (continued)

(c)  The probability of Edie eventually winning the game can be expressed as the series 3

GRS BEE R R RO
—+| | = x=|+]|=| X|=| x=|+||=| x| =| x=|+...
4 \\4) "5 4 5) 4 4 5) 75

(Do NOT prove this result.)

Show that Edie has a greater chance of winning the game than Catriona.
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Question 29 (4 marks)

Three circles with radius r are drawn such that their centres lie on the circumference of the other
two circles, as shown in the diagram.

Points A, B and C are the centres of the three circles.

1
Prove that the area of the shaded region is 5 r? (n — \/5 )
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Question 30 (10 marks)

In the circulatory system, the heart pumps blood to the various organs in the human body. It is ideal that
the heart uses the minimum amount of energy required to pump blood. The energy required is reduced
when the resistance of the blood is lowered. The resistance of the blood can be determined by the formula

L

R=k—,
r4

where L is the length of the blood vessel, r is the radius of the blood vessel and & is a constant such that
k >0.

The diagram shows a section of a blood vessel in the circulatory system.

b
NOT TO
SCALE
I I
a
A, B, C and D are various points in the blood vessel. It is given that r| > r,.
(a)  Show that the total resistance of blood that travels along path ABC is 2

a—-bcot@ bcosecH

(r1)4 (F2)4

R=k

...........................................................................................
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Question 30 continues on page 29
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Question 30 (continued)

(b)  Show that di(cote) = —cosec>0. 2
X
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Question 30 (continued)

(c)  Assume that the following is known about the resistance of the blood in the blood vessel. 4

. i(cosecO) =—cotf cosect
dx

2 4
J d—§>0 when cos0 = 2
do ry

(Do NOT prove these results.)

4

. e r
Show that the resistance of the blood is minimised when cos@ =| —%

r
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Question 30 continues on page 31
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Question 30 (continued)

(d)  Find the branching angle, 6, such that the length of r, is % of the length of | when the 2

resistance of the blood is minimised.
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Section Il extra writing space

If you use this space, clearly indicate which question you are answering.
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Section Il extra writing space

If you use this space, clearly indicate which question you are answering.
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Section Il extra writing space

If you use this space, clearly indicate which question you are answering.
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MATHEMATICS ADVANCED
MATHEMATICS EXTENSION 1
MATHEMATICS EXTENSION 2

REFERENCE SHEET
Measurement Financial Mathematics
Length A=P(1+r)"
o
|=——x27r .
360 Sequences and series
T =a+(n-1)d
Area n ( )

__Yv 2 n n
173607 Sy =20+ (n-1)d]="(a+1)
A=2{a+b) T —ar!

Surface area s za(l—rn)za(r”—1)7r¢1
5 1-r r—1
A=2xr"+2nrh
A=4xr? §=_1 ,r|<1
1-r
Volume
V :lAh . . . .
Logarithmic and exponential functions
Vzimf3 log, a” =x=q'%%a*¥
I
log, x = 0% X
Functions logy a
ax zex Ina
‘o —bi\]bz —4ac

2a

For ax® +bx* +cx+d =0:

0:+ﬂ+;/:—é
a

af +ay+ By ==
a

and affy = 4
a

Relations

(x=h)> +(y—k)’ =r2
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Trigonometric Functions

SinAzﬂ, cosA:a_dJ, tanA:ﬂ
hyp hyp adj

A=labsinC

? V2 /450

a b ¢ 1
sind sinB sinC 45_112
2 =a® +b* —2abcosC
2.,,2 2
cosCzu 5 3(0)°
2ab V3

[=r0
A=%r29 /60° o .

Trigonometric identities

secAd= ,cosd =0

CosS

cosecAd = ! sind #0

. 2

S

A
cotd =508

,sind #0

sinA4

cos? x+sinZx=1

Compound angles

sin(A + B) =sin Acos B + cos Asin B

cos(4+ B)=cos Acos B —sin Asin B

tan(A+ By = anAt@nB
1-tan Atan B
A
If t=tan— then sin 4= 2t2
2 1+¢
1— 2
cos A= t2
1+¢
tanzal:i2
1-¢

cos Acos B = %[COS(A —B)+cos(A4+ B)]

. . 1
sin Asin B = E[cos(A —B)—cos(4+ B)]
sin Acos B = %[sin(A + B)+sin(A4 — B)]

cos Asin B = E[sin(A + B)—sin(4 - B)]

. 1
sin? nx = 5(1 —cos2nx)

cos? nx = %(1 + cos2nx)

Statistical Analysis

An outlier is a score
X—pH less than Q; — 1.5 X IQR
o or
more than Q5 — 1.5 X IOR

Normal distribution

< | |
-3 -2 -1 0 1 2 3
e approximately 68% of scores have z-scores
between —1 and 1
e approximately 95% of scores have z-scores
between —2 and 2
e approximately 99.7% of scores have z-scores
between -3 and 3

E(X)=u
Var(X) = E[(X - ,u)z} - E(X2 ) gy
Probability

P(A B) = P(4)P(B)
P(AUB)=P(4)+ P(B)— P(AN B)

_ P(ANB)

A
] [ 7

Z

P(4|B) ,P(B)=0

Continuous random variables

P(X<r)= Irf(x)dx

Pla<X<b)= jbf(x)dx
a
Binomial distribution
PX =r)="C.p"(=p)"""
X ~Bin(n, p)
=P(X =x)
=(:jpx(l—p)n_x, x=0,1, ...n

E(X)=mnp
Var(X) = np(1 - p)
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Differential Calculus

Function Derivative
Y= 1" AV
y=uy dy _ dv  du
dx dx dx
y=g(u) where u= f(x) %:%x%
. L dv
y=— Q __dx dx
v dx v2
y =sin f(x) % = f'(x)cos f(x)
¥ =cos £(x) §§=—fxmwnfu)
y =tan £(x) L pwse? 1)
el ® % = fx)el @
d ’
y=In /() s
y=al® L (e al
B dy ')
y=log, f(x) & (na)f(x)
L dy_ X
y=sin " f(x) dx ’1 —[f(x)]z
» dy_ ™
y=cos " f(x) dx [ [/ (x)]2
4 &y _ )
y= tan f(X) dx 1+ [f(x)]z

Integral Calculus

n+l
+c

, n 1
ff@ﬁf@ﬂch=;:ﬂfuﬂ

where n #—1

.f’(x)sinf(x)dx =—cosf(x)+c

.f'(x)cosf(x)dx =sin f(x)+c

[ £/(x)sec? £ (x)dx = tan £ (x) +

.f'(x)ef(x)dx —e/ My

.&dx
SACY

=In|f(x)|+c

2@

Ina

+c

.f f'@)a! N =

I S dx =sin_1&+c

Ja@ [T a

—fl(x) 5 dx =ltan71@+c
c+[fof a

jud—vdx =uy —J.v d—udx
dx dx
b

[ reoas
a

bz_n“ {f@+f®)+2[f (x1)+.+f (x,m0) ]}

where a=x( and b=x,

~
~

Copyright © 2023 Neap Education Pty Ltd

37



HSC Year 12 Mathematics Advanced Trial Examination

Combinatorics
|
,,Pr __n
(n—r)!

|
Mone ot
r ri(n—r)!

n) ,_ ny ,_
(x+a)":x"+[ Jx" 1a+...+( Jx" "a" + ...

+a

Vectors
|L~t| = ‘x£+x]~" = \/xz +y2

u-y =|%||g|cosé’=x1x2 V1Yo,
where u =x1Lty1J

and v =xyi+yy]

r=a+b

Complex Numbers

z=a+ib=r(cosf+ising)
— re'?

[r(cos@ +isin 6)]” =" (cosn@ +isinnd)

_ rnezné’

Mechanics

d>x dv dv d(1 ,
—=—=v—=——V
dt?  dt dx dx\2

x =acos(nt+a)+c
x =asin(nt+a)+c

X =—n2(x —c)
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