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Instructions to students

This exam consists of Section A and Section B.

Section A contains 7 short-answer and extended answer questions from the core.

Section A is compulsory and is worth 36 marks.

Section B begins on page 12 and consists of 4 modules. You should choose 2 of these
modules and answer every question in each of your chosen modules. Each of the modules is
worth 12 marks.

Section B is worth 24 marks.

There are a total of 60 marks available for this exam.

The marks allocated to each of the questions are indicated throughout.

Students may bring one bound reference into the exam.
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desired, one scientific calculator. Calculator memory does not need to be cleared. For
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Unless otherwise stated, the diagrams in this exam are not drawn to scale.

In ‘Recursion and financial modelling’, all answers should be rounded to the nearest cent
unless otherwise instructed.

Formula sheets can be found on pages 28 and 29 of this exam.

This paper has been prepared independently of the Victorian Curriculum and Assessment
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SECTION A - Core

Data analysis

This section is compulsory.

Question 1 (5 marks)

Bess keeps 16 hens on her property.
The dot plot below shows the distribution of the number of eggs laid by these hens during
January.

[ ]
[ BN ]
[ [ ] [ ] [ ] o o o0 [ ] [ BN J [ ] [ ]
0 5 10 15 20 25 30
number of eggs
a. Write down the

i. median. 1 mark
ii. third quartile (Q,). 1 mark
b. Find the percentage of hens which produced less than 15 eggs during January. 1 mark

A free-range egg producer has a large population of hens. The number of eggs produced in
January by these hens is normally distributed with a mean of 21 eggs and a standard deviation
of 2 eggs.

C. Use the 68 — 95 — 99.7% rule to determine the percentage of these hens which laid

more than 25 eggs in January. 1 mark
d. The standardized number of eggs laid by one of the hens in January is given by

z=-1.5. How many eggs did this hen lay in January? 1 mark
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Question 2 (7 marks)

The weight, in grams, and the collection place (nesting box or outside) of 35 eggs was

recorded by a farm worker.

The back-to-back stem plot below displays the data.

key: 65|2 =65.29

weight (g)
nesting box (n=21) outside (n=14)
0 | 65| 2
66 | 0 3
11675 7 7 9
8 6 4 3 3 |68|1 2 5
7 6 5 4 4 21690 3 4
7 3 2 1|70 2
9 3 0|7
5| 72
a. Find the modal weight, in grams, of the eggs collected from outside.
b. The five-number summary for the distribution of the weight of eggs collected from
the nesting box is displayed in the table below.
The table is incomplete.
weight (g)
Minimum 65.0
O 68.5
Median 69.5
0O, 70.5
Maximum
Write down the
i range.
ii. interquartile range.
C. Show that the egg collected from the nesting box with a weight of 65.0 g is an outlier.
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d. Explain why the weight of the collected eggs is associated with the collection place of
the eggs. Use an appropriate statistic to support your explanation. 2 marks

© THE HEFFERNAN GROUP 2018 Further Maths Trial Exam 2



Question 3 (8 marks)

The number of hens kept at 11 free range egg farms and the egg production (average number
of eggs produced per day) at each of these farms is recorded.

The scatterplot below displays this data.
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The equation of the least squares line is

egg production =194 + 0.6 x number of hens .

a. What is the response variable? 1 mark
b. Draw the graph of the least squares line on the scatterplot. 1 mark
C. Interpret the slope of the least squares line in terms of the variables egg production

and number of hens. 1 mark
d. At the farm where the number of hens is 2 100, there is an egg production of 1 200

per day on average.
How many eggs does the least squares line overestimate the egg production per day
for this farm? 1 mark
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e. The least squares line equation is used to predict the egg production at a farm where

the number of hens is 4 500.

Give a reason why this prediction might be unreliable. 1 mark
f. Pearson’s correlation coefficient for this data is 0.9182.

Determine the percentage of the variation in egg production that can be explained by
the variation in the number of hens kept at these 11 farms.
Round your answer to two decimal places. 1 mark

The number of hens kept at nine non free-range egg farms and the egg production (average
number of eggs produced per day) at each of these farms is recorded.
The data is shown in the table below.

number of

hens 1820 | 2450 | 1950 | 2130 | 2210 | 2040 | 1980 | 2380 | 2010

€99 1440 | 1920 | 1510 | 1630 | 1690 | 1580 | 1560 | 1820 | 1550
production

g. Determine the equation of the least squares line that can be used to predict egg
production from the number of hens kept at a farm.
Write the values of the intercept and slope of the line in the boxes below. Round these
values to two decimal places. 2 marks

egg production = + x number of hens
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Question 4 (4 marks)

The table below shows the seasonal egg production at a farm for 2016 and 2017.

Season Summer | Autumn | Winter | Spring | Summer | Autumn | Winter | Spring
2016 2016 2016 2016 2017 2017 2017 2017
Season 1 2 3 4 5 6 7 8
number
Egg. 5290 4240 2400 5420 5680 4840 3810 6100
production

This data has been displayed in the time series plot below showing egg production against
season number.
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a. Describe the pattern in the time series plot.

7 8

b. Four-mean smoothing with centring is used to smooth the time series plot above.

Using the data given in the table, find the four-mean smoothed egg production
centred on Summer 2017.
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The table below shows the long-term average of the seasonal egg production at the farm. The
seasonal indices for Summer and Autumn are also shown.

Season
Summer Autumn Winter Spring
Long-term average 5100 4380 3260 5850
Seasonal index 1.10 0.94
C. Find the seasonal index for Winter.
Express your answer correct to two significant figures. 1 mark
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Recursion and financial modelling

Question 5 (4 marks)

Jacinta is an optometrist.

The value of the equipment used at her business is depreciated using the flat rate method of

depreciation.

The value of the equipment V,, in dollars, after n years, can be modelled by the recurrence

relation
V, =54000, V,,, =V, —-4590
a. How much is the equipment depreciated by each year? 1 mark
b. Using recursion, write down calculations that show that the value of the equipment
after two years is $44 820. 1 mark
C. Find the annual flat rate of depreciation of the value of equipment. Express your
answer as a percentage. 1 mark
d. The value of the equipment at the practice could also be depreciated using the
reducing balance method of depreciation at the annual percentage rate of 7.5% per
year. The recurrence relation below models this but is incomplete.
V,=54000, V,,= XV,
Complete the recurrence relation above by entering a value in the box. 1 mark
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Question 6 (4 marks)

Whilst starting her business, Jacinta was unable to make a monthly payment on her credit card
debt of $5 600.

She was charged interest at the rate of 1.8% per month on the amount due plus a ‘no payment’
fee of $15 per month for the month that she made no payment.

Jacinta made no further purchases using her credit card and paid the card off completely when
she received her next statement the following month.

a. How much did Jacinta pay? 1 mark

Consider the situation where Jacinta made no monthly payments on her original credit card
debt of $5 600 and made no further purchases using her credit card.

Let D, be Jacinta’s credit card debt, in dollars, n months after her initial monthly payment
was due.

b. Write down a recurrence relation in terms of Dy, D,,, and D, that models this debt. 2 marks

C. After how many months would the debt first exceed $7 000? 1 mark
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Question 7 (4 marks)

Once the business was established, Jacinta invested $80 000 in an annuity investment. This
annuity investment earns interest at the rate of 4.2% per annum compounding quarterly and
each quarter Jacinta makes a further payment of $5 000 to the investment immediately after
the interest is added.

a.

Find the value of Jacinta’s investment after five years. 1 mark

How much interest did Jacinta’s investment earn during these five years? 1 mark

Jacinta wants the value of her annuity investment to reach $300 000 in just a further

two years.

What will Jacinta’s new quarterly payment to the investment need to be to achieve

this? 1 mark

Two years later, Jacinta invests the $300 000 from her annuity in a perpetuity for her

brother. This perpetuity earns interest at the rate of 3.9% per annum with interest

calculated and paid weekly.

What weekly payment will Jacinta’s brother receive from this perpetuity? 1 mark
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SECTION B - Modules

Module 1 - Matrices

\ If you choose this module all questions must be answered.

Question 1 (4 marks)

A fashion retailer sells accessories (A), boots (B) and clothes (C) at one of its stores.
The number of each type of item sold at this store over a three month period is given by
matrix F below.

A B C

720 405 980|monthl
F=|708 420 950|month?2
690 390 970|month 3

a. How many accessories were sold in total at this store over this three-month period.
b. For the matrix equation,

720 405 980 || x 67375

708 420 950 ||y |=|66970|,

690 390 970||z 65750

the profit made on the sale of

° an accessory is x
. a pair of boots is y
. an item of clothing is z

What is the total profit made in month 3?

ii. What is the profit made on the sale of a pair of boots?

iii. The total profit made from the sale of accessories and clothes over the
three months is $133125 as indicated by the matrix equation below

67375
G x| 66970 | =[133125]
65750

where G is a 1x3 matrix.
Write down matrix G.
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Question 2 (3 marks)

Staff at the shopping centre where this store is located who drive to work, can only park in
allocated areas of a new car park. Staff are given weekly passes showing their option of
parking on level 1, 2 or 3 of this new car park.

The transition diagram below shows the way in which staff are expected to change their
choice of parking level from one week to the next.

a. What percentage of staff who choose level 1 parking one week will choose level 3
parking the next week?

b. An incomplete transition matrix, T, representing the transition diagram, is shown
below.
this week
level 1 level 2 level 3
0.5 0.3 0.2 |level 1
T,=/04 _ 0.1|level 2 next week
0.1 0.7 |level 3

Complete the transition matrix T, by filling in the two missing entries.

C. The number of staff who parked on each of the levels in week 1 of the new car park
being open, is given by the matrix N, , below.

65 |level 1
N, =[ 91 |level 2
82 |level 3
How many staff are expected to park on level 3 in week 2?
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Question 3 (5 marks)

Permanent staff at one of the department stores in the shopping centre must do a half-day
training session every quarter.

They can choose one out of accounting (A), customer service (C), design (D) and health and
safety (H) each quarter.

The way in which the staff are expected to change their choice of training session each quarter

is shown in the transition matrix T, below.

this quarter
A C D H
06 04 0.1 01]A
1 _|01 03 040
27101 02 02 02|D
02 01 03 05]|H

next quarter

The state matrix S, gives the number of staff expected to choose each training session in the
n'" quarter where

30]A
l1w0|C
120D
40 |H

Sy

The matrix rule S.,, =T, S, can be used to find the state matrices for quarters 2, 3 and 4.

a. How many staff members are expected to choose the same training session for

quarters 1 and 2? 1 mark
b. How many staff members are expected to choose health and safety (H) as their

training session in quarter 2? 1 mark
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C. Of the staff expected to choose accounting (A) in quarter 3, what percentage chose

design (D) in quarter 2?

Round your answer to the nearest whole number. 2 marks
d. What is the least number of staff expected in one of the accounting (A) training

sessions held over the first four quarters? 1 mark
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Module 2 - Networks and decision mathematics

| If you choose this module all questions must be answered.

Question 1 (3 marks)

On a wind farm, a maintenance shed and ten wind turbines, A — J, are connected by vehicle
tracks. The graph below shows the distance, in metres, between the maintenance shed and the

turbines.

A D G

. S LA—-
maintenance 110 D 80 E . el
., B , B ","““ ::-:: ............................. .. J

‘ ........................................... ‘ . """ 130

C 110 F H
a. What is the shortest distance from the maintenance shed to turbine J ?
b. To reduce costs at the windfarm, some of the vehicle tracks are to be returned to

vegetation. This is to be done whilst ensuring that the maintenance shed and the
turbines remain connected.

i. On the graph above, draw a minimum spanning tree.

ii. What is the minimum length of vehicle tracks required to ensure that the
maintenance shed and the turbines remain connected?
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Question 2 (2 marks)
The wind farm is divided into paddocks where livestock are kept.

The graph below shows fence posts located at M, N, O, P Q, R, Sand T as well as the fences
connecting them.

The cycle M, N, O, Q, R, S, M indicates the boundary of the farm.

a. Complete Euler’s formula applicable to this graph by inserting the appropriate
numbers in the boxes below.

+ = + 1 mark

b. Explain what the value of f, in the formula above, tells us in the context of this
guestion. 1 mark
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Question 3 (2 marks)

18

Four technicians Von (V), Walter (W), Xavier (X) and Yadir (Y), service the wind turbines.
There are four tasks 1 — 4 that need to be performed each month. The time, in hours, that each
of the technicians take to perform each of these tasks is shown in the table below.

Von Walter | Xavier | Yadir
Task 1 8 14 16 10
Task 2 10 8 11 13
Task 3 21 16 18 14
Task 4 6 10 13 9

Each technician will be allocated one task and management requires that the total time for the
four tasks to be completed is a minimum. To achieve this, the Hungarian algorithm is used
and after the final steps of this algorithm are done, the table below is produced.

Von | Walter | Xavier | Yadir
Task 1 0 3 2 0
Task 2 5 0 0 6
Task 3 9 1 0 0
Task 4 0 1 1 1
a. Complete the table below, indicating which technician should be assigned which task
in order that the total time in which the four tasks are completed is a minimum.
Technician Task
Von
Walter
Xavier
Yadir
b. Find the minimum total time, in hours, that it will take to complete the four tasks.
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Question 4 (5 marks)

A new wind turbine is to be built at the wind farm.
This project will involve 14 activities A — N.
The directed network below shows these activities and their completion time in weeks.

A2
start @——p-

D,3

1,6
a. Write down the three immediate predecessors of activity L. 1 mark
b. Find the earliest start time for activity G. 1 mark
C. The minimum time in which the project can be completed is 18 weeks.
Write down the critical path for this project. 1 mark
d. Find the latest start time for activity J. 1 mark
e. Each of the activities, except for A and N, can have their completion times reduced by

one week, that is, they can be crashed.

The budget allows for just two activities to be crashed as long as the project is

completed in 16 weeks.

Which two activities must be crashed if this is to happen? 1 mark
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Module 3 - Geometry and measurement

| If you choose this module all questions must be answered.

Question 1 (3 marks)

A reception desk at an airport is in the shape of a trapezoidal prism. The front face of the desk
is in the shape of a trapezium and is shaded in the diagram below.

slant side

1.8m
For this desk, the length of the base is 1.8 m, the length of the top is 2.7 m, the length of the
slant edge is 1.5 m and the depth is 1.3 m.

a. What is the height of the desk, in metres? 1 mark
b. Find the total surface area of the desk, including the top and the base, in square

metres. 1 mark
C. On the front face of the desk which is shaded, find the angle of elevation of the top

right hand corner from the bottom right hand corner. 1 mark

Round your answer to the nearest whole degree.
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Question 2 (3 marks)

Kristy leaves Melbourne (38°S, 145°E) on Monday 6 March at 1.15pm.

She travels for 22 hours and 30 minutes to reach Durban (30°S, 31°E) in South Africa.
The time difference between Melbourne and Durban is 9 hours.

a. What is the day and time that Kristy arrives in Durban? 1 mark

A few days later, Kristy travels from Durban (30°S, 31°E) to Cairo (30°N, 31°E) in Egypt.
Both cities are shown on the diagram below as is the small circles of Earth at latitudes 30°S
and 30°N.

Assume that the radius of Earth is 6 400 km.

latitude =30°N

Cairo

equator

Durban

latitude = 30°S

b. What is the radius of the small circle of Earth at latitude 30°S?

Round your answer to the nearest kilometre. 1 mark
C. Find the shortest great circle distance between Durban (30°S, 31°E) and Cairo (30°N,

31°E). Round your answer to the nearest kilometre. 1 mark
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Question 3 (3 marks)
Whilst in Egypt, Kristy visits two pyramids.

a. These pyramids, shown below, are similar in shape.

. 2. \_a

The sidelength of the square base of the smaller pyramid is | metres and for the larger

pyramid it is double this, that is 2l metres.

The volume of the smaller pyramid is 200 000 cubic metres.

Find the volume, in cubic metres, of the larger pyramid. 1 mark

b. To see the pyramids, Kristy walks for 120 m on a bearing of 043° from the carpark at
P to the large pyramid at L.
She then walks due west for 270 m to the small pyramid at S before walking in a
straight line back to the carpark as shown in the diagram below.

S 270 m L

i What is the bearing of the carpark at P from the large pyramid at L. 1 mark

ii. Use the cosine rule to find the distance Kristy walks from the small pyramid
at S to the carpark at P. Round your answer to the nearest metre. 1 mark
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Question 4 (3 marks)

Kristy returns home and waits to collect her baggage at the baggage carousel.

The shaded section of this baggage carousel shown below, is in the shape of a larger sector
minus a smaller sector, with both sectors having an angle of 110° at their centre C.

The larger sector has a radius CD of 2.6 metres.

A
\\
103>c baggage carousal
// /
B)Y. /
2.6m g'

/

D

The length of the arc AB of the smaller sector is 1.537 metres.

a. Show that the radius of the smaller sector is 0.8 metres, correct to one decimal place. 1 mark
b. What is the area of the shaded section of the baggage carousel? Round your answer to
the nearest square metre. 2 marks
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Module 4 - Graphs and relations

| If you choose this module all questions must be answered.

Question 1 (3 marks)

Ben lives next to a bike path. Each day he rides along this path to a particular drink fountain
and then rides back home.

The graph below shows Ben’s distance from home, in kilometres, t minutes after he left home
on his ride last Tuesday.

A
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9
8 SY
. 7 h
distance from NU
home 6 N

(kilometres) . NN

4 IS
\\\
3 NNy
2
\\\

1
0 \\\ > t

0 5 10 15 20 25 30 35 40 45 50 55 60 65 (minutes)

a. How far, in kilometres, is the drink fountain from Ben’s home? 1 mark
b. How far, in kilometres, has Ben ridden after 35 minutes? 1 mark
C. When Ben has ridden four kilometres, he passes a dead tree. How many minutes later

does he pass this dead tree again? 1 mark
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Question 2 (2 marks)

Ben’s father Rick, also rides on the bike path.
The graph below shows Rick’s speed, in kilometres per hour, during the first three hours of

his ride last Saturday.

A
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30 7

Speed
(km/hr) 25 ~
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15 ya
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5

>t (hours)

0 1 2 3

The equation that represents the relationship between Rick’s speed, in km/hr, and t, the time,
in hours, after he started riding is of the form speed = kz* where k is a constant.

a. Show that k=4. 1 mark
b. On the axes provided below, draw a graph of the relationship between speed and #>. 1 mark
A
20
15
speed
(km/hr)
10
5
> 2
0 1 2 3t
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Question 3 (3 marks)

Rick runs a small business servicing bikes.
The revenue, in dollars, that he makes from servicing n bikes is given by revenue=35n.
The cost, in dollars, that he incurs from servicing n bikes is given by cost =10n+500.

a. What does Rick charge for servicing a bike? 1 mark
b. How many bikes would Rick need to service to
i. break even? 1 mark
ii. make a profit of $500? 1 mark
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Question 4 (4 marks)
Rick hires out bikes and helmets each Sunday.

Let x be the number of bikes he hires out.
Let y be the number of helmets he hires out.

A neighbour hires 1 bike and 2 helmets every Sunday.

Rick has 8 bikes and 9 helmets available for hire.

By law, a bike can only be hired if a helmet is hired as well.

It takes three minutes to clean and check each bike and four minutes to clean and check each
helmet when they are returned.

The constraints on the number of bikes and helmets that Rick can hire out each Sunday are
given by Inequalities 1 — 4.

Inequality 1 1<x<8
Inequality 2 2<y<9
Inequality 3 y > X (by law)
Inequality 4 3x+4y <42 (checking and cleaning)
a. What is the maximum number of minutes, Rick has available each Sunday to check
and clean the returned bikes and helmets? 1 mark
b. The graph below shows the lines that represent the boundaries of Inequalities 1 — 4.
Shade the region containing the points that satisfy Inequalities 1 — 4 on this graph. 1 "
y mar
A
12
1
10 N
9
8 \\\
7 \\
6
5 N
4 ™\
3
2 B
1 \\
ol 1 2 3 456 7 8 910111213 1415~
C. Rick makes a profit of $15 for every bike that is hired and $20 for every helmet that is
hired.
What is the smallest total number of bikes and helmets that need to be hired on a
Sunday for Rick to make a maximum profit? 2 marks
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Further Mathematics formulas

Core - Data analysis

standardised score

lower and upper fence in a boxplot

lower Q, —1.5xIQR upper Q; +1.5xI0QR

least squares line of best fit

S
y=a+bx, where bzrs—y and a=y—bx

X

residual value

residual value = actual value — predicted value

seasonal index

actual figure
deseasonalised figure

seasonal index =

Core — Recursion and financial modelling

first-order linear recurrence relation

uO =4a, un+1 =bun

effective rate of interest for a
compound interest loan or investment

r n
reffective = l:[1+ MJ —1:| x100%

Module 1 - Matrices

determinant of a 2 x 2 matrix

A:{a b}, detAz‘a b‘zad—bc
c d

inverse of a 2x2 matrix

d -b
A‘lzﬁ{ . a}' where det A= 0

recurrence relation

S, =initial state, S, =TS, +B

Module 2 - Networks and decision mathematics

Euler’s formula

v+ f=e+2
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Module 3 — Geometry and measurement
. 1 .

area of a triangle A= Ebcsm(9°)
Heron's formula A= \/s(s—a)(s—b)(s—c), where s =%(a+b+c)
sine rule a __ b _ ¢

sin(A) sin(B) sin(C)
cosine rule a? =b?+c?—2bccos(A)
circumference of a circle 2rr

T
length of an arc rx—x@°
180
area of a circle zr?
area of a sector zréx
360

4 3
volume of a sphere 57: r
surface area of a sphere Arr?

1 o
volume of a cone g;z rh
volume of a prism area of base x height
volume of a pyramid %x area of base x height

Module 4 — Graphs and relations

gradient (slope) of a straight line m= Yoo N1
Xy =X
equation of a straight line y=mx+c

END OF FORMULA SHEET

Mathematics Formula Sheets reproduced by permission; © VCAA 2017. The VCAA
does not endorse or make any warranties regarding this study resource. Current
and past VCAA VCE® exams and related content can be accessed directly at

WWW.

vcaa.vic.edu.au
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