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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 The parabola y = x2 + 2 is translated down 4 units. It is then reflected about the x-axis.

What is the equation of the resulting parabola?

2 Calculate % [ L (g*—2g°+g—-1)dg

A x*=2x3+x
B. x*—-2x34x-6
C. x*—-2x3+x-1

D. x*-2x34x+C



Which of the following could represent a probability density function for a continuous random
variable?
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Find the angle of inclination of the line y = —8x — 5.

A 76°
B. 83°
c. 97°
D.  104°

A bus company collected data on the number of passengers travelling on a particular route each
weekday during the month of June. The table shows the data collected.

Number of passengers Frequency Cumulative Frequency
29 2 2
30 5 7
31 6 13
32 8 21
33 1 22

The bus company calculated the mean, median, mode, range and interquartile range for this
data.

One Friday in June was a public holiday and there was a festival on to celebrate. On this day
there were 48 passengers on the bus route. The bus company omitted this data from the table as
it was an outlier which would not occur every month.

Which of the statistics that the bus company calculated would this outlier have changed?

All of the statistics
Mean, median and range only

Mean, mode and range only

O 0w »

Mean and range only
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Which of the following is the graph of y = x* — x3 — 3x% + 5x + 1?

A. B.
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7

A school collected data related to the reasons given by students for arriving late. The Pareto

chart shows the data collected.
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What percentage of students gave the reason "Traffic problems'?

A, 2.5%
B. 5%

C. 12%
D. 97%
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Which of the following describes the graph of y? — 6y + x? — 16 = 0?

A circle with centre at (0, —3) and radius 5 units.
A circle with centre at (0, 3) and radius 5 units.

A circle with centre at (0, 3) and radius 4 units.

o 0w p

A circle with centre at (3, 0) and radius V7 units.

The diagram shows the graph y = f(x), where f(x) is an odd function.
The shaded area is 1 square unit.
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A new function, g(x), is found by taking the graphing of y = f(x) and translating it by 3 units
upwards.

Find f_ll g(x) dx.
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10 The graph of a function y = f'(x) is shown below.

Which of the following is the graph of y = f(x)?
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Question 11 (2 marks)

A survey of 230 students found that 180 caught a train, 75 caught a bus and 40 caught neither
on the way to school.

What is the probability that a student caught a bus, given that they also caught a train?

Question 12 (2 marks)

Isaac is training for a marathon. His watch saves his running velocity, v(t), in metres per
minute every 20 minutes. The table gives the velocity, v(t) at time t minutes.

t 0 20 40 60 80
v(t) 160 175 178 166 150

Use the trapezoidal rule and the velocity at each of the five time values to find the approximate
distance in kilometres that Isaac has run in his 80 minute training session.

-12 -



Question 13 (3 marks)

The rectangular prism below has BF = 5 cm, FG = 9 cm, GH = 12 cm, AH = V106 cm and
AF = 13 cm, as shown in the diagram below.

A B

NOT TO
5cm SCALE

H 12 cm G

Find the size of ZHAF, correct to the nearest degree.

-13-
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Question 14 (4 marks)

(a) A discrete random variable X has the probability distribution table shown below.

X=x 3 5 a 12

P(x) 0.1 m 0.2 0.4

Find the value of a and m given an expected value of 8.4.

(b)  Hence find the variance of X.

-14 -



Question 15 (2 marks)

Differentiate f(x) = x? — 3x + 2 using the first principles formula f'(x) = }lin(l) w : 2
Question 16 (4 marks)
For which values of k does y = kx? + (k — 2)x + 1 have real roots? Provide your answer in 4

simplified exact form.

=15 -



Question 17 (3 marks)

Rosanne studies the number of birds B flying above a National Park. She compares the number
of birds at different heights h, in kilometres, between 2 and 9 km above sea level. She finds that
the data she gathers follows a linear pattern which can be modelled by a least squares regression

line with equation

where ¢ is a constant.

Some of the data points that Rosanne collected along with the least squares regression line are

shown in the scatterplot below.
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Find the value of c, interpret its meaning in the given context and comment on the accuracy of

this value as an estimate.

Height above sea level (km)

- 16 -
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Question 18 (3 marks)

Solve5c05(2x+§)+2 =0for0<x<m.

-17 -



Section II extra writing space

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

- 18-
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Question 19 (2 marks)

Charlie is playing basketball. He has a 13% chance of scoring a goal from beyond the halfway
line. How many shots must he take to ensure at least a 97% chance of scoring at least one goal?

Question 20 (2 marks)

A table of future value interest factors for an annuity of $1 is shown.

Rate
. M 0.005 0.01 0.015 0.02 0.03 0.06
Period
(n)
7 7.10588 |  7.21354 | 7.32300| 7.43428| 7.66246| 8.39384
28 29.97452 | 32.12910| 34.48148 | 37.05121| 42.93092| 68.52811
56 64.44140 | 74.58098 | 86.79754 | 101.55826 | 141.15377 | 418.82235
84 104.07393 | 130.67227 | 166.17264 | 213.86661 | 365.88054 |2209.41674

Owais deposits $2 000 into a savings account every three months for 7 years at an interest rate

of 6% per annum, compounding quarterly.

Find the amount of money in Owais’ savings account at the end of the 7 years.

=20 -




Question 21 (2 marks)

At the point (3, —4) on the curve y = f(x), the tangent has equation y = 2x — 10. Determine
the equation of the tangent to the curve y = f(—x) at the point (—3, —4).

Question 22 (2 marks)

. 3x —4
Find fm dx.

-21 -



Question 23 (7 marks)

(@)  Usea logarithm law to write In 3;_ 21 in the form Ina — In b, where a and b are algebraic

expressions with no fractions.

- . —5+v
- 21 has a gradient of 1 at x = — 193

(b) Hence, show thaty = In

3x
X

Question 23 continues on the next page.

-2



(¢) (i) Anika thought there was a fault in the answer to Question 23b. She said the answer

—5++13
6

3 . . .
should be x = only. However, she is incorrect, there is no error in the answer

provided in Question 23b. Anika made an error, as she was solving the question:

. 54133
“Hence, show that y = Ina — In b has a gradient of 1 at x = == 133,,
Instead of the question:
- . —54+133,
“Hence, show that y = In 3;_,_ 21 has a gradient of 1 at x = —— 133,

Provide the restriction that Anika used that lead to her incorrect answer.

. . —5-133 . ) .
(¢)  (ii) Substitute x = —, - intoa and b, provide answers correct to 2 decimal places, and
. —5-133 . . . . .
hence explain why x = % is not a solution to Question 23b if you start with the
equation y = Ina — In b but it is a solution if you start with the equation y = In 3;;21.

-23-



Question 24 (10 marks)

One morning a farmer’s crops were attacked by 2 000 locusts (insects). During daylight each

day, including the first, the locusts population increases by 15%. Unfortunately, the farmer

doesn’t realise the severity of the locusts for the first two weeks.

(a)

Show that there are 14 151 locusts at the farm when the farmer realises the severity of the
locust plague, to the nearest whole.

(b)

The farmer does not wish to spray his farm with pesticide, so he decides to try a locust
trap instead. At the start of the 15" day the farmer installs the locust trap, which traps the
locust at nighttime. Find the minimum number of locusts per day that the trap must catch
to reduce the number of locust from the 15" day onwards.

(c)

Once the trap is in use, the number of locusts at the end of the nth day is given by 4,,.
The locust trap is guaranteed to successfully catch exactly 4 000 locusts per day.

(i) Show that A, = 14 151(1.15)% — 4000(1.15) — 4000.

Question 24 continues on the next page.
-25-



(ii) Show that 4,, = 14 151(1.15)™ — 4000 (1.15n - 1)' 3

0.15

(iii)  How many days since the farmer installs the trap will it take to catch all of the 3
locusts on their farm?

-26 -



Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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Question 25 (2 marks)

Find x, given that sin(x + 10)° = cos(3x + 20)° and 0° < x < 90°.

Question 26 (2 marks)

A computer program is designed to select any positive integer x. The probability distribution
shown in the table below, where m is a constant, shows the probabilities of selecting the first
four positive integers only.

x 1 2 3 4

P(x) 3m 6m? 12m3 24m*

Find the value of m.

-28 -



Question 27 (2 marks)

Consider the graph of y = f(x) as shown.
yi

NOT TO
SCALE

(4’ _8)

Sketch the graph of y = f(2x + 4), labelling the x-intercepts and the coordinates of the turning
points.

-29 -



Question 28 (4 marks)

The noise level N(t), in decibels during a 90 minute football match can be modelled by the
function

1
—_ 4 _ 3 2
N(t) = 55555 (0.25¢" = 35¢° +1225¢% + 1800 000)

where t is the time in minutes that have been played in the match and 0 < ¢t < 90.

Find the loudest noise level during the football match.

=30 -



Question 29 (8 marks)

Elena, the owner of Elena’s Escape Rooms, records the time taken in minutes for each group to
complete her escape room. She recognises this data as a continuous random variable, X, which
can be modelled by the probability density function

fx)={ 4500 (x—10)(x —40) 10 < x < 40

0 elsewhere

(a)  Find the mode time taken to complete the escape room at Elena’s Escape Rooms.

(b) (1) Show that the cumulative density function for the time taken to complete the escape
room at Elena’s Escape Rooms is given by

F(x) = L (© 25x% + 400 +11
)= T 4500\ 3 X X)o7

Questions 29 continues on the next page.

231 -



(b) (i) Elena used the cumulative density function found above and an online calculator to
find the 25™ and 75" percentiles for her escape room. Two screenshots of the
calculations made by the online calculator are shown below.

Screenshot 1:

3 . © =
solve 0.25 = —J—( X o’y 400x) +1i
4500 27

w

Steps Graph Examples < @ B
0.25 = —L(ﬁ—05\-2+400x)+£ QN
= 4500\ 3 T 20

Solution

x~ 2.01866..., x~ 19.79055..., x ~ 53.19077...

Screenshot 2:

3 ‘ m
N 1 [ a2 ) 11
solve 0.75 = ——4500(—3 — 25x~ + 400x | + 57 n

Steps Graph Examples < =
0.75= —-L (§—°5x2+400x)+£ Q[

: 4500\ 3~ 27

Solution

X~ —3.19077...,x ~ 30.20944..., x ~ 47.98133...

Using the screenshots above, calculate the interquartile range for the time taken to
complete Elena’s Escape Room.

Questions 29 continues on the next page.
-32-



(c) (1) A different escape room company, Escape From Axel, also gathers data on the time its
customers take to complete their escape room. Axel displays the data in the

cumulative frequency histogram below.
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Time taken to complete escape room (minutes)

Calculate the interquartile range for the time taken to complete the escape room at Escape

From Axel.

(c)  (i1) Find the modal time group for the time taken to complete the escape room at Escape

From Axel.

-33-
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Question 30 (4 marks)

Identify the period, amplitude, phase shift and vertical shift of the graph formed by the equation 4
y = 12cos(§ (x—2))+4.

-34 -



Section II extra writing space

If you use this space, clearly indicate which question you are answering.
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Question 31 (4 marks)

Given f(x) = 16* and g(x) = %x + % show that the derivative of y = f (g(x)) is
In 2 (22%%4).

Question 32 (3 marks)

. tan* x
Find f — == dx.

—sec?x

-38 -



Question 33 (4 marks)

— 22x—3

The curve y meets the line y = %x — 1 at (1,0.5) and (2, 2), as shown in the diagram.

5ln2-3 2

Show that the shaded region has an area of P Units®.

-39 -



Question 34 (4 marks)

Mrs Palmer is setting up a javelin landing zone. The landing zone takes the form of a sector
with angle 0 in radians. The first arc is 20 metres from the vertex of the sector and consecutive
arcs are 8 metres apart. This is shown in the diagram below.

Landing Zone n

8 m

Landing
Zone 1

The perimeter and internal arcs separating each landing zone must be marked on the grass with
black paint, as shown in the diagram. Show that the total length of the lines to be marked with
paint can be given by L,, = 4(n?6 + 4n6 + 4n + 6), where n is the number of landing zones.

- 40 -



Question 35 (7 marks)

(a)  The graph of y = cos 6 for 0 < 6 < 27 is shown below. On the same Cartesian Plane,
sketch the graph of y = —sinf + 1 for 0 < 8 < 2m.

4
- | 0
2 0 m w 12 2
:V
(b)  Hence or otherwise, find any point(s) of intersection of y = cosf and y = —sinf + 1

for0 < 6 < 2m.

Question 35 continues on the next page

-41 -
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(c)  Hence or otherwise, solve sin? @ + sin@ cos 8 —sinf = 0 for 0 < 6 < 2.

-42 -
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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 The parabola y = x? + 2 is translated down 4 units. It is then reflected about the x-axis.

What is the equation of the resulting parabola?

A y=-x*-6 D;W*DUL\'

. w = 4
B. y=—x"-2 = -
(&) y=-#+2 » b \
D. y=-x*+6 %“ _bb 1

2 Calculate &[ J:(.q‘ -2¢°+g-1)dg ]

A x*-2x34+x -
%a \'\(‘{) QUT\()C\‘{\\\{JA } (f\&

B. x*—2x3+4+x-6

@ x*—2x3+x—-1 Hﬂ:—‘,@(m (% CGX(/U\\)Q

D. x*=-2x34x+C



3 Which of the following could represent a probability density function for a continuous random
?
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4 Find the angle of inclination of the line y = —8x — 5.
A 76° m= ’,aﬂ %
B. g3 =t &
@ o a7 (8) <0

0= -85
180 -22=97

D. 104°

5 A bus company collected data on the number of passengers travelling on a particular route each
weekday during the month of June. The table shows the data collected.

Number of passengers Frequency Cumulative Frequency
29 2 2
30 5 7
31 6 13
32 8 21
33 1 22

The bus company calculated the mean, median, mode, range and interquartile range for this
data.

One Friday in June was a public holiday and there was a festival on to celebrate. On this day
there were 48 passengers on the bus route. The bus company omitted this data from the table as
it was an outlier which would not occur every month.

Which of the statistics that the bus company calculated would this outlier have changed?

{ All of the statistics kﬂ OUH(@{ \)\]'\\\ “Dx* C/\J\G\\'\O)QJ W\q&l

Mean, median and range only

\q, Micsn, mode snd rangeonly 2 hipoke, & an) C.
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A vl

6 Which of the following is the graph of y = x* — x3 — 3x? + 5x@/ 9\/‘\0\)\(& h‘Qx A
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i A school collected data related to the reasons given by students for arriving late. The Pareto

chart shows the data collected. \
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What percentage of students gave the reason 'Traffic problems'?

A.  25%

® o

C. 12%
D. 97%



8 Which of the following describes the graph of y* — 6y + x? — 16 = 0?

A circle with centre at (0, —3) and radius 5 units. (j'_ c{lj + (%)Z y )(}2 = I é 4 C% )2

A circle with centre at (0, 3) and radius 5 units. )
A circle with centre at (0, 3) and radius 4 units. (b = Z)) t }g = Z/_g

A circle with centre at (3, 0) and radius v7 units.

s o(@»

9 The diagram shows the graph y = f(x), where f(x) is an odd function.
The shaded area is 1 square unit.
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A new function, g(x), is found by taking the graphing of y = f(x) and translating it by 3 units
upwards.

Find [, g(x) dx.
A
B.
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10  The graph of a function y = f'(x) is shown below.
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>\ \\(K, Q () H’\Q

Odwglr, ol
@ - CS&,\\):\\Q \) ‘Q?L\

A

b\JW\\“&( (3;\’)(Q Yo wv\u
)«\)r\ox Qb Qo X5




2026

Mathem
Section |

Section I

90 marks

NESA Number:

Penrith High School
HIGHER SCHOOL CERTIFICATE
TRIAL EXAMINATION

atics Advanced
| Answer Booklet 1

Attempt Questions 11-32
Allow about 2 hours and 45 minutes for this section

Booklet 1 — Attempt Questions 11 — 18 (23 marks)
Booklet 2 — Attempt Questions 19 — 24 (23 marks)
Booklet 3 — Attempt Questions 25 — 30 (22 marks)
Booklet 4 — Attempt Questions 32 — 35 (22 marks)

Instructions e Answer the questions in the spaces provided. Sufficient

spaces are provided for typical responses

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.

e Write your NESA ID above

Functions | Trigonometric Calculus Exponential & Statistical Financial
Functions Logarithmic Analysis Mathematics
Booklet Functions
1
/4 /6 /4 /9
16 13,18 12,15 11, 14, 17

Please turn over

=qi=




Question 11 (2 marks)

A survey of 230 students found that 180 caught a train, 75 caught a bus and 40 caught neither 2
on the way to school.

What is the probability that a student caught a bus, given that they also caught a train?

130-00 = lhY .
| o =190 _le} %*Mw&&g'
VAT S STy T TS
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uestion 12 (2 marks ¢ s

@ ( } - Od:—f’l_uf‘c Fuwelue 40 w  any caldcdadue~s-
— Ve rc olkay

Isaac is training for a marathon. His watch saves his running velocity, v(t), in metres per 2

minute every 20 minutes. The table gives the velocity, v(t) at time ¢ minutes.

t 0 20 40 60 80
v(t) 160 175 178 166 150

Use the trapezoidal rule and the velocity at each of the five time values to find the approximate
distance in kilometres that Isaac has run in his 80 minute training session.
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Question 13 (3 marks)
The rectangular prism below has BF = 5 cm, FG =9 ¢m, GH = 12 cm, AH = v¥106 cm and

AF = 13 cm, as shown in the diagram below.

B
NOT TO
5cm SCALE
F
9 cm
G

H 12 cm

Find the size of ZHAF, correct to the nearest degree.
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Question 14 (4 marks)

(a) A discrete random variable X has the probability distribution table shown below.

X=x 3 5 a

12

P(x) 0.1 m 0.2

0.4

Find the value of a and m given an expected value of 8.4.

O\ mid.) 0,k =\

mn=0:2

a_li
et oo

dx00 + 5503+ am,z L2x04 =K.

(b)  Hence find the variance of X.
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Question 15 (2 marks)

Differentiate f(x) = x? — 3x + 2 using the first principles formula f'(x) = ’llimoﬂL’;z'f-(—xl . 2

ln 1%%[\ Y CINED) /J’J’}L ’%n*?/\

Nl — e
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Question 16 (4 marks) (wrile e wille. -€xira M/znj

For which values of k does y = kx? + (k — 2)x + 1 have real roots? Provide your answer in 4
simplified exact form.
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Question 17 (3 marks)

Rosanne studies the number of birds B flying above a National Park. She compares the number 3
of birds at different heights h, in kilometres, between 2 and 9 km above sea level. She finds that
the data she gathers follows a linear pattern which can be modelled by a least squares regression
line with equation
B=-30h+c
where c is a constant.

Some of the data points that Rosanne collected along with the least squares regression line are
shown in the scatterplot below.

\ . 250
L A\; \\\\c VG "
el L LE L
Cj(ml.- \i)égci‘ ‘:;,L ‘
A ‘){,-’W p I . T
. o | R .
N\J\ ‘7\}@% 150 i xS
. 2 .
YA S -
7 PSS
| N
B0 { .“% N
| TN
3 4 5 6 7 . 8 9

Height above sea level (km)

Find the value of c, interpret its meaning in the given context and comment on the accuracy of
this value as an estimate.

_90b m%j‘)@ug: @n Hoe, iy 14 Qmmenls ¢ Some s tuded
%n/w /3 wmb 230 as  valua o{ C
which 1< Tacorrect
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Question 18 (3 marks)
Solve Scos(2x +3) +2=0for0 < x <. 3

@9()4‘4’ %-”%/q (?

Vil = %) P e

\
A
3

m A
2
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D e
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Question 19 (2 marks)

Charlie is playing basketball. He has a 13% chance of scoring a goal from beyond the halfway 2
line. How many shots must he take to ensure at least a 97% chance of scoring at least one goal?

| - P (M ﬂm\)"=—o~‘l'1 1 mard = Seonwe Pregrecc
| = o~6kif“ = 097 ‘l"vwﬂw(g' Solulis.,
©-03 = 6-87" A Mgt — Correcd Sollien
fog oc3 = n doq ooe7
Ve o sk ¥ Seme  studeaht  Pound
&oq 097 et b cetup
n = &4s.g «H,\L soi\.u;[,b‘ ok SR
S 2.6 <hets stact .
Question 20 (2 marks)
A table of future value interest factors for an annuity of $1 is shown. 2
Rate
e | 0.005 0.0 0015 0.02 0.03 0.06
n
7 710588 | 7.21354| 7.32300| 7.43428| 7.66246| 8.39384
28 2997452 | 3212910 | (34.48148) 37.05121| 42.93092| 68.52811
56 6444140 | 74.58098 | 86.79754 | 101.55826 | 141.15377 | 418.82235
84 104.07393 | 130.67227 | 166.17264 | 213.86661 | 365.88054 |2209.41674

Owais deposits $2 000 into a savings account every three months for 7 years at an interest rate
of 6% per annum, compounding quarterly.

Find the amount of money in Owais’ savings account at the end of the 7 years.

r= 006 -4 =0.015 nN= 7 x4 =24

 Fgo00 x 34.4814% = L9IE2-9¢

i 3 hasr — #l\wdl‘%il ﬁ/\.u. Carto et \ﬁ‘cl‘«& GL N and .
: ; 0
2 maarbs — C,on-f\al)f/\‘ Selulliion
¥ Sewa sthdents  Used r=o-00

And n =7
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Question 21 (2 marks)

At the point (3, —4) on the curve y = f(x), the tangent has equation y = 2x — 10. Determine
the equation of the tangent to the curve y = f(—x) at the point (=3, —4).

by, -+"°.
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Question 22 (2 marks)
Find IBBx i
6= 3-8
L1 =69
3x-4 dx =_l(-z(3x-‘r) o %
J 2x*-8x .2J T e
= J /n/:?xz—é’x/'f'a
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Question 23 (Tllmarks)

(@) Use a logarithm law to write In 3;:21 in the form Ina — In b, where a and b are algebraic

expressions with no fractions.

B \ ; Vo .}
(o) = [n[2+2)

-5+v133

(b)  Hence, show that y = ln has a gradient of 1 at x =

0 (\35\1/\\ 7/ Jrlx
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Question 23 continues on the next page.
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(¢) (i) Anika thought there was a fault in the answer to Question 23b. She said the answer 1

should be x = _5+;fﬁ§ only. However, she is incorrect, there is no error in the answer
provided in Question 23b. Anika made an error, as she was solving the question:
“Hence, show that y = Ina — In b has a gradientof 1 at x = %@,.
Instead of the question:
“Hence, show that y = ln has a gradientof 1 at x = 51;/@,.

Provide the restriction that Anika used that lead to her incorrect answer.

dx-1 20) 2 +2 X0
2273 x>=7
——
X% | NOTE: 220 &
— e Heg m,-r‘rf;“.L

FU’—*‘ L*“lu

. . -5-y133 . . .
(c)  (ii) Substitute x = — —intoa and b, provide answers correct to 2 decimal places, and 3

33 . . . . .
is not a solution to Question 23b if you start with the

hence explain why x = =

3x—1
x+2°

equation y = Ina — In b but it is a solution if you start with the equation y = In

s )A be SR
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Question 24 (10 marks)

One morning a farmer’s crops were attacked by 2 000 locusts (insects). During daylight each

day, including the first, the locusts population increases by 15%. Unfortunately, the farmer
doesn’t realise the severity of the locusts for the first two weeks.

(a)  Show that there are 14 151 locusts at the farm when the farmer realises the severity of the 1
locust plague, to the nearest whole.
A=P(1+r )n

s o YA ~ . )

= Joco(1+0:15) denocedly  done well .

= 41514/ J ‘J

= 1415

(b)

The farmer does not wish to spray his farm with pesticide, so he decides to try a locust
trap instead. At the start of the 15" day the farmer installs the locust trap, which traps the

locust at nighttime. Find the minimum number of locusts per day that the trap must catch
to reduce the number of locust from the 15" day onwards.

On Ho (s day  Fhere are 14151 x 0-15= 2122.¢5
hew locusts  horn.

S The ‘f'\/‘eup must cateh ot least 2123 locusts
7@»\»«»@&7 abm_a. el . Feco SYedents Mol QELM%L«

UV grsrers

(©)

Once the trap is in use, the number of locusts at the end of the nth day is given by 4
The locust trap is guaranteed to successfully catch exactly 4 000 locusts per day.

()  Show that A, = 14 151(1.15)2 — 4000(1.15) — 4000.

A’n-’ (4151
A= ll—HSl(l us\ 4 o000
Ay rL}Is'( (. 1‘5) 40007(! IF) — 4 ee0
= 4151 [I is) - 4@0@0 ts) — 4o
1 mer—n — Sowuie progtice
Q. promls —  Lorardd / Co bulnn

\

Tt va wes boov  pma ‘?,uwwé&q dov well
L -

Question 24 continues on the next page.
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(i) Show that 4,, = 14 151(1.15)™ — 4000 (1 1515 ) 3

H

]f_4f‘5‘ /'-'5)1 4006 (115) - 4»0007 (115) — 4000
L} [ . y !

-
(D%

1l

4 |5 (l~l5)3~— 4000(l"5)2’4‘000 Cl"6)~ 4000

Yy

{AV\ "HS‘/' |5 4000(\ ls)ﬂ-f ---—4000(( lb) fo00
( = l%(S(/lfG\”—4oooﬂ+(116)+((f;)—e--+(u5) J

i+@s*)4—Cn-u¢)+-—-+(|-|9)"" s a GP. (a=) rz\-@

An = l‘HSt/HS)“- 4o00 [1M5 =1 |« Some Sttt
{ X U s/ VAN e,

b . O*\b‘) Cprreet Seirceq.

o}
-

(i)  How many days since the farmer installs the trap will it take to catch all of the

3
locusts on their farm?

@ )f | 415 (\-19)“-4000 ““ST‘_‘_') =0
- L —ots

[ 141s] (HS)‘— €0, coo (1.(s)b‘+ oo00 — o | % (}emﬁ»,\azb A
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Question 25 (2 marks)

Find x, given that sin(x + 10)° = cos(3x + 20)° and 0° < x < 90°. 2
Cos (qo— (x-!-lo)) = G:S(gz:+20) @

9Qo—-x~lo = 3x+20

4x = Lo ¥ SinQ # Cos (I6o—06)
x=15 () sin@ # Cos (90+6)
A [ternative. : * /penajfgea/ 7‘£r G?M—.é’ﬁf;’t‘? one/ Céecés'/j_

Oc +70) + (2x + 20) = 9o
o + 3o = C}o
x = /¢

Question 26 (2 marks)

A computer program is designed to select any positive integer x. The probability distribution 2
shown in the table below, where m is a constant, shows the probabilities of selecting the first
four positive integers only.

X 1 2 3 4
P(x) 3m 6m? 12m3 24m*
Find the value of m. X Zm X Zm X 2m

&r. P with & = 3m r=2m

/

For SPx)=1, |e|<l § c+o.

o oL
- ep * ﬁﬂplﬁarkg 74f ;
______________________ b= M @ e M=0
| =Zm « S, 1S Mot 7£aww/
[-2m = 3m ¢ f;ruﬂffm? anel cégd'qﬂ
bm= =

-28-
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Question 27 (2 marks)

Consider the graph of y = f(x) as shown.

)
Y4 J 4 j:#{x+4)
NOT TO
SCALE
= ' 0 /2 6 X
h 4, -8)

Sketch the graph of y = f(2x + 4), labelling the x-intercepts and the coordinates of the turning
points.

r
/
/

/N [
/ N\ /

/ N /S
v T8

No-te :

Lo Lxt) = »f-( 25¢44)

Lefe U units Horizonte dilatien
19\-{ a—pa.ctﬂr 4 +
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Question 28 (4 marks)

The noise level N(t), in decibels during a 90 minute football match can be modelled by the
function

N(t) =

4 _ 2r43 2
20000 (0.25t* — 35t° + 1225¢t“ + 1 800 000)

where t is the time in minutes that have been played in the match and 0 < t < 90.

Find the loudest noise level during the football match.

N'H) = 3mas (E7-loye™+2850%) Must check the values of

the endpoints N(o) and N(49).

et Nl)=o0 '(or Stoctionary points,
0= 303 (1* — loSt*+ 2450t)

# Mo marks for quessing
b5 : \J
0= £(t*—1s5¢ + 2459) ancl checking.
0= t(t-F)(t—-35) X Most Commen wiistake :
S t=o0, Fo, 3% Q)

Max. = 108.9

N= 40, 90 , 108.7 (1)

megg( N“(t) = f'..» (%t~ 210t + 24 50)
\pngj M”(O) = $(&AF¢) = % >o
Y ) N“(3%) =

(/Ul\f'l/ioqt C{AQC(’;Ma\ N (qo>.
\V)

" Mia. -fw.’nﬁ Po;,,-[; s o,
E;:;;S (3(35)'-_';“:(3;')—4. 24t0) = - 74-3_: .

o (3(:"0)2- 210 (70) + 24%) = % >0
\la_\\.kf" Check. end pPomtc ,

y
N(o) = Go 'l'f\w\ albeve (.
N(Qo) m Io%; (0-25 (4935 (40) + 1225 (408 + 1800000 / 0
)

" Mox, furning pont ot X=35
% M;n_ “furnin P;’:a-t AL xX= 70

= [%_S‘

& The loudest noise level is [(20.5 decibels. Q)

Lto,130.5)
[ tnl?}[:: ;

IR AT )

o S

(quc') C%rﬁ“‘)
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Question 29 (8 marks)

Elena, the owner of Elena’s Escape Rooms, records the time taken in minutes for each group to

complete her escape room. She recognises this data as a continuous random variable, X, which
can be modelled by the probability density function

P lernative
) Zub Aoy =0 o x-intercepts
- (x—10)(x—40) 10<x<40 O=-Zgs (c—10)(x~%<)
flx) = 4500
xX= |lo , 4O
DD“‘Q’ 0 elsewhere pm) S Con caurv\xj olsean ?om[oaia
VJQJH Sinca 1t IS Guedratic % o<o.
(a)  Find the mode time taken to complete the escape room at Elena’s Escape Rooms. 2 g
[\Mc._}(_ (=) occurs ot = —%
-F(:c)=-—’—$,; (x*~ 50x + 400) i T P
-2 Mode =20
-F’(x) = —#(&x - %) # Mode is +he x value —
let 'Ff(x) = ’gor Stationang point , When ‘@Ch) s maximuun .
0= -_;Iﬁ (3¢~ 50) Mode = {(x).
X =26
Since o= —fﬁ Lo -F(m) is Concove gown, ¥ No marks hﬁ fo Steps
o -P(x) is max. at o= 20, < hon .
L Mode = 2F,
(b) (i) Show that the cumulative density function for the time taken to complete the escape 2
D o® room at Elena’s Escape Rooms is given by
oA
PO = - —— (X Z 252 4+ 400x ) + 2
= Ta500\3 " *) T 27

F() = - 35 Jo (X'~ Soxtqe ok (D
3

— l T 2,‘;:{:2_—{_ frﬁ‘*:x_"]a(
o [ 2 J o )
P I / xj bv?'--ﬂ- Y [_D_i_, ?_ .
=1 5 25 Hoose ( 2 25-{fo) —\-4-90))
3
= I [ .=, Db Adoode 2T @
4%0 \ 32 3
3
- ‘ ( IRy SO oo 5 )+ L
<t >

i

Questions 29 continues on the next page.
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(b)  (ii) Elena used the cumulative density function found above and an online calculator to
find the 25" and 75" percentiles for her escape room. Two screenshots of the
calculations made by the online calculator are shown below.

Screenshot 1:

3 .
N T ) ) 11
solve 0.25 = ool 5 — 5% + 400x +‘27

Steps Graph Examples

0.25= —L(ﬁ —o5x% + 400x) Iy}
- 4500\ 3 77 27
Solution

x~2 2.01866...,x ~ 19.79055..., x = 53.19077...

Since. o< x< 40

Screenshot 2:

3

e 1 (X7 o2 ) 11
solve 0.75 = 4500( 3 2% +400x | + o

Steps Graph Examples

0.75= —L(ﬁ — 9557 + 4oo\~) 1
o 4500\ 3~ ’ 27
Solution

x~ —3.19077...,x~ 30.20944..., x ~ 47.98133...

Gince oL = €40

mn
< @ B

=

Q [

Using the screenshots above, calculate the interquartile range for the time taken to
complete Elena’s Escape Room.

= 30.20944 — (9. 7905%

(é?nc-e o€ x< 4-0)

(0. 41889

= 10.42 wn (2 dp.)

Questions 29 continues on the next page.
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(¢) (1) A different escape room company, Escape From Axel, also gathers data on the time its 2
customers take to complete their escape room. Axel displays the data in the

Qoﬁ'c\J\ ; ;
\ N cumulative frequency histogram below.
1)
f
200
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o
2 150
o
©
2
S 100
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E
=
)
50

20
0 10 o 20 308 40
Time taken to complete escape room (minutes)

Calculate the interquartile range for the time taken to complete the escape room at Escape

From Axel.
% | mark J;nr Cither @, or Q3
TeR = Q; - Q, ¢ No marks itf both @ and @,
= 30— \£ ore iNcorrect.
= |6 miutes £ Time i€ a Comtinuens variable.
Use +he cﬁfu'e ‘FDF Q, ond @3.
Do N ) .
(¢) (i) Find the modal time group for the time taken to complete the escape room at Escape
From Axel.
20— 20 Mminutes £ Most Gemmoen MiStake :

Modal Joowp = 30.
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Question 30 (4 marks)

Identify the period, amplitude, phase shift and vertical shift of the graph formed by the equation
y = 12cos(§ (x—2)) +4.

4
% Penalised }£ [Phase shilt' s
P‘]‘mplitude = |2 net Stated.
Ver:{'icou( S-\nc'-Ft = X unis wy “Horizental shile by Q unrts t=
B > ' the. right " is not Su%.”cf@nt} as
% (L dees not demonctute
=6

Phase shi

Whether Yot understand the
fi = 2 wnits +H the right.

Meouing of phase shift or
§‘:MPJU( o{-eScr‘}b[fﬁ eﬂerxT trans| ation
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Question 31 (4 marks)

Given f(x) = 16¥ and g(x) = ;1x + % show that the derivative of y = f(g(x)) is
In2 (22*+4),

l/x,-lv?’/
Flah= 167"~
. ( ‘}/Zr
&5‘@)(»&\] = 4 x 6% ™ xlalk

(l
‘\__\

5?
Vol
L
>
>

R
i~
¢<
3
(@
et 5
< [T
S I
5
,._J

= 2 x )77 xln )

2-:1-'14'2*\ ("\L

A . |
=T (27
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Question 32 (3 marks) ( p\(\)l\x) “\O(,\/ \<\/\%/ N\\%)‘(b@, U&Q p
Find [ 150y dx. \lrdu\ v Z \ "Ry 3
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r -ty = I= %2
1 “tanx dx R ————
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Question 33 (4 marks)

The curve y = 22¥73 meets the line y = %x —1at (1,0.5) and (2, 2), as shown in the diagram. 4
Show that the shaded region has an area of 5':;; 2 units?.
nl Az_ ‘—\—'ﬂ—“—f~ —
( 7}, - ,'{ -\i/ ( ’\ 23 \ Ney(2H) 246 (e
/ ) 1 ’).- d \r Z\ dx’ | Ao \]ﬂ.ﬂ(ld
[ L L} ! ; SN 7 ) QJ
— ty Z lA)W\Ji\ _l'\/\'/
3,, 8’ -’( - sl {. 5 a3 &. imtt‘fmm\& WERe,
% X ) )EX L v Mg%iﬁmﬁrez
I R i : :
~ / N —~ a 2 7 | (¢ RA AN




Question 34 (4 marks)

Mrs Palmer is setting up a javelin landing zone. The landing zone takes the form of a sector 4
with angle 8 in radians. The first arc is 20 metres from the vertex of the sector and consecutive
arcs are 8 metres apart. This is shown in the diagram below.

Landing Zone n

3

Landing Zone 2

Landing
Zone |

The perimeter and internal arcs separating each landing zone must be marked on the grass with
black paint, as shown in the diagram. Show that the total length of the lines to be marked with
paint can be given by L, = 4(n*6 + 4nb + 4n + 6), where n is the number of landing zones.

9(((1'\8\,\5 \ings —> "’_D.O + (ﬂ")g] x L

< fZO + ¥ w_ngL
:EL tInlx2

=24 +hn
(s — 106+ R+ %o +... [ZO+G;~D$]6P

A (NN

ST o Tobal = Tyt
T = -y s
/C}(Di(é,ur(ém 95}) / "%29‘?'%94%6)




Question 34 (4 marks)

Mrs Palmer is setting up a javelin landing zone. The landing zone takes the form of a sector

with angle @ in radians. The first arc is 20 metres from the vertex of the sector and consecutive
arcs are 8 metres apart. This is shown in the diagram below.

Landing Zone n

Landing
Zone 1

The perimeter and internal arcs separating each landing zone must be marked on the grass with
black paint, as shown in the diagram. Show that the total length of the lines to be marked with
paint can be given by L, = 4(n®6 + 4n6 + 4n + 6), where n is the number of landing zones.

ALTELNNTE METHon
¥, = 2x)0+ 2006
= HO #2086
P = 404300 * 822 + (20436
= 40 416+ 206 + 25@
V}‘: = b +6 +)0G + 2 + Bx) + (Zo+8xz>@-
= 40 + |6x2 +206 + 280 +%46- ‘
9, = 40 4 blnf)+ G(20428+ 36 +. .+ [20¢ (-0

i u b B __AT,A_W o
/ N
=10 +lgo-16 + &35 (10 20+(,-N8)
= 24+lbn + @ ("/2(40'*&-@
= 74 +ly +Q(%(32+g,,_,>>
= 24 Hn* l6aG 14260 T
~ Lf[!%@*qf)9+trn*6>




Question 35 (7 marks)

(a)  The graph of y = cos @ for 0 < 8 < 2 is shown below. On the same Cartesian Plane,

sketch the graph of y = —sinf@ + 1 for 0 < 8 < 2m. NQTF@ ’V(OS’" c«“h_)d ,__/ g@f’ %L H\{
|

i e
3‘ y l’)ﬁ Pl )
> ron ufuu) (JhH,\//wds
2 /// 7
=
- 4
T-m2 0 11 12 2n
(b)  Hence or otherwise, find any point(s) of intersection of y = cos# and y = —sinf + 1 2

for0 < @ < 2m.

Tr/i); (/FES Wels, B,\\u\ Lr( GQ)Y\

fAﬂ’AP‘H dpnﬂ nn \Lcw&c& el
'H’m-e \(X’ C(\(ﬂ(

Question 35 continues on the next page
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(¢)  Hence or otherwise, solve sin? 8 + sinf cos § —sinf = 0 for 0 < 6 < 2m.

sind @-Lh@ +w5®1/§3 O
Snl =0 Sinbx (@ lA\=0
0=T Co& = — onfr ™)
C=7 (fom a0

-42-




