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Structure of this paper

Section
Number of 
questions 
available

Number of 
questions to  
be answered

Working 
time 

(minutes)

Marks 
available

Percentage 
of 

examination

Section One:
Calculator-free 5 5 50 53 35

Section Two:
Calculator-assumed 9 9 100 96 65

Total 100

Instructions to candidates

1.	 The rules for the conduct of the Western Australian external examinations are detailed in 
the Year 12 Information Handbook 2023: Part II Examinations. Sitting this examination 
implies that you agree to abide by these rules.

2.	 Write your answers in this Question/Answer booklet preferably using a blue/black pen. 
Do not use erasable or gel pens.

3.	 You must be careful to confine your answers to the specific questions asked and to follow 
any instructions that are specific to a particular question.

4.	 Show all your working clearly. Your working should be in sufficient detail to allow your 
answers to be checked readily and for marks to be awarded for reasoning. Incorrect 
answers given without supporting reasoning cannot be allocated any marks. For any 
question or part question worth more than two marks, valid working or justification is 
required to receive full marks. If you repeat any question, ensure that you cancel the 
answer you do not wish to have marked.

5.	 It is recommended that you do not use pencil, except in diagrams.

6.	 Supplementary pages for planning/continuing your answers to questions are provided at 
the end of this Question/Answer booklet. If you use these pages to continue an answer, 
indicate at the original answer where the answer is continued, i.e. give the page number.

7. 	 The Formula sheet is not to be handed in with your Question/Answer booklet.
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Section Two: Calculator-assumed	 65% (96 Marks)

This section has nine questions. Answer all questions. Write your answers in the spaces 
provided.

Supplementary pages for planning/continuing your answers to questions are provided at the end 
of this Question/Answer booklet. If you use these pages to continue an answer, indicate at the 
original answer where the answer is continued, i.e. give the page number.

Working time: 100 minutes.
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Question 6		  (11 marks)

A beekeeper is starting a new colony of bees. The population B of bees, in thousands, is given by

B(t) = 4e1.4t

where t is the number of years since the establishment of the colony.

(a)	 Determine the initial population of the bee colony.	 (1 mark)

(b)	 Determine the increase in the population of the bee colony in the first six months. 
		  (2 marks)

(c)	 Determine the rate of population growth two years after the establishment of the colony. 
		  (2 marks)
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(d)	 After how many years will the rate of population growth be 65 000 bees/year?	 (2 marks)

After three years, the beekeeper notices that the number of bees begins to decline. The 
declining population, b, in thousands, has the form  b(t) = Aert  where  t  is the number of years 
since the start of the decline.

(e)	 Determine  A  and  r  if one year after the start of the decline the bee population is 
100 000.	 (4 marks)
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Question 7		  (9 marks)

The Carnaby’s Black Cockatoo is a bird native to southwest Australia. A birdwatcher is interested 
in estimating the proportion, p, of birds living in a Western Australian national park that are 
Carnaby’s Black Cockatoos. The birdwatcher visited the national park one morning and, 
standing at their favourite bird-watching location, observed 200 birds flying past. Seventy-six of 
those birds were Carnaby’s Black Cockatoos.

(a)	 On the basis of the sample, determine a point estimate for  p.	 (1 mark)

(b)	 On the basis of the sample, determine a 95% confidence interval for  p.	 (2 marks)

(c)	 What is the minimum number of birds that would need to be sampled to ensure that the 
margin of error of the 95% confidence interval for  p  is at most 0.02?	 (2 marks)



See next page

CALCULATOR-ASSUMED 	 7	 MATHEMATICS METHODS

D
O

 N
O

T W
R

ITE IN
 TH

IS AR
EA AS IT W

ILL BE C
U

T O
FF

(d)	 Identify and explain two sources of bias in the birdwatcher’s sampling method.	 (4 marks)



See next page

MATHEMATICS METHODS	 8	 CALCULATOR-ASSUMED

D
O

 N
O

T 
W

R
IT

E 
IN

 T
H

IS
 A

R
EA

 A
S 

IT
 W

IL
L 

BE
 C

U
T 

O
FF

Question 8		  (12 marks)

An oscillating mass has a velocity, v, given by

v(t) = 2t cos t + 
π
2       for  t ≥ 0 .

The velocity is given in metres per second, and the time, t, is given in seconds. A graph of the 
velocity of the mass’ motion is shown below.

v

10

5

0

-5

-10

tπ 2ππ
3

2π
3

4π
3

5π
3

(a)	 Determine the first two times, t > 0, at which the mass changes direction. State your 
answers exactly.	 (2 marks)

(b)	 What does the signed area of the shaded region in the figure represent?	 (2 marks)



See next page

CALCULATOR-ASSUMED 	 9	 MATHEMATICS METHODS

D
O

 N
O

T W
R

ITE IN
 TH

IS AR
EA AS IT W

ILL BE C
U

T O
FF

(c)	 Write an integral expression for the distance travelled from  t = 
π
3  to  t = 

4π
3  .	 (3 marks)

(d)	 Determine the first time after  t = π  that the acceleration of the object will be 0 m/s2. 
		  (2 marks)

(e)	 The displacement of the mass is given by

x (t ) = A sin t + 
π
2   + B cos t + 

π
2   + 2t sin t + 

π
2  

where  A  and  B  are constants. Determine the value of  A  and  B.	 (3 marks)
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Question 9		  (10 marks)

A new entertainment venue is being proposed. The preliminary design has a constant 
cross-section, as shown in the figure below.

y

w
w1 w2 10π0

Window

Roof of building

Floor of building

The roof height  h(w)  of the building at any point  w  along its width is given by

h(w) = 6 sin w
10

 + 3 sin w
5

where  h  and  0 ≤ w ≤ 10π  are measured in metres.

(a)	 Determine the cross-sectional area of the building.	 (2 marks)

The designer would like to place a window, as shown in the figure above, that is bounded above 
by the roof of the building and below by the formula

g (w) = 7 cos 
 
w
20 

.
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(b)	 With reference to the figure

(i)	 determine the values of  w1  and  w2 .	 (2 marks)

(ii)	 determine the area of the window.	 (2 marks)

(c)	 Use calculus techniques to determine the maximum height of the building.	 (4 marks)
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Question 10		  (7 marks)

Fingerprints can be classified broadly as loop-shaped, whirl-shaped or arch-shaped. Only 5% of 
the world’s population have arch-shaped fingerprints. Consider a random sample of 36 people 
and let  p̂  denote the sample proportion of people with arch-shaped fingerprints. The probability 
distribution for  p̂  is shown below.

Pr
ob

ab
ilit

y

0 1/6 1/3 1/2
p̂

2/3 5/6 1

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

(a)	 On the basis of the diagram above, is it appropriate to use the normal distribution to 
approximate the distribution of  p̂ ? Justify your answer.	 (2 marks)
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A larger sample of 500 people is selected at random.

(b)	 Determine the probability that more than 30 people in the sample have arch-shaped 
fingerprints.	 (3 marks)

(c)	 Use the approximate normality of the distribution to determine the probability that the 
sample proportion of people with arch-shaped fingerprints is greater than 0.06. 	(2 marks)
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Question 11		  (13 marks)

Mrs Euler is having her car serviced at BIMDAS Mechanics. She drops her vehicle off at 8 am 
and is told that her car will be ready for collection at some time between 1 pm and 5 pm that day.

Let the random variable  B  denote the time after noon (12 pm) at which a vehicle is ready for 
collection at BIMDAS Mechanics. The probability density function for  B  is shown in the graph 
below.

f (b)

k

0
0 1 2 3 4 5

b

The probability of a vehicle being ready for collection between 2 pm and 3 pm is 0.1.

(a)	 Determine the value of  k.	 (2 marks)
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(b)	 An incomplete expression for the probability density function of  B  is given below. Fill in 
the boxes to complete the missing parts of the expression.	  (2 marks)

f (b) = 

�
�
�

��

0.1,

0,

,	 3 ≤ b ≤ 5

	 otherwise

(c)	 Determine the expected time that Mrs Euler’s vehicle will be ready for collection at 
BIMDAS Mechanics.	 (3 marks)
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Question 11 (continued)

Mr Euler is also having his car serviced, but by Addition Autos. He drops his vehicle off at 8 am 
and is told that his car will be ready for collection at some time between 1 pm and 5 pm that day.

Let the random variable  A  denote the time after noon (12 pm) that a vehicle is ready for 
collection at Addition Autos. The cumulative distribution function for  A  is given by

�
�
�

��

	 a < 1

 ,	 1 ≤ a ≤ 5

	 a > 5

0,

10a – a 2 – 9
16

1,

P(A ≤ a) = 

(d)	 Determine the probability that Mr Euler’s vehicle will be ready to collect

(i)	 by 3 pm.	 (1 mark)

(ii)	 between 3 pm and 4 pm.	 (2 marks)

(e)	 Determine the expected time at which Mr Euler’s vehicle will be ready for collection at 
Addition Autos.	 (3 marks)
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Question 12		  (14 marks)

A factory produces pre-packed servings of udon noodles. The noodles are dispensed into 
packets of individual servings by a machine. However, there is variation in the serving sizes 
dispensed. The specifications attached to the side of the machine have been partially destroyed, 
so the only available information is that the mass in grams, X, of noodles dispensed is normally 
distributed, P(X ≤ 150) = 0.0228  and  P(X ≥ 165) = 0.1587.

(a)	 Determine the mean and standard deviation of the mass of noodles dispensed by the 
machine.	 (3 marks)

The factory sells trays containing 20 packets of individual servings of udon noodles to 
restaurants. A standard individual serving should have a mass of at least 150 g.

(b)	 Determine the probability that a tray of noodles contains no underweight servings. 
		  (3 marks)
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Question 12 (continued)

Following some customer complaints about their serving sizes, the manager of the factory 
decides to investigate. They select a random sample of 200 individual servings of udon noodles 
and determine a confidence interval for the proportion  p  of underweight servings to be 
(0.0651, 0.1349).

(c)	 Determine the margin of error of the confidence interval.	 (1 mark)

(d)	 Determine the level of confidence that was used to calculate the confidence interval. 
		  (3 marks)

(e)	 On the basis of the above confidence interval, is the proportion of underweight servings 
of udon noodles different from what was claimed in the machine specifications?	(2 marks)
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(f)	 All else remaining equal, state how the margin of error would change if

(i)	 the confidence level was decreased.	 (1 mark)

(ii)	 the sample size was increased from 200 to 500.	 (1 mark)
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Question 13		  (9 marks)

While leaving a shopping centre a mathematician accidentally drops a bag of apples at the top 
of a ramp of length 10 m and width 2 m. The diagram below shows the top view of the ramp. 
Four of the apples roll safely to the end of the ramp, while six roll off an edge and splatter on the 
ground below.

The mathematician decides to create a simple model by assuming that the:
●	 apples roll independently of one another along straight lines from the apple drop point
●	 direction each apple rolls, θ, is an angle measured about the apple drop point and is 

uniformly distributed over 0 ≤ θ ≤ π.

α
θ

Apple drop point

θ = 0

θ = π
10 m

2 m

End of ramp

Edge of ramp

Edge of ramp

Apples that roll along a line within the sector marked by  α  will arrive safely at the end of the 
ramp, while others will roll off the edge.

(a)	 (i)	 Determine the value of α.	 (2 marks)

(ii)	 Hence show that the probability,  p , of an apple rolling safely to the end of the 
ramp is  p = 0.063 (rounded to three decimal places).	 (1 mark)
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(b)	 Determine the probability that, of the 10 apples, four or more make it safely to the end of 
the ramp.	 (2 marks)

The mathematician decides to purchase another 20 bags of apples, i.e. 200 apples, return to 
the top of the ramp, and break each bag open one at a time. After the experiment a total of 
63 apples have rolled safely to the end of the ramp.

(c)	 Using the sample of 200 apples, calculate a 99% confidence interval for the population 
proportion of apples that will roll safely to the end of the ramp.	 (2 marks)

(d)	 What does the confidence interval from part (c) suggest about the validity of the model 
assumptions used to calculate the probability in part (a)(ii)?	 (2 marks)
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Question 14		  (11 marks)

A small dam on an agricultural property has a length of 20 m, and a uniform cross-section shown 

below where x and y are in metres. The base of the dam is flat for 0 ≤ x ≤ 5, and the right side is 

given by y = 
(x – 5)2

	 4  for 5 < x ≤ 11.325.  The shaded region on the graph below represents the 

cross-section of a volume of water V (m3) in the dam with water level h (m).

5

h

10 m

x

y

h

y = 
(x – 5)2

 4

(a)	 Using calculus, show that the volume of water in the dam is given by

	 V(h) = 100h + 80
3

h
3
2 . 	 (5 marks)
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End of questions

(b)	 Use the increments formula to estimate the change in water volume if the water level 
rises from 6 m to 6.1 m.	 (3 marks)

Suppose the water volume at the start of winter is 1000 m3. On the basis of rainfall data from 
previous years, the volume of water VR (m3) that will flow into the dam over winter is normally 
distributed with a mean of 600 m3 and a standard deviation of 200 m3.

(c)	 Assuming that there are no other sources of water and no losses, determine the 
probability that the dam will reach full capacity (i.e. depth of 10 m) during winter.	(3 marks)
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