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Mathematics: applications and interpretation
Higher level
Paper 2
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2 hours

Instructions to candidates

* Do not open this examination paper until instructed to do so.

* A graphic display calculator is required for this paper.

* Answer all the questions in the answer booklet provided.

* Unless otherwise stated in the question, all numerical answers should be given exactly or
correct to three significant figures.

* A clean copy of the mathematics: applications and interpretation formula booklet is
required for this paper.

e The maximum mark for this examination paper is [110 marks].
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Answer all questions in the answer booklet provided. Please start each question on a new page.

Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Solutions found from a graphic display calculator should

be supported by suitable working. For example, if graphs are used to find a solution, you should sketch
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct
method, provided this is shown by written working. You are therefore advised to show all working.

1. [Maximum mark: 15]

At Mirabooka Primary School, a survey found that 68 % of students have a dog and 36 % of
students have a cat. 14 % of students have both a dog and a cat.

This information can be represented in the following Venn diagram, where m, n, p and ¢
represent the percentage of students within each region.

U
Dog Cat
q
(a) Find the value of
i m.
(i) n.
(i) p.
(v) q. [4]

(b)  Find the probability that a randomly chosen student
(i) has a dog but does not have a cat.
(i) has a dog given that they do not have a cat. [3]

(This question continues on the following page)
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(Question 1 continued)

Each year, one student is chosen randomly to be the school captain of Mirabooka
Primary School.

Tim is using a binomial distribution to make predictions about how many of the next 10
school captains will own a dog. He assumes that the percentages found in the survey will
remain constant for future years and that the events “being a school captain” and “having
a dog” are independent.
Use Tim’s model to find the probability that in the next 10 years
(c) (i) 5 school captains have a dog.
(i)  more than 3 school captains have a dog.
(iii)  exactly 9 school captains in succession have a dog. [71

John randomly chooses 10 students from the survey.

(d) State why John should not use the binomial distribution to find the probability that 5
of these students have a dog. 1

Turn over
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2. [Maximum mark: 13]

8822-7202

Six restaurant locations (labelled A, B, C, D, E and F) are shown, together with their Voronoi
diagram. All distances are measured in kilometres.
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Elena wants to eat at the closest restaurant to her. Write down the restaurant she

should go to, if she is at

M @7

(i) (0, 1), when restaurant A is closed.

Restaurant Cis at (7, 8) and restaurant D is at (7, 95).

(b)

Find the equation of the perpendicular bisector of CD.

Restaurant B is at (3, 6).

(c)
(d)

Find the equation of the perpendicular bisector of BC.
Hence find
(i)  the coordinates of the point which is of equal distance from B, C and D.

(i)  the distance of this point from D.

(2]

(2]

[5]

[4]

Turn over
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3. [Maximum mark: 17]

Linda owns a field, represented by the shaded region R. The plan view of the field is shown
in the following diagram, where both axes represent distance and are measured in metres.

North
y
90
60
304
[
0 90 X

The segments [AB], [CD] and [AD] respectively represent the western, eastern and
southern boundaries of the field. The function, f(x), models the northern boundary of
the field between points B and C and is given by

2

f(x)=%+2x+30,for 0<x<70.

(@) () Find f'(x).
(i)  Hence find the coordinates of the point on the field that is furthest north. [5]

Point A has coordinates (0, 0), point B has coordinates (0, 30), point C has coordinates
(70, 72) and point D has coordinates (70, 0).

(b) (i)  Write down the integral which can be used to find the area of the shaded region R.
(i)  Find the area of Linda’s field. [4]

(This question continues on the following page)
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(Question 3 continued)

Linda used the trapezoidal rule with ten intervals to estimate the area. This calculation
underestimated the area by 11.4m”.

(c) (i) Calculate the percentage error in Linda’s estimate.

(i)  Suggest how Linda might be able to reduce the error whilst still using the
trapezoidal rule. [3]

Linda would like to construct a building on her field. The square foundation of the building,
EFGH, will be located such that [EH] is on the southern boundary and point F is on the
northern boundary of the property. A possible location of the foundation of the building is
shown in the following diagram.
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The area of the square foundation will be largest when [GH] lies on [CD].

(d) (i) Find the x-coordinate of point E for the largest area of the square foundation
of building EFGH.

(i)  Find the largest area of the foundation. [5]

Turn over
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4. [Maximum mark: 14]
A company has six offices, A, B, C, D, E and F. One of the company managers, Nanako,
needs to visit the offices. She creates the following graph that shows the distances,
in kilometres, between some of the offices.

diagram not to scale

B
25
27 C
A
17
18
D
34
F
(a) Write down a Hamiltonian cycle for this graph. [1]
(b) State, with a reason, whether the graph contains an Eulerian circuit. 1

Nanako wishes to find the shortest cycle to visit all the offices. She decides to complete
a weighted adjacency table, showing the least distance between each pair of offices.

Al B|C|D|E F

A 27 | 52 | p | 35| 18
B 25 126 | 12 | ¢
C 17 | 28 | r
D 14 | 34
E 22
F

(c) Write down the value of
i »p.
(i) gq.
(i) r. (3]

(This question continues on the following page)
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(Question 4 continued)

(d) Starting at vertex E, use the nearest neighbour algorithm to find an upper bound
for Nanako’s cycle. (3]

(e) By deleting vertex F, find a lower bound for Nanako’s cycle. [4]

(f)  Explain, with a reason, why the answer to part (e) might not be the best
lower bound. [2]

Turn over
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[Maximum mark: 13]

Adesh is designing a glass. The glass has an inner surface and an outer surface. Part of
the cross section of his design is shown in the following graph, where the shaded region
represents the glass. The two surfaces meet at the top of the glass. 1 unit represents 1 cm.
Y
15+

The inner surface is modelled by f(x) = %x3 +1for0<x<p.

0 for0<x<1

The outer surface is modelled b x)= )
Y &(x) {()c—l)4 forI<x<p

(@) Find the value of p.

The glass design is finished by rotating the shaded region in the diagram through 360" about
the y-axis.

(b) Find the volume of liquid that can be contained inside the finished glass.

(c) Find the volume of the region between the two surfaces of the finished glass.

(2]

[5]
[6]
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[Maximum mark: 18]

A company makes doors for kitchen cupboards from two layers. The inside layer is wood,
and its thickness is normally distributed with mean 7mm and standard deviation 0.3 mm.
The outside layer is plastic, and its thickness is normally distributed with mean 3 mm and
standard deviation 0.16 mm. The thickness of the plastic is independent of the thickness of
the wood.

(a) Find the probability that a randomly chosen door has a total thickness of less than 9.5 mm. [5]

Eight doors are to be packed into a box to send to a customer. The width of the box is 82 mm.
The thickness of each door is independent.

(b) Find the probability that the total thickness of the eight doors is greater than the width
of the box. (4]

The company buys two new machines, A and B, to make the wooden layers. An employee
claims that the layers from machine B are thinner than the layers from machine A. In order
to test this claim, a random sample is taken from each machine.

The seven layers in the sample from machine A have a thickness, in mm, of

6.23,7.04, 7.31, 6.79, 6.91, 6.79, 7.47.

(c) Find the
(i) mean.
(i)  unbiased estimate of the population variance. [3]

The eight layers in the sample from machine B have a mean thickness of 6.89 mm
and s, =0.31.

(d) Perform a suitable test, at the 5% significance level, to test the employee’s claim.

You may assume the thickness of the wooden layers from each machine are
normally distributed with equal population variance. [6]

Turn over
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7. [Maximum mark: 20]

The position vector of a particle at time ¢ is given by r =3 cos(3¢)i + 4sin(3t)j.
Displacement is measured in metres and time is measured in seconds.

(@) (i) Find an expression for the velocity of the particle at time ¢.

(i)  Hence find the speed when ¢=3. [4]
(b) (i) Find an expression for the acceleration of the particle at time ¢.

(i)  Hence show that the acceleration is always directed towards the origin. [4]
The position vector of a second particle is given by r=—4sin(4t)i + 3 cos(4t)j.
(c) For 0<L¢<10,find the time when the two particles are closest to each other. [5]
Attime k, where 0 < k< 1.5, the second particle is moving parallel to the first particle.
(d) (i) Find the value of k.

(i)  Attime k, show that the two particles are moving in the opposite direction. [71

References:

© International Baccalaureate Organization 2022





