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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. Consider the function f(x) = |x + 2| + 1. Which of the following is a true statement?
(A) The function is continuous and differentiable for every value of x.
(B) The function is not continuous but differentiable for every value of x.
(C) The function is not continuous and not differentiable for every value of x.
(D) The function is continuous but not differentiable for every value of x.
2. Consider the function f(x) = In(x + Vx? + 1). Which of the following describes f(x)?
(A) An even many-to-one function.
(B) An odd many-to-one function.
(C) An even one-to-one function.
(D) An odd one-to-one function.
3. For what values of k does the quadratic equation x? + kx — 2k = 0 have real roots?
(A) k€ (—00,-8)U (0,)
(B) k € (—o0,—8] U [0,)
(C) ke (-8,0)
(D) k€ [-8,0]
4. Which of the following gives the magnitude of the smallest angle in the triangle below to
the nearest degree?
34 cm
27.4 cm
24.3 cm
(A) 30°
(B) 45°
(C) 53°
(D) 79°
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5. The following pareto chart shows the reasons for suspensions at a school.

Number of
Suspensions

Which of the following accounted for more than 80% of suspensions?

6

(%]

(A) Plagiarism.
(B) Mobile Phone.

(C) Mobile Phone, Plagiarism and Truanting.
(D) Truanting, Theft, Fighting and Other.

Mobile Plagiarism  Truanting Theft Fighting Other
Phone

Reason for Suspension

6. A and B are events such that:
P(AnB)=§ and  P(ANB") =§

Which of the following is the value of P(B’|A) ?

A) =
B) =
©) =

D) =

100%

80%

60%

10%

Cumulative percentage

20%

0%

7. Consider the discrete probability distribution function with random variable X defined in
the table below:

Which of the following is true for the expected value E (X)?

T -2 0 b 2b

P(X =2) a b b 2b

0.2

(A) —08<EX)<1
B) 0<EX)<1
(C) 02<E(X)<08
(D) O0<EX)<24
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8. Which of the following is the value of the gradient of the tangent to y = — % at the point
-1
(25)

(A) 4

(B) —4
1

©

4

D) -

9. The graph of a function f is obtained when the graph of function g with the rule g(x) =
x% — 3x — 10 is translated by 7 units in the vertical direction followed by a reflection
across the y-axis.

Which of the following is the rule for the function f?

(A) % +3x—3

(B) —x?+3x+3
(C) x?—2x—22
(D) —x*+ 2x + 22

6 8
10. Ifj f(x)dx = 8, to which of the following is f 2f (x — 2)dx equal?
2 4

A) 4

B) 6

(C) 16

(D) None of the above.
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Student Number
Question 11 (4 marks) Marks

Katie has deliberately designed a biased six-sided die with the following probability
distribution for X, the number showing on the uppermost face when the die is rolled.

X 1 2 3 4 5 6

P(X =x) 1-86 1-6 1-6 1+6 1+6 1+6

6 6 6 6 6 6
(a) What values of 8 allow for P(X) to be a probability distribution function? 2
(b) Find P(1 < X < 4) in terms of 6. 1
(c) Find the probability of rolling an even number in terms of 6. 1
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Student Number
Question 12 (5 marks) Marks
Janet and Alan are playing a tennis match. The probability of Janet winning the first set is 0.3.

After that, Janet’s probability of winning a set is 0.6 if she won the previous set, or 0.4 if she
lost the previous set. The match will continue until either Janet or Alan wins two sets.

(a) Draw a probability tree diagram to describe the match. 2
(b) Find the expected value of the number of sets that the match will last. 2
(c) Find the probability that Alan wins, given the match lasted 3 sets. 1
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Student Number
Question 13 (2 marks) Marks

Two sectors A; and A, are constructed along the interval AC. AO = 4 and OC = 3 as shown
in the diagram below.

A C
4m O 3m
If the area of A, is twice the area of A,, find the value of 8. 2
Question 14 (2 marks)
t
Prove: SOTXTCOSEX — cotx cosec x 2
tanx+sinx
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Student Number

Question 15 (5 marks) Marks
Solve 2 cos? x — 3 cosx = 2 for 0 < x < 2m, leaving your answer in exact form. 3
(b) Solve 3sinx + V3 cos x = 0 over the domain 0 < x < 27. 2
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Question 16 (5 marks) Marks

A circle with centre O and radius 10m is drawn on a vertical wall, standing on a horizontal
floor. Point A is vertically below O and ZAOB = 90° as shown in the diagram below.

NOT TO

B % SCALE

A laser pointer is aimed from a point D on the ground. The angles of elevation of A and B
from D are 30° and 60° respectively. Let A be h metres above the ground and ZADB = 30°.

(a) Write expressions for AD and BD in terms of h. 2
(b) Hence find the exact value of h. 3
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Student Number
Mathematics Advanced
Section III Answer Booklet

21 marks.
Attempt Questions 17-20.

Instructions e Write you student number at the top of each page.

e Answer the questions in the spaces provided. These spaces provide
guidance for the expected length of response.

e Your response 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.
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Student Number
Question 17 (7 marks) Marks

Consider the curve y = x3 — 6x% + 7.

(a) Find the coordinates of any stationary points and determine their nature. 3
(b) Find the coordinates of any points of inflexion. 2
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Student Number

(c) Sketch the graph, clearly showing all the points found in (a) and (b) and y-intercepts. You
do NOT need to find x-intercepts. 2
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Student Number

Question 18 (5 marks) Marks
(a) Differentiate xe>* with respect to x. 2
10
(b) Hence evaluate S5xe*dx 3
0
2023 JRAHS Mathematics Advanced HSC Trial Examination Page 18

© State of New South Wales (Department of Education), James Ruse Agricultural High School, 2024. This
material may be used for non-commercial, educational purposes only.



Student Number

Question 19 (3 marks) Marks
Differentiate f(x) = x? — 4x + 5 from first principles. 3
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Student Number

Question 20 (6 marks) Marks
The velocity of a particle travelling on the x axis is given by v(t) = i - % fort > 0.

(a) Show that the particle is stationary when t = 1. 1
(b) Explain why the particle is moving to the left for all times t > 1. 2

(c) Find the distance travelled by the particle in the first 3 seconds, correct to one decimal 3
place.
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Student Number

Mathematics Advanced
Section IV Answer Booklet

23 marks.
Attempt Questions 21-25.

Instructions e Write you student number at the top of each page.

e Answer the questions in the spaces provided. These spaces provide
guidance for the expected length of response.

e Your response 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.
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Student Number

Question 21 (3 marks) Marks

X
= 1. . . .
The curvesy =e ™ andy =e 2 — , intersect at the point P as shown in the diagram below.

(b) Hence find the area bounded by the two curves and the y-axis, as shaded in the 2
diagram.
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Student Number

Question 22 (2 marks) Marks

Find: 2
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Student Number

Question 23 (3 marks) Marks

A discrete random variable has a probability distribution as shown in the table below where n
is a finite, positive integer and r is any real number other than 1.

x r r? r3 rk ™
P(X — x) rn rn—l rn—Z rn—k+1 r
(a) Show that E(X) = n(2r — 1). 3
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Question 24 (8 marks) Marks

Consider f(x) = In [cos(3x)] where —% <x< %'

(a) Find f'(x) in simplest form. 1

y:6x+1—§.
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(c) Find the exact value of the x intercept of the tangent found in (b). 1

(d) Find the area bound by the curve y = tan 3x, the tangent and the x axis. 3

Give your answer correct to four decimal places.
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Student Number
Question 25 (7 marks) Marks

The depth of the water in a harbour changes due to the tides and can be modelled with the
equation d = 12 + 4 cos (é - %), where d is the depth of the harbour in metres and t is the

number of hours since midnight on Tuesday morning.

(a) Draw a neat sketch of the depth of the water d for t € [0, 67]. 3

(b) A boat needs 10 metres of water to be operated in the harbour, although if it motors 4
out of the harbour, the water is always deep enough to operate. The boat uses 6 litres of
petrol every hour that it is being used. If the boat is launched at 7:30 AM and leaves the
harbour, and it takes 12 minutes to motor each way in and out of the harbour, what is the
minimum amount of petrol that the boat must hold to make it back to its starting point?

Answer to the nearest litre.
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Mathematics Advanced
Section V Answer Booklet

23 marks.
Attempt Questions 26-30.

Instructions e Write you student number at the top of each page.

e Answer the questions in the spaces provided. These spaces provide
guidance for the expected length of response.

e Your response 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.
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Student Number
Question 26 (5 marks) Marks
A researcher conducted a survey of 16 students at a school, asking them for the number of

minutes they spent on their device each night and the mark they received in their last
examination as a percentage. He plotted the data on the graph below:

Exam
mark
(%)
100 masummaEnEn: e
RN A A 8 -t e
0 T RN B
T+ Y i
70 i R 'f’iii
R0 0 00 0 TN A A N
O T Y e e EEnER R
50 e —1
P
0 T
30 e e e e e
20
10
0
0 5 10 15 20 25 30 35 40 45 50 o ;
(minutes)
(a) Calculate the least squares regression line for the data. 1
(b) With evidence, describe the strength of the correlation between minutes spent on a 1
device by a student and their mark in an examination.
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Student Number

(c) A new student is surveyed who spends 20 minutes on their device each night. 1

Predict their score on the next examination to the nearest percentage.

(d) Another new student wanted to use the model in (a) to predict their next examination 2
but was told that their time spent on their device was too large. What is the smallest amount
of time the student could have reported spending on their device? Assume the graduation in

time measurement is one minute.
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Student Number
Question 27 (5 marks) Marks

A long rectangular sheet of metal 28cm wide is to be made into a gutter by turning up

sides of equal height xcm, perpendicular to the base as shown below:

- 28 cm

(a) Show that the formula for the cross-sectional area, A, of the gutter is 1

A = 28x — 2x?
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(c¢) Find the maximum value of A. 3
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Student Number
Question 28 (4 marks) Marks

A new artist releases a song on a music streaming platform. The number of ‘listens’ each hour
for the first 5 hours is recorded in the table below.

Hour (H) 1 2 3 4 5
Listens (L) 13 36 62 94 138
(a) Show that the predicted number of listens in the 6™ hour is 206. 2
(b) How many predicted ‘listens’ will the song have had at the conclusion of one day? 2
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Student Number
Question 29 (5 marks) Marks

A toxic substance in a lake is degrading naturally according to the formula
A(t) = 3000m %2t where A is the number of grams of the substance remaining at t years
and m > 0 is a constant.

(a) If A = 2400 after 6 years, find the value of m correct to 1 decimal place. 1

(b) Fish can be reintroduced to the lake once the rate of change of the toxic substance is 3
greater than —20. After how many years can fish be reintroduced? Answer to one decimal

place.

(c) People can swim in the lake once the amount of the toxic substance is less than 50. In 1

how many years can this happen, to the nearest year?
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Question 30 (4 marks) Marks
A continuous random variable, X, has the following probability density function:

3vx fork<x<8
fO)=92an2)Va?
0

for all other values of x in R

(a) Find the value of k. Leave your answer as an exact value. 2
(b) Find the median value of X as an exact value. 2
End of paper.
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Question 11 (4 marks)

Student Number

Marks

Katie has deliberately designed a biased six-sided die with the following probability
distribution for X, the number showing on the uppermost face when the die is rolled.

X 1 2 3 4 5 6

P(X =x) 16 1-6 180 1+86 1+8 1+

)

6 6 6 6 6 6

(a) What values of 8 allow for P (X) to be a probability distribution function?
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(b) Find P(1 < X < 4) in terms of 6. i
-eé . /- f— 0 [+ 6
6 b A b
T T
(c) Find the probability of rolling an even number in terms of 6. 1
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Question 12 (5 marks) Marks
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Janet and Alan are playing a tennis match. The probability of Janet winning the first set is 0.3.

After that, Janet’s probability of winning a set is 0.6 if she won the previous set, or 0.4 if she
lost the previous set. The match will continue until either Janet or Alan wins two sets.

(a) Draw a probability tree diagram to describe the match.

2
- ok
, Ind e/ ST @ e dlfymh
1o f e 06 g 75 = 0:/& Sl s
Oif"j JAJ = 004§ 2aof e
S gzx TAA = 0 OTF o,z gre
: _ : @
0 b T AIT = o /6F @_&ee '
X [N J < TA = o 12 correct “o
0-7 op A7 - Zedd o2t
] A‘ A A. = O' ‘/-'l
06
(b) Find the expected value of the number of sets that the match will last. 2
x 2 .
LLXZE)......... AT 8 e
R L SN -2 S ()
E(x) = axo06+ I x o064
............................ g 2'4@
(c) Find the probability that Alan wins, given the match lasted 3 sets. 1
P CAM,,\Slgseﬁp &-072+ 0112
.......................................................................... 0:0%870:07270:/68 7 0:1(2
................................................................... A S () W
Question 13 (2 marks) Marks
Two sectors A, and A, are constructed along the interval AC. AO = 4 and OC = 3 as shown
in the diagram below.
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4m O 3m , :
If the area of A, is twice the area of A,, find the value of 6. Formela /9 2

Az A XA RO e o oren g
O I Y = ) i, Y Sy

Question 14 (2 marks)

cotx+cosecx

Prove: ———— - =cotx cosecx 2
tan x+sin x

@-——-..’:

.2 ~

sip>x (0 t_ceTx)

codx L = Co #7t Colecx

S 5 !'.")al
y = RHS
Question 15 (5 marks) Marks
Solve 2 cos? x — 3cos x = 2 for 0 < x < 2, leaving your answer in exact form. 3
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(b) Solve 3 sin x + v/3 cos x = 0 over the domain 0 < x < 2. 2
3‘_[\{—,;1:—560.?9(/"‘-&_9)()
RN

i
i,
5

i
|

R S

Question 16 (5 marks) Marks

A circle with centre O and radius 10m is drawn on a vertical wall, standing on a horizontal
floor. Point 4 is vertically below O and 2ZAOB = 90° as shown in the diagram below.
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NOT TO
SCALE

A laser pointer is aimed from a point D on the ground. The angles of elevation of A and B
from D are 30° and 60° respectively. Let A be h metres above the ground and 2ADB = 30°.

(a) Write expressions for AD and BD in terms of h.
/ = A D 8y = hrro

~/n_Aoas  AB=r0/2 (Pythcgoras)

Section IT extra writing space. e h=s S8/ A >0
If you use this space, clearly indicate which question(s) you are answering. Leave at least
two lines between each question. m fﬁ =& ¢+Sds
— Y o
3-66
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Question 17 (7 marks) Marks
Consider the curve y = x3 — 6x* + 7.

(a) Find the coordinates of any stationary points and determine their nature. 3

s ENGR (0 Concontly of (29"7)/ ........

................................................................. ... ...'..i..’.".jf..q - inflechion ok (2-9) N ...

- bt
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() Sketch the graph, clearly showing all the points found in (a) and (b) and y-intercepts. You

do NOT need to find x-intercepts. 2
o)

N

5:)(1612{7
(0,7)

A

2,7)

@-A(( Pomb et o
1)) (w16 you doed
q oW Wt drom
WA Mum )

_ yelot 0 coMl
MY & (ssue3
olu 40 %«Ms.

Al points ™ (@)(v)

monted tn QT
W“C PQ(LOV\WIO/(. QW
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Question 18 (5 marks) Marks
(a) Differentiate xe>* with respect to x. 2

A xei‘;}(: W, 5—651.1__ ng' \/\/

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

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

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

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

10
(b) Hence evaluate [ S5xe>*dx | 3
0
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Question 19 (3 marks) Marks
Differentiate f(x) = x* — 4x + 5 from first principles. ‘ 3
f 2 ' 2
.......................... i)z lim. Guth) - 4Gub )b — o sla -5
h>0 . h )
s 0 QLR P (2t £20) = B~y th5C
L x4 S P ML S BTN

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

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

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

SRRSO e ah. ek 3 o tarredt Gncellobon (r(y o
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Marks

Question 20 (6 marks)
The velocity of a particle travelling on the x axis is given by v(t) = Z%I - -;- fort = 0.
1

(a) Show that the particle is stationary when t = 1.
........... Must . Shaw.

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

.......................................... et 20 Tl 0 CE) o ot
............................................... ) i noquolites
................................. a€) Q. Y tno......V Usino words tojodtib tler ..
o Since (1) =0 and  a() <0 the pachide il move fo..
e lobt after =0, Since ()20 . ¥.£2]. e pochdle el

always move +o e (eft for £,

(c) Find the distance travelled by the particle in the first 3 seconds, correct to one decimal

place. ,
! 3
e _u i V
o fo’s oAt £ ; dé[. ............. SQJ{’UP .......

3

........................................... e
............................................................................................................. o
S ¥ n/t+(/’£],+lﬂhl +'(’é .............. \/C@V‘MW@GWM
2
(]
e =’V\2’l-—(0*0 t e =2 - ln2x L]
..... e A R e —
= w2-2 +in2 = Inl +)
.................................................2._ ....................................................................................................
e
............................................. B e s —————————————s AT
- 1
..................................... e
Fnal mork P coryef SWStMfiop,

........................................................................................................
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Question 21 (3 marks)

vaarny

Thecurvesy =e *andy = ez — % intersect at the point P as shown in the diagram below.

1_9 Subglihution wethod 3¢ allowed .

o lm)b o clesc wr”‘-:-am NS Shown:

~ Shedeak Wil a2 o naerle
N e S coluant

Covrmngys it odee s

Hence find the areia(t)\c/runded by the two curves and the y-axis, as shaded in the
n

diagram.

ef——)(. . = / i @
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vell doue

P {,—; [.,_A Sg/,' -l,lﬁn«,-d(r ﬁl-._g are
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‘} 2/(*2.-'1
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srarsea

Well done.
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Question 23 (3 marks) IVIAYKS

A discrete random variable has a probability distribution as shown in the table below where n
is a finite, positive integer and r is any real number other than 1.

x r r r3 rk r®

P(X = x) g %3 o2 r

(a) Show that E(X) = n(2r — 1).
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..........................................................
.................................................................
..............................................................................................
..........................................................
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Question 24 (8 marks) Marks
Consider f(x) = In [cos(3x)] where —% <x< % : C‘W-J"
(a) Find f'(x) in the simplest form. Luell AjM/{ 1
B v o e Ll

........................
....................
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(b) Show that the equation of the tangent to ¥ = tan 3x at x = % is given by 3
y=6x+1- g

9 = tan 3T
. NA%"‘,;)U”W.

= i

‘ :JS’Sec'agx@C—on' 7__011
LT
AT T T £

é@wrmmzé

i

2R A B A =T

(c) Find the exact value of the x intercept of the tangent found in (b). 1
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(d) Find the area bound by the curve y = tan 3x, the tangent and the x axis.

3
Give your answer correct to four decimal places.
. P ¥4
12 '
A = J tonmz 0(1 = g (%‘(%"'65)(1) @
oV
l %)- ' ‘J;-f"""‘s
& s . -3 fanz= di - 5 (—-‘b—)( ) J:é"“‘%’
of . I
[ (= , X
o 1PN N OR ¥y e
'Q-t:’: 2) A
I [ |
= ~zsdfa -7 \ 3
= DB 9T . o V4 =
-2
= 0-05;ay(a.A.|>).® /




The depth of the water in a harbour changes due to the tides and can be modelled with the
equation d = 12 + 4 cos G - g), where d is the depth of the harbour in metres and t is the

number of hours since midnight on Tuesday morning.

d A

16 4

(j‘z:}da)

(67, IZ.-I-Z,E)

R+243
£ 7 )
12 1 ,(:.;z,f-“—(of’(‘f'""‘;
= L+ Qces T (£
&
(72 ¢)
r _%ZL_:— é,__q

1
3

[ — : { >

|
|}
T 3‘[" 3:1_‘ L‘“- ’é’

-ﬂ—-

© (ortesk win & e (ot o0

Q) (utesk shapt Lo common w03 ' \ )
@ (orw end prists

(b) A boat needs 10 metres of water to be operated in the harbour, although if it motors 4
out of the harbour, the water is always deep enough to operate. The boat uses 6 litres of petrol
every hour that it is being used. If the boat is launched at 7:30 AM and leaves the harbour,
and it takes 12 minutes to motor each way in and out of the harbour, what is the minimum
amount of petrol that the boat must hold to make it back to its starting point? Answer to the

nearest litre.
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(a) Calculate the least squares regression line for the data. 1

- l9b+o0.b1 E
_ nm._-.i;ﬁ naed( do he concided

(b)/With evidence,hscribe the strength of the correlation between minutes spent on a 1

device by a student and their mark in an examination.

:. . 5 Ne’m ‘/ — Dot weal |
v lf me dente v/ B

o cﬂ-C(a,rf’ea‘ .

>k d . | _ e de—cusked
lrﬂi'lﬂ'" . YW ono 'r ke
(c) A new student is surveyed who spends 20 minutes on their device each night. 1

Predict their score on the next examination to the nearest percentage.



E = 47.9%+0.6| x20
= 6o, 16
e (:c:"%
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(d) Another new student wanted to use the model in (a) to predict their next examination 2
but was told that their time spent on their device was too large. What is the smallest amount

of time the student could have reported spending on their device? Assume the graduation in
time measurement is one minute. 2

f.ab 4 o.ble s100(V
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én
e i >0 1Y
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(¢) Find the maximum value of A. A
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Question 28 (4 marks) ?oo r I\.( a Marks

A new artist releases a song on a music streaming platform. The number of ‘listens’ each hour

for the first 5 hours is recorded in the table below.
Hour (H) 1 2 3 B 5
Listens (L) 13 36 62 94 138

(a) Show that the predicted number of listens in the 6™ hour is 206.
. PE2 5 I o . S———
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(b) How many predicted ‘listens’ will the song have had at the conclusion of one day?

Question 29 (5 marks) Marks

A toxic substance in a lake is degrading naturally according to the formula
A(t) = 3000m~%2t where A is the number of grams of the substance remaining at ¢ years

and m > 0 is a constant. é i
(a) If A = 2400 after 6 years, find the value of m correct to 1 decimal place. 1
240 = 20 e

.......................................... 4 _/ﬁm
< Bt L

4R OR35S AR e
........................................... m = (ﬁ ..o Tk

S

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

(b) Fish can be reintroduced to the lake once the rate of change of the toxic substance is 3 E
greater than —20. After how many years can fish be reintroduced? Answer to one decimal

\‘\5 Foor’Y done | (5 drivmve

place.




(c) People can swim in the lake once the amount of the toxic substance is less than 50.In 1

Question 30 (4 marks) Marks

A continuous random variable, X, has the following probability density function:

3vx fork<x<8
f(x) = 9200 2)va?
0

for all other values of x in R

(a) Find the value of k. Leave your answer as an exact value.
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(b) Find the median value of X as an exact value. ’ 2
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