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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 In a network audit, 58% of devices show a temperature alert, 46% show a humidity alert, and
31% show both alerts. A device is selected from those showing at least one of the two alerts.
What is the probability that it shows exactly one alert?

31
A, —
73
B 42
73
42
C 1
p. 2
104

2 How many solutions does
sin @ = cos(26)

have in the interval 0 < 8 < 27x?

2
B. 4
C. 3
D. 5
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A normally distributed random variable X satisfies
P(X <42) =0.10, P(X > 58) =0.10.

The variable Y is defined by ¥ = 100 — 2X. Whatis P(-16 <Y < 16)?

A. 0.80
B. 0.20
C. 0.90
D. It cannot be determined
Suppose
ax+b
fx) = cx+d’

where ad — bc # 0 and ¢ # 0.
Which has the following properties?

A. The graph has exactly one turning point.
B. The graph has a vertical asymptote but no horizontal asymptote.
C. There is exactly one y-value that is not in the range of the function.

D. The graph has domain equal to all real numbers.

Let
2% 5.2 4 6=0.

Which of the following could be a value of x?

A. logs2
B. 1
C. 2
D. log,6
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A data logger has recorded n measurements with mean 20 and population standard deviation 2.
A further measurement equal to 20 is added to the data. Which statement is correct?

The mean and the standard deviation remain the same.
The mean remains the same and the standard deviation decreases.

The mean increases and the standard deviation decreases.

o N w® >

The mean remains the same and the standard deviation increases.

A particle moves along a straight line such that its displacement x metres at time ¢ seconds is
implicitly defined by the equation
t=x>+3x.

What is the acceleration of the particle (in m/sz) at the instant when x = 1?

1
A —=
6
B 1
' 36
1
C. -
6
1
D. —
36

The area bounded by the curve

the x-axis, the y-axis and the vertical line x = k, where k > 0, is exactly equal to In(5) square
units.

What is the exact value of k?

A. 2v6
B. 3

C. 24
D.

V6
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9 The diagram below shows the graph of a differentiable function y = f(x), which passes through
the point (2, 1) and has a stationary point at (5, 8).

Y
(5, 8)

21
0 \

A new function g(x) is defined by

=y

g(x) = [f(0)]* f(2x -2).
Find the exact value of g’(2).

0
B. 2f(2)
C. 372
D. 4f'(2)

10 A student deposits $800 at the end of each month for 18 months into an account earning 6%
p.a. compounded monthly. No further deposits are made, but the money remains invested for
another 6 months. Which expression gives the value of the account after 24 months?

(1.005)%* -1
A. 800 —F——
( 0.005
B. 800(18)(1.005)%
(1.06)18 — 1 p
. (1.
C 800( 0.06 (1.06)
D. 800 % (1.005)°
' 0.005 '
End of Section I

Section II continues on the next page...
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Section 11

90 marks
Attempt Questions 11-28
Allow about 2 hours 45 minutes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 11 (2 marks)
Using first principles, differentiate

f(x) =2x? = 5x + 3.

Question 12 (3 marks)

Evaluate the definite integral, leaving your answer in exact form.

/14(3x2_2+%) dx.

Exam continues on the next page...
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Question 13 (4 marks)

A wildlife camera records a sequence of short video clips over consecutive nights. The number
of clips recorded each night forms an arithmetic sequence. Over the first 10 nights, the camera
records a total of 730 clips. On the tenth night, it records 100 clips.

a) Show the number of clips recorded on the first night is 46.

¢) Assuming the same pattern continues, find the first night by which the total number of clips

recorded exceeds 1200.

Exam continues on the next page...
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Question 14 (2 marks)

A smart greenhouse uses an automated misting system. The time 7, in seconds, for the humidity 2
sensor to stabilise after each misting cycle is normally distributed with mean 18.5 seconds and
standard deviation 2.4 seconds.

A cycle is classified as delayed if the stabilisation time is more than 22.1 seconds.

During a week, the system completes 360 misting cycles. Estimate the number of delayed cycles
in that week.

Question 15 (3 marks)

Solve for x, given 3
log%(2x —1) +logz(x = 3) = —1.

Exam continues on the next page...
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Question 16 (7 marks)
A box contains one fair die and one special die. The special die has
1 2
P6)=7,  P()=P(2)=PB)=P4)=P0O) =
One die is chosen at random and then rolled twice. The same die is used for both rolls.

a) Given that the first roll is a 6, find the probability that the special die was chosen.

Question 16 Continues on the next page...
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¢) A game pays $18 if both rolls are sixes, $6 if exactly one roll is a six, and nothing otherwise. 3
Determine the entry fee that will make the game fair.

Question 17 (2 marks)

The graph of the function f(x) = x? is dilated vertically by a scale factor of k, translated m units 2
to the right, and then translated 3 units up. The resulting graph is then reflected in the x-axis to

form the final function
g(x) = —2x% + 8x — 11.

Find the values of m and k, where k > 0.

Exam continues on the next page...
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Question 18 (6 marks)

An environmental research team is investigating the effect of wind speed on the sideways drift
of seeds released by an aerial seeding drone. During a series of test flights, the wind speed, w,
measured in metres per second (ms~!), and the corresponding sideways drift, d, measured in
metres, were recorded.

w|15 20 28 34 41 48 56 62
d|32 43 58 75 84 101 122 131

a) Determine the least-squares regression line for predicting the sideways drift, d, from the wind
speed, w. Hence, state the value of the correlation coeflicient, . Give all coefficients to three
significant figures.

b) In the context of this investigation, explain the meaning of:

i) The gradient of the regression line.

Question 18 Continues on the next page...
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The drone’s navigation software is programmed to release seeds only when the predicted side-
ways drift does not exceed 12 metres.

¢) Use the regression model to determine the greatest wind speed for which the drone should 1
release seeds. State whether your prediction is based on interpolation or extrapolation.

d) Give one reason why the regression model may not provide reliable predictions when the 1
wind speed is 10ms~!.

Exam continues on the next page...
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Question 19 (5 marks)

A remote observatory records the causes of 100 interruptions and the mean downtime associated

with each cause.

a) Complete the Cumulative (%) column in the table below by calculating the cumulative

percentage for each cause.

Cause Number of | Mean downtime Cumulative (%)
interruptions (minutes) No of Interruptions

Network handover 36 5

Sensor recalibration 24 12

Blocked lens 18 25

Battery replacement 12 40

Weather interference 10 18

b) The Pareto chart below shows the frequencies for each cause. Draw the cumulative percentage

line on the chart.

100%

100

90%

80%

80

70%

60

60%

50%

40%

40

Number of interruptions

Network
handover

Cumulative percentage

Question 19 Continues on the next page...
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Cause
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¢) The observatory wants to address the smallest number of causes that together account for at
least 75% of interruptions. Identify these causes.

d) A proposed upgrade can eliminate 70% of the interruptions, (downtime) from exactly one
cause. Installing the upgrade itself creates 90 minutes of downtime. If the objective is to
maximise the net reduction in expected total downtime, determine which cause should be
selected and the net reduction.

Exam continues on the next page...
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Question 20 (3 marks)

Using the trapezoidal rule with four sub-intervals, find an approximate value for

3 2lnx

= =
/() 1 xy1+ (Inx)? )

correct to 4 decimal places.

Exam continues on the next page...
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Question 21 (5 marks)

a) By using the product rule, show that the derivative of y = x3 In(x) is given by:

d
D 23BIn) + 1)
dx

b) Hence, find the exact value of the definite integral

/ x% In(x) dx
1

in simplified exact form.

Exam continues on the next page...
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Question 22 (5 marks)
Consider the cubic curve given by the equation

y = X - 3kx,
where k is a positive constant.

A tangent is drawn to the curve at a point P in the first quadrant. This tangent is parallel to the
line
y=9x+2.

A normal to the curve at the same point P intersects the y-axis at the point (0, b).

a) Show that the x-coordinate of point P is given by x = Vk + 3.

b) Show that the y-coordinate of point P can be expressed as:

y=(3-2k)Vk +3

Question 22 Continues on the next page...
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¢) Hence, show the expression for the y- intercept is:
28
b = (5—2k)\/k+3

Question 23 (8 marks)

Aloan of $180000 is to be repaid with equal monthly repayments made at the end of each month.
The initial interest rate is 6% p.a., compounded monthly.

a) Show that the balance remaining after 3 months is given by:
A3 = 180,000(1.005)3 — M (1 + 1.005 + 1.005%)

Question 23 continues on the next page...
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b) Hence, or otherwise, find the monthly repayment $M required to fully repay the loan after 2
180 months. Give your answer to the nearest cent.

Question 23 Continues on the next page...
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d) Immediately after the 120th repayment, the interest rate rises to 7.8% p.a., compounded 2
monthly. Find the new monthly repayment required so that the loan is still fully repaid after 180
months.

Question 24 (4 marks)

The population P(7) of an endangered species in a wildlife reserve is restricted by environmental
resources. Biologists model the growth of the population using the logarithmic relationship

. ( P(1)
3000 — P(1)

where ¢ is the time in years and c is a constant.

) =0.2t —c,

Initially, when ¢ = 0, the population is 500.

a) Find the exact time ¢ when the population reaches 2500. 2

Question 24 Continues on the next page...
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b) Sketch the graph of P(¢) against ¢ for r > 0. Clearly show all important features.

Exam continues on the next page...
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Question 25 (7 marks)

For values of 0 for which it is defined, let

1 +sind cosd

E(9) = + .
) cos 8§ 1 +sind

a) State the values of § in 0 < 6 < 2x for which E(6) is not defined,
and prove that E(0) = 2 sec 6 on its domain.

Question 25 Continues on the next page...
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¢) For a real number m, determine all values of m for which
E(6) =m+cosé

has exactly two solutions in 0 < 6 < 2x.

Question 26 (9 marks)

A dimensionless calibration-drift score X is used to measure how far a sensor has drifted from
its target calibration. A score near 1 represents typical drift, while scores near the endpoints
represent unusually low or unusually high drift. A physics-based model suggests that X has a
probability density function

k(x+1), -1<x<1,
f(x)=9k@B-x), 1<x<3,

0, otherwise.

a) Find the value of k.

Question 26 Continues on the next page...
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b) Find the cumulative distribution function F'(x) for all real x.

Question 26 Continues on the next page...
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¢) Find the lower quartile Q1, the upper quartile O3, and hence the inter-quartile range of X, in 2
exact form.

Question 26 Continues on the next page...

—-26 —
© State of New South Wales (Department of Education), James Ruse Agricultural High School, 2026.
This material may be used for non-commercial, educational purposes only.



d) For reporting purposes, an engineering team proposes a normal model Y whose mean is the 2
same as the median of X and interquartile range as the physics-based model. Estimate P(Y > 2),
and compare this with P(X > 2) under the physics-based model.

Exam continues on the next page...
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Question 27 (7 marks)

The depth of water, W metres, inside a tidal shipping canal is modelled by the function

W(t) = 8 + sin(t) + cos(t),

where 7 is the time in hours after high tide, for 0 < ¢ < 7.

a) Find the coordinates of any stationary points on the curve W (z) within the interval 0 < ¢t < 7,
and determine their nature.

Question 27 Continues on the next page...
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b) Find the point(s) of inflection.

Question 27 Continues on the next page...
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¢) A large cargo ship requires the water depth to be dropping at its absolute fastest rate to clear 2
a shallow sandbar safely using the outgoing current. Find the exact value of ¢ when the ship
should cross the sandbar.

Exam continues on the next page...
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Question 28 (8 marks)

Two coastal observation stations A and B are 500 metres apart, with B due east of A. The point
C, directly below a rescue drone, has bearing 050° from A and bearing 305° from B. The drone
is at D, vertically above C. The angle of elevation of D from A is 32°.

D

/114‘ " 500 m B
C
D
N
T 40° 35° 32°
A 500 m B A C

horizontal view vertical cross-section

a) Find AD, correct to the nearest metre.

Question 28 Continues on the next page...
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b) After the drone is located, its guidance system makes a sequence of correction flights with
lengths
Ly, Ly, L, ...,

where L1 = AD. Consecutive correction lengths are related by the calibration triangle shown
below.

X Y

The angle opposite L, is 6, the angle opposite L, is 110° — 6, and 0° < 8 < 55°.

Show that the correction lengths form a geometric sequence with

I 3 sin @
L, T 97 Gn(110° - 0)°

and hence write L, in terms of AD, g, and n.

Question 28 Continues on the next page...
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¢) For a reduced-battery mission, the limiting total correction distance must not exceed 900
metres.

i) Using parts a) and b) , find the total limiting correction distance in terms of AD and g.

Question 28 Continues on the next page...

—-33 _
© State of New South Wales (Department of Education), James Ruse Agricultural High School, 2026.
This material may be used for non-commercial, educational purposes only.



At the greatest allowable value of 6, the maximum value of ¢ is attained and g is an increasing
function for 0° < 6 < 55°. (DO NOT PROVE THIS).

iii) Hence or otherwise, determine the greatest allowable value of 6 to the nearest degree.
You may use:
sin(110° — ) = sin 110° cos @ — cos 110° sin 6.

End of paper
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Section II extra writing space

If you use this space, clearly indicate which question you are answering.

- 36—
© State of New South Wales (Department of Education), James Ruse Agricultural High School, 2026.
This material may be used for non-commercial, educational purposes only.




Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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2026 HSC Trial - Mathematics Advanced Suggested Solutions and Marking Scheme

2026 HSC Trial Examination
Mathematics Advanced

Suggested Solutions and Marking Scheme

Marking principle. Award marks for mathematically valid equivalent methods. Unless a question
explicitly requires an exact value, allow normal calculator rounding. Follow-through should be
awarded where a student carries a previous numerical value consistently and the later method is
correct.

Section I - Multiple Choice

Question 1 2 3 4 5 6 7 8 9 10

Answer B C A C B B B A D D

Brief checks

P(AUB) =0.58 +0.46 — 0.31 = 0.73 and P(exactly one) = 0.42, so 42/73.

sinf =1 —2sin?6, so (2sinf — 1)(sinf + 1) = 0: three solutions.

—16 < 100 — 2X < 16 <= 42 < X < 58, whose probability is 0.80.

y = a/c is the single excluded range value of a non-degenerate linear fractional function.

Let u = 2%: u?> —5u+6 =0, so z = 1 or = log, 3; option B is possible.

SR el R

Adding a value equal to the mean leaves the mean unchanged and decreases the population variance
denominator effect.
dx 1 dv 6x

di = 3213 0T G T @2 gy M all) = S8

7. v =
x

k
8. —_
Jo 22 +1
9. Product and chain rules give ¢'(2) = 4f/(2).

dr = $In(k* + 1) = In 5, giving k = 2/6.

1.0058 — 1

1. 6,
0.005 (1.005)

10. The 18-payment annuity accumulates for a further 6 months: 800



Section 11

90 marks
Attempt Questions 11-28
Allow about 2 hours 45 minutes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 11 (2 marks)
Using first principles, differentiate

f(x) =2x? = 5x + 3.

................ £z falaen™ sheb) +3] - D san]

h> N

Question 12 (3 marks)

Evaluate the definite integral, leaving your answer in exact form.

Exam continues on the next page...
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Question 13 (4 marks)

A wildlife camera records a sequence of short video clips over consecutive nights. The number
of clips recorded each night forms an arithmetic sequence. Over the first 10 nights, the camera
records a total of 730 clips. On the tenth night, it records 100 clips.

a) Show the number of clips recorded on the first night is 46.

¢) Assuming the same pattern continues, find the first night by which the total number of clips

recorded exceeds 1200. n

DI R R I I i T R P A I R N T P S R R R S

Lo e, KT nig.hT-. ....... - @ ................
Exam continues on the next page...
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Question 14 (2 marks)

A smart greenhouse uses an automated misting system. The time 7, in seconds, for the humidity 2
sensor to stabilise after each misting cycle is normally distributed with mean 18.5 seconds and
standard deviation 2.4 seconds.

A cycle is classified as delayed if the stabilisation time is more than 22.1 seconds.

During a week, the system completes 360 misting cycles. Estimate the number of delayed cycles
in that week.

Question 15 (3 marks)

Solve for x, given 3
log%(Zx —1) +logz(x = 3) = —1.

................ 1) ug,.[l.a.':.‘.)......Ipﬁl.bw.})..T'...’.D. 3[?) ~..Charae all

-t

................ e lJS)—’ J 7(:1...(44--0-»' é‘*fe
& y
.................... = Iog, 0a-1), .T..IP..,..G!'.'?)..?.[{‘]Q oy

.............................. &'3_,1_.__ )
2| 3

Exam continues on the next page...
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Question 16 (7 marks)

A box contains one fair die and one special die. The special die has

P(6) = % P(1) = P(2) = P(3) = P(4) = P(5) = 2.

One die is chosen at random and then rolled twice. The same die is used for both rolls.

a) Given that the first roll is a 6, find the probability that the special die was chosen.

P Specio) di) = ’zi P(#ai/..di@)..?..é....‘..’.... Y

......................... : A
............................................... OO UL JOUUUNTRPUTT
3o
Question 16 Continues on the next page...
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¢) A game pays $18 if both rolls are sixes, $6 if exactly one roll is a six, and nothing otherwise. 3

Determine the entry fee that will make the game fair. ) . e 41
........... P( vl)”)tl— SR Inin

N ..L. |
.......................... t8“"ﬁ

: ¢ 3. 42
Question 17 (2 marks) 2 $ 3. kL —

The graph of the function f(x) = x? is dilated vertically by a scale factor of k, translated m units 2
to the right, and then translated 3 units up. The resulting graph is then reflected in the x-axis to
form the final function

g(x) = —2x% + 8x — 11.

Find the values of m and k, where k > 0.

........... J/Z”‘:Lf .......iS..QLlLameA..."j. intomect

Exam continues on the next page...
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Question 18 (6 marks)

An environmental research team is investigating the effect of wind speed on the sideways drift
of seeds released by an aerial seeding drone. During a series of test flights, the wind speed, w,
measured in metres per second (ms~!), and the corresponding sideways drift, d, measured in
metres, were recorded.

w|15 20 28 34 41 48 56 62
d|32 43 58 75 84 101 122 131

a) Determine the least-squares regression line for predicting the sideways drift, d, from the wind
speed, w. Hence, state the value of the correlation coeflicient, . Give all coefficients to three
significant figures.

........ ro‘f‘l?-*@
........ i213w00/68“®

b) In the context of this investigation, explain the meaning of:

i) The gradient of the regression line.

ii) The correlation coefficient.

...... TM 0 .WMCQK/K/AZ;A .. /df/un .

Question 18 Continues on the next page...
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The drone’s navigation software is programmed to release seeds only when the predicted side-
ways drift does not exceed 12 metres.

¢) Use the regression model to determine the greatest wind speed for which the drone should
release seeds. State whether your prediction is based on interpolation or extrapolation.

................. msjiwm'/é/palaw\évﬁ\

d) Give one reason why the regression model may not provide reliable predictions when the
wind speed is 10ms~!.

L/LM%—VJ/'JWA”IDM/S,%IJ .?»../?De’ﬂf.l.'l..to..
....... for odfude fo date poidds e which Do medl

Exam continues on the next page...
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Question 19 (5 marks)

A remote observatory records the causes of 100 interruptions and the mean downtime associated

with each cause.

a) Complete the Cumulative (%) column in the table below by calculating the cumulative @

percentage for each cause.

Cause Number of | Mean downtime Cumulative (%)
interruptions (minutes) No of Interruptions

Network handover 36 5 36

Sensor recalibration 24 12 6o

Blocked lens 18 25 748

Battery replacement 12 40 70

Weather interference 10 18 /00

b) The Pareto chart below shows the frequencies for each cause. Draw the cumulative percentage @

line on the chart.

100

100%

90%

Number of interruptions

Cumulative percentage

Network
handover

Question 19 Continues on the next page...

Sensor Blocked Battery
recalibration lens replacement
Cause

_ 14—

Weather
interference
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¢) The observatory wants to address the smallest number of causes that together account for at 1

least 75% of interruptions. Identify these causes.

Networ E handewes”

Blocked leap

d) A proposed upgrade can eliminate 70% of the interruptions, (downtime) from exactly one 2
cause. Installing the upgrade itself creates 90 minutes of downtime. If the objective is to
maximise the net reduction in expected total downtime, determine which cause should be
selected and the net reduction.
N D 36xe = 18O
J = 2 xr2 o 28
L D [&x28 2 41D
g D [ix4o: fdo 7he  max Cavpe /o Battery
W D sox I /fo Nel redfocho, = /2x%02 ffow 7005
................. oty Batffery 3/ 336 & 70
g??‘f?u. Fhe anpwer 286 — () s el

Exam continues on the next page...
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Question 20 (3 marks)

Using the trapezoidal rule with four sub-intervals, find an approximate value for 3

3 2lnx

Y . —
/() 1 x/1+ (Inx)? )

correct to 4 decimal places.

Exam continues on the next page...
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Question 21 (5 marks)

a) By using the product rule, show that the derivative of y = x3 In(x) is given by: 2

d
D 2B + 1)
dx

Murf Show ! us x> ylz3x?

man J‘?‘ve/eh-/l‘ Ja/n/ Mow /AV‘ ‘/'/'/5 J
J'/.}’ a Jdhow é’veufﬁb” I
b) Hence, find the exact value of the definite integral 3
e
/ x% In(x) dx
1
in simplified exact form.
2
dowd fe = 3% Aa(x) s 22 (.7[”’"/0% (9)
ofx

. es I
fieef 2 marke fice fie 23 Leltce) - (F-.7/]. .

! J / / 3 7
gueshon  gagt  Hence Eeg—F%)lez ........
Thie irogerd [ mefiod M T 3’.6.3...7.....7*..?‘?.1‘....? ................

- 2 /
If. afedentn et o X3k s — (D
s
(7:'/’ fae /[h-/ OﬂJ"'vff/' max morf rs ’’ /grdv; o 4 exac)

Exam continues on the next page...
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Question 22 (5 marks)
Consider the cubic curve given by the equation

y = X - 3kx,
where k is a positive constant.

A tangent is drawn to the curve at a point P in the first quadrant. This tangent is parallel to the
line
y=9x+2.

A normal to the curve at the same point P intersects the y-axis at the point (0, b).

a) Show that the x-coordinate of point P is given by x = Vk + 3. 2

e

Srace /Oara//e/ m =

J.‘k“ J£ x

2at - 2k

b) Show that the y-coordinate of point P can be expressed as: 1

y=(3-2k)Vk +3

Question 22 Continues on the next page...
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¢) Hence, show the expression for the y- intercept is:

b:(zg—g—zk)\/m 74.,,,(‘) From (¢)

Question 23 (8 marks)

Aloan of $180000 is to be repaid with equal monthly repayments made at the end of each month.

The initial interest rate is 6% p.a., compounded monthly.

a) Show that the balance remaining after 3 months is given by:
A3 = 180,000(1.005) — M (1 + 1.005 + 1.005%)

whalever 7‘3 SYbow ...

....... ___/8“,0(,0”_)‘-,“(‘,0“-) e o fee praper
Ag: ....... ,‘Pooou(rou_>3,k(‘,,,.,_r)"-m(‘/ou- SR w“hﬂj o
= Ido 000 /r oor)3- m( (r‘or):)l-r (/-ou") (1) hWasr gtren
T /&6 000 [/‘°°.I')“?— mnl 1F rore £ or 0”_2) 2hovs 7{;// o 00 &S..
................................................................................. ‘.}.’.,;”Nr Vs
UL I U AUV o3 BN < eSO

Question 23 continues on the next page...
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b) Hence, or otherwise, find the monthly repayment $M required to fully repay the loan after 2
180 months. Give your answer to the nearest cent.

. L - o) it/
T atlents go7 foll oks /”/7/‘*’( ....... / penatives!

/&6
4(‘90 = [®o0000 (/-oor) _ M /[/.ao.r)"’"_ //ZA if fhe nunber

R L Y A APV o f yearr
J-o0f - f ; a' F
To poy el feen A s et
o — [/&o ooo(/.oor) do - —M Save #6'r ‘2 yourcale
.............................................................. ,ﬂ&ﬁ 74rmuf°
m = ~ [fPo000 [" oog n
................................................. @a[(/f") ~
.................................................................................... ZT/-H’)-/
A /.S'/(f‘ 77
¢) Find the outstanding balance immediately after the 120th repayment. D 2

a\/' r" (a/.c

Question 23 Continues on the next page...
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d) Immediately after the 120th repayment, the interest rate rises to 7.8% p.a., compounded 2
monthly. Find the new monthly repayment required so that the loan is still fully repaid after 180

months. 7.8 %
d - ra = 0 Ooéf‘) n = 60
............................................. 66............ e o o o s s s s s s s »

A : 78Te 1 (r-oocr) -

Question 24 (4 marks)

The population P(7) of an endangered species in a wildlife reserve is restricted by environmental
resources. Biologists model the growth of the population using the logarithmic relationship

| P(1)
. (3000 —P()

where 7 is the time in years and c is a constant.

) =0.2t —c,

Initially, when ¢ = 0, the population is 500.

a) Find the exact time ¢+ when the population reaches 2500. 2

@ o e s s e s s s s e s s s s e s s s s s s s e s s s s s s s s s e s s s s e s s s s e s s e s e e s e s e e s e s e s e s e ———————— ¢ s % o s o o o

1= /o,(n(/ 16- 09,
tion 24 ti th t @
Question 24 Continues on the next page A28 A 25
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b) Sketch the graph of P(¢) against ¢ for t > 0. Clearly show all important features. 2

P’{{')
5800 ] ¢ -
b e T e
O Sy LT P D I PPN
S Sy < (LI TP PPPPRRTES ST R
gse el

Marted fenient |

Exam continues on the next page...

22 _
© State of New South Wales (Department of Education), James Ruse Agricultural High School, 2026.
This material may be used for non-commercial, educational purposes only.



2026 HSC Trial - Mathematics Advanced

Solutions, Marking Scheme and Feedback

Year 12 2026 Mathematics Advanced Trial

Suggested Solutions, Marking Scheme and Feedback
Questions 25-28

Question 25(a)
For values of 8 for which it is defined, let

E(

domain.

cosf

_ 1+sind

0
) cosf

1+sind’

State the values of # in 0 < # < 27 for which E(6) is not defined, and prove that E(f) = 2secf on its

[2 marks]

Solution

The denominators are zero when

cosd =0 or 1+sinf =0.
Hence, in 0 < 0 < 27,
=" org=""|
2 2

On the domain of F,

(1+ sin )2 + cos?

0

E0) =
() cos (1 + sin6)

Marking Scheme and Feed-
back

1 mark: States both undefined
values of 6.

1 mark: Correctly proves
E(0) = 2secf on its domain.

Feedback

Some students wrote 6 # 7, 37”
The question asks where F is
undefined, so the required state-
ments use equality.

2+ 2sinf 2 5 p
= = = 2secH.
cosf(1+sinf)  cosd
Question 25(b) [2 marks]
Hence solve
E(0) = 4cosb, 0<6<2m.
Solution Marking Scheme and Feed-
Using part (a), back
5 ) 1 mark: Obtains cos? 6 = %
—4dcosh =— coslfh=_. 1 mark: Gives all four exact
cos 2 solutions.
Therefore 3 5 7 Feedback
0 = E) i, 17 m . Use exact values and include all
4 4 4 4 four solutions.
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Question 25(c)
For a real number m, determine all values of m for which

E(0) = m+ cosf

has exactly two solutions in 0 < 0 < 2.

[3 marks]

Solution

Method 1 - Make m the subject (recommended)
Let

T = cos b, -1<z<1, x # 0.

The case x = 0 is excluded because E(f) is undefined when cosf = 0.

The equation becomes

2 2
—=m+t+z = m=yg(x)=-—uz
xr T

Since 5
"()=—-=5-1<0
g(z)=—-— :

g is decreasing on each part of its domain.
For 0 <z <1,

9(1) =1,

so m > 1. The endpoint x = 1 gives § = 0,27, so m = 1 is included.
For —1 <z <0,

lim g(x) = oo,
x~>0+g( )

g(—1)=—1, lim g(z) = —o0.
z—0~
The endpoint £ = —1 gives only § = 7w, so m = —1 is excluded. Hence
m < —1.
Thus

m<-—-1 or m2>1|

Marking Scheme and Feed-
back

1 mark: Establishes 22 +

mzxr — 2 = 0, or an equiv-
alent valid setup. A correct
quadratic-formula setup includ-
ing A = m? + 8 earns this mark.
1 mark: Correctly obtains ei-
ther m > 1 or m < —1, with
relevant domain reasoning.

1 mark: Obtains both inter-
vals and treats the endpoints
correctly.

Feedback

This was a challenging part.
Very few students obtained the
correct range of m; the only
fully correct response used a
graphical approach.

Many students found A = m?+8
but did not restrict x = cos6
or count the corresponding 6-
values.
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‘Question 25(c) - Method 2: Graphical solution

The graph of y = 2sec@ is compared with vertical translations of y = m + cosf on 0 < 8 < 2. The solid blue
and red curves are representative cases; the dashed curves are the boundaries m =1 and m = —1.

m = 2: two intersections

Q

_____
- -
~~~~~
~ P
-

-
P
_________________

=~
S~

~~~~~
________

~~o

-
-
-

-
~~ -
~~~~~

B B e L e S
1
1
ﬁ--
\
\
[*N)
Bl
\
\}
\}
1
1
\
1
\}
)
\
N
3

4 m = —2: two interseétions
- =TT |

—_ y = 2secl —— m = 2 (representative) ---- m =1 (boundary)
--=--m = 0 (middle range) ---- m = —1 (boundary) —— m = —2 (representative)

The square markers show the boundary cases: m = 1 gives the two endpoint solutions 6 = 0, 27, whereas
m = —1 gives only § = w. Therefore

m<—1 or m>1|
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‘Question 25(c) - Further alternative methods

Method 3 - Quadratic formula (Extension 1-style)
From
2?4+ mr—2= 0,

the roots are

—m+vVm?2+8
5 .

Since vVm? +8 > |m/|, 4 > 0 and z_ < 0.

For the positive root, require x4 < 1:

vm2+8<m+2.

T4+ =

This inequality forces m + 2 > 0, so both sides are non-negative and may

be squared equivalently:

m*+8<(m+2? = m>1.

For the negative root to give two -values, require z_ > —1:

vVm24+8<2—m.

Here 2 — m > vm?2+8 > 0, so both sides are positive and may be

squared equivalently:
m*4+8<(2-m)? = m<-1.

Hence m < —1 or m > 1.

Method 4 - Vieta’s formu-
las (Extension 1-style)
Let

p(x) = 2 + mx — 2.
If its roots are x1, xz2, then
1T = —2.

Thus the roots have opposite
signs and cannot both lie in
[—1,1]. At most one root is a
valid cosine value.

Also p(0) = —2 < 0, so 0 lies
between the roots.

The positive root lies in (0, 1]
exactly when

p(l)=m—12>0.

Hence m > 1.
The negative root lies in (—1,0)
exactly when

p(—1)=—-m—1>0.

Hence m < —1. At m = —1,
the valid root is * = —1, which
gives only 0 = 7.

Therefore

’m<—1 or m=>1]|

These alternatives are not re-
quired for full marks.
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Question 26(a)
A random variable X has probability density function

k(x +1),
0,

Find the value of k.

[2 marks]

-1 <x <,
1<z <3,

otherwise.

Solution

Method 1 - Integration

/iMx+Dd$+%BM3—@dm:1

4k = 1.

1
H k=—|
ence 1

Method 2 - Area

The density is an isosceles triangle with base 4 and height 2k.

1 1
S@WeR =1 = |k=7|

Marking Scheme and Feed-
back

1 mark: Uses the total area
under both pieces.
1 mark: Obtains k = %.

Feedback

Some students set the integral
over only one piece equal to 1.
Both pieces are required.
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Question 26(b)
Find the cumulative distribution function F'(x) for all real x.

[3 marks]

Solution

Method 1 - Integration
For -1 <z <1,

For1l <z <3,

1/2
1 1
== —(3—t)dt
R 2B
_—932—|—6x—1
= 2 .
Therefore
0, T < —1,
12
(xz " 1<r<l,
F(x) = 9
B2 s
8
1, x> 3.

Marking Scheme and Feed-
back

1 mark: Correct first non-zero
branch.

1 mark: Includes the existing
probability F(1) = 3 in the
second branch.

1 mark: Correct complete
CDF and intervals.

Feedback

Many students need to review
that a CDF is cumulative. For
x > 1, F(x) must include

the probability already accu-
mulated over [—1, 1], namely
F(1) = 1.

All responses used integra-
tion; no students used the area
method or recognised the sym-
metry of the triangular den-
sity.
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‘Question 26(b) - Method 2: Geometric area

For -1 <z<1 For 1<z<3
The cumulative probability is the area of the shaded The area to the left of x consists of the left half, %, plus
triangle: the additional shaded region. Equivalently, subtract

the right-tail triangle from 1:

:z-l—l): (x—;l)Z'

Fo) = 5+ 1) (2

The complete CDF is the same piecewise function obtained by integration.
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Question 26(c)

[2 marks]

Find the lower quartile @)1, the upper quartile J3, and hence the interquartile range of X, in exact form.

Solution
Method 1 - Solve the CDF equations
1?2 1
@1;):4 — Qi=-1+V2

Reject —1 — /2 because it is outside [—1,1]. Hence
Q1 =v2-1.

Similarly,

—Q%2+6Q;3—1 3
Q3+8Q3 =< . Q3=3+V2

Reject 3 4 v/2 because it is greater than 3; in the complete CDF, F(3 +
v/2) = 1, not 0.75. Thus
Qs =3-V2.

Therefore

IQR=Q3— Q1 =4—2V2|

Method 2 - Area and symmetry
The density is symmetric about x = 1. Thus

Q3=2-Q1=3—V2

Marking Scheme and Feed-
back

1 mark: Correct Q1.

1 mark: Correct Y3 and hence
the IQR.

Feedback
Most students found @)1, but
many struggled to determine

Q3.
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Question 26(d)

model. Estimate P(Y > 2), and compare this with P(X > 2).

[2 marks]

A normal model Y has mean equal to the median of X and the same interquartile range as the physics-based

Solution

By symmetry, the median of X is 1, so uy = 1.
From the standard normal table,

20.25 ~ —0.675, 2075 ~ 0.675.

Hence
IQR(Y) = 1.350 = 4 — 2V/2,
SO \/»
4—2V2
~ (0.868.
7T 135
Therefore
P(Y>2)—P<Z> 2_1> ~ P(Z > 1.15) ~ 0.1251
- 0.868) YT et

For the triangular model,

1
P(X>2):1—F(2):1—£:§:0.125.

The two models give nearly identical estimates for this particular tail
probability.

IQR = 1.350

0.25

—0.675 0 0675

Marking Scheme and Feed-
back

1 mark: Correctly establishes
the normal model and estimates
P(Y > 2).

1 mark: Calculates P(X > 2)
and makes a valid comparison.

Feedback

This part was poorly done.
Many students could not use
the IQR to determine o.
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Question 27(a)
The depth of water is
W (t) =8 +sint + cost,

0<t<m.

Find the coordinates of any stationary points and determine their nature.

[3 marks]

Solution

W'(t) = cost — sint.
If cost = 0, then sint = cost is impossible. Otherwise,

tant = 1.

Using 0 < t < 7 gives

T T
t=— — | = 2
oW <4> 8+2
Also
W’ (t) = —sint — cost, w’ <Z> =—V2<0.
Hence

<Z, 8+ \/Q) is a local maximum.

Alternative: first derivative table

Since ¢ = 7 is the only zero of W’ in the interval, use concrete test
values:
t o § 3
W'(t)| 1 0 -1
W(t) | /4 maximum Y\,

10

Marking Scheme and Feed-
back

1 mark: Finds ¢t = 7 within
the stated interval.

1 mark: Finds W () =8+ V2.
1 mark: Correctly determines
the nature.

Feedback
Generally well done. Some stu-
dents used t = %”, which is

outside 0 < ¢ < .

A sign table was valid, but the
second derivative test was more
natural because W was also
required in parts (b) and (c).
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Question 27(b)
Find the point(s) of inflection.

[2 marks]

Solution

W"(t) = —sint — cost.
Thus

W't)=0 = tant=—1.

Within 0 <t <,

3w 3T
t=— W(—) =8
- w(7)

The sign table is

t ‘ 0 %’r m
W (t) -1 0 1
concavity | down up

so the concavity changes. Therefore

(%)

is a point of inflection.

11

Marking Scheme and Feed-
back

1 mark: Finds the correct can-
didate and coordinate.

1 mark: Verifies a change in
concavity.

Feedback

W"(t) = 0 alone is not suf-
ficient; a change in concavity
must be shown.

For example, y = z* has
y”(0) = 0, but (0,0) is not a
point of inflection.
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Question 27(c)

of ¢ when the ship should cross the sandbar.

[2 marks]

A large cargo ship requires the water depth to be dropping at its absolute fastest rate. Find the exact value

Solution
The depth is dropping fastest when W’(¢) is most negative.
Method 1 - Calculus and a sign table (recommended)
Let V(t) = W/'(t). Then

VI'(t) = W"(t).

From part (b), the only interior candidate is t = %TW' Using concrete test

values,

t ‘ 0 ?ﬂf U
Wi | -1 0 1
W'(t) | ¢ minimum

Also

w'o)y=1, W (?’D = V2, W'(r)=-1

Hence W' has its absolute minimum at t = %’r.

Method 2 - Trigonometric range (Extension 1)
This auziliary-angle method is Extension 1 content and is not required
for Mathematics Advanced.

W'(t) = cost — sint = v/2 cos (t + Z) .
Its minimum value —v/2 occurs when

t+ —=m,

T
4

1w (t)

e

Marking Scheme and Feed-
back

1 mark: Identifies ¢t = ?jf.
1 mark: Shows that W'(¢) has
an absolute minimum there.

Feedback

Some students identified ¢ = ?jf
but did not show that W' (t)
was minimised.

A point of inflection is not auto-
matically the point of steepest
change; it is so here because
W' has its absolute minimum
there.

N

12

t
3r ™
I
I
I
I
I

4

absolute
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Question 28(a)

[2 marks]

Stations A and B are 500 metres apart, with B due east of A. The point C' has bearing 050° from A and
bearing 305° from B. The drone is at D, vertically above C, and the angle of elevation of D from A is 32°.

Find AD, correct to the nearest metre.

Solution

In the horizontal triangle,

LA=40°, /B=35°, /C =105°.

By the sine rule,

AC 500
sin35°  sin 105°’
SO
AC — 509 sin 350‘
sin 105°
In the vertical cross-section,
AC
32° = —.
cos 1D
Hence 500 sin 35°
sin
D=—— =~ .104.
sin 105° cos 32° 350-10
Therefore

AD =350 m|.

Horizontal view

c
N
105°
0° 359

A 500 m B

13

Marking Scheme and Feed-
back
1 mark: Finds AC using the

sine rule.
1 mark: Finds AD = 350 m.

Feedback
Well done.

Vertical cross-section
D

20
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Question 28(b) [2 marks]
The guidance system makes a sequence of correction flights L1, Lo, Ls, ..., where L1 = AD. Consecutive

lengths L,, and L, 1 form a triangle in which the angles opposite them are 110° — 6 and 6, respectively,
with 0° < 8 < 55°. Show that the lengths form a geometric sequence with

Lyt sin 6

L, T 17 Gn(i0° — 6y

and hence write L,, in terms of AD, ¢ and n.

Solution Marking Scheme and Feed-
By the sine rule, back
Ln _ Ln+1_ 1 mark: Establishes the com-
sin(110° — @)  siné mon ratio using the sine rule.
Loia sin 0 ADg L.
= - o _ = q
L, sin(110° — ) Foedback
The common ratio is constant, so the lengths form a geometric sequence. | Well done.
Since L1 = AD,
L,=ADg" |

14
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Question 28(c)(i)

[1 mark]

For a reduced-battery mission, the limiting total correction distance must not exceed 900 metres. Using

parts (a) and (b), find the total limiting correction distance in terms of AD

and q.

Solution

Since 0° < 6 < 55°,
110° -6 > 6.

In a triangle, the larger angle is opposite the larger side. Thus

Ly, > Lyy1 > 0.

Therefore I
0<qg=-"2 <1
<q I <1,
so ¢ # 0 and |¢| < 1.
The limiting sum exists and is
AD
Seo = — |
l—q

Marking Scheme and Feed-
back

1 mark: Writes the limiting
total as AL

1—q
Feedback
Well done. Writing f‘—_{; < 900
was also accepted, although
< 900 matches “must not ex-
ceed”.

Question 28(c)(ii)
Calculate the maximum allowable value of ¢, correct to four decimal places.

[1 mark]

Solution

The restriction is
AD
— < 900.
1—-¢q

Since 0 < ¢ < 1, 1 — ¢ > 0, so multiplication preserves the inequality:
AD <900(1 — q).

Using AD = 350,

11

350 <900(1—q) = g¢< o

Hence

| gmax = 0.6111],

15

Marking Scheme and Feed-
back

1 mark: Correctly forms and
solves the inequality for q.

Feedback

The final two parts were not
well answered. Students found
it difficult to form the inequal-
ity for ¢ and then solve for 6.

A value of 0.6110 obtained by
carrying the unrounded value of
AD was also accepted.
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Question 28(c)(iii)

nearest degree. You may use

sin(110° —

At the greatest allowable value of 8, the maximum value of ¢ is attained, and ¢ is increasing for 0° < 6 < 55°
(you are not required to prove this). Hence or otherwise, determine the greatest allowable value of 6 to the

) = sin 110° cos @ — cos 110° sin 6.

[2 marks]

Solution
At the greatest allowable angle,

sin 0

—FF— = 0.6111.
sin(110° — 0) 0.6

Using the supplied identity,

sin f = ¢(sin 110° cos  — cos 110° sin 6),
sin (1 + g cos 110°) = ¢sin 110° cos 6.

Thus
qsin 110°

tanf = ——.
14 gcos110°

With ¢ = 0.6111,
0 ~ 35.98°.

[6=36]

Hence

Marking Scheme and Feed-
back

1 mark: Correct trigonometric
equation or rearrangement for
0.

1 mark: Obtains the greatest
allowable angle 36°.

Feedback

The final two parts were not
well answered. The inequality
for ¢ and the rearrangement for
f both required careful multi-
step reasoning.

Angles are given in degrees, so first write

Teaching note - Why is ¢ increasing? (Not required in the examination)

(%)

sin
1808111 (%— )

Therefore ¢ is increasing for 0° < 6 < 55°.

o) 117
¢ = 180’ 110° = ST
Then
q(0) = S ¢ ; o _ T
sin (11187r ¢) de ~ 180
Using the quotient rule,
dg cos ¢ sin (111—8” — q{)) + sin ¢ cos (111—87r — qb)
dg 180 sin? ( Lx _ d>)

End of Suggested Solutions
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