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Training and Development

Did you know that Pearson also offers teachers a diverse
range of training and development product-linked learning
programs? We are dedicated to supporting your
implementation of Pearson Mathematics, but it doesn't
stop there.

Our courses align closely with Pearson Mathematics Second
Edition and offer an in-depth learning experience,
combining both practical and theoretical elements, enabling
you to implement the resource effectively in your
classroom.

Find out more about our product-linked learning,
workshops, courses and conferences at Pearson Academy
www.pearsonacademy.com.au.

All kinds of learning for all kinds of people,
delivered in a personal style.
Because wherever learning flourishes, so do people.
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The Australian Curriculum: Mathematics
aims to ensure that students:

» gre confident, creative users and
communicators of mathematics,
able to investigate, represent and
Interpret situations in their personal
and work lives and as active citizens

®» develop an increasingly sophisticated
understanding of mathematical concepts
and fluency with processes, and are able
to pose and solve problems and reason
In number and algebra, measurement and
geometry, and statistics and probability

® recognise connections between the areas
of mathematics and other disciplines and
appreciate mathematics as an accessible
and enjoyable discipline to study.

© Australian Curriculum,
Assessment and Reporting Authority
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Pearson Mathematics shares these aims.
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*: mathematics

Pearson Mathematics Second Edition is a compelling
research-based series, written by experienced and
practising Australian teachers with the support of
Australia’s leading mathematics education experts.

It has been specifically designed to scaffold students’
fluency development, conceptual understanding,
reasoning and problem-solving skills.




supporting all learners

Differentiation

Pearson Mathematics Second Edition has been written and designed for the needs of the full ability spectrum

of students in Australian classrooms.

Expanding brackets

Navigator
1,2,8,4,5,6,7,10,12,13,16, 2(a,b),4,5,6,7,8,9,10,12,13, 2(a, b), 4 (a),5 (a),6(a), 7 (a), 8,
19, 22 14,16, 19, 20, 21, 22 9,10, 11, 14, 15, 16, 17, 18, 19,

20, 21,22, 23

Challenge 4

Recall—Each chapter begins with a review of assumed
and necessary knowledge for the chapter. For students
needing extra revision, Recall Worksheets are available
for each Recall question, with explanations to refresh
understanding and exercises to practise skills.

Exercises—All Exercises include questions according
to the Australian Curriculum Proficiency Strands:
Fluency, Understanding and Reasoning. They have
been carefully paced to help students build skills,
develop deep conceptual understanding and apply
learning. Every Exercise also has ‘Open-ended’
questions to encourage students’ creative thinking
and ability to communicate mathematics effectively.

Navigator—Three optional graded pathways
through every Exercise, with every question rated
as Foundation, Standard or Advanced level.

Challenge—Every chapter includes a full page Challenge
section for early finishers and advanced students.

Regular revision and reinforcement

Pearson Mathematics Second Edition has a broad range of cumulative and chapter-based revision.

Half-time 3

Chapter review

Mixed review

Half-time—A mid-chapter review of chapter
content so far.

Chapter review—An end-of-chapter thorough review
of chapter content.

Mixed review—Cumulative revision that mixes content
from previous chapters.
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Encouraging inquiry

and problem solving

Investigation Exploration Spreadsheet

These are scaffolded to be accessible to all learners C[l’ld CAS

and structured following a 5e+ format.

Pearson Mathematics Second Edition

understands the importance places of students

InveStig(ItiOn developing technological literacy. Explorations
with CAS technology and spreadsheet

software allow students to learn and practise

. their technical proficiency, while also helping
ngage 5
\ to develop students’ deeper understanding

of the mathematical concepts covered.
\Q’

@ Exploration CAS

Exploration Spreadsheet

Problem solving,

Exploration Coding

PUZZIGS CIIld GCImeS Algorithmic thinking is an increasingly relevant
component of mathematics education for the
These are located throughout every chapter 21st century. Algorithmic thinking and coding tasks
and give students fun opportunities to develop encourage learners to understand and develop
their problem-solving skills and logical reasoning. reasoning skills with computational procedures,

algorithms and logical problem-solving, exploring a
coding environment within a mathematical context.

Exploration Coding
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Real-life contexits

and engagement

Exploration Task and STEM

Practical contexts provide useful learning Anticipate the ‘Why learn this?' question and
opportunities and natural pathways into interesting, provide a motivating entry into every new
relevant mathematics. chapter topic, including discussion-provoking

Exploration tasks are rich tasks that encourage Forum questions.

student engagement, questioning and creative
thinking. STEM activities allow students to explore
topics related to Science, Technology, Engineering

and Design with a Mathematics perspective. Statistics ond

probability

Exploration Task

Exploration STEM

Pearson Mathematics Second Edition has been designed to capture students’ interest,
with the incorporation of Maths 4 Real, Gamespace and more.

Scenarios that help students make Skill consolidation and reinforcement wrapped up

connections with mathematics in the real world. in fun and quirky scenarios, including multi-player
maths board games and solve-the-riddle,
find-the-clue tasks and games.

Adventure on
Sohcahtoa ISlan







Financial
moathematics

‘The best job in the world!l Tourism
Queensland once ran a world-wide
advertising campaign with this phrase as the
headline. They received 34 000 applications!

The position of ‘Island Caretaker’ was created  $150000. Ben's enthusiastic blogging

to promote the islands of the Great Barrier convinced many that the ad’s headline was
Reef to the world. The list of ‘duties’ for the not an exaggeration!.

successful applicant to undertake included

swimming, snorkelling, exploring and

keeping an online photo dicry and blog Forum

of their experiences. Anyone wishing to What is your idea of ‘The best job in the
apply for the position had to make a world'? Give some recsons for your cnswer.
60-second video that showcased their skills Is it more important to have a well-paying
ond creativity. After sifting through the job or to do something you enjoy? If you
thousands of videos that were submitted, had to make a 60-second video as a job
a shortlist of 16 applicants was formed. application, what would you include in
After the interview process, Englishmom Ben your 60 seconds?

Southall was announced as the succesful
applicant of the 6-month contract worth

Why learn this?

How do you decide whether that discounted pair of jeans really is a bargain? How much
money is the store making by selling them to you? How can you work out whether you have
been paid the right amount of money for the work you have done? What is tax? How is

it calculated? What is interest? How is it paid? What is credit? How does it work? The answers
to these questions, and cn understanding of the mathematics involved in earning,
borrowing and spending money, are essential for all of us in our daily lives.

After completing this chapter you will be able to:

e perform calculations with percentages

e calculate profit, loss, discount, mark-up, selling price and cost price

e calculate incomes earned under a variety of payment systems

e understand how tax works and calculate basic income tax rates and deductions

e perform simple interest calculations

¢ understand different methods of payment (such as credit cards) and perform calculations
associated with them

e calculate typical costs of using resources such as electricity, gas and water

e calculate typical costs of using communications devices such as mobile phones.
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Recall

Prepare for this chapter by attempting the following questions. If you have difficulty with a
question, you can download a Recall Worksheet from the eBook or the Pearson Places website.

1 Convert the following fractions to decimals.

17 57 321
@ 5% ®) 0% © o000
2 Convert the following fractions to decimals. If the decimal is a recurring decimal, use the

appropriate notation.

16 9 23 1 10 5
(@ 5 (b) g (c) m (d) g (e) T (® 7
3 Convert the following decimals to fractions in simplest form.
(@) 0.79 (b) 0.003 (c) 0.014 (d) 1.065 (e) 10.140 (f) 0.0902

4 Evaluate the following.
(@) 5.8+29 (b) 12.7-3.6 (c) 52x15 (d) 6.2+0.03

5 Convert the following fractions and decimals to percentages. (Round your answers to
2 decimal places, if necessary.)

(@ 2 (b) 0.91 (c) 0.032 (@ 2
6 Write the following percentages as fractions in simplest form.
(@) 85% (b) 22% (©) 6.7% (d) 1%
7 Write the following percentages in decimal form.
(@) 49% (b) 30% (c) 25% (d) 370%
8 Calculate the following:
(@ 20f90m (b) 2of 105 kg (c) 1 of $25600
9 Find:
(@ 5% of 20 m (b) 10% of 63.5 km () 22% of 18.1 cm

Exploration Task

You can download this activity from the eBook or the
Pearson Places website.

Get rich quick?
In this activity, you will learn how to choose between

investments with different compounding periods
and dividends.
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Percentages
review

The ability to work with percentages, fractions and decimals is important for many daily
calculations and estimations. It is helpful to know the fraction, decimal and percentage
equivalents of these common values.

2 4 4 3 3 10 5 20 100
Decimal 0.5 025  0.75 0.3 0.6 0.1 0.2 0.05  0.01

Percentage  50% 25%  75% 33%% 66%% 10%  20% 5% 1%

Finding a percentage of an amount

‘Per cent’ means ‘out of 100" or ‘for every hundred’. Percentages are just fractions with a

40 _2

denominator of 100; for example, 40% = ==,
100 5

If you know some common fraction and percentage equivalents and how to find them,
you will be able to perform many percentage calculations mentally (see Method 1 below).
Method 2 involves writing the percentage as a fraction or decimal and multiplying by the
amount. This is a good ‘pen and paper’ method.

Worked exomple 1

Calculate the percentages of the given amounts:
(@) 35% of $62 (b) 27.5% of $300

Method 1: Use basic percentages

Thinking Working

(@ 1 Break down the percentage amount  (a) 35%=30% + 5%
into basic percentages that are easy =5X%x10% + 5%
to calculate, such as 25%, 10% or 5%.

2 Calculate each of these basic 10% of 62 5% of 62
percentages. (Here, 10% is found =62 +10 =(10% of ©2) + 2
by dividing by 10, and 5% by =06.2 =02+2
halving 10%.) =3.1

3  Multiply and/or add the values of 3 X 10% + 5%
each of the basic percentages to find =(3x6.2)+ 3.1
the required percentage value. =186.6 + 3.1

=21.7
4  Write the answer. 35% of $62 = $21.70

1 Finoncial mathematics
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(b) 1 Break down the percentage amount
into basic percentages that are easy
to calculate.

2 Calculate each of these basic
percentages. (Here, 25% is found by
dividing by 4 and 2.5% by dividing
25% by 10.)

3 Multiply and/or add the values of
each of the basic percentages to find
the required value.

4  Write the answer.

(b) 27.5% = 25% + 2.5%

25% of 500
=300 + 4
=300 +2+2
=150 + 2
=73

25% + 2.5%
=75+75
=825

2.5% =25% + 10
=75+10
=75

27.5% of $300 = $82.50

Method 2: Fraction or decimal multiplication

Thinking Working
(@ 1 Use the fact that ‘of” is equivalent (a) 25%of 62
to’x’ to rewrite the sentence as =235% X 62
a mathematical one.
2 Con\'ze.rt'the percentage to a fraction -0 e
by dividing by 100. 100
3 Do the multiplication. Simplifying T35 62
the fractions first makes the o0 2 KN
multiplication easier. (Here, divide by 20
common factors of 5 and then 2.) _ 7 3@_%
10 1
_2r
10
=217

4  Write the answer.

25% of $62 = $21.70

(b) 1 Use the fact that “of” is equivalent
to ‘X’ to rewrite the sentence as
a mathematical one.

2 Convert the percentage to a fraction

by dividing by 100.

3 Do the multiplication. Simplifying
the fractions first makes the
multiplication easier. (Here, divide
by a common factor of 100.)

4  Write the answer.

PEARSON mathematics 9 2ND EDITION

(b)  27.5% of 300
=27.5% x 300

_ 275,300
100 1

_ 275260

B A
=275X%X3
=825

27.5% of $300 = $62.50



Increasing or decreasing by a given percentage

A percentage can also represent a change in a quantity. You can calculate a percentage
increase or decrease in a simple ‘one-step” calculation if you use the fact that the original
amount represents 100%.

Worked example 2

Increase or decrease the following amounts by the given percentages. Round decimal answers
to 2 decimal places.

(@) Increase $420 by 65% (b) Decrease 87 kg by 13.6%

Thinking Working

(@ 1 Add the percentage increase to (a) (100 + ©5)%=165%
100%. Convert the new percentage =165

to a decimal.

2 This decimal represents the scale 1.65 X 420 = 693
factor. Multiply it by the original
amount to find the new amount.
(Use your calculator.)

3 Write the answer. $420 increased by 65% is $6932.
(b) 1 Subtract the percentage decrease (b) (100 —12.6)% = &6.4%
from 100%. Write this new =0.8664

percentage as a decimal.

2 This decimal represents the scale 0.664 x &7 =75.165
factor. Multiply it by the original
amount to find the new amount.
(Use your calculator.)

3 Write the answer. &7 kg decreased by 13.6% is 75.17 kg.

Writing one amount as a percentage of another
To write one amount as a percentage of another:

1 Make sure both amounts are the same type, or measured in the same units. Convert units
if necessary.

2 Write one amount as a fraction of the other.

3 Convert this fraction into a percentage by multiplying by 100%.
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Worked example 3

Round your answers to the following questions to 1 decimal place.

(@) Tyler kicked 13 goals from 18 shots at goal. Calculate his kicking accuracy as a percentage.

(b) A packet of “Chocky’ biscuits is on sale for $2.35, a saving of 57c. Write the saving as

a percentage of the original price.

Method 1: Fraction multiplication

Thinking Working
(@ 1 Write the number as a fraction of the  (a) % X o0 %
total. Multiply this fraction by 100%. 1 1
S A Tyt 1% 201069
2 Simplify the multiplication by = 2 x =
cancelling common factors first. ot 1
_ 650
g

3  Write the answer, rounded to the
specified number of decimal places,
in a sentence.

- 72%% or 72.2%

Tyler's kicking accuracy is 72.2% (1 d.p.).

(b) 1 Find the original price by adding the
saving back on to the sale price.

2 Write the saving as a fraction of the
original price, making sure both
amounts are expressed in the same
units (dollars). Multiply this fraction
by 100%.

3 Write the answer, rounded to the
specified number of decimal places,
in a sentence.

(b) $2.35 +$0.57 = $2.92

0.57 « 1OO,,/D
2.92 1

= 57 a/o
22

=19.52054...%

The saving i 19.5% of the original price
(1d.p.).

Method 2: Convert to a decimal, then multiply

Thinking

Working

(@ 1 Write the number as a fraction of the
total. Convert this fraction to a
decimal by dividing.

2 Multiply the decimal by 100%.

3 Write your answer in a sentence
(rounded).

(2) 2 =132+ 18 = 0.7222...
18

0.7222... X100% = 72.2222...%

Tyler's kicking accuracy is 72.2% (1 d.p.).

PEARSON mathematics 9 2ND EDITION



(b) 1 Find the original price by adding the  (b) $2.35 + $0.57 = $2.92
saving back on to the sale price.

2  Write the saving as a fraction of the 957
original price, making sure both 22
amounts are expressed in the same
units (dollars).
3 Convert this fraction to a decimal 057 _ 057+ 2.92 = 0.1952...
by dividing. =
4 Multiply the decimal by 100%. 0.1952... x100% =19.52...%
5 Write your answer in a sentence The saving is 19.5% of the original price
(rounded). (1d.p.).

Rounding errors

Many financial applications of percentages use decimals instead of fractions. For practical
purposes, the rounded approximation of a recurring decimal is often used in a calculation.
For example, 2 expressed as a decimal is 0.833 333.... Rounded to 1 decimal place, it is 0.8.
If this was rounded to 2 decimal places, it would be 0.83. A question will usually tell you how
many decimal places to round your answer to.

As soon as you use a rounded value, you introduce error into your answer. To minimise this
error you should round as late as possible in a calculation or use fractions for as long as you
can before converting to a decimal and rounding. If you give a rounded answer, then you
should state this (e.g. if you have rounded to 2 decimal places, write ‘2 d.p.’).

Fractions and decimals on the calculator

If you are working with decimals on your calculator, keep all the decimal places in the
calculator display and only round your final answer.

Most scientific calculators can convert between fractions, decimals and mixed numbers, using

a key that is usually labelled @ or .
B Percentages review

Navigator

1 (a-f, j), 2 (a, b), 3 (a, c, €), 1 (g-1, m-0), 2 (a, b, d, €), 3, 1 (j1, m—o), 2 (c, d, €), 4 (e-h), 7,
4 (a-d), 5,6,7,9,10,11,15,17 4 (a-d),5,6,7,8,11,12,14,15, 8, 12,13, 14, 16,17, 18 P.

17,18
Fluency
1 Calcu.late the percentages of the given amounts. If necessary, round answers to m
2 decimal places.
(@ 50% of $200 (b) 25% of $400 (c) 10% of $75
(d) 20% of $480 (e) 100% of $55 (H 10% of $38
(@) 25% of $40 (h) 45% of $50 (i) 30% of $150
() 11% of 60 L (k) 66% of 400 m () 77% of 35 kg
(m) 0.5% of $3500 (n) 12.5% of 1500 m (0) 7.2% of 15L
(P) 52% of $17000 (@ 63 % of $90 ® 2% of $200000
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m 2 Increase or decrease the following amounts by the given percentages. If necessary,
round answers to 2 decimal places.

(@) Increase 50 by:

() 10% (i) 50% (i) 25%
(b) Increase 240 by:

() 50% (i) 35% (i) 8% (iv) 140%
(c) Decrease 5700 by:

(i) 20% i) 75% (i) 46% (iv) 98%
(d) Increase $64.15 by:

i) 10% (i) 260% (i) 7.5% (iv) 62%
(e) Decrease 9.8 seconds by:

() 50% (i) 13% (i) 6.3% (iv) 3%%

3 Convert these fractions to percentages.
17 8 9 17 19
(@) 20 (b) E (©) 20 (d) 50 () 50

m 4 Round your answers to the following questions to 1 decimal place.

(a) Ash kicked nine goals from 13 shots at goal. Calculate Ash’s percentage kicking
accuracy.

(b) A jar of ‘Nuttie’s” peanut butter is on sale for $3.18, a saving of 64 cents. Write the
saving as a percentage of the original price.

(c) Maryam had 22 shots at the netball goals and got 14 in. Calculate Maryam’s
percentage shooting accuracy.

(d) A box of ‘Crunchy-Bix’ cereal has been reduced by $1.02 to $4.37. Calculate the
percentage saving based on the original cost price.

(e) Raf got 76 of 114 serves into the tennis court. Calculate the percentage accuracy of
Raf’s serve.

() Atin of ‘Beanz’ baked beans is on sale for $1.17, a saving of 32 cents. Write the saving
as a percentage of the original price.

(9) Brett bowled a cricket ball at a set of stumps 54 times. He hit the stumps 41 times.
Calculate Brett’s stump-hitting accuracy as a percentage of the number of balls bowled.

(h) A tub of “Yo-Cal’ yoghurt has been reduced by 74 cents to $2.11. Calculate the
percentage saving based on the original cost price.

Understanding
5 The label on a 2.5 L bottle of fruit juice says:
Pineapple juice: 78%
Orange juice: 15.5%
Passionfruit juice: 4.5%
Guava juice: 2%

Calculate the volume of each type of juice, rounding answers to the nearest mL
if necessary.

6 Approximately 65% of the mass of an adult human is water. Akira weighs 58 kg.
How much of Akira’s mass is water, to the nearest 100 g?
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7 This is the nutritional label from a packet of muesli bars. The “serving size’ is one bar,

which has a mass of 20 g. Round your answers to the following questions to

1 decimal place.

INGREDIENTS

WHOLEGRAIN CEREALS (48%) [UNCLE TOBYS
ROLLED OATS (37%), WHOLE WHEAT (11%)]
RAW SUGAR, PUFFED RICE, VEGETABLE OIL
[EMULSIFIER (SOY LECITHIN), ANTIOXIDANTS
(304, 306)], MIXED NUTS (7%) [CASHEWS,
PECANS, ALMONDS, MACADAMIAS], GLUCOSE
(WHEAT), HONEY, COCONUT, DIETARY FIBRE
(INULIN), TAPIOCA STARCH, SALT, SODIUM

BICARBONATE, FLAVOUR, EMULSIFIER (SOY
LECITHIN).

CONTAINS OATS, WHEAT, TREE NUTS AND SOY
AS INDICATED IN BOLD TYPE. PRODUCT
PROCESSED ON A LINE THAT ALSO
PROCESSESS PRODUCTS CONTAINING MILK.

NUTRITION INFORMATION#
Servings per Package--Serving Size: 20g (1 bar)
Quantity oDaig Intake* Quantity
per Serving| per Seving  per 100g
ENERGY 370k) 4% [ 1840k)
PROTEIN 1.7g 3% | 83g
FAT, TOTAL 3.2¢ 5% | 16.2g
- SATURATED | | 0.7g 3% | 3.5¢
CARBOHYDRATE | 12.0g 4% | 60.1g
- SUGARS 34g 4% | 16.8¢
DIETARY FIBRE| | 1.7g 6% | 8.6g
SODIUM \| 55mg 2% | 265mg
# Al specified valobs-are-aferages

'Percent}a§e Daﬂa Intakes are based on the average
adult diet of 8700k Your daily intakes may be
higher or lower depending on your energy needs.

(@) Use the information in the ‘Quantity per serving’ column to calculate the percentage

mass of the muesli bar that is:

(i) carbohydrate

(i) protein

(i) fat (total).
(b) Sugar is a type of carbohydrate.

(i) What percentage of the mass of a muesli bar is sugar?

(i) What percentage of the carbohydrate mass is sugar?

Charlotte is a runner whose personal best time for her favourite race is 3 minutes

34 seconds.

(@) Charlotte wants to decrease her time by 4%. How many seconds is this?

(b) At the state championship, Charlotte lowered her time by 6.9 seconds.

What percentage improvement is this, correct to 2 decimal places?

9 There are two baby gorillas and seven adult gorillas in a zoo enclosure.

10

(@) What fraction of the gorillas are adult?

(b) What percentage of the gorillas are baby gorillas?

(c) One extra adult gorilla is added to the enclosure. Recalculate your answers to (a) and (b).

Copy and complete the following table.

Common Decimal
fraction fraction Percentage
1
(a) !
1
(b) !
(c) 1
1
(d) !
3
(e) I
2
U :

1 Finoncial mathematics
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11 Copy and complete the following table.

Common Decimal
fraction fraction Percentage
3
(@) )
(b) 0.45
() 72%
5
(d) ;
(e) 0.56
U] 12.5%

12 Approximately g of an iceberg
lies under water. The mass of
the iceberg is 150 000 tonnes.

(@ What mass of the iceberg
is under water?

(b) What percentage of the
whole mass is this?

13 At the end of the first week of trading shares in Jaydeep’s company had increased their
value by 17.5%. The shares were worth $3.40 each at the beginning of the week.

(a) What is the value of a share at the end of the first week?

(b) At the end of the second week, the share price had decreased by 9% compared with
its price at the beginning of that week. Calculate the value of one share at the end of
the second week.

(c) Calculate the overall increase or decrease at the end of the 2 weeks as a percentage
of the original price of $3.40, correct to 2 decimal places.
Reasoning

14 The local newspaper had the following headline: ‘Prime Minister’s approval rating 67%”.
The article stated that the newspaper had surveyed all 180 000 of its readers, of which 14%
had responded. Of those who responded, 67% said that they thought the Prime Minister
was doing a good job. How many people actually said this?

15 (@) () Increase 100 by 20%.
(i) Now decrease the answer obtained by 20%.

(b) (i) Increase 300 by 30%.
(i) Now decrease the answer obtained by 30%.

(c) Explain why you do not arrive back at the starting number after an increase and
decrease by the same percentage.
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16 In her Drama class, g of Anita’s overall mark is allocated to the practical exam and the @
remaining 2 is allocated to the written exam. Anita scored 82% in her practical exam and
76% in the written exam. Calculate Anita’s overall percentage for the subject, correct to
1 decimal place.

Open-ended

17 Write three whole numbers that when increased by 140% give an answer between
100 and 200.

18 Trent is looking to buy a new skateboard. In one store,
the skateboard was on sale for $258, an advertised saving
of $31. In another store, the same skateboard had a marked
price of $299, but a sale sticker next to it said ‘take 25% off
the marked price’. Trent decided that $31 sounded like
a better saving than 25% and bought the skateboard from
the first store.

(@) Was this the right choice in terms of saving money?
Explain why or why not.

(b) Describe a simple calculation Trent could have done
while standing in the shop that could have helped him
make a more effective decision.

Problem solving

Strategy options

e Guess and check.
e Work backwards.
e Test all possible combinations.
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Buying
and selling

Discounts

A discount is an amount or percentage taken off the normal selling price of an item.
Discounts can be offered for a variety of reasons:

* A store may be overstocked with certain items and might wish to clear them.
* Frequent customers are sometimes given special discounts.

* Reductions can be made for bulk purchases (e.g. ‘Buy 9, get the 10th free!’) to encourage
high sales for a particular item.

* A store might have a loyalty system, where a discount is given for a certain number
of purchases.

There are two different methods to find percentage discount in the worked example below.
Use the method that is easiest for you.

Worked example 4

A shop has a sale with 25% taken off all items. Calculate the sale price of a $46 shirt.

Method 1: Find and subtract the discount amount

Thinking Working
1 Calculate the discount in dollars. 50% of $46 =46+ 2
(Here, you can find 25% by halving =23

) _1
twice, because 25% = I ) 257 of $46= 23 + 2

= $11.50

2 Subtract the discount from the original Sale price = 46 — 11.50
price to find the sale price. =$34.50

Method 2: Find the remaining percentage

Thinking Working

1 Calculate the remaining percentage of 100% — 25% = 75%
the price by subtracting the discount
percentage from 100%

2 Multiply the remaining percentagebythe  Sale price = 75% of $46
marked price to find the sale price. =0.75 X 46
=$34.50

PEARSON mathematics 9 2ND EDITION



Profit and loss

Retail businesses manufacture products, or purchase them from suppliers. The cost of buying
or manufacturing the goods (including things such as the cost of materials and transport) is
called the cost price.

To make a profit, retailers need to sell their product to customers at a higher price than the cost
price. This is the selling price. The difference between the selling price and the cost price is

called the mark-up. If the selling price is less than the cost price, then a loss is made.

Profit or loss can be written as a percentage of the cost price or selling price.

profit profit

% Proflt = F X 100% or W X 100%

where CP = cost price, SP = selling price

To find the % Loss, substitute ‘loss” instead of “profit” into the above formulas.

Worked example 5

A home theatre system costs an electrical store $510. It sells the system for $965. Calculate,
correct to 1 decimal place, the percentage profit made as a percentage of:

(@) the cost price

(b) the selling price.

Thinking Working
(@ 1 Calculate the dollar value of the (a) Profit=5F—-CF
profit. =9%$(965 - 510)
=$455
2  Write the profit as a fraction of the % Profit = profit X 100%
cost price and multiply by 100%.
= 455 1007
510
=89.2% (1d.p.)
(b) 1 Calculate the dollar value of the (b) Frofit =$455
profit.
2 Write the profit as a fraction of the % Profit = profit X 100%
selling price and multiply by 100%.
= 455 S 100%
965

= 47.2% (1 d.p.)

When a profit is made, the percentage profit based on the cost price is always greater than the
percentage profit based on the selling price. This is because the cost price is a smaller value
than the selling price.

Profit and loss can also be applied to investments. People purchase land, property or goods
(such as antiques or memorabilia) hoping that the value will increase. If the value of the
investment is more than the cost of purchasing and maintaining it, then a profit is made.

Buying shares is a way of investing in a business. If the business is successful, investors receive
some of the profits (based on how many shares they own). The value of the shares can also
increase, which means they can be sold for profit.

1 Finoncial mathematics
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Mark-up

The mark-up on a product is the amount added to the cost of the product, to make the selling
price. It can vary from business to business and from product to product. A retailer may feel
that they can sell more of a particular item at a lower mark-up. There may be a company policy
that requires that certain products make a certain percentage profit and so a particular
mark-up must be added. For example, a furniture store may require a 65% profit on all

sofas sold.

You can use the mark-up to find the selling price from the cost price. The cost price represents
100%. If you want a profit of 65%, the selling price must be 100% + 65%, or 165% of the cost
price. To find 165% of the cost price, you can multiply by 1.65.

Worked example 6

A furniture store uses a mark-up of 65% on the cost price. What would a sofa that cost the
store $300 be sold for?

Thinking Working
1 Add the mark-up onto 100%. Convertto ~ ©5% + 100% =165%
a decimal. =165
2 Multiply by the cost price to find the SP =1.65 x $300
selling price. = $495

Calculating the original price

As a customer in a store you see only the final selling price of goods after the mark-up has
been added. If you knew the value of the mark-up, you could calculate the cost price of the
goods by reversing the process used to find the selling price.

In the above worked example, you multiplied the cost price of a sofa of $300 by 1.65 to find the
selling price of $495. If you divide the selling price by 1.65, you find the cost price of $300.
% (100% + mark-up %)
Cost price (CP) > Selling price (SP)
+(100% + mark-up %)

Worked example 7

A jewellery store marks up the cost price of their goods by 75%. Calculate the cost price of a
necklace that was sold for $56.

Thinking Working
1 Add the mark-up percentage to 100%. 100% + 75% =175%
2 Write an equation. 175% of CP = $56

3 Convert the percentage to a decimal and 1.75 x CF = $56
replace ‘of’ with a multiplication sign.

4 Solve the equation by dividing both sides CP=%$56 +175
by the decimal value of the percentage. =922
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You can also use this method to determine the original price of discounted items. First subtract
the discount percentage from 100% and convert this value to a decimal. Then, divide the
discounted selling price (SP) to find the original price (OP).

For discounts:
X (100% — discount %)
Original price (OP) > Selling price (SP)
+ (100% — discount %)

Worked example 8

A smartphone has a sale price of $539 after a discount of 22.5%. What was the original price
of the smartphone? Answer to the nearest dollar.

Thinking Working
1 Subtract the discount from 100%. 100% — 22.5% = 77.5%
2 Write an equation. 77.5% of OF = $539

3 Convert the percentage to a decimal, and 0.775 X OF = $539
replace ‘of’ with a multiplication sign.

4 Divide both sides by the decimal value of OF =$539 + 0.775
the percentage. =$695 (nearest $)

W) Buying and selling

Navigator
1,2,3,4,5,6,7,10,12,13,16, 2(a,b),4,5,6,7,8,9,10,12,13, 2(a b), 4 (a),5 (@), 6 (a), 7 (a), 8,
19, 22 14,16, 19, 20, 21, 22 9,10, 11, 14,15, 16, 17, 18, 19, P.
20, 21, 22, 23
Fluency

1 Break the following percentages into percentages that are easier to find (for example
20% =2x10%).

(@ 30% (b) 75% (c) 35% (d) 15% (e) 80% f 95%

2 Calculate the sale price of the following items: m
(@) a $24 pair of shorts discounted by 15%
(b) a $95 pair of shoes discounted by 25%
(c) a$63.99 skirt discounted by 40%

(d) a $419.95 suit discounted by 37.5%.

1 Finoncial mathematics
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3 Find the remaining percentage when each percentage is subtracted from 100%.
(@) 30% (b) 15% (¢) 37.5% (d) 25%
(e) 60% M 75% (@) 12% (h) 40%
m 4 (a) A camera costs a camera shop $360.The shop sells the camera for $504, making a
profit of $144. Calculate, correct to 1 decimal place, the profit as a percentage of:
(i) the cost price (i) the selling price.
(b) An old car costs a used car salesman $4200. He sells the car for $4050. Calculate the
loss and use this to find, correct to 1 decimal place, the loss as a percentage of:
(i) the cost price (i) the selling price.
m 5 A clothing store has a policy of selling jeans and T-shirts with a mark-up on the cost price

of 92%. Calculate the selling price of the following items, rounding your answer to the
nearest 5 cents:

(@) a pair of jeans, cost price $39.30 (b) aT-shirt, cost price $8.75.

6 A hardware store has a policy of marking up the cost price of their goods by 85%. Calculate

WE. 7 ) 2 :
the cost price of the following items, rounding your answer to the nearest cent:

(@) a packet of nails, selling price $3.70 (b) a cordless drill, selling price $51.00.

m 7 (a) A tennis racquet has a sale price of $149 after a discount of 15% has been applied.
What was the original price of the racquet? Answer to the nearest dollar.

(b) A plasmaTV has a sale price of $2497 after a discount of 7.5% has been applied. What
was the original price of the TV? Answer to the nearest dollar.

8 If a table costs $486 and is later sold for $350, the percentage profit or loss, based on the
cost price, is:

A %56350) % 100% loss B % % 100% loss
c % x 100% profit D % x 100% profit
9 If alaptop is sold for $960 at a 114% profit, the cost
of the laptop was:
A $960 x2.14 x 960 B $960x2.14
$960

C 5960x1.14 =

5960 214

10 If a desk is for sale for $140 after a 25% discount,
it means that its original price was:

A $105 B $175
Cc $186.67 D $245
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Understanding

11 Calculate the selling price for the following cost prices and percentage profits
(on cost price).

(@) CP=$48, percentage profit = 45%
(b) CP=$60, percentage profit = 60%

12 A builder buys $840 worth of timber to build an extension. If he is allowed a 12.5%
discount, how much does he pay?

13 A hairdresser gets a discount of 24% on hair products bought in bulk. How much is saved
on $370 worth of products?

14 A store purchases a bulk order of 120 watches for $960.
(@) Calculate the profit made if the watches are sold individually for $19.95 each.
(b) Calculate the total profit as a percentage of the cost price.

15 In Australia, a Goods and Services Tax (GST) of 10% is added to the price of all products
and services purchased by consumers (with the exception of some basic grocery items).
GSTis added after the product has been marked up by the retailer. Mei is a clothing store
owner who has just purchased a large number of T-shirts for $6.49 each. She adds a
mark-up of 180%, then the 10% GST.

(@) What is the final selling price of the T-shirts? (Answer to the nearest cent.)
(b) What amount of the final price is GST?

16 Most of the time the marked prices you see on goods in shops have the 10% GST already
added to the price. Find the original, pre-GST, price of:

(@) a DVD with a marked price of $29.90
(b) a vacuum cleaner with a marked price of $349.

17 A mechanic buys a car at an auction for $3120. The car is then repaired at a cost of $430.
It is resprayed and has its panels straightened for $840. The car is then advertised and sold
for $9800. Calculate the percentage profit on the selling price if the cost of advertising
was $80.

1 Finoncial mathematics
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18 Louise bought shares in the following companies through a sharebroker (a person who
buys and sells shares on behalf of others). The sharebroker charges a fee of 2% of the value
of the shares bought and sold.

150 shares in Oro Mining, bought for $39.05 each
200 shares in Beacon Bank, bought for $19.86 each
250 shares in JeansEast, bought for $6.14 each

(a) Calculate the sharebroker’s fee.
(b) Including the fee, how much did Louise pay for her shares in total?

Louise instructs her sharebroker to sell her shares once they reach the following prices:

Oro Mining: $42
Beacon Bank: $21.50
JeansEast: $8

Her sharebroker does so and subtracts his fee.
(c) Calculate Louise’s profit from the sale of the shares.

(d) Calculate Louise’s profit as a percentage of the cost of her shares, including her
sharebroker’s fee. State your answer correct to 2 decimal places.

Reasoning

19 Evie’s favourite shoe shop has a ‘buy one pair,
get the second pair half-price” offer. Another shoe
shop nearby is offering 20% off everything. If the
regular retail price of the shoes Evie wants in both
stores is $49.95, which store is the cheaper place for
Evie to buy two pairs? How much would she save,
compared with the other store?

20 A furniture store purchases a dining table and chairs for $750. It marks up this price
by 45% to obtain its selling price.

(@) What is the selling price of the dining set? State your answer correct to the
nearest dollar.

(b) The furniture is not selling, so the selling price is discounted by 45%. Calculate the sale
price to the nearest dollar.

() The mark-up on the cost price was 45%. Why doesn’t a 45% discount on the selling
price return the price to the original cost price?

(d) What percentage saving will they be able to advertise if they take the price back to the
cost price? State your answer correct to the nearest whole number.

21 If you wanted to be able to advertise a discount of 30% on goods that cost you $5000 and
still make a profit of 10%, at what price would you initially advertise them? Give your
answer to the nearest dollar.
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Open-ended

22 (a) An outdoor furniture setting has a marked price of $999. State three different
percentage discounts, correct to 1 decimal place, that would make the selling price
between $750 and $800. Show your calculations.

(b) A lounge suite is sold for $2450. State three different percentage discounts, correct
to 1 decimal place, that could have been applied to the lounge suite if you know the
marked price was somewhere between $3000 and $3200. Also state the marked price
for your discount. Show the calculations that allow you to state your answer.

23 Using an example, explain why taking an additional 20% off an item already discounted
by 30% is not the same as one single overall discount of 50%.

Problem solving

Strategy options

e Act it out.

* Draw a diagram.

e Break problem down into manageable parts.

1 Finoncial mathematics 21
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Greatest gain

‘ShopBay’ is an online auction site where people can
sell goods. The seller has two options when listing an

item for sale:

e put a ‘starting bid’ price and allow people to place
higher bids for the item before a specified ‘sale

time’ (say, 9 pm Thursday) or

¢ select a ‘buy-it-now’ option with a fixed price.

Penny decided to sell some things online on

‘ShopBay’.

1 Which option, A or B, gives her more profit for each

of the following items?

‘ Option A

Yoga mat Starting price $10. The price
increases 50% by the sale time

Guitar Starting price $200. The price
increases 70% by the sale time

Blue wig Starting price $24. The price
increases 84% by the sale time

Starting price $60. The price
increases 20% by the sale time

Antique Starting price $330. The price
teapot increases 44% by the sale time

Smartphone | Starting price $50. The price
increases 200% by the sale time

Option B

Sell for a buy-it-now
price of $17

Sell for a buy-it-now

price of $332

Sell for a buy-it-now
price of $45

Sell for a buy-it-now
price of $70

Sell for a buy-it-now
price of $450

Sell for a buy-it-now
price of $150

True or false?

2 Which of the following statements are true and
which are false?

(a) ‘An easy way to calculate 30% is to calculate
10% and multiply it by 3.’

(b) ‘“To find 100% of something you multiply by 100.’

(c) ‘An easy way to calculate 25% is to halve and
then halve again.’

(d) ‘To find 50% of something you multiply by % 2
(e) ‘To find 150% you multiply by 2.5.’

(f) ‘To find 1% you find 10% and divide by 5.’

(9) ‘20% is the same as a %.’

(h) ‘“To reduce something by 30% you multiply
by 0.7.’

(i) “To find 30% of something you divide by 3.

For the statements that were false, rewrite them so
they are correct.

Payment maze

At the end of your shopping on ‘ShopBay’ the total
cost of the items in your online shopping cart is $150.

There are a few different discounts and costs that
must be added.

Find a way through the Payment Maze so that you pay
the least amount at the checkout at the end.

+ $20

postage and
handling

+ $12

delivery
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Earning
an income

The payment, or income, you receive for working in a particular job can be calculated
in several different ways depending on the type of work done and the agreed working
conditions.

Awards

An award is a document that sets out the minimum conditions of employment for employees
in a certain occupation or industry. For example, there are awards for architects and airline
pilots, or for people working in the fast food industry or hair and beauty industry.

Important information contained in awards includes:

* descriptions of the different types of jobs covered under the award

¢ the basic hourly, weekly or annual rate of pay for each of the different types of job
¢ standard hours of work—a full time job is usually around 38 hours per week

* extra amounts paid for extra or unusual hours worked (often called ‘loading’ or “penalty
rates’)

* recreation leave—at least 4 weeks a year of paid recreation leave (i.e. time off work for
a holiday) for full-time employees

e other types of paid and unpaid leave, such as sick leave, carer’s leave or parental leave

* other working conditions, such as rest and meal breaks, allowances, training and
dispute resolution.

Wage requirements for employers

Employees must be paid at least the minimum rate in the award for their industry—it can
be more, but it can’t be less. Many awards have special conditions for junior employees
(those under 21 years of age).

Agreements and contracts

An agreement is like an award created specifically for the employees of a particular company.
An agreement must be at least equal to the corresponding award.

Some people, often in a specialised or managerial position, sign an individual, negotiated
contract before beginning their employment.

Wages

Wages are paid to people in many different job areas,
including retail (shop assistants, packers), hospitality
(waiting staff, kitchen staff) and trades (electricians,
plumbers, hairdressers). Wages are based on a
standard hourly rate of pay that applies to an agreed
number of ‘ordinary” hours, worked between set
times. Extra work, or work outside of ordinary hours
(such as evenings, weekends or public holidays),

is paid as overtime at a higher hourly rate.
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Worked example 9

Sim is employed as a junior intern at a photographic studio. Sim’s job is covered by an
agreement that says he must be paid a standard hourly rate of $15.80 for a standard
38-hour Monday to Friday week. On Saturday he is paid time-and-a-half (1.5 times the
standard hourly rate) for the first 3 hours and double time (twice the standard rate) for any
additional hours thereafter. One week, Sim worked 4.5 hours on Saturday in addition

to his standard hours. How much money did he earn?

Thinking Working
1 Find the number of hours worked at Standard hours: 386
each different rate. (The first 3 hours of Titme-and-a-half: 3 hours
a Saturday are paid time-and-a-half so Double time: 1.5 hours

the remaining 1.5 hours must be paid
double time.)

2 Multiply each number of hours by the Standard hours: 3& x 15.6 = $600.40
appropriate hourly rate. (Multiply the Time-and-a-half: 3 X 15.86 X 1.5 = $71.10
standard rate by 1.5 for time-and-a-half Double time: 1.5 X 15.8 X 2 = $47.40
and by 2 for double time.)

3 Add up the individual amounts to find Total = $718.90
the total wage.

Salary

People in professions, such as teachers, lawyers,
engineers, scientists and accountants, are usually
paid a salary—a set amount paid every fortnight
or month. Other people who may also be on
salaries are usually permanent employees

of a company.

People on salaries usually do not get overtime
payments for extra hours worked; occasionally,
they may receive some time off instead.

Commission

A commission is usually paid to people
working in sales, such as real estate agents,
car salespeople, or representatives of
manufacturing companies. The commission
paid is either a percentage of the value of the
sales achieved or a set amount for every
product sold. Salespeople are also paid

a retainer (a regular amount) per week or
fortnight, to which any commission is added.

1 Finoncial mathematics

25



26

Worked example 10

Lina works as a real estate agent. She receives a retainer of $450 a fortnight, plus a commission
of 2.3% of the value of the property she sells. How much does Lina earn in a fortnight in which
she sells a house for $340 000?

Thinking Working
1 Let C be the value of the commission. C=2.2% of $340 000
Find C by calculating the stated =0.023 x 340 000
percentage of the sale amount. =$7620
2 Add the commission to the retainer Total income = 78620 + 450
to calculate Lina’s total income. =$8270
Piece work

Piece work applies to workers in some manufacturing
industries, such as the clothing, footwear and textiles
industry, and other jobs, such as fruit picking and sheep
shearing. Workers are paid per item produced (e.g. for
each pair of jeans made or each bucket of grapes picked)
rather than for the number of hours worked.

Worked example 11

Emma is employed sewing dresses. She is paid at the rate of $7.50 per dress and she can
complete 42 dresses each week. Calculate her weekly income.

Thinking Working

Multiply the number of items produced (42)  Income =42 x 7.5
by the rate ($7.50). = $315

Types of income

Wages: Hourly rate of pay. Extra work may be paid as overtime at penalty rates
(time-and-a-half, double time).

Salary: Weekly, monthly or annual rate of pay. Overtime not usually paid; time off
may be given instead.

Commission: Retainer or flat fee plus percentage of the value of sales made, or a certain
amount for every sale.

Piece work: ~ Payment per item produced.
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Earning an income

Navigator
1,2,3,4,5,6,7,10, 11,12, 1(a,b),2(@,b),3,4,56,7,8,9, 3,4,5,6,8,9,11,12,13 (c, d),
13 (a, b), 14,17, 21 10,11, 12,13, 14,15, 17, 19,21 14,15, 16, 18, 19, 20, 21
Fluency
1 Calculate the weekly wage for the following if each person works a standard 38-hour week.

(@) A retail store worker earns $20.50 per hour.

(b) A plumber earns $28.80 per hour.

(c) An electrician earns $35.85 per hour.

(d) A supermarket worker earns $19.70 per hour.

Calculate the overtime wage each of the following people earns.

(@) A shop assistant on $18.70 per hour works 3 hours at time-and-a-half.

(b) A hairdresser on $19.85 per hour works 2.5 hours at time-and-a-half.

(c) A driver on $27.80 per hour works 3.5 hours at time-and-a-half.

(d) A cabinet maker earning $16.79 per hour, works 2 hours at time-and-a-half.

Teresa is paid time-and-a-half for the first 3 hours she works on the weekend, then paid
double time for any more hours after that. Calculate the number of hours that she works
at each rate if she works the following hours on a weekend.

(@) 6 hours total (b) 10.5 hours total (c) 4.5 hours total

Jake works in a clothing store. Under his award he is paid $14.70 per hour for a standard
38 hour week, time-and-a-half for the first 2 hours on Saturday and double time for any
hours after that. How much will he receive if he works a standard week, and then 5 hours
on Saturday?

Brian works as a secondhand car salesperson. He is paid a retainer of $180 per week plus
a commission of 1.5% of the value of his sales. In a week in which he sells cars worth a
total of $41 000, how much will Brian be paid?

A truck driver is paid $12.75 per tonne of timber delivered to a wood-chipping mill. If she
delivers 120 tonnes to the mill, how much will she be paid?

1 Finoncial mathematics
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7 A casual worker earns $10.75 per hour stacking shelves in a supermarket. If she works
18.5 hours in 5 days she will be paid:

A 185x$1075 B 185x$10.75x5 G 185x $_1g75

D 185x5

8 If aretail assistant, paid at the rate of $9.80 per hour, works 7 hours standard plus 3 hours
at time-and-a-half and 1 hour double time, the wages for that week will be:

A $(7x9.8+3%x4.9+1x19.6) B $(7x9.8+3x14.7+1x19.6)
C $(7x9.8+3x9.8+1x9.8) D $(7%x9.8+3%x49+1x4.9)

9 Asalesperson is paid a $130 retainer per week plus 2.5% of sales. If $20 000 worth of goods
are sold during one week, the income will be:

A $2.5x20000 B $130+ (2.5 x20000)
C $130+0.025 % 20000 D $0.025 %20 000

10 The following time sheet summarises the hours worked by four employees. Calculate the
total income of each employee for the week if the standard rate is $16.40 per hour.

Standard hours Time-and-a-half Double time
Adam 35 2 0
Britta 25 4 4
Con 30 0 4
Deng 20 2 2
Understanding

11 Aleesha is 18 and works part-time at a fast food
outlet. The adult weekly wage for her position is
$656 for a standard week consisting of 38 hours.
As a trainee Aleesha receives 80% of the adult
hourly rate.

(@) Calculate Aleesha’s hourly rate.

Aleesha works from 4 pm to 8 pm, Wednesday
to Sunday. Her award states that after 6 pm on
weekdays, she must be paid an extra 10% of her
hourly rate. An extra 25% is paid for all hours
worked on Saturday, and an extra 75% for all
hours worked on a Sunday.

(b) Calculate Aleesha’s weekly wage.

12 Marco works as a part-time apprentice

Calculate the hourly hairdresser. His award states that a full-time
rate of a full-time person in his position must be paid a minimum
person first. wage of $650 for an ordinary 38-hour week,
plus an extra 33% of the hourly rate for
any hours worked on a Saturday. Calculate
Marco’s weekly wage if he works 8 hours
a day for 4 weekdays and 5 hours
on Saturday.
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13 Areal estate agent is paid commission on the sale of houses at the following rate:
2% on the first $150 000 1.5% on the next $100 000 1% on the rest
How much would the seller have to pay in commission if a house was sold for:
(@) $280000 (b) $340000 (c) $495000 (d) $6000007?

14 Hayley is a telemarketer with an insurance company.
She is paid a retainer of $275 a week, plus $50
commission for every customer she signs up on a new
insurance policy. One week, Hayley sells five $149
policies and three $179 policies.

(@) Calculate Hayley’s earnings for the week.

(b) Calculate Hayley’s commission as a percentage
of the value of the products she sold. Give your
answer to 1 decimal place.

15 Erica sells cars and receives a weekly retainer of A
$150 plus 0.75% of the value of the cars she sells. ) ‘
In a particular week Erica earns $1275. What was e ; .
the value of the cars Erica sold that week? - - I

16 Patrick is paid $28 per hour for the first 38 hours worked in a week. He is then paid
time-and-a-half for the next 6 hours worked and double time for anything beyond that.
How many hours did Patrick work in a week in which he earned:

(@ $1190 (b) $1372 (c) $1652?
(d) How many hours overtime would need to be worked so that his total overtime
payments were at least as much as his standard hours payment?
Reasoning

17 Another difference between earning wages and earning a salary is that some types of
payments are additional to wage earnings, but are already incorporated into a salary.

(@) Hong gets paid a basic weekly wage of $450. Her leave loading, added onto her pay
for holidays, is 17.5% of her basic weekly wage.

(i) Calculate her leave loading per holiday week.
(i) What pay will she receive during a 2-week holiday period?

(b) Barry’s income is $1250 per fortnight. If he receives leave loading of 17.5%, what pay
will he receive for a 4-week holiday period?

18 When employed as a salesman, Nabil was given a choice as to how he would be paid.
Option A: A retainer of $250 per week plus 2.5% of his sales.
Option B: No retainer but 3.5% of his sales.

(a) Nabil needs to earn at least $1250 per week. What value of sales does he need to make
under each payment option to meet this requirement? Give answers correct to the
nearest dollar.

(b) What value of sales will give Nabil the same pay regardless of the option chosen?
(c) So, when would it be better for Nabil to choose Option A?

19 Lucy is the manager of a toy store. She earns a salary of $48 700, which is paid fortnightly.
(a) If there are 26 fortnights in a year, calculate Lucy’s fortnightly pay to the nearest cent.
(b) If Lucy works a 40-hour week, what is her equivalent hourly rate?

(c) During the mid-year stocktake, Lucy worked an extra 2 hours each weekday. She was
not paid overtime. What was Lucy’s equivalent hourly rate for that week?

1 Finoncial mathematics

29



Open-ended

20 Malik is an 18-year-old first-year
apprentice electrician. His industry
award states that first-year apprentices
should be paid 40% of the adult hourly
rate of $16.78, rising to 52% in the
second year, 70% in the third year
and 82% in the fourth and final year.
Malik works 8 hours a day, 4 days a
week. He goes to TAFE on the fifth day
(he isn't paid for this). He also gets
a tool allowance in his pay of $17
a week.

Malik thinks that he could earn more
working the same number of hours in
a fast food outlet. The award for that
industry states that 18-year-old
employees earn 70% of the minimum weekly adult wage of $600 for a 38-hour week,
rising by 10% every year until they turn 21 and are on the full adult rate.

(@) Do some calculations to decide whether Malik would earn more at a fast food outlet
than on his apprenticeship, either now or in the future.

(b) What would you advise Malik to do? (Some additional information to consider: fully
qualified electricians can earn between $40 000 and $80 000 a year.)

21 Tegan has a casual position in a local supermarket. As a casual, Tegan is not entitled
to leave and other benefits, but she is paid an extra 25% of the regular hourly rate of
$15.80 an hour. She gets a further 10% per hour on Saturdays and Sundays.

Tegan has weekly living expenses (food, rent, transport etc.) of $300.

Give two or three different combinations of weekday and weekend hours that Tegan
could work in order to earn $300 a week.

Problem solving

Strategy options

e Guess, check and improve.
e Test all possible combinations.
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Investigation

Working out the roster

Equipment required: timetable (can be drawn according
to the description given below; or, a template can be
downloaded from the eBook or the Pearson Places
website)

Marie is the supervisor of the toy department in a large
store. She has to organise the weekly roster for her
department. The store’s opening hours are:

Mon-Thu: 9 am—6 pm
Fri: 9 am-9 pm

Sat: 9 am-5 pm

Sun: 10 am—4 pm

Employees must be at work half an hour either side
of the opening and closing times, to set up and pack
up the store.

Marie is the only full-time employee, working regular
hours of 8:30 am-5 pm, Mon-Fri. Marie’s job
classification under the Retail Employees Award is
Level 4.

Marie has one permanent part-time member on her
team—Nicki, a Level 3 employee who works the regular
hours of 8:30 am—-12:30 pm, Tue-Sat.

e if Marie is not working, the other supervisors are
Nicki, Jian or Hamish

* no employee can be asked to work more than 9 hours
at a time

¢ the minimum number of hours an employee must
be paid for is 3 (even if they work less than this)

e neither Marie nor Nicki wish to work overtime
(i.e. outside their regular hours)

e the retail award gives the minimum weekly wages
for each of the levels of staff as follows:

Classification Per week $
Retail Employee Level 1 721.50
Retail Employee Level 2 738.70
Retail Employee Level 3 750.20
Retail Employee Level 4 764.90

e staff under 21 are paid a percentage of the adult rate
according to the following table:

Marie has four casual staff on her team. They are:

Name

Age

Job
classification

Availability

Jian

20

Level 2 casual

Any time Tue-Thu,
Sat and Sun

Hamish

19

Level 2 casual

After 12 pm on
Mon, Wed and Fri,
all day Sat

Sally

18

Level 1 casual

Any time Mon and
Tue, and a
maximum of

8 hours on the
weekend

David

17

Level 1 casual

After 4 pm
weekdays, after
12 pm on
weekends

When Marie writes her roster, she needs to take into
account the following conditions:

e two staff must be rostered on at all times, one of
whom must be a supervisor

Age % of adult weekly rate of pay
17 60
18 70
19 80
20 90
The Big Question

Marie needs to design a roster that takes into account
her staff’s availability and the above conditions, and
costs the company as little as possible in wages.
What could Marie’s roster for the week look like?

Engage
1 Use the tables above to calculate the standard hourly
rate for Marie, Nicki, Jian, Hamish, Sally and David.

Explore

2 (a) Use the timetable template to allocate hours to
each staff member.

(b) Once you have all the hours covered, see if you
can shuffle or juggle the hours of each staff
member to bring down the total wages that
the store will need to pay.
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Strategy options

e Draw up a table.

e Test all possible combinations.

e Guess and check.

¢ Break problem down into manageable parts.

Explain
3 (a) Does your roster take everyone’s availability
into account?

(b) Were any days harder to staff than others?

Elaborate

4 Is your roster the ‘cheapest possible’ roster? How
confident are you of your answer?

5 Which staff member was most useful in ‘plugging
gaps’ in the roster?

6 Which staff member was most difficult to place in
the roster?

Evaluate

7 Summarise the main steps or stages you went
through in completing your roster. Was there a
particular order in which you placed your staff into
the roster?

8 Which of Marie’s list of conditions did you have the
most difficulty remembering or ensuring it was met?

9 Why do you think there is a condition about the
minimum number of hours for which a person can
be paid?

Extend

10 Use the award information on minimum wages
and junior rates to calculate the actual wages of each
staff member and the total wage bill for the store for
the week of your roster.
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Tax and other
pay deductions

What is tax?

Tax is money collected by the government from Australian residents. It is used to pay for
public services, such as hospitals, schools, the police and defence forces and transport (road
and train networks).

Income tax

The Federal Government collects income tax by having employers take a certain amount of
income from each employee every time they are paid (usually fortnightly or monthly). This is
known as the Pay AsYou Go (PAYG) system. The amount of tax depends on your income. The
table below shows how income tax was calculated in the financial year 2015-16.The incomes
given are annual incomes. Each row on the table shows the tax payable on incomes within
a certain range. The ranges shown on each row of the table are often called ‘tax brackets’.

Taxable income Tax on this income

$0-$18200 Nil

$18201-$37 000 19c¢ for each $1 over $18 200

$37001-$80 000 $3572 plus 32.5¢ for each $1 over $37 000
$80001-$180 000 $17 547 plus 37c for each $1 over $80 000
$180 001 and over $54 547 plus 45c¢ for each $1 over $180 000

Reference: https://www.ato.gov.au/rates/individual-income-tax-rates/

You can see from the table that no tax is paid if the annual income is $18200 or less. This is
called the tax-free threshold. The amount you earn in total, before any tax is taken out, is called
gross income. The amount left after tax and other deductions is called net income (or ‘take
home pay’).

Superannuation

Superannuation (super) is a way of saving money for retirement. Employers are required to
regularly pay a certain percentage of their employee’s earnings into an account or fund. This
payment is made in addition to the employee’s salary. The money can then be used when

a person retires (if they are over a certain age), or in an extreme situation such as death, illness
or disability. Employees can also make voluntary contributions to their super in addition to
those made by their employer.

Other pay deductions

Apart from income tax, other deductions from an employee’s pay must be agreed to in writing
by the employee. Unless it forms part of the employee’s award or contract of employment, it is
illegal for an employer to deduct money for things such as uniforms or tools without the
employee’s consent.

Net income = gross income — (tax + voluntary super contributions + any authorised deductions)
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Worked example 12

Calculate (a) the annual income tax and (b) the annual net income for an annual gross income
of $68 000. Assume no other pay deductions are made.

Thinking Working
(@ 1 Use the tax table to find the tax (a) Tax= $3572 + 32.5¢ for each $1 over
bracket that this annual gross income $37 000
falls into.
2 Subtract the highest figure of the 65000 - 37000 = 31000

previous tax bracket ($37 000 in this
case) from the annual gross income.

3 Calculate the stated proportion of 0.525 x 31000 =10 075
the remaining amount (here it is
0.325, which is equivalent to 32.5¢

in every $1).
4 Add the amount calculated to the Annual tax payable =10 075 + 3572
stated fixed amount ($3572) to find =$12 647

the annual income tax.

(b) Subtract the annual income tax fromthe  (b) 68000 —13 647
annual gross income to find the annual Annual net income = $54 353
net income.

Worked example 13

Calculate (a) the tax that is taken each pay and (b) the net income each pay for a gross income
of $980 paid fortnightly. Assume no other pay deductions are made. (Assume there are 26
fortnights in a year.)

Thinking Working
(@ 1 Calculate the annual gross income. (a) $980 x 26 = $25 480
2 Use the tax table to find the tax Tax = 19¢ for each $1 over $1& 200
bracket that this annual gross income
falls into.
3 Subtract the tax-free threshold 25480 - $16 200 = 7280
($18200).
4  Calculate the stated proportion of the Annual tax payable = 019 X 7260
remaining amount (here it is 0.19, = $1383.20

which is equivalent to 19¢ in every
$1) to find the tax payable.

5 Divide the annual amount of tax by Fortnightly tax =1582.2+26
26 to find the fortnightly tax. Round = $53.20
to the nearest cent.
(b) Subtract the fortnightly tax from (b) Fortnightly net income = 980 — 53.20
fortnightly gross income to find net =$926.60

income for the fortnight.
I
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Tax deductions

Your taxable income is the part of your income that the government believes you should pay
tax on. A tax deduction reduces the amount of income on which you have to pay tax. If you
spend money on something that helps you to earn your income, you may be entitled to claim
that cost as a tax deduction. These work-related expenses are different for each job, but may
include tools, equipment and protective clothing necessary for your job, membership fees for
professional associations or unions, or fees for attending training courses. If your work
requires you to use your car or phone, you may be able to claim some of the costs of these.
Other tax deductions include donations to recognised charities.

Taxable income = gross income — tax deductions

Tax returns

At the end of the financial year, most people
complete a tax return. This is a document used to
assess whether the total amount of tax paid over the
year is correct. It takes into account all of a person’s
income (earned through work or investments) and
deductions they can claim, such as work-related
expenses.

Depending on their tax return, a person may
receive a tax refund or may have to pay
more tax.

Worked example 14

Carrie is an engineer whose annual gross salary is $95 000. During the year she had
work-related expenses totalling $1200, paid membership fees to Engineers Australia of
$255 and donated $650 to the Red Cross.

(a) Calculate Carrie’s taxable income.

(b) Calculate how much income tax Carrie should have paid using the table on p. 33.

Thinking Working
(@) Subtract allowable deductions from (a) Taxable income
gross income to find the taxable income. =95 000 — (1200 + 255 + 650)
=95 000 - 2105
=992 895
(b) 1 Use the tax table to find the tax (b) Tax payable is $17 547 + 37 cents for
bracket that this income falls into. each $1 over $&0 OOO0.
2 Subtract the highest figure of the 92 695 - 860 000
previous tax bracket ($80 000 in this =12 895
case) from the taxable income.
3 Calculate the stated proportion of the 0.37 of $12 95
remaining amount (here it is 0.37, =0.37 X 12 895
which is equivalent to 37c in every $1). =477115
4 Add the amount calculated to the Tax payable = 477115 + 17547
stated fixed amount ($17547) to find =$22 318.15

the total tax payable.
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) Tax and other pay
deductions

Navigator
1,2 (a—e), 3 (a, b), 4, 5,7, 8,10, 2 (a-e), 3 (a-d), 4, 6,7,8,9,10, 2(d-h),3 (c-),6,7,8,9,10, 11,
P. 13, 15 11,13, 15 12,13, 14, 15

Fluency

1 Write the annual net income for the following situations.

(@) Annual gross income = $56 000, annual income tax = $9747

(b) Annual gross income = $69 567, annual income tax = $14 156.27
(c) Annual gross income = $71457, annual income tax = $14 770.52
(d) Annual gross income = $59 767, annual income tax = $10971

m 2 Calculate (i) the annual income tax and (i) the annual net income for the following annual
gross incomes. Assume no other pay deductions are made.

(@) $45674 (b) $77365 (c) $125000 (d) $29576
(e) $14033 (f $200000 (@) $59960 (h) $5976

m 3 Calculate (i) the tax deducted each pay and (ii) the net income each pay for the following
gross incomes. Assume no other pay deductions are made and that there are 12 months,
26 fortnights and 52 weeks in a year.

(@) $725, paid fortnightly (b) $4630, paid monthly
(c) $1262.39, paid fortnightly (d) $176, paid weekly
(e) $8635.24, paid monthly () $537.04, paid weekly

m 4 Rosanna is a nurse who receives an annual gross income of $58 700.

(@) What is her taxable income if she donates $200 a year to Amnesty International,
has work expenses totalling $575 and pays $160 for her Nurses Federation membership.

(b) Calculate how much income tax Rosanna should pay annually using the tax table
on p. 33.

5 Carol earns an annual gross income of $146 730. She donates $90 to charity and pays $130
for union membership.

(@ What are the total tax-deductible expenses?
(b) Calculate the taxable income.
(c) Calculate how much tax must be paid.

6 Tong has the following tax deductions: $840 for charity, $973 for work-related expenses,
$150 for professional membership fees. He earns an annual income of $43 112.

(@) What are the total tax-deductible expenses?
(b) Calculate the taxable income.
(c) Calculate how much tax must be paid.
7 The tax payable on $56 740 is closest to:
A $6416 B $9988 C $9999 D $18441
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Understanding

8

10

11

Karl’s fortnightly gross income is $1856. p >
There are 26 fortnights in a year. SAAHEORDEL VLT Y PERIOD
06/09/2016-20/09/2016
(@) Calculate Karl’s annual gross income. b o
Employee Name Employee Number
(b) Use your answer to (a) to calculate ar 000758
Karl’s fortnightly PAYG tax, using the L J
tax table on p. 33. ' Description Hous Rate  Amount
(¢) Find Karl’s fortnightly ‘net’ pay Standard 38 Basic  $1856:00
(take-home paY) TOTAL GROSS PAY $1856-00
(d) On top of his pay, Karl’s employer Description Amount
must pay superannuation at a rate of PAYG Tax [ ]
9.5% of his gross income. Calculate NET PAY |:|
the employer’s fortnightly super > <
contribitic}),n shtly sup Description Amount
. Employer super contribution |:|

Q 4

Leanne earns a gross annual income of $67 200 and is paid monthly. Every month her
employer also calculates 9.5% of her gross income for the month and pays it into her
superannuation fund.

(@ How much is paid into Leanne’s fund each month?
Leanne decides to make a voluntary super contribution of $80 each pay.

(b) Including Leanne’s voluntary contribution, how much is paid into her super account
by the end of the year?

(c) Calculate Leanne’s monthly tax on her gross income (before her voluntary super of
$80 is taken out).

(d) What is Leanne’s net monthly income after tax and the voluntary super contribution
are deducted?

Adila has two permanent part-time jobs. In her first job, she works 15 hours a week at an
hourly rate of $18.29 per hour. In her second job, she works 12 hours a week at an hourly
rate of $16.43 an hour. For her second job, Adila bought some protective clothing that cost
$125. Her union fees cost her $97 a year. Assume there are 52 weeks in a year.

(@) Calculate Adila’s annual gross income.
(b) Calculate Adila’s annual taxable income.
(c) Calculate the tax payable on Adila’s taxable income.

At the beginning of the financial year Justin started in a new position with an
annual gross salary of $54 500. There are 52 weeks in a year.

(@ How much should Justin pay per year in tax?
(b) How much is Justin’s weekly gross income?
(c) How much per week does Justin get withheld as PAYG tax?

Justin decides to leave his job after 34 weeks in the position, and travel
around Australia without working for the rest of the financial year. Before
leaving Justin had earned $35 635 and paid $6054 in PAYG tax.

(d) Use the table to calculate how much tax Justin should pay on the
amount he earned in the financial year.

(e) How much tax should Justin be refunded? Round your answer to the
nearest dollar.
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Reasoning

12

13

Brad and Jennifer are married. Jennifer has a taxable income of $80 000 and Brad does not
do paid work.

(@) How much tax does Jennifer pay?

(b) What percentage (correct to the nearest whole number) of the taxable income does
this represent?

Brad and Jennifer decide they would be better off if they both worked part-time. They are
able to find jobs that give each of them a taxable income of $40 000.

(c) What is their combined tax contribution?

(d) What percentage (correct to the nearest whole number) is this of their combined
taxable income?

() How much better off are Brad and Jennifer now?
() Why is this different to Jennifer’s contribution when she was the sole earner?

The five rows in the tax table on p. 33 are sometimes called tax brackets. If you change to
a higher-paid job you may move from one tax bracket to the next. The following pairs of
incomes represent the ‘border” between two tax brackets. Calculate the difference in the
tax paid on them.

(@) $37000 and $37001 (b) $80000 and $80 001 (c) $180000 and $180001

(d) Use your results to explain why the amounts added to each of the tax rates given in
the table are $3572, $17547 and $54 547.

Open-ended

14 Do you think the tax table rates are fair? Give a reason for your answer.

15 Why do you think the government makes it compulsory for employers to pay

superannuation for their employees?
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Company Number of shares bought | $invested | Dice roll $ profit/loss Running total

Dice roll Profit or loss
100% loss

Lose everything except $50
75% loss
50% loss
25% loss

No profit or loss
25% profit

50% profit

75% profit
100% profit
200% profit
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Maths
Real

Many students seek a part time job while
still at school—often in the retail sector
(such as a supermarket or smaller shop) or
the hospitality industry (such as a fast food
outlet or café). The prospect of earning some
cash can be quite exciting, but it is important
to make sure that the wage you are paid and
your conditions of employment are fair.

A minimum wage
In Australia, the idea of a fair wage goes
back to 1907, when Justice H.B. Higgins
set a minimum wage for unskilled
labourers of 2 pounds, 2 shillings
per week. In today’s money this is
equivalent to approximately $4.20.
To set the minimum weekly wage,
Justice Higgins considered the
cost of living—the amount an
“ . average worker paid for food,
~ shelter and clothing. Many
Australian workers received
a pay rise as the result of this
judgement. In March 2016, the
Federal Minimum Wage (set by
the Government agency Fair Work
Australia) was $17.29 per hour, or $656.90 a
week. No adult worker (21 years or older)
employed full-time can earn less than
this amount.

— ‘ f 1 The general increase in prices over
! time is known as inflation. Wages also
: need to be increased to keep up with this
increase in prices. What could you buy for
$4.20 today?

2 The Federal Minimum Wage assumes that
38 hours are worked in the week. What
is the hourly rate paid to someone on the
minimum wage?
Many industries and employers have
their own set of rules for the pay and
working conditions of their staff (often
better than the minimum wage), known as
‘Awards’. An Award sets out the minimum
conditions of employment for employees in
a particular industry or trade, for example
retail or hairdressing.

FAIR

Awards
Important information contained in Awards
includes:

¢ descriptions of the different job
classifications covered under the award

¢ the minimum weekly wage for each of
the ditferent job classifications

¢ the rates paid to junior employees
(people under 21 years of age),
apprentices and trainees

e extra amounts (often called ‘loading’
or ‘penalty rates’) paid for overtime
¢ special conditions for casual employees.
Here is some information taken from the
General Industry Retail Award 2010. This
award covers people who work in places

such as supermarkets, department stores
and clothing and furniture shops.

Minimum weekly wages
(for a 38-hour week)

Retail Employee Level 1 $721.50
Retail Employee Level 2 $738.70
Retail Employee Level 3 $750.20
Retail Employee Level 4 $764.90

Junior rates

Junior employees are paid the following
percentage of the minimum wages given
above:

Under 16 years of age 45
16 years of age ‘ 50
17 years of age 60
18 years of age 70
19 years of age 80
20 years of age 90



WAGE

Overtime
Below are the overtime conditions for employees
under the General Industrial Retail Award 2010:

Evening An additional 25% will
work be paid for hours worked
Monday to after 6 pm. This does not
Friday apply to casuals.

Saturday An additional 25% will be
paid for hours worked on
a Saturday between 7 am
and 9 pm. This does not
apply to casuals.

Sunday An additional 100% will be
paid for all hours worked
on a Sunday. For casuals,
an additional 60% is paid
for work between 7 am
and 6 pm.

Public An additional 150% will be

holidays paid for all hours worked

on a public holiday.

Casual employees
e Casual employees are paid an additional
25% of the hourly rate for full-time
employees.

¢ Casual employees are not paid overtime
for evening work or Saturday work, but
must be paid an additional 60% of their
hourly rate for work performed on Sunday
between 7 am and 6 pm.

3 Sabrina is 15 and has just started work as a
Retail Employee Level 1 on a casual basis.

(a) Calculate Sabrina’s hourly rate by first
calculating the casual hourly rate of an
adult in her position.

(b) Sabrina works from 4 pm to 7 pm on
Tuesday and Friday, and from noon to
5 pm on Saturday. When Sabrina works
for 5 hours or more, she must take
an unpaid meal break of 30 minutes.
(Depending on the hours worked, she
also gets one or two 10-minute rest
breaks, but these are paid.)

Calculate Sabrina’s pay for the week.

4 Adam is 19 and has a full-time job with the
same company as a Retail Employee Level 2.

(a) Calculate Adam's hourly rate.

(b) Adam works from 8 am to 4 pm Monday
to Friday, with a 30-minute unpaid meal
break every day (plus two 10-minute paid
breaks). Calculate Adam's weekly pay.

5 Here is Sabrina’s work roster for the
Christmas period:

30 Dec

24 Dec |26 Dec |27 Dec |28 Dec | 29 Dec

(Mon) | (Wed) |(Thurs) | (Fri) (Sat) (Sun)
llam 10am |(8am |9am |9am

—7pm |4pm |2pm | -S5pm |-5pm

26 December is a public holiday,
and the store is closed on
Christmas Day (25 December).

Calculate Sabrina’s pay for this
time period, remembering

that she must take a

30-minute unpaid meal

break if she works 5 hours

or more. (It may help to
calculate her hourly rate

for each day first.)

6 Imagine that you got a
casual job at the same level
as Sabrina. (Alternatively, find
the award that covers a job you
are interested in.) Write the days
and times you would like to work,
taking into account school, study
time, sport and other commitments.

(@) Calculate your hourly rate.

(b) Calculate your weekly pay.

Research
Find out more about the rights of young
people in the workplace. Areas you could
include are safety, discrimination, unpaid
‘trial work’, joining a union and termination
(‘getting the sack’). Use your research to
make a poster, presentation or short film.




1 (a) Giaan had 15 shots at the basketball ring from the free throw line. She got 11 in.
Calculate Giaan’s percentage shooting accuracy, correct to 1 decimal place.

(b) Aboxof 100 “T42’ tea bags is on sale for $5.38, a saving of 91 cents. Calculate the value
of the saving as a percentage of the original price, correct to 1 decimal place.

2 Ying is working as a grape picker in a vineyard. He is paid $3.85 for each bucket of grapes
picked. How much does Ying earn if he picks 17 buckets in one day?

Find the selling price of the following items:

w

(@) coffee table, cost price $48, mark-up 65%

(b) recliner chair, cost price $197, mark-up 40%

(c) bookcase, marked price $67, discount 17.5%

(d) chest of drawers, marked price $299, discount 33%%

4 Lucaswants to buy a new skateboard. In shop A it has a marked price of $170 and a sticker
that says ‘take $40 off’. Shop B has the same skateboard with a marked price of $165 and
a sticker that says “take 25% off’. Decide which skateboard is cheaper.

5 Sheriis a salesperson for a publishing company. She is paid a $365 weekly retainer as well
as 1.7% of the value of the sales she makes. One week she made the following sales:
$10980, $4372, $23 065, $17 834 and $31 178. Calculate Sheri’s earnings for the week.

6 Mo bought an old desk for $155. He bought some special polish for $47.50, polished it up
and then sold the desk for $260.

(@) Calculate Mo’s profit as a percentage of the cost price (taking into account all costs),
correct to 1 decimal place.

(b) Calculate Mo’s profit as a percentage of the selling price, correct to 1 decimal place.

7 Jasminder’s annual taxable income is $47 530, which is paid fortnightly. Use the tax table
on p. 33 to calculate:

(@) her annual income tax
(b) her net fortnightly pay (assume there are 26 fortnights in the year).

8 Naomi has been out shopping for bargains. She has bought a pair of jeans for $65 that had
been reduced by 10%, a jacket for $47 that had been reduced by 35% and a scarf for $11

that had been reduced by 20%. Calculate the original price on each of the items and find
out how much Naomi saved in total.

9 Franco works as a waiter in a restaurant. He is paid an hourly rate of $18.95, with
time-and-a-half for any hours worked on Saturday or after 10 pm on weekdays and
double time for any hours worked on Sunday.

Here is Franco’s time sheet for the week:

Tuesday 5 pm-10 pm

Wednesday |5 pm-10 pm

Thursday 5 pm—midnight

Friday 5 pm—midnight
Saturday noon—4 pm
Sunday noon—4 pm

Calculate Franco’s wage for the week.
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Simple interest

What is interest?

When money is borrowed, the borrower pays the lender for the use of that money, in
addition to paying the money back. This additional amount is called interest. The
original amount borrowed is called the principal. Interest is charged as a percentage of the
principal, calculated at regular time periods.

Similarly, when money is invested (deposited into an account) with a bank, the bank pays
the investor interest in addition to keeping the money secure, because it uses the investor’s
money to fund the bank’s business.

Simple interest

There are different ways in which interest can be calculated. Simple interest is calculated on
the initial amount borrowed or invested, no matter how that amount changes over the time
of the loan.

The amount of interest paid depends on:
¢ the initial amount of money borrowed or invested, called the principal P
¢ the interest rate r that is charged or paid

e the time period T for which the money is borrowed or invested.

Simple interest formula

The amount of simple interest is calculated as:
I=PrT

Where I = simple interest (in dollars)
P = principal (in dollars)
r = interest rate (per year) as a decimal
T = time (in years)

An annual percentage rate ris often called the rate ‘per annum’ or ‘p.a.”, which means ‘by the
year’ in Latin. It is usually given as a percentage, but you can convert this rate into decimal
form by dividing the percentage amount by 100.

Worked example 15

Calculate the simple interest paid on a loan of $5000 at 16.4% p.a. interest over 4 years.

Thinking Working

1 Write the formula for calculating simple /= AT
interest.

2 Write the values for P (the amount F=$5000
borrowed), r (the interest rate in decimal ~ r=16.4% = 0.164
form) and T (time in years). T=4

3 Substitute the values into the formula [=5000 %X 0.164 X 4
and calculate the interest. =$3280
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Interest is not always paid yearly

Interest can be calculated and paid quarterly, monthly or even daily. In these cases you must
express the time period T as a fraction of a year when working with an annual rate.

In the following worked example, interest is paid quarterly, so T'is expressed as a fraction with
a denominator of 4. When interest is paid daily or monthly, then T is a fraction of 365 or 12.

Worked example 16

Barbara borrows $24 000 to set up a business. She repaid it over 5 years and 3 months, after
paying 18.5% p.a. in simple interest, payable quarterly.

(@ How much interest did she pay quarterly?

(b) What was the total amount of money repaid?

Thinking Working
(@ 1 Write the simple interest formula. (a) I=PrT
2 Write P r, and T. As interest is paid F=%24000
- 3 1 _ o _
quarterly, T is expressed as =, or 7 r=16.5%=0.185
of a year. _5_1
2 4

3 Substitute into the formula and
calculate the simple interest.

|=$24 000 X 0185 x
= $1110 per quarter

(b) 1 Identify the number of quarterly
periods taken to repay the debt.

2 Convert the mixed number to an
improper fraction to find the number
of quarters.

3 Multiply the interest paid per quarter
by the number of quarters.

4  Add the interest to the principal
to find the total amount repaid.

(b) T=5years 3 months

1
=b5- years
Z Y

A years
4

=21 quarters

[=$1110 x 21
=$23310
Total repaid = F+ |
=%$24 000 + $23 310
=$47310

When calculating daily interest, count the number of days the balance remains at a certain
amount. Assume that interest is calculated on the balance at the end of the day. This means
that any deposits or withdrawals made in a particular day are added or subtracted first, then

the interest is calculated on the final balance.
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Worked example 17

Craig’s bank statement for September

) ; Date Transaction Balance
is shown at right.
) Sept 1 $490.15

If the account pays 6% interest Sept 6 | Deposit $180 | $670.15
calculated daily, calculate the Sept 19 | Withdrawal $400 | $270.15
interest accrued in September.
Thinking Working

1 Write the formula. (a) I=FPrT

2 Identify P, the daily balances. F=$490.15, $670.15, $270.15

3 Identify the rate r. r=06%=0.06

_5 13 12
265" 365 365

4 Find T for each balance by counting the
number of days the balance remained at
that amount, and writing it as a fraction

of 365.

5 Substitute into the formula the respective [=%$490.15 X 0.06 X 5
values of P r and T and calculate correct = $0.40 565
to 2 decimal places. ' 13

[=%670.15 x 0.06 X ——
205

=$1.43
= $27015 X 0.06 X =12
265

=$0.53

6 Calculate the total interest by adding the [=%$0.40 + $1.43 + $0.53
individual amounts. =$2.36

Finding P, ror T

If three of the four variables in the simple interest formula are known, then the fourth can
be calculated.

Worked example 18

Allan put $12500 into a cash management account. He received $16 220.45 when he
withdrew all of the money 3 years later. What was the average rate of return, p.a.,
on his principal (correct to 1 decimal place)?

Thinking Working
1 Write the formula. [=FPrT
2 Calculate the interest earned by I=$16220.45 - $12500
subtracting the principal from the total. = $3720.45
3 Identify P, v (unknown) and T. f _=;2 500
= 5 years

1 Finoncial mathematics
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Answers
p.630

Substitute into the formula. 372045 =12500 X rx 3

Simplify as much as possible. 372045 = 37500r
Solve the equation for r by dividing SIA06 r

on both sides. 27500

Convert to a percentage correct to r=0.099 212
1 decimal place. =9.9%

3 Simple interest

Navigator

1,2,4(a—),5,8,9,10,11,12, 1(c,d),2(a b),3,4(c,d),56, 1(cd),3,4(cd),>5 6,910 @),

13, 14,19, 22 (a—c), 25 7,8,9,10,11,12,13,14,16,20, 11 (a), 12 (a), 14, 15, 16, 17, 18,
21,22, 23, 25 20, 21, 22, 24, 25

Fluency

1 (a) Calculate the simple interest payable on a loan of $45 000 at a rate of 12% p.a. for 3 years.

(b) Calculate the simple interest payable on a loan of $3500 at an annual rate of 7% for
4 years.

(c) Calculate the simple interest payable on a loan of $11450 at 8.2% p.a. for 5 years.
(d) Calculate the simple interest payable on a loan of $8500 at 5.5% p.a. for 6 months.
Find the number of time periods for the following.

(@) 2 years, how many quarters? (b) 3 years, how many half-years?

(c) 6 years, how many quarters? (d) 12 years, how many half-years?
Calculate the simple interest for the following:

(@) P=9$440,r=0.08, T =5 years

(b) P=9$600,r=0.09, T =7 years

() P=%$369, r=0.12, T =3 months

(d) P=%$3800, r=16.8%, T =20 days

Chloe borrowed $15 000 to buy a new car. She repaid it over 3% years, at a simple interest
rate of 12.5% p.a., payable every 6 months.

(@ How much interest did Chloe pay every 6 months?
(b) What was the total amount of money repaid?

Miette takes out a loan of $5000 for a holiday. She repays it over the next 2 years and
3 months with a simple interest rate at 2.7% p.a.

(a) Calculate the interest added quarterly.
(b) Calculate the total amount that Miette repays.

(@) A statement for an account offering
6.9% p.a. interest calculated daily is

shown for the month of July. July 1 $350
July 5 | Withdrawal $170 | $180

July 22 | Deposit $450 $630

Date Transaction Balance

How much interest is payable for July?
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11

12

(b) A statement for an account offering
7.8% p.a. interest calculated daily is

shown for the month of May. May 1 $65.20
May 16 | Deposit $530 | $595.20

?Iow ml?lch interest is payable May 22 | Withdrawal $260 | $335.20
or May? May 27 | Withdrawal $300 |  $35.20

Date Transaction Balance

After investing $5000 into a fixed
deposit account for 2 years for a trip to
London, Inika received $5890. What
percentage return p.a. did she get?

The simple interest on $870 for 4 years
at 15% p.a. is:

A 870x15x4

B 870x0.15x4

C 870x1.15x4

D 870x0.15 x4+ 870

What is the total amount which is paid back on a loan of $8150 over 3 years 6 months
at 18.5% p.a.?

Calculate r, then write as a percentage (p.a.) correct to 1 decimal place for:

(@) P=9$245T=5 years, [ =$110 (b) P=$420, T =2.25 years, [ = $132
Calculate T (in years) correct to 1 decimal place for:

(@) P=%$245,r=0.06,1=$116 (b) P=%$120,r=0.07, [=$32
Calculate P (in dollars) for:

(@) T=3.5years, r=0.051=$35 (b) T=2years, r=0.08 I=9$216

Understanding

13

14

15

Claudia, to save for a trip to Thailand,
puts her tax return cheque of $950 into
an account paying 8% p.a. simple
interest. How long (in years, correct to
1 decimal place) will her money take
to accumulate to $1300?

How much will be paid out to Sol, who
puts $1400 into a bank account paying
6% simple interest p.a., if he withdraws
the total amount after 240 days?

Victor agrees to lend Esme $1500 so
that she can go on a holiday to Fiji.
They agree that Esme will make
quarterly payments, with simple
interest to be paid at a rate of 12% p.a.
As well as the principal, Esme will pay
the debt in full in 5 years. Calculate
Esme’s quarterly payments.
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16 Manny borrows $6100 from his mother to buy a car. He agrees to pay 11% simple
interest each year without paying off the principal. After 2 years, in addition to the
interest, he pays $2500 off his principal, reducing the principal for the rest of the loan.
How much in total did he pay his mother if he pays off the loan in another 1.5 years?

17 Calculate the interest payable on an account in the
month of April if it pays 5.8% interest p.a., calculated
daily, and it has a balance of $155 for 3 days, $820 for
19 days, and $580 for the rest of the month.

18 After investing $6000 into a savings account paying
7% interest p.a., lan received $6238. For how many days
(correct to the nearest day) was the money invested?

19 What amount of money must be invested at 9% p.a.
in order to earn $540 in interest in 3 months?

20 Tula repays her father a total of $350 in interest to
cover a debt for a motorbike which she incurred
15 months ago, agreeing to pay 4% p.a. simple
interest. How much did she borrow?

Reasoning

21 Dario opens a savings account that calculates interest on the daily balance. Interest is paid
on the first of the following month. If at least $200 is deposited and there are no withdrawals,
the interest rate for that month is 3% p.a. Otherwise the interest rate is 1.5% p.a.

Complete the table.
Date Details Amount Balance
$0
Jun 20 | Deposit $4000.00
Jul 1| Interest
Jul 30 | Withdrawal $500.00
Aug 1| Interest

22 Phillip borrows $15 000 from his mother to help pay for his new car. He needs to pay back
the money within 3 years and pay 5% simple interest for the period of the loan. He intends
to make monthly repayments to his mother.

(@) How much interest will Phillip need to pay?
(b) How much in total does Phillip owe his mother?
(c) How much is each monthly repayment?

(d) Assuming % of the interest is repaid each year and % of the principal is repaid each
year, what percentage of each payment is interest?

(e) How much interest does Phillip still need to repay after the first 12 months?

(f) If the interest calculation was done again based on the principal still owing after
12 months, how much interest would be owing?

(9) Why is there a difference in the answers to parts (e) and (f)?
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23

24

25

Tranh earns $640 on an investment of $8000. Give three possible simple interest rates as
percentages per annum, and their corresponding time periods, that give interest of $640
on an investment of $8000.

Michael is sure that the bank has made a mistake on the interest it added to his account
for the month.

Interest is calculated daily at a rate of 3.5% p.a. Here is Michael’s statement:

Date Transaction Balance
1 June Opening balance $578.12
9 June $250.03 deposit $828.15
21 June $185 withdrawal $643.15
30 June Closing balance $643.15

Here are Michael’s calculations:
F=9$578.12, $628.15, $643.15

r=0.0%5
_9 ® 10
265" 365" 365
I= (§578.12 X 0.035 X —2— ) + (§828.16 X 0.035 X —2= ) + ($643.16 X 0.036 X —2- )
265 265 265

=$0.4989 +1.0524 + $0.6167
=$2.15

The amount of interest given on his bank statement is $2.01.

Has the bank made a mistake? Or has Michael? Explain the difference in the two amounts
of interest.

‘Neither a borrower nor a lender be” is a line from Shakespeare’s famous play Hamlet.
Do you think this is good advice? Give some reasons for your answer.
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Exploration Spreadsheet

Using iteration to investigate savings plans

Equipment required: 1 computer with Excel or similar
spreadsheet software, or a spreadsheet on a CAS
calculator

In mathematics, iteration is when a rule is applied

to a value over and over again. The output from a
mathematical rule becomes the next input to the rule.
[teration can be a very useful way to generate patterns or
to model changes over time, such as changes to money
or population.

For example, consider the iterative rule: double
a number and take away 10.

If the first input is 20, then this becomes 2 x 20 — 10 and
the output is 30. Iterating this, the output now becomes
the next input. Applying the rule to 30:

2 x 30 —10 =50, so the next output is 50.

Each time the rule is applied, an iteration is being
performed. The first iteration gave a result of 30 and the
second iteration gave a result of 50.

Spreadsheets can be a very useful way to calculate
iterations.You can enter the start value in cell A1, then
the rule in A2, and then copy the formula down as far
as you like.

The spreadsheet below shows the first six iterations of
the rule given above. The value 30 is the result of the first
iteration, but note it is in row 2.

F | =2*A1-10
| A 8 | ¢
20
| 3o_|
50
90
170
330
650

D\IO\U\-DUU’I\J‘H

1 Find the value of the fourth, tenth and twentieth
iterations. You will have to extend the table beyond
the size shown.
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Holiday savings
Suppose you are able to save $1200 each year towards
a major holiday in 10 years” time.You have to choose the

best plan from the following options.

Payment* Interest rate
Plan A: $100 per month  |9% p.a. paid
Regular saver monthly
Plan B: $600 per 10% p.a. paid
Periodical saver |6 months 6-monthly
Plan C: $1200 per year  |9% p.a. paid
Yearly lump sum yearly

* All payments commence at the beginning of the payment period.

Investigating Plan A:
Regular saver

Calculate the monthly rate of interest. Dividing the
9% annual rate by 12 gives the monthly rate of 0.75%,
or 0.0075 as a decimal rate.

The amount saved at the beginning of the second month
can be calculated:

Initial deposit = $100

Interest on deposit =0.0075 % 100
=$0.75

Second deposit = $100

Total = $(100 + 0.75 + 100)
= $200.75

The amount saved at the beginning of the third month
can be calculated:

Previous balance = $200.75

Interest on balance =0.0075 x 200.75
=$1.51

Third deposit = $100
Total = $(200.75 + 1.51 + 100)
=$302.26

This is an iterative calculation for each month.You
can calculate this in a spreadsheet by entering the
initial amount of $100 into cell B1, then the formula
=B1+(0.09/12)*B1+100 into B2.



This should produce the result of 200.75 for the
beginning of the second month, as shown.

[ £ | =B1+(0.09/12)*B1+100
| A |8 | ¢ | b

1 20 100
2 3o| 200.75_|

3 50

4 90

5 170

6 330

7 | 650

2 Explain what each part of the formula
=B1+(0.09/12)*B1+100 does.

3 Fill Down this formula into cell B3. This shows the
amount in the account at the beginning of the third
month. Does it match the value calculated earlier?
What has happened to the formula?

4 Extend your calculations to find the amount saved at
the beginning of each month for months 3-13 of the
savings plan. (Hint: The end of the 12th month is the
beginning of the 13th month.)

5 How much is saved at the end of 1 year (not
including the payment of $100 at the beginning of
month 13)?

Investigating Plan B:
Periodical saver

To calculate the 6-monthly rate of interest, divide the
10% annual rate by 2. This gives a rate of 5% per
6 months, or 0.05 per month as a decimal rate.

At the beginning of the second 6-month period the
amount saved can be calculated:

Initial deposit = $600

Interest on deposit =0.05 x 600
=$30

Second deposit = $600

Total = $(600 + 30 + 600)
=$1230

Copy and complete the calculation below for the
beginning of the third 6-month period:

Previous balance=$_

Interest on balance=0.0______x1230
=% 50

Third deposit = $600

Total = $(1230 +
=$___ 50

You can enter this plan in column C of the spreadsheet,
similar to the plan already calculated in column B.
Cell C2 below shows this formula.

.50 +600)

Fe | =c1+(0.1/2)*c1+600
A E[mae o

1 20 100 600
2 30 200.75| 1230_|
3 50
4 90
5 170
6 330
7 650

6 Explain what each part of the formula
=C1+(0.1/2)*C1+600 does.

7 Fill Down this formula to cell C3. Does this give
you the same value you calculated earlier for the
amount in the account at the beginning of the
third 6-month period?

8 How much is saved at the end of one year if the
payment of $600 (at the beginning of the second
year) is not included?

Investigating Plan C:
Yearly lump sum

9 Find the amount saved after one year. (Do not include
the payment made at the start of the second year.)

Comparing the plans

10 Write a brief report to compare the plans and the
amount saved in each plan after one year. Which
plan would you recommend? How practical are the
different plans?
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Payment
methods

Cash money (notes and coins) is not the only way to pay for things.
¢ Debit card

Debit cards allow money to be transferred electronically from your eﬂp05®
bank account to the store’s account. This is done through the Electronic

Funds Transfer at Point of Sale (EFTPOS) system. The money must be
in your bank account for it to be transferred. V’ S A
¢ Credit card

Credit cards look like debit cards but there is one important difference. -
When you pay for something with a credit card, the card provider C
(usually a bank) pays for you.You now owe this money as a debt to the

card provider. If you do not regularly pay back this debt, then a high

rate of interest is charged, which increases the debt even more.

013-987 * Cheque

B (v e Cheques are used less and less as electronic banking

N becomes more common. A cheque is a special form
that can be used to transfer money: on a cheque, you
Please pay the bearer write the name of the person or company being paid,
(amount in words) seven hundred and eighty-four dollars and nine cents the amount in WO]TdS, and your signature. The cheque
Signed: L AN must then be deposited at a bank. Many banks charge

f = $784.09 a cheque handling fee, and the money takes several

days to become available.

* Lay-by

When you put an item‘on lay-by’, the store holds the item for you while you make
payments.You receive the item after it has been completely paid for. No interest has to
be paid for this form of payment.

® Deferred payment

This describes the payment method for repaying university or college fees that have been
accumulated by using HELP—the Higher Education Loan Program. Repayment begins
only if the borrower (the student) earns more than a certain amount set by the government.
Repayments are calculated as a percentage of income.

* Buying on terms (‘buy now, pay later’, sometimes called ‘hire-purchase’)

Large purchases, such as furniture, computers or cars, can be bought in this way. You take
the items home, then pay them off slowly over time. Many stores offer an “interest-free
period” where interest is not charged on the money that you haven't paid yet. However,
if you have not repaid the loan by the end of this period, a very high interest rate may

be charged.

52 PEARSON mathematics 9 2ND EDITION



Fees and charges
In addition to charging for EFTPOS transactions, banks

often charge monthly account-keeping fees and/or fees for A I M
withdrawing cash from ATMs (automatic teller machines),
24 HOUR BANKING

particularly if the ATM belongs to another bank. There are
also sometimes extra charges for paying with a credit card
or for paying bills online.

Worked example 19

Jemima'’s bank charges her a $2.00 account-keeping fee every month, plus the following
charges:

e 50c for a withdrawal from the bank’s ATMs

e $2.00 for a withdrawal from another bank’s ATMs
e 75¢ for EFTPOS transactions

¢ 50c for transferring money online

In one month, Jemima makes two withdrawals from her own bank’s ATM, three withdrawals
from another bank’s ATM, seven EFTPOS transactions and two online transfers.

Calculate the total amount of Jemima’s bank charges for the month.

Thinking Working
1 Go through the list and calculate each fee ~ Bank ATM: 2 x $0.50 = $1.00
separately. Other bank ATM: 3 X $2.00 = $6.00

EFTPOS: 7 X $0.75 = $5.25
Online transfers: 2 X $0.50 = $1.00
Account keeping fee: $2.00

2 Find the total and write your answer in Total fees = $15.25

a sentence. Jemima's bank will charge her $15.25 for the

month.

Using a credit card

Using a credit card is a popular method of
payment. In 2015 there were approximately

16 million credit cards in use in Australia. When
you use a credit card, the card provider (usually a
bank) pays the cost, but you now owe that cost to

the card provider. QEJ’E 3456 7890 0000

MR FIRSTNAME SURNAME
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Most credit cards have an interest-free period of up to 55 days. This period begins on the first
day of the statement period and ends on the date when payment is due. This means that no
interest is added to the money owed until after the ‘interest free’ period ends. If you pay the
full amount by the due date, you will not be charged interest. However, if you do not pay in
full by the due date you will be charged interest, which adds to the amount of money that
you owe.

The interest rate for a credit card is usually stated as an annual percentage rate (APR). This
varies from card to card, but is usually somewhere between 15% and 20%. Some credit cards
do not have an interest-free period at all and begin charging interest from the day a purchase
is made.

Calculating credit card interest
Every month, a ‘statement’ is produced by the credit card provider which calculates the
interest and tells you how much money you owe. This is done as follows:

* The balance (the amount owing) at the end of each day of the statement period is found.
The daily balances are then added up and divided by the number of days in the
statement period to get an ‘average daily balance’, or ADB.

* A daily interest rate is calculated by dividing the annual rate by 365.

¢ The ADB is multiplied by the daily interest rate and by the number of days in the
statement period to give the amount of interest for the period.

¢ This interest will then be charged on the next statement if the amount is not paid in full
by the due date.

Worked example 20

Ali has a credit card with an annual percentage rate (APR) of 18.4% interest and an interest-
free period of 55 days. He has just received a statement covering the period from 24 May to
23 June. If Ali’s average daily balance (ADB) for this period is $2184.36, calculate the interest
that will be payable if he does not pay the account in full by the due date.

Thinking Working

1 Find the daily interest rate by dividing r=16.4% AFR + 365
the annual rate by 365. Express this as =0.0504%
a decimal. =0.000504

2 Calculate the number of days in the T=24 May to 25 June
statement period, being sure to include =31 days
the days at the beginning and end of
the period.

3 Define P as the average daily balance F=$21864.26
(ADB) for the period. Substitute the = BFT
values for P, r and T into the interest =$21864.526 x 0.000 504 x 31
formula and evaluate. Round your =$34.13

answers to the nearest cent.
____________________________________________________________________________________________________________________________________________|
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Buying on terms

Furniture and electrical stores often allow customers to take goods and pay for them over
a period of time, instead of paying the total all at once. This is sometimes called ‘buying

on terms’.

An “establishment fee’ is usually paid at the beginning when the account is set up.
‘Interest-free’ terms give customers some time (usually 6-12 months) during which
no interest is charged. During this period, customers only need to pay a small monthly
repayment, plus a monthly account fee. If the remaining balance has not been paid by
the end of the interest-free period, then interest will be charged from that point on.

‘Buy now, pay later’ terms are similar, except that no monthly repayments are needed during
the interest-free period. The interest on any outstanding amount at the end of the interest-free
period is calculated in the same way as credit card interest.

Worked example 21

Ravi wants to purchase a new lounge suite. He has seen one advertised for $2799, but he does
not have the money. The store offers Ravi a 12-month interest-free payment plan where he
must pay a minimum monthly repayment of 3% of the cost, a $25 up-front application fee and

a $3.95 monthly account-keeping fee.

(@ How much will Ravi pay in fees over the 12 months?

(b) If he only makes the minimum monthly repayments, how much will Ravi have paid off
the cost of the lounge suite after 12 months?

(c) If Ravi does not pay the remainder of the cost at the end of the 12 months, he will be
charged 29% p.a. interest until it is all paid off. Calculate the interest that will be charged
after the 13th month. (Assume there are 30 days in the month.)

Thinking

Working

(@) Multiply the monthly account-keeping
fee by 12, then add the application fee.

(3) ($3.95 x 12) + $25 = $47.40 + $25
= $72.40

(b) Find the minimum monthly repayment,
then multiply it by 12 months.

(b) 3% of $2799 = 0.03 X 2799
= $83.97 per month

$83.97 x 12 = $1007.64 after 1 year

() 1 Find the outstanding balance—the
amount still owing after 12 minimum
monthly repayments. Define this as P.

2 Find the daily interest rate by
dividing the annual rate by 365 then
converting to a decimal.

3 DefineT.

4  Find the interest by substituting the
values into the interest formula, then
evaluating.

(c) P=%$2799 — $1007.64
= $1791.36

r=29%+ 365
=0.079 452%
=0.000 795

T=230 days

[=FrT
= $1791.26 x 0.000 795 x 30
=$42.70
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) Payment methods

Navigator

1,2(ab),3,4,56,9,10,12  1(a,b),2(a b),3(,b),4,56, 1(,d),2(c,d),45,7,8,9,10,
: 7,9,1

a
9,10, 12 11,12

Fluency

1 Federation Bank charges customers the following fees on their “Easy Saver” account:

a $3 monthly account-keeping fee

70c¢ for withdrawals from the bank’s ATMs
$1.50 for withdrawals from other banks’ ATMs
70c for EFTPOS transactions

50c for online transfers

Calculate how much the bank will charge the following customers in a month if the
following transactions are made:

(@) five ATM withdrawals (one from a different bank), four EFTPOS payments, three
online transfers

(b) six EFTPOS payments, four ATM withdrawals (two from the bank’s ATMs), five bills
paid online

(c) two withdrawals from the bank’s ATMs, eight EFTPOS payments
(d) four withdrawals from other banks” machines, six online transfers.

Find the daily interest rate, as a percentage to 4 decimal places, for the following annual
interest rates. (Assume that 1 year is 365 days.)

(@ 5.4% p.a. (b) 9.7% p.a. (c) 7.1% p.a. (d) 1.5% p.a.

Find the number of days between the following dates (including the start date and

end date).

(@) 21 April to 20 July (b) 3 September to 2 December

(c) 19 March to 18 September (d) 5 December to 4 February

Shannon has a credit card with an annual interest rate of 16.99% and an interest-free
period of 55 days. She has just received a statement covering the period from 15 September
to 14 October. If Shannon’s average daily balance (ADB) for this period is $3205.48,
calculate the interest that will be payable if she does not pay the account in full by the
due date.

5 John wants to buy a home entertainment system priced at $3299 but doesn’t have the

money. The store offers him a 6-month interest-free plan with a minimum monthly
repayment of 5% of the cost, a $20 up-front application fee and a monthly account-
keeping fee of $3.50.

(@) How much will John pay in fees over 6 months?

(b) How much will John have paid off the cost of the TV after 6 months if he only makes
the minimum monthly repayments?

(c) If John does not pay the remainder of the cost at the end of 6 months, he will be
charged 24% p.a. interest until it is paid off. Calculate the interest that will be charged
after the seventh month. (Assume there are 30 days in the month.)
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6 Jackson wanted to buy a new telescope for $109.95, but did not
have enough money, so he placed it on lay-by. He paid a 10%
deposit and needs to make payments of $15 a week.

(@) How long will it take Jackson to pay off his telescope?
(b) How much will his last repayment be?

Understanding
7 Farouk has just obtained a Respectable Bank

credit card that has an interest Account Number: 8675 0032 6701 2130

rate of 17.35% and an Stetement Period: 03/07,/16 to 02/08/16

interest-free period of 55 days.

His statement after his first Date Purchase Amount Balance

month is shown. Opening balance $0.00

(@ How manydaysareinthe | 1,5t peos rso s Hint ¥
statement period? 17July  Concert ticket $124.80 $256.10 If no purchases have

0 Colaltetheavergedly | 227 e g ges | o
balance by finding the 1 August  Ski jocket and goggles $239.86 $733.23 closing balance is the
balance at the end of each same as the previous
day, adding them up and Closing balance $733.23 day’s balance.
dividing by the number

of days in the statement
period. Remember to include the days at the beginning and end of the statement
period (shown on the bill).

(c) Use your answer to (b) to calculate the interest that Farouk will be charged if he does
not pay the balance in full by the due date.

8 Yolanda has bought a new spa bath worth $4300
using a ‘buy now, pay later’ 24-month payment
plan. The plan requires her to pay an up-front
establishment fee of $25 and a monthly account-
keeping fee of $2.95.Yolanda does not have to
make any monthly repayments, although she
can do so if she wants to.Yolanda must pay the
full amount by the end of the 24-month period
or she will pay 30% p.a. interest every month on
whatever is owing until it is all paid off.

(@) Calculate Yolanda’s fees for the 24 months.

(b) If Yolanda does not pay anything off the spa
in the 24-month period, how much interest
will be added to her account by the end of
the 25th month? (Assume there are 30 days
in the month.)

(c) Aside from the account-keeping fees, what voluntary monthly repayment amount
should Yolanda make in order to have the spa paid off by the end of the 24 months?
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9 Poh and Dzung are trying to decide which method they should use to pay their rent of
$950 each month. They can use the bank’s website to electronically transfer the money
from their account into their landlord’s account. Alternatively, they can post a cheque
directly to their landlord’s workplace. Poh’s bank charges $6 to process a cheque.

(@) Online electronic transfers via the bank’s website only allow transfers of up to
$400 each time, at a cost of 70c per transfer. How much will it cost to transfer
the $950 online?

(b) Which method of payment would you recommend to Poh and Dzung?

Reasoning

10 Edwin is leasing a work car using a hire-purchase agreement. He pays a monthly amount

of $810 to the finance company for the use of the car over a 5-year period. This monthly
amount includes the cost of the car and interest. At the end of the 5 years, Edwin is the
owner of the car.

(a) Calculate the total amount Edwin pays for the car over 5 years.
(b) If the initial value of the car is $39 995, how much has Edwin paid in interest?

(c) Using the value of the car as the principal, calculate the equivalent rate p.a. of simple
interest that Edwin has paid correct to 1 decimal place.

Shelby has used her credit card to buy furniture for her new house. This month, her credit
card statement is for the period from 1 March to 31 March. The total owing on the credit
card is $8691.57. Shelby is unable to pay her bill, so interest and a $9 late payment fee are
added to the balance. The interest rate of the card is 20.99% p.a.

(@) Calculate the interest that is added if the ADB over the statement period was $6982.45.
(b) Calculate the opening balance on Shelby’s account at the beginning of April.

(c) During April, Shelby makes two purchases: a plasma screen TV for $1299 on the 14th
and a new lounge suite for $2499 on the 21st. Calculate the balance on her account on
30 April.

(d) If Shelby again doesn’t pay her bill, how much interest will be calculated on April’s
balance? (You will need to calculate the ADB for April.)

(e) How much in interest and fees will have been charged to Shelby’s account after
2 months of no payments?

() Use your answers from (a)—(e) to explain why credit card debt can become a problem
for some people.

Open-ended
12 Kezia’s bank charges her 50c for a withdrawal from the bank’s ATMs, $2 for withdrawing

from another bank’s ATMs, 75c¢ every time she uses EFTPOS and 50c every time she uses
the internet to transfer money or pay bills online.

Kezia’s bank statements show that she is losing between $10 and $20 a month in fees
and charges.

(@) Give some combinations of fees that have a sum between $10 and $20.

(b) Give Kezia some advice to help her lower this amount.
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The cost of
resources

Electricity, gas and water are resources (utilities) that are supplied to households. You are
billed according to your use of the resource.

Tariffs

A ‘retail tariff’ is the price charged per unit of electricity, gas or water used. Often, a more
expensive tariff is applied after a certain number of units have been used. A cheaper tariff may
be applied to low use or use during ‘off peak’ periods (say between 11 pm and 7 am, or from
November until June). A ‘network tariff’ flat fee for the supply of the utility, often known as
the service charge, also appears on the bill.

Electricity

Electricity is supplied to individual houses by a network of power stations, substations and
cables, called the “grid’. Each property connected to the grid has a meter that displays the
amount of electrical energy consumed by that household. Companies that sell electricity take
regular readings of the meter and bill the household for the energy that has been used.
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To understand how electricity bills are calculated, consider how energy consumption is
measured.

The basic unit for measuring energy is the joule (J). Different electrical devices use electrical
energy at different rates. The rate at which something uses energy is called its power, which is
measured in watts (W).

A 1-watt device uses 1 joule of energy in 1 second: 1W=1]/s Model 4100AU

1000 watts is 1 kilowatt (kW): 1000 W =1 kW Capacity 1.7 litre FlLTER,'--
A 1000-watt device uses energy twice as fast as a 500-watt device. mﬁ P 24kW
The ‘power rating’ of a device tells you how many watts of power DO NOT IMMERSE

the device uses. It can usually be found on a label on the device %“f‘ 13:5 s ;
itself. The label shown is from an electric kettle. The power rating = 9“;.2"2

of the kettle is 2.4 kW, or 2400 W.
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Another label found on many devices is the “Energy Rating’ label.
The label uses a “star’ rating system to rate how energy efficient the
device is (1 star = not very efficient; 6 stars = extremely efficient).
The label also tells you how much energy the device will consume
in 1 year if used in the normal way.

To find the amount of electrical energy used by a device, multiply its
power rating by the length of time (in hours, h) that the device has
been in use. This gives the unit of energy used by the supplier to
calculate your bill, the kilowatt-hour (kWh).

Energy consumption of a device (kWh) = power of the device (kW) X time (h)

The daily running cost of a device is calculated by multiplying its energy consumption by
the electricity retail tariff:

Daily running cost ($) = energy consumption (kWh) x tariff ($/kWh)

Worked example 22

For these household devices, calculate (i) the daily energy consumption and (ji) the daily
running cost, given that the tariff is 18.5¢/kWh.

(@) a 75 W light bulb switched on for 12 hours per day

(b) a 4300 W clothes dryer, in use for 45 minutes per day.

Thinking Working
(@ () 1 Convertthe power of the device =~ 75 W = 0.075 kW
to kW by dividing by 1000. Time=12h

Convert the time to hours.

2 Multiply the power by the 0.075 x 12 = 0.9 kWh consumed daily
number of hours the device is
in use to find the daily energy
consumption in kWh.

(i) Multiply the daily consumption by 0.9x165 =16.65¢
the tariff to find the daily running =$0.1665
cost. Convert to dollars and round =$0.17 per day
to the nearest cent.

(b) () 1 Convert the power of the device 4300 W = 4.3 kW

to kW. Convert the time to hours. , 45
Time= —h
60
=0.75h
2 Multiply the power by the 4.3 x 0.75 = 3.225 kWh

number of hours the device is
in use to find the daily energy
consumption in kWh.

(i) Multiply the daily consumption by 3.225 %1865 =59.6625¢
the tariff to find the daily running =$0.596 625
cost. Convert to dollars and round =$0.60 per day
to the nearest cent.
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Gas

Most households in Australia are supplied with ‘natural gas’(a mixture of methane and some

other gases), which is usually just called ‘gas’.

Gas is commonly used for heating, cooking and hot water services. The volume of gas
consumed (in cubic metres, m®) is measured by a gas meter.

To calculate the cost of the energy produced by burning gas, the gas supplier converts the
volume of gas burnt to an amount of energy in megajoules (M], where 1 MJ = 1000 000 J)

as follows:

Energy used (M]) = volume of gas (md) x heating value (M] released by burning 1 m?
of gas) X correction factor (to adjust for differences in pressure)

Peak: 10-01-2016 to 08-03-2016 (Supply Charge-60 Days)

GST Charge (for this invoice)

First 6,000MJ @ 1.3629 c per MJ
Next 3,000MJ @ 0.9474 ¢ per MJ
Balance 5491 MJ @ 0.6761 c per MJ

Enquiries & 13 24 XX
moving address
Emergencies or
H Leaking Gas (24 hr) 1800 676 XXX
Mizbah Gas
Gas Account Tax Invoice
Customer Number 0011 2233 44
! I|II | |I | |III | ”I | |
1 1 1 1
| P i
Invoice Number 000-1111
New Charges $190.94
Mr and Mrs A B Sample (Details over)
11 Sample St,
Sampletown Sample 1234 Due Date 13/02/16
Total Owing $190.94
Tax Invoice
Payment Summary Issued on 27/01/16 Page 1 of 2
Previous invoice we received Current credits New charges Amount due
amounts thank you
$34.55 $34.55 CR $0.00 $190.94 $190.94
Property Location
11 Sample St, Sampletown Sample 1234 Reading Date 20/01/16-62 days
Approx Next Reading 17/03/16
Last Bill Reading 13/12/15
Page 2 of 2
Metered Correction Corrected Heating mJ
Meter Readings Present Previous Volume Factor Volume Value Used
430 61 369 3.0272 379.0368 38.23 14,491
Gas Charges Tariff (Domestic) 616 - GreenEarth Gas 2626

Total New Charges
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Worked example 23

Look at the bill on the previous page for the gas supplied to a domestic household.

(@ What is the billing period (how many days of usage are covered by this bill)?

(b) What volume of gas was used in this period?

(c) How many megajoules (M]) of energy was this gas volume equivalent to?

(d) Calculate the total cost of the gas used over this period.

(e) Calculate the total bill (including GST).

Thinking

Working

(@) Find the information on the bill. (Here
the number of billing days is next to the
Reading Date on the right-hand side.)
Check the billing period is correct by
finding the number of days from the Last
Bill Reading date to the current Reading
Date.

(a) Billing period = 62 days
(19 April to 20 June)

(b) The volume of gas used is the difference
between the present meter reading and
the previous meter reading. (It is shown
on this bill next to the Present and
Previous readings as Metered Volume.)

(b) Volume of gas used = 369 m>
(=420 - o1)

(c) Find the information on the bill. (On this
bill, the number of MJ is shown at the
end of the Meter Readings row of
numbers.) The number of MJ can be
calculated by multiplying the Metered
Volume, the Correction Factor and the
Heating Value together.

(c) MJused =14491
(=269 X 1.0272 x 36.23)

(d) Multiply the tariffs by the number of MJs
used. (Here, there are three tariffs, one
for the first 6000 M] used, one for the

(d)  Cost of gas usage
= (6000 % 1.5629) + (3000 x 0.9474)
+ (5491 x 0.6761)

next 3000 MJ and one for the rest.) =14752.0651c

=$147.22
(e) Add the cost of gasusage calculatedin(d) (¢)  Total bill

to the gas supply charge. Calculate 10% = gas usage + supply charge + GST

GST on this total and add it on. =9$147.22 + $26.26 + GST
=$172.58 + (10% of $173.58)
=$172.58 + $17.26
=$190.94

Water

The water usage of households is also measured

by a meter. Households are billed according

to the number of kilolitres (1 kL. = 1000 L) of

water used. Water bills also contain charges

for supplying water to the house and for piping

sewage away from the house.

PEARSON mathematics 9 2ND EDITION
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The cost of resources

Navigator

1,2,3,4,5,10,11,12 1(a-d), 2,83,4,5,6,7,9,10,11, 1(e,f),2,4,6,7,8,9,10,11,12,
12,13 13 P

Fluency

1 For the following household devices, calculate (i) the daily energy consumption, and (ii) the m
daily running costs given that the tariff is 18.5¢/kWh.

(@) A270W television switched on for 5 h a day

(b) A 950 W dishwasher, on for 1 cycle of 48 min a day
() A 1950 W electric kettle used for 13 min a day

(d) A200W computer switched on for 2% haday

(e) A 2400 W heater, used for 8 h a day

() A 1600 W refrigerator, on all day

() A 1700 W electric oven, on for 45 min a day

(h) A 1500 W air conditioner, on for 13% h a day

2 From the gas bill shown, issued for the gas supplied to a domestic household (note that the m
total charges are not shown):

a N
v VKC GaS Agency Customer No. 712633
Due Date 28 Mar 16
Ms Sample
5/14 Souter Street
Eltham VIC 3095 | LEEIRED Y,
Your average daily use at:
5/14 Souter Street, Eltham VIC 3095 Issue date 10 Mar 16
100
Transactions since previous account:
80 Previous Invoice Amount $72.29
Pay On Time Discount (incl. GST of $0.46) $5.06 Cr
w 60 Payment Received - Thank you $67.23 Cr
40 Balance Brought Forward $0.00

Current transactions:
Gas Charges
Service Charges

20

08Jul  09Sep 11Nov 10Jan Gurent
2015 2015 2015 2016 Read

Average daily cost for this account (incl. discount): $1.17 Total Amount due
Average daily usage for this account: 54.95 MJ

Current transactions

Gas Charges (Charges based on actual read) From 11 January 2016 to 10 March 2016
Tariff Meter Previous Current Base Heating Pressure Usage Rate Charges
description number reading reading usage value factor (MJ) (c/MJ)

Peak (total) 72540021 4623 4709 86 38.7415 1.0291 3429

Peak Step 1 3257 1.210

Peak Step 2 172 1.105

Service to property charge 60 days 47.000 c/day $28.20

GST

Total Amount due

(@) What is the billing period (how many days of usage are covered by this bill)?

(b) From the current reading and previous reading, find the volume of gas used in this
period. (The bill gives these figures in m?.)

(c) How many megajoules (M]) of energy was this volume equivalent to?

(d) What was the total cost of the gas used over this period? (Find the cost of the gas used
for each tariff—Peak Step 1 and Peak Step 2—then add them together.)

(e) Calculate the total amount due, including GST.
1 Financial mathematics
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3 Estimate, then calculate, which of the following pairs of devices uses more kWh of energy:
(@) a 40 W games console in use for 80 min or a 180 W laptop in use for 20 min

(b) an 820 W dishwasher completing a 45 min cycle or a 1100 W washing machine (using
hot water) completing a half-hour cycle.

Understanding

4 Here is a copy of the Simpson family’s water bill.

Blue Water ABN 00 000 000 000

Quarterly Account
Enquiries 130000
Faults (24 hrs) 130000
. Account Number a000 000
Mountain Water Invaice Number 000 0000 0000

simple clean fresh

Total Due $267.35
Mr & Mrs Simpson
18 High Street Due Date 27 January 2016
Highton Vic 3997

Your financial institution will be debited on this due date.
Please see over.

Tax Invoice Issued 06 Jan 2016

Account Summary Compare Your Usage

18 High St, Highton Your average usage in litres per day
Property Number 0000 0000, LOT 00 PLAN 00000 B
’ Block 3
Product/Service Description Amount 800 ------------mm- e Same time
Water Usage 05 Oct 15 to 05 Jan 16 |aSééI:ar
Block 1 @$1.2532 per kilolitre $50.73 600 T a2
Block 2 @81.4702 per kilolitre $40.46 $91.19 400 o0 )
Sewage Disposal 05 Oct 15 to 05 Jan 16 $81.26 AcTch(;Ent
Service Charges 01 Jan 16 to 31 Mar 16 $77.99 200 739
Waterways and Drainage Charge $16.91 0 Block 1
Jan Apr Jul Oct Jan
TOTAL (GST does not apply) $267.35 15 15 15 15 16

Account Details
Water Usage from 05/10/2015 to 05/01/2016 Sewage Disposal from 05/10/2015 to 05/01/2016.
- - For the disposal and treatment of sewage from your property. It is based
Meter Number | Current Reading | Last Reading | Usage on your water usage and adjusted for seasonal variations.
MA632611 3,533kL - 3465kL = 68kL
. i - Usage Di (] Sewage
In 92 days you used 68.000 kilolitres, equalling 739 litres per day. Factor Volume Factor Volume
One kiloftre (kL) equals 1,000 ltres. 68,000kL x 08779 = 59695 x 0900 = 53.725KL
Usage* | Price $/kL | Amount -
BLOCK 1 40480 x 12582 = $5073 goVolume [  Pricesid | Amount
BLOCK 2 27,520 X 1.4702 = $40.46 53.725 x 1.5126 = $81.26
Total 68,000 $91.19

*Rising block tariffs are adjusted according to the days in your meter
reading period, and applied on a daily basis.

Look closely at the bill to find the following;:
(a) Besides water usage, what other charges appear on the bill?

(b) What amount has been charged for actual water usage?

(c) How many days in the billing period?

Look in the ‘Account (d) How many kL were used in this period?

Details’ ion.
ctals’ secton (e) There are four people in the Simpson family. On average, how many litres per day did

each one use during this period? Give your answer to the nearest litre.

5 In the Patel household, five loads of washing are done each week. Each load is dried in a
4500 W drier. One cycle of the drier takes 50 minutes.

(@) How much energy (in kWh) does their dryer use each week?

(b) How much money would they save if they stopped using the dryer, and their electricity
tariff was 19.8c/kWh?
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6 Gianni has bought six 15 W energy-efficient light bulbs to replace
six 75 W inefficient globes in his house. He estimates that each globe
is on for approximately 3 hours a day. Calculate:

(@ how much energy Gianni will save each day

(b) how much money he will save in 1 year by replacing six light
bulbs if his electricity retail tariff is 19c/kWh.

7 For this question you will need to refer back to the Simpson family’s
water bill in Question 4. The family measure the flow rate of their
showerhead and find it delivers 16 litres of water every minute
(16 L/min). They now install a new efficient showerhead that
delivers 9 L/min.

(@) How much water will they save per shower if their average shower time is 7 min?

(b) If each of the four members of the family has one shower a day, how many kL will the
family save over the period of their water bill? Answer to the nearest kL.

8 WhenTVs and DVD players are switched on and off oy
with a remote control they go into’stand-by” mode. °
Typically, a TV in stand-by mode uses 10 W of power ;
and a DVD player uses 7 W. Nerida estimates that her
TV is in stand-by mode for 20 hours a day and the DVD Zﬁﬂﬁﬁ

player for 22 hours a day.

(@) Calculate the daily energy consumption (in kWh) of the TV and DVD player in
stand-by mode.

(b) Use your answer from part (a) to calculate the daily cost of leaving the TV and DVD in
stand-by mode if the tariff is 19¢/kWh.

(c) Calculate the yearly saving Nerida could make on her energy bill if she turned both
the TV and DVD completely off instead of turning them to stand-by mode.
Reasoning

9 Inthe water bill shown in Question 4, two tariffs (Block 1 and Block 2) are used to calculate
the water usage charge.

(@) What is the price difference between the two tariffs?

(b) Suggest a reason why the second tariff is applied after a certain number of kL have
been used.

10 Utility companies often provide a graph on the bill that enables people to track their
consumption over time. The graph that follows appeared on an electricity bill. It gives the
average daily usage (in kWh) for each billing period of the last year as a bar graph. The line
graph shows the total greenhouse gas emissions (in the form of carbon dioxide, CO,) for
each billing period. From the graph:

(a) Estimate the average daily use for the most recent billing period (Apr 16).
(b) Estimate the number of tonnes of CO, emitted during this period.

(c) If the billing period was 90 days, how many kg of CO, were emitted, on average,
each day?

(d) What does the shape of the graph tell you about electricity consumption by this
household over the year shown?

(e) Suggest a reason to explain the shape of the graph.
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Electricity usage and greenhouse
gas emissions
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Greenhouse gas emissions

(Tonnes)

Average daily use (kWh)
O off-peak

O peak This account: |:|

—e— greenhouse

SN Same time last year: 5.55
gas emissions

Average cost per day: $2.35

Total greenhouse gas emissions
(Tonnes) this account:

11 From the list below, choose two of the following devices that you use on a daily basis.
Estimate the number of hours a day that you use each of the devices. Calculate how much
money you would save in 1 year if you halved the amount of time you spent using each of
the devices. Assume a retail tariff of 19¢/kWh.

Device

Typical power rating

Games console

25W

Desktop computer

130 W

Laptop computer

60 W

Television (LCD)

270 W

Television (plasma)

311W

12 Make a realistic estimate of the average time it takes

you to have a shower.

(a) If your showerhead delivers 15 L/min, how
many litres are you using per shower?

(b) How many kL is this a year (assuming you have

one shower every day)?

(c) If your water supplier charges $1.26/kL, how
much do your showers cost in 1 year?

(d) Calculate how many kL and how much money
you would save in 1 year if you reduced your
daily shower time by 2 min.

13 (a) Make a list of the different ways in which gas

can be used in a home.

(b) Considering your answer to part (a), give
a reason to explain the shape of the graph

on the gas bill in Question 2.
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Communication
costs

Mobile phones and the internet have become
essential communication tools for almost everyone.

Many Australian households also have a regular phone
(known as a ‘fixed line” or ‘landline’).

Calculating the cost of calling, messaging and
downloading can be complicated, with many phone
and internet companies offering hundreds of different
arrangements for mobile and home phone use.

Payment for mobile phone use falls into one of
two categories:

‘Prepaid’, where you purchase a certain amount of
credit, say $20, and ‘charge’ your phone with this
credit. When you make a call, the cost of the call is
deducted from the credit. Once you run out of credit,
you must purchase more credit before you can make
more calls.

“Post-paid’, where you enter into a contract with the
phone company to use their network at certain call
rates.You are billed every month for your phone
usage. The length of the contract is usually 12

or 24 months. Most people with a post-paid
arrangement have a ‘cap plan’ (see ‘Different

types of charges’, below).

Different types of charges

Call rate

The amount you pay per minute to make a phone call. Different types of calls, such
as local, national and international calls, as well as calls to mobiles, often have different
call rates.

Flagfall

A one-off charge, sometimes called a connection fee, charged as soon as a call is connected.

Call cost

Calculated by multiplying the call rate by the number of minutes the call was made for
(rounded up to the nearest minute), then adding the flagfall (if there is one).

SMS

An abbreviation of ‘Short Message Service’, known more commonly as a “text message’
or just a‘text’.
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MMS

An abbreviation of ‘Multimedia Message Service’. This is similar to SMS, but is used for
sending pictures, videos or music files to another mobile. These may be charged differently
to SMS costs.

Cap plan

The user pays a set amount per month that covers all calls and messages (and often data)
up to a certain value. For example, a $29 cap may give the user the equivalent of $150
worth of calls, messages and data. If this amount is exceeded, then the extra calls,
messages and excess data are charged individually, sometimes at higher than usual rates.
A plan like this means undertaking a contract. If you break the contract, extra fees will be
charged (see “Early exit fee”).

Data

Many plans will have a given amount of data included in the cap, but will charge extra
if you go over this limit in any particular month. Although computer science defines

1 GB =1024 MB. For this chapter, assume 1 GB = 1000 MB, data costs will instead often
define 1 GB = 1000 MB.

Minimum cost/minimum spend

The minimum amount that will need to be paid over the period of a contract (usually
12 or 24 months). Under a cap plan, the minimum spend is the monthly cap amount
multiplied by the number of months in the contract. It does not include payment for the
phone itself.

Early exit fee

The amount you will pay if you want to end a phone contract before the end date. Often
it will mean at least paying the rest of the minimum spend. Frequently you will need to
pay to ‘unlock” your phone from the phone company’s network.
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K] Communication costs

Navigator

1,2,3,5,8,10,11, 12 1(@-d),2,3,5,6,8,9, 1(@b),2,4,6,7,9, Answers
10, 11, 12 10, 11, 12

Fluency

1 Calculate the minimum spend that would be required
for the following. All plan costs are monthly.

(@) a $49 mobile phone plan over 12 months

(b) a $80 mobile phone plan over 24 months

(c) a $98 home phone and internet plan over 24 months

(d) a $19 mobile phone plan over 24 months

(e) a $40 mobile phone plan over 12 months

() a$198 home phone, internet and TV plan over 24 months.

2 Rafal has a 24-month phone plan with a minimum monthly spend of $19.
His contract says that the early exit fee is the minimum monthly spend
multiplied by the number of months left on his contract, plus an extra $250
if he leaves within the first 6 months. Calculate Rafal’s exit fee if he exits:

(@) after 2 months (b) after 5 months
(c) after 1 year (d) after a year and a half.

3 Rhett has a prepaid plan for his mobile phone with a call rate of 72c¢/min and a flagfall
of 30c. Text messages are free.

(a) Calculate the total cost of a 5-minute phone call.

(b) Rhett has $30 credit on his account. Calculate the remaining credit if he makes one
5-minute call and sends 10 text messages.

4 Alice puts $20 of prepaid credit onto her phone. The prepaid call rate of her phone
company is 88c/min, plus a flagfall of 35¢c. Text messages are 28c each.

(@) Calculate the cost of a 3-minute phone call.

(b) Calculate how much credit Alice has left after making four 3-minute phone calls and
sending six text messages.

Understanding

5 Jian has recently moved to Australia to study and wants to be able to call his family
in China regularly on his mobile. One mobile phone network is offering the following
international plan:
e international calls (landline or mobile): 40c/min, with flagfall of 20c
® domestic calls (within Australia, either landline or mobile): 3¢/min, with flagfall of 25¢
e SMS or MMS (national or international): 20c
* voicemail deposit: free
e voicemail retrieval: 40 ¢/min
Jian estimates that he will phone his family in China for half an hour, once a week.

He thinks that he will make about six 5-minute national calls, send six SMS or MMS
messages and check his voicemail for 1 minute, each day.

Calculate Jian’s weekly phone bill.
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6 A mobile phone carrier offers three different ways to buy the phone shown:
* ‘over 24 months with a new plan commitment’,
e ‘over 12 months without a plan commitment’, and

* ‘upfront without a plan commitment’.

Refer to the advertisement to answer the following questions.

(@ What would be the total spend if you choose “upfront without a plan commitment’
and ‘$1206 upfront’, over 24 months?

(b) What is the minimum total cost if you choose‘over 24 months with a new plan
commitment’and ‘$60 per month’?

(c) Which of the options in parts (a) and (b) costs more over 24 months and by how much?

(d) The option ‘over 24 months with a new plan commitment’ has a condition that if
the plan is exited early, you must pay the remainder of the phone cost. If you exit
the’$60 per month’plan after three months, how much will you need to pay to cover

the remainder of the phone cost?

Be the first to write a review

CHOOSE A COLOUR: o

5.5" Dual edge QHD Super AMOLED display with 2560 by 1440

resolution

« 12MP Dual Pixel fast auto-focus camera

« Expandable memory

« Water and dust resistant (IP68)*
*Samsung Galaxy S7 provides ingress protection against water and dust and to a maximum
of 1.5 metres for up to 30 minutes, allowing it to be certified to an IP68 rating. See the
Samsung Australia website to read more about IP68. Refer to Galaxy S7 user manual for
more information regarding proper care and use of the device (including maintaining the
water and dust resistant performance).

+/ AVAILABLE NOW Free Delivery: 1-4 business days

OVER 24 MONTHs

WITH A NEW pLAN commmment @ | OVER12MONTHs

WITHOUT A PLAN COMMITMENT

=
UPFRONT G
WITHOUT A PLAN COMM|TMENT

UPFRONT

S
OVER 12 MONTH
WITHOUT A PLAN COMMITMENT

CHOOSE A pLAN

OVER 24 MONTHS

T
WITH A NEW PLAN COMMITMEN

$55 PER MONTH

$30 PLAN + 525 PHONE CosT

in tota cost over 2 00 SE
M I 4 months s $1,320
’ g C
HOO

» $1206 UPFRONT

+$1176 UPFRONT

$60 PER MONTH

$40PLAN + $20 PHoNE cosr ok
$30

Min total cost over 24 months is $1 440.00
’ .

> $1,216 UPFRONT

1176 UPFRONT

$65 PER MONTH

$50PLAN + 315 PHONE COsT $40PLAN + $

Min total cost Over 24 months Is $1,560.00
> $1,226 UPFRONT

$S0 PLAN + $1176 UPFRONT
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Henri is looking at the plans shown and trying to decide between Unlimited 1.5 GB and
AsYou Go (shown at the bottom). He makes an average of five 1-minute calls, sends 10
SMSs, and uses 50 MB of data per day.

(@) Calculate the daily cost under the AsYou Go plan.
(b) How much would Henri’s usage cost over 28 days under the AsYou Go plan?
(c) Which would be the cheaper option for Henri, Unlimited 1.5 GB or AsYou Go?

i,
R
UNLIMITED UNLIMITED UNLIMITED UNLIMITED
1.56B 3GB 7GB 9GB
$24°° $2990 $39%0 $4990
/28 days /28 days /28 days /28 days

1.56B

Unlimited talk & text
standard numbers in Oz

Unlimited international
standard talk to
10 countries

Learn more

36B

Unlimited talk & text
standard numbers in Oz

Unlimited international
standard talk to
10 countries

Learn more

[

7GB

Unlimited talk & text
standard numbers in Oz

Unlimited international
standard talk to
10 countries

Learn more

w

9GB

Unlimited talk & text
standard numbers in Oz

Unlimited international
standard talk to
10 countries

300 international mins
standard talk to
selected countries

Learn more

UNLIMITED plans: Standard numbers include mobile, landine, 13 & 18 numbers. These plans also have additional services available at low rates. Personal use
only. Additional data (if you run out) is 7.2¢/MB or $9.90/1GB. All plans auto-renew every 28 days.

More mobile plans

AS YOU GO

Only pay for what you use. 12¢/min standard calls
+ 12c/standard SMS + 49c/standard MMS + 7.2¢c/MB data.

365 day credit expiry. All in Oz.

Learn more

$s.m starter credit

Less

Buy SIM

T&Cs and Fair Go policy apply. For full details about our plans please see our Critical Information Summaries. You'll need to be using a 4G enabled device and be

in a 4G coverage area to access 4G.
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Reasoning
8 Kwok has a mobile phone plan that charges 85 cents per minute plus a 29 cents flagfall

for calls (to other mobiles and to landlines). At home, Kwok’s family has a landline phone,
but Kwok often uses his mobile instead. The call rates on the landline are as follows:

e calls to landline numbers: 30 cents (regardless of time)
e calls to mobiles: 80 cents per minute (no flagfall)

Calculate how much cheaper it is for Kwok to use the landline phone instead of his mobile
to make a 10-minute call:

(@) to alocal landline (b) to a mobile.

Johanna buys prepaid credit for her mobile. She is finding that she is constantly ‘topping
up’ the credit every few days. Johanna is charged the following rates by her phone company:

e calls (to mobiles or landlines): 78c/min, plus a flagfall of 39¢
o texts (SMS): 22¢ each
e data: $10 for 1 GB

Johanna estimates that, on average, she makes four phone calls (each call is approximately
5 minutes long), sends 10 text messages, and uses 200 MB of data every day.

(@) Calculate the cost of one of Johanna’s 5-minute phone calls.
(b) Calculate Johanna's daily phone bill.
(c) Calculate Johanna’s monthly phone bill (for 30 days in a month).

Johanna decides to go on a $79 cap plan for her mobile, which gives her $650 worth
of calls, texts and data every month.

(d) If Johanna maintains her current phone habits and stays underneath the cap, how
much money will she save (i) every month and (i) every year?

Open-ended
10 Athena’s phone company charges 82c/min per standard call, plus a flagfall of 30c.

11

Ordinary text messages (SMS) cost 27c each, but picture text messages (MMS) cost 50c.
Athena has $20 of credit on her phone.

How many calls and texts could Athena make before running completely out of credit?

Give three different combinations, making sure that you include calls of different
time lengths.

Consider your own mobile phone use (if you don’t have a mobile phone, consider
someone you know).

(@) Approximately how many calls do you make per day, and how many minutes per call?
(b) How many messages would you send?

(c) If you know the call rates for your phone, use them to calculate the cost of your daily
phone usage (not including internet data). If you don’t know them, use a rate of
80 cents per minute and a flagfall of 35 cents for calls and 25 cents per message.
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12 (a)

(b)

Some people find it difficult to estimate how
much data they consume when using their
phone to browse the internet or download a
song or app. Find out what a data allowance of
2 GB per month is equivalent to, in terms of
how much time you can spend online or how
many minutes of video you can watch.

In recent years, many people have experienced
‘bill shock’, an unexpectedly high phone bill,
often due to a high cost of data for internet
usage. Should phone companies warn people
when they are nearing their data limit for

the month? Explain your answer.
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Challenge 1 _

Find five consecutive numbers such that the sum of the first and the fifth is 1708.

If 72948 is divided by 100, what is the remainder?

—t

Which numbers less than 100 have 5 as their smallest prime factor?

A WO DN

If m and 1 are different whole numbers, what is the smallest value of  for which #:° = n*
is possible?

5 A palindromic number reads the same backwards as it does forwards. There was one
palindromic date in 2002, 20/02/2002 (20 February 2002). In the USA, dates are written
with the month number first, then the day number, then the year. For example, 15 April
2017 is written as 04/15/2017.

(@) Write three palindromic dates in Australia for the 21st century.

(b) Write three palindromic dates in the USA for the 21st century.
6 Copy and complete the pattern below:

0,3,9,18, 30, , ,

7 Copy and fill in the missing numbers if the difference between each term in the sequence
is the same:

1
12/

1
7

7

7

8 Ifit takes 12 students 30 minutes to clean up 100 dishes after lunch on a school camp,
how long should it take eight students to clean up 90 dishes?

9 What percentage is m of n?

100m
n

A I B 100n

m m

C D

SR

10 When 1000?°'? is written as a numeral, the number of digits written down is
A 2010 B 2011 C 6030 D 6031

11 Successive discounts of 10%, 20% and 33% % are equivalent to a single discount of

A 48% B 50% c 52% D 63%%

Questions 12 and 13 may have more than one answer. List all the letters corresponding
to correct answers.

12 Which of the following will simplify to 160?

40
1

4

13 Which of the following will simplify to 5?

A B 1000 =+ 160000 C 80x20 D 32+02

A J132-122 B 252 C 29-4x6 D 40+4x2
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Chapter review

Maths literacy
award earnings net income salary
buying on terms EFTPOS overtime simple interest
cheque gross income PAYG superannuation
commission income piece work tax
credit card income tax principal tax deduction
debit card interest profit tax return
deferred payment lay-by rate of interest taxable income
discount loss retainer wages

Copy and complete the following using the words and phrases from the list, where
appropriate. A word or phrase may be used more than once.

1

Simple interest is calculated by multiplying the , the (in decimal
form) and the time period.

Before tax and other deductions are made, a person’s earnings are referred to as

When a business sells a product for more than it was bought or made for, a
has been made.

is a payment based on a percentage of sales made.

Work-related expenses and donations to recognised charities are both examples

of s
When apersonworks __ theyshould be paid at a rate higher than their normal
rate of pay.

The set of rules outlining working conditions for employees, including wages, overtime
and leave, is called an

is an amount of money paid into an account or fund to be accessed
at retirement.
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Fluency
1 Calculate the following:
(@) 130% of $47.85 (b) 0.5% of $52 000

2 (a) Amiisahockey goalkeeper.In one game she stopped 13 of 16 shots on goal. Calculate
Ami’s ‘stopping’ percentage.

(b) A box of soft-centred chocolates is on sale for $7.34, a saving of $2.45. Calculate the
dollar saving as a percentage saving, correct to 1 decimal place.

3 Calculate the selling price on the following items. Give answers correct to the nearest cent
where necessary.

(@) A $75 shirt discounted by 30% (b) A $29.99 DVD discounted by 12% %

4 Atimber dining table cost $800 to construct and was sold for $1250.The percentage profit,
based on cost price, is closest to:

A 36% B 43.75% C 56.25% D 64%
5 The Goods and Services Tax (GST) is a 10% tax added to the price of most retail items.

(@) Reprice the following so that the prices include GST:

(i) a $5.60 bottle of shampoo (i) a $37.35 hair dryer
(b) The retail prices of the following items have GST included. Calculate the ‘pre-GST”
price of:
(i) a $129 calculator (i) a $38.95 computer game

6 Andrea works as a casual in a supermarket. She earns $9.45 per hour for hours worked
between 7 am and 7 pm, time-and-a-half for any hours worked after 7 pm or on Saturday
and double time for any hours on Sunday.

Calculate Andrea’s wage for the following week.

Monday Wednesday Friday Saturday Sunday

8 am—4 pm 8 am—4 pm 1 pm-10 pm 10 am-3 pm 10 am-3 pm

7 Nazim is picking grapes in a vineyard. He is paid $4.75 for every bucket of grapes picked.
How much can Nazim earn in a 5-day week if he picks an average of 35 buckets in a day?

8 How much income tax is payable on the following taxable incomes? (Use the tax table on

page 33.)
(@) $5900 (b) $47890 (c) $62780

9 Evan borrows $7000 to purchase a car. He will pay 8.5% simple interest over a period of
4 years.

(@ How much interest is payable?
(b) How much will Evan pay back altogether?

(c) If Evan makes monthly repayments, how much will these repayments need to be,
to ensure he pays off both the principal and the interest in the 4 years?

10 Olivia has a credit card with an annual interest rate of 17.3%.The card has an interest-free m
period of 55 days. She has just received a statement covering the period from 12 June to
11 July. The average daily balance owing on the card over this period was $4509.82.
Calculate the interest that will be payable if Olivia does not pay the full amount owing by
the end of the interest-free period.
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11 For the following household devices, calculate (i) the daily energy consumption, and (i) the
daily running cost, if the tariff is 19.8c/kWh.

(@) A 215 W computer on for 9 hours a day.
(b) A 1750 W refrigerator on all day.
() A 900 W microwave oven used for 15 minutes a day.

12 Chen has a mobile phone plan that charges him 89¢c/min plus a flagfall of 30c to make
calls. It costs 25¢ to send an SMS. Chen estimates that he makes three 5-minute calls per
day, one 10-minute call and sends six SMS messages. Calculate the cost of Chen’s daily
phone usage.

Understanding

13 Peter is a salesperson for an audiovisual company. He is paid a weekly retainer of $250
plus 3.5% of the value of his sales. One week, Peter sold products worth $4500, $7890,
$2630 and $6100. Calculate his income for the week.

14 Calculate the percentage rate of simple interest paid if a $5000 investment over 6% years
gave a return of $7730.

15 A shop purchases crystal vases for $75 each.

(@) At what price should they be sold if there is an 85% mark-up?

(b) The vases are not selling well so they are discounted by 10%. What is their new
selling price?

(c) What percentage mark-up does the discounted price represent on the cost price?

16 Effie works as a cleaner and is paid $19.50 per hour for a standard 38-hour week.
If she works overtime she is paid time-and-a-half for the first 2 hours of overtime each
day and double time for any hours after that. In one week Effie worked 3 hours overtime
onTuesday, 1 hour overtime on Wednesday and 4 hours overtime on Friday. Find her wage
for the week.

17 Jenny has a gross weekly income of $860. She donates $750 per year to registered
charities, and has work-related expenses totalling $690 annually.

(@) What is Jenny’s annual gross income, assuming there are 52 weeks in a year?
(b) What is Jenny’s taxable income?
(c) How much should Jenny pay in tax per year?

18 Natalie purchased an $80 necklace with lay-by. She had to pay a 20% deposit to begin the
lay-by.
(@ How much was the initial payment?

(b) If Natalie paid $15 per week, how many weeks did she take to pay off the necklace?

19 A monthly statement for a bank account

offering 7% p.a. interest, calculated daily, Date | Transaction e m
has the entries shown for the month June 1| Opening balance | $100
of June below. How much interest is June 14| Deposit $285 $385
payable for June? June 21| Withdrawal $207 | $178
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20 Andrew has purchased a $7000 boat on terms, with an interest-free period of 24 months.
He must pay a $25 establishment fee, a monthly account fee of $3.50 and a minimum
monthly repayment of $60.

(@ () How much will Andrew have paid off the cost of the boat after 24 months if he
only makes the minimum repayments?

(i) How much will still be owing?
(i) How much will Andrew have paid in fees?

(b) If Andrew wants to have the boat paid in full by the end of the interest-free period,
how much should his monthly repayments be?

(c) If Andrew has not paid the amount owing in full at the end of 24 months, an interest
rate of 29% p.a. is charged. How much interest will be charged on the amount
calculated in part (a) (i) after the 25th month? (Assume 30 days in a month.)

Reasoning

21 Freyais 19 and has a part-time position at a supermarket. Her hourly rate for weekdays m
is $15.43, with time-and-a-half paid on Saturdays, and double time on Sundays.

Tanya is also 19 and works in the same supermarket. Because she is a casual employee,
her conditions are different to Freya’s. Tanya gets an extra 25% on the hourly rate on
weekdays. On weekends she gets a further 10% on top of her casual rate.

Both Freya and Tanya work for 18 hours during the week, 4 hours on Saturday and 4 hours
on Sunday.

(@ Who earned more money?
(b) Why do casual workers receive an extra 25% on top of their hourly rate?

22 Annika works in a jewellery store. Her manager has asked her to put a mark-up of 78%
on the cost price of all pairs of earrings. These earrings were later discounted by 20%
during a mid-year sale. Find the overall profit or loss made by the store on a pair of
earrings sold in the sale if the initial cost price of the earrings was $46.60.

23 The Vu family have a 4500 W clothes dryer that takes 1 hour to complete a drying cycle. 7
On average, the dryer completes three cycles a week. The Vu's electricity tariff is
19.5 ¢/kWh. Calculate the amount of money the family could save in a year if they
stopped using their dryer.

a
.

24 Rachel buys prepaid credit for her phone. She is finding that she is constantly ‘topping up’
the credit every few days. Rachel is charged the following rates by her phone company:

e calls (to mobiles or landlines): 80c/min, plus a flagfall of 35¢
e texts (SMS): 29c¢ each
e data (using the internet): $10 per GB

Rachel estimates that in a typical day she makes three 5-minute calls, sends six SMS
messages and spends approximately 2 hours browsing the internet on her phone, using
about 100 MB of data (0.1 GB).

(a) Calculate the cost of Rachel’s monthly phone bill, given her typical daily usage above,
for 30 days in a month.

(b) Rachel is thinking of moving to a $59 cap plan for 24 months, which would give her
$500 worth of calls, texts and data each month. If Rachel went on the plan and stayed
under the monthly cap, how much would she save in the 24-month period compared
with using prepaid credit?
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Numeracy practice 1

Non-calculator

1

Calculator allowed

6

10

Julie bought 36 cans of soft drink for a party. 75% of the cans are empty at the end of the
party. How many are still full?

A 4 B 9 C 16 D 27

Ali has 240 movies in his collection. Two-thirds of the movies are animated movies. Of the
rest, 20% are action movies. How many action movies does Ali have in his collection?

A 16 B 48 C 80 D 160

The GST is a 10% tax added to the price of many retail items. A toaster costs $33.50 before
the addition of GST. Which calculation will give the new price of the toaster that includes
the GST?

A $33.50 +10 B $33.50x1.1 C $3350+0.1 D $33.50+1.1

Emilio works part-time in a takeaway food shop. He gets $15.80 an hour, except on
Saturdays, when he gets one-and-a-half times his hourly rate for the first 3 hours and
double his hourly rate for any hours worked after that.

One week, Emilio works 15 hours between Monday and Friday and 5 hours on Saturday.
Which calculation will give Emilio’s total wage for the week?

A $15.8x20

B ($15.8x 15) + ($15.8 x 1.5 X 5)

C ($15.8%15) + ($15.8 X 1.5 x 3) + ($15.8 x 2 x 2)
D ($15.8x 15) + ($17.3x 3) + ($17.8 x 2)

Raelene is going to invest $5000 at 6% simple interest for 2 years. If she invested her
money for twice as long, the amount of interest she would earn on her investment would:

A decrease slightly B double C halve D increase slightly.

Rohan bought a new phone at a 35% discount. If the phone was originally priced at $99,
how much did Rohan pay for the phone?

A $64 B $34.65 C $64.35 D $134

Of the 2153 books stored on the shelves of the local library; 847 are out on loan. What
percentage of the library books are out on loan?

A 2823% B 39.34% C 71.76% D 25454%

Tyson purchases a $1579 home theatre system on the following terms: 20% deposit
up front, with monthly repayments of $85 for the next 2 years. How much more money
is paid using this method of payment than paying the full price up front?

Yang earns a yearly salary of $57 300. The income tax rules that apply to Yang state that
she must pay $4650 plus 30c for every dollar over $37 000. Calculate Yang’s annual income
tax bill.

Alarge chain of clothing stores has a policy of making 85% profit on all jeans and trousers
sold. How much would a pair of jeans with a marked retail price of $79.95 have cost the
store? (Answer to the nearest cent.)
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Pythagoras®
theorem

Did Pythagoras ‘steal’ the theorem that
bears his name? One of the world's most
famous mathematical statements is not
named cfter its discoverer.

Several ancient civilisations, including the
Babylonions, Chinese and Egyptions, knew
about the special relationship between the
sides of a right-angled triongle. Pythagoras of
Samos (believed to have lived 580-496 BCE)
was a Greek philosopher who probably
learnt about this theorem from Egyptian
engineers known as the ‘rope stretchers'.
They used a circle of rope with 12 knots
tied at regular intervals around the circle.
Pegging the rope to the ground at intervals
of 3, 4 and 5 knots produced a right-angled
triongle, which was used to ensure that
building foundations or walls could be
constructed accurately.

So, why does Pythagoras get all the credit?
Possibly because he led a secretive cult
devoted to the study of mathematics,

with their motto being 'all is number'.

Why learn this?

Although Pythagoras did not discover the
theorem, it is possible that he was the first

to produce a proof of the theorem using
geometry. The photograph on the opposite
page is of a statue of Pythagoras on the islond
of Samos, in Greece.

Forum

Why do you think Pythagoras and his
followers held secret meetings ond kept
their discoveries to themselves?

Think of some real-life objects that can be
made of or be described by right-cngled
triongles.

Pythagoras’ theorem is a useful mathematical tool applied by builders, carpenters,
engineers and surveyors to determine the straight-line distance between two points or

to check whether an angle is a right angle. It is also used in the audio-visual industry to
determine the height and width of TV and projection screens.

After completing this chapter you will be able to:

e use Pythagoras’ theorem to determine whether a triongle is right-angled
¢ use Pythagoras’ theorem to find side lengths in right-ongled triongles

e apply Pythagoras’ theorem to practical situations

e complete simple calculctions using surds

e express irrational answers in exact (surd) form

e identify Pythagoreon triples.
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Recall

Equipment required: calculator for Questions 24, 6

Prepare for this chapter by attempting the following questions. If you have difficulty with a
question, you can download a Recall Worksheet from the eBook or the Pearson Places website.

1

Round each of the following numbers to 2 decimal places.

(a) 45.789 (b) 12.2311 (c) 45495678356

Use your calculator to find the following, correct to 2 decimal places where appropriate.
(@) 12 (b) 55 (c) 37.5%

(d) 3%+47 (e) 9%+137 M 2.57+7.1

Use your calculator to find the exact values of each of the following.

(@) /81 (b) /169 (c) ~/256

Use your calculator to find the following. Round your answers to 2 decimal places.

(@) /65 (b) /658 (c) +/321.45

Solve the following equations.

(@ x+5=11 (b) 144 +x=225 (c) 45-x=12

Solve the following for positive values of x. Where necessary, express your answer as a
decimal correct to 2 decimal places.

(@ x>=36 (b) x>=39 () ¥*=325
2
(@ x*+6=70 (e) x2-20=101 ) %2325

Exploration Task

You can download this activity from the eBook or the

Pearson Places website.

Pythagorean triples

In this activity, you will explore the unusual pattern
of Pythagoras’theorem solutions where the
hypotenuse is a whole number.
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Pythagoras’

theorem and
right-angled
triangles

A triangle that contains a 90° angle (a right angle) is called aright-angled 4
triangle.The longest side of a right-angled triangle, which is opposite the

right angle, is called the hypotenuse.
hypotenuse

When labelling triangles, use capital letters for the vertices and use
. c
lower-case letters for the side lengths. b

The triangle ABC at right, which can be written as AABC, has vertices A,
B and C, with sides a, b and c opposite the vertices that have the same
letter. Usually the hypotenuse is labelled as side c while the two shorter ¢ a B
sides are a and b. (It does not matter which is a and which is b.)

What is a theorem?

A theorem is a mathematical statement that can be shown to be true.
A proof is a step-by-step argument that shows the truth of a mathematical theorem.

Pythagoras’ theorem: For any right-angled triangle, the square of the length of the
hypotenuse is equal to the sum of the squares of the lengths of the two shorter sides.

= a® + b?
2
b hypotenuse a2 g ¢
b
u| b2
a

The area of a square of side a is a*. In a right-angled triangle, the areas of the squares drawn
onto the two shorter sides (see above) can be added to give the area of the square drawn onto
the hypotenuse.

+Aea=a“fL + L+ Aea=02 } = +  Aea=c2 +
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Demonstrating Pythagoras’ theorem

The theorem can be visually demonstrated as shown.
If you take an isosceles right-angled triangle and place
it onto square grid paper that has been divided into
small identical triangular tiles, the combined area

of the squares on the two shorter sides is eight small
triangles, which is the same number of small triangles
covered by the square on the hypotenuse.

This shows only that the theorem works for one
particular type of right-angled triangle. For the
theorem to be shown as true, it must be proved
to work for all right-angled triangles.

Proofs of Pythagoras’ theorem by dissection

Mathematicians have established at least 85 different methods of proving that Pythagoras’
theorem is true for every right-angled triangle. In 1830, a proof using areas was published by
the mathematician Henry Perigal, who had the diagram of the proof carved on his gravestone!

Demonstrating Pythagoras’ theorem using areas

Step 1: On a piece of grid paper, draw any right-angled triangle, and label the sides a, b and c.

Step 2: Construct a square on each side of the triangle as shown below. Label the squares A,
B and C to correspond to the sides a, b and c.

Step 3: Find the centre of square B. Rule a line PQ
through the centre, so that it is parallel to

the hypotenuse of the triangle. square C

Step 4: Rule a second line RS, perpendicular
(at right angles) to PQ, that passes through b
the centre of the square. S

Step 5: Cut square B into its four pieces. Then, square B Q
cut out square A and square C.

square A

Step 6: Rearrange the four pieces of square B
as shown.

Step 7: Place square A in the centre. It should
fit exactly. The total area of this square is /\
equal to the sum of the area of square A
and the area of square B:

Area = a® + b? \/

Step 8: Compare the area of this square to the
area of square C, ¢>. The two squares
should be identical in area,
demonstrating that ¢ = a® + b

84 PEARSON mathematics 9 2ND EDITION



The converse of Pythagoras’ theorem
A converse is a reversal of a proved theorem.

Because Pythagoras’” theorem is only true for right-angled triangles, the converse of
Pythagoras” theorem can be used to check whether or not a triangle is right-angled.
That is, if the sum of the squares of the two shorter sides is equal to the square of the
longer side, then the triangle is right-angled.

For example, consider a triangle of sides 3 cm, 4 cm, and 5 cm.

It can be shown that this is a right-angled triangle using 5
the converse of Pythagoras’ theorem.
3 25 cm?
Here,a=3,b=4 and c=5.
Now: ¢ =52 gcm? |3 5
=25 -
and: a®+b% =32+ 42
—9+16 i6em? |4
=25

As ¢? = a® + b is true for this triangle, it is a right-angled triangle.

If Pythagoras’ theorem holds, then the triangle must be a right-angled triangle.
This statement is known as the ‘converse” of Pythagoras’ theorem.

Builders use the converse of Pythagoras’ theorem to make sure building frames and walls are
right-angled. It is sometimes called ‘the 3-4-5 principle’—can you see why?

Worked example 1

Use the converse of Pythagoras’ theorem to determine whether each of the following triangles
is a right-angled triangle. If it is, state which angle is the right angle.

(@ B 50 mm (b) C
A 9m
30 mm 7 m
40 mm A
C 11m
B
Thinking Working
(@) 1 Identify the longest side ascandthe (a) a=30 mm, b=40 mm, ¢ =50 mm

other two sides as a and b.

2 Evaluate the left-hand side of

Pythagoras’ theorem, .

3 Evaluate the right-hand side of
Pythagoras’ theorem, a + b%.

4 Does c?=a’+b*? If so, the triangle is
right-angled.

5 The right angle is the angle opposite
the hypotenuse, c.

% =504
= 2500
2% + b°=30% + 407
=900 + 1600
= 2500

¢® = 4% + b?, 50 AABC is a right-angled
triangle.

ZLACB is the right angle.

2 Pythagoras’ theorem
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(b) 1 Identify the longest side ascandthe (b)) a=7m, b=9m,c=11m
other two sides as a and b.

2  Evaluate c2. c?=11?
=121
3 Evaluate a® + b~ P+ b’ =7%+9°
=49 + &1
=130
4 Doesc?=a?+b2? If so, the triangle c?# 4%+ b?, 50 AABC is not
is right-angled. (Here, the triangle a right-angled triangle.

is notright-angled, so the symbol #is
used, which means ‘is not equal to’).

PR Pythagoras' theorem and
right-angled tricangles

Navigator
1,2(@,d,g),3,4,6,9 11,12 1,2(b, e h),3,5,6,7,8, 11, 2(c, f,i),3(),5,86,7,8,10, 11,
P. 12,13 13, 14

Fluency

1 Match each statement with its diagram.
(@) The right angle is at X and the length of the hypotenuse is 26.
(b) The right angle is at Y and the length of the hypotenuse is 25.
(c) The right angle is at X and the length of the hypotenuse is 13.
(d) The right angle is at X and the length of the hypotenuse is 25.
(e) The right angle is at Z and the length of the hypotenuse is 13.
() The right angle is at Y and the length of the hypotenuse is 20.

A B C
X
Y 12 X X
20
24 25 5 12
13
Y=z z Z 16 Y
D E F
X Y 7z 12 X
20 26
15 10 5 T
z 7z
25 24 Y
Y X
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2 Use the converse of Pythagoras” theorem to determine whether each of the following

triangles is a right-angled triangle. If it is, state which angle is the right angle.

(@ B

5cm

(b) M
- 2 C&
A N
4.cm C 3
cm 0
) r_6m_ p
m
8 mVn
E

(d)

H
7m

G 6
9m

I

(@ Q (h) P 10km _ » (
13 ki
" 12.5km: *7-5”“
12 km P 0]
5km
R

() j_8cm K

6cm

L

(f) E
6 n&
F
4.5m D

i) S
u
T 9 km

3 For each of the following triangles, select the correct statement of Pythagoras” theorem
from those provided.

(a)

2_ 2,2
R q P A pi=qg°+r
H 2_ 02 2
B g =p°+r
,
p
Q
(b) X A Z2+yP=x2
z B x2+z2=y2
y
.
Y X z
(c) p A 112+pz=m2
" m B p2+mzzn2
M 7 N

C r?=p>+q°
D P-p=r?

C xz—y2=z2

D z2=x2+y2

C n2-m?=p?

D 112+1712=p2

2 Pythagoras’ theorem
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4 For each of the following right-angled triangles, identify which side length (AB, BC or AC)
is the hypotenuse, and which angle is the right angle (ZABC, ZACB or ZCAB).

(@) A (b) C (© A (d B
<&

cl

5 Which of these triangles is a right-angled triangle?

A B 15 C 24 D
24
26 26 0,
24 21 25
18
15
Understanding

6 (a) Thelongest side of a triangle is 15 cm long. The two shorter sides are 9 cm and 10 cm.
Use the converse of Pythagoras’ theorem to show that this triangle is not right-angled.

(b) The longest side of a triangle is 15 cm long. The two shorter sides are 9 cm and 12 cm.
Use the converse of Pythagoras” theorem to show that this triangle is right-angled.

7 Find which of these triangles with the following side lengths are right-angled triangles.
(@ 9 mm, 12 mm, 15 mm (b) 2cm, 4 cm, 6 cm
(d) 7 km, 24 km, 25 km
f 5cm,12cm, 13 cm

8 Jack has constructed part of a building frame. He needs
to check that it is ‘square’; that is, that the corners are
right angles. The frame is 5 m wide and 3 m high. Jack
has measured the diagonal to be 6 m.

() 2m,2m,4m

(e) 18 mm, 24 mm, 30 mm

(@) Use the converse of Pythagoras’ theorem to check
whether the frame is ‘square’.

(b) To make the frame “square’, should Jack increase or
decrease the length of the diagonal?

9 For each of the following, construct right-angled triangles using the side lengths given in
the table.

(@) Find the length of the hypotenuse ¢ by measurement, then complete the rest of the table.
(b) Which columns of the table would you check, to see if Pythagoras’ theorem was true?

(c) What would you look for in those columns?

a b c a? b2 a®+b? c?
3 cm 4 cm
12 cm 16 cm
60 mm | 80 mm
5cm 12 cm
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Reasoning

10 Pythagoras” theorem holds for the right-angled triangle whose sides are of length 5 cm,
12 cm and 13 cm.

(a) Triple each side length. Does Pythagoras” theorem still hold?
(b) Halve each original side length. Does Pythagoras’ theorem still hold?
() What conclusion can you make from your answers to (a) and (b)?

11 Both a triangle whose sides are of length 3 units, 4 units and 5 units and a triangle whose
sides are of length 5 units, 12 units and 13 units are right-angled triangles. Find another
two right-angled triangles from the following list and justify your selection.

A 9 units, 12 units, 15 units B 4 units, 5 units, 6 units
C 10 units, 24 units, 26 units D 7 units, 14 units, 15 units
Open-ended

12 Draw aright-angled isosceles triangle, measure the three sides and show that Pythagoras’
theorem holds.

13 You have a 40 m long piece of rope with which to create a large right-angled triangle on
the school oval. Determine the lengths of the sides of three different triangles that you can
create.You do not have to use the whole length of the rope.

14 Show how you would explain Pythagoras’ theorem to a friend.

Problem solving

Strategy options

e Draw a diagram.

e Make a model.

e Guess and check.

e Test all possible combinations.

2 Pythagoras' theorem ‘
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Finding the length
of the hypotenuse

If you know the lengths of the two shorter sides of a right-angled triangle, you can use
Pythagoras’ theorem to find the length of the hypotenuse.

Worked example 2

Calculate the length of the hypotenuse in the following triangle.

21

20

Thinking Working

1 State Pythagoras’ theorem and define c? =gt + b*
the sidelengths 4, b, and ¢, lettingcbe the _ _ 20. b=21. 6= x
unknown length of the hypotenuse, x.

2 Substitute the values for g, b and ¢ into x? = 207 + 217
Pythagoras’ theorem.

3 Simplify the equation. X2 =400 + 441
x> = 841

4 Solve for x by finding the square root of X = /&4
both sides of the equation. x =29 units

Surds and decimal approximations

The length of the hypotenuse may not always be a whole number. It may have an exact
decimal value, such as c = ./6.25, which gives an exact answer of c = 2.5.

However, sometimes the length cannot be evaluated exactly by a decimal equivalent and is
written as an approximation.

Consider a right-angled triangle with shorter side lengths of 1 m and 2 m:

2 =a’+b?
2=12+22
2=1+4
?=5
c=.J5m

If you evaluate /5 on a calculator, it is shown as 2.236 067 977. This is a decimal approximation.
There is no exact decimal equivalent because the number does not terminate (it has an infinite
number of decimal places) and it has no repeating pattern.

Numbers that have an infinite number of decimal places with no repeating pattern are called
irrational numbers. Irrational numbers such as /2, JE, /20 and /35 are known as surds.
The only way to write these numbers exactly is in ‘surd form’, including the root sign, such

as /2 or /5.
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However, it is not always practical to write the side lengths of triangles as surds. Depending
on the type of answer needed, you can use a calculator to find a rational approximation to an
irrational number.

When you write an approximation, you should use the “approximately equal to” symbol =
before writing the value as a decimal number correct to the appropriate number of decimal
places. At other times you may leave the answer in surd form (also known as “exact form’).

For example: c=./5 m
=2.236067977
=2.24 m (correct to 2 decimal places)

Worked example 3

Find the length of the hypotenuse in the following right-angled
triangle. Give your answer in exact form (surd form).

10
Thinking Working

1 State Pythagoras’ theorem and define c? = a% + b*

the side lengths. P e
2 Substitute the values for g, b and ¢ into x° = 6% + 10°

Pythagoras’ theorem.
3 Simplify the equation. =36 +100

x*=126

4 Solve for x by finding the square root x= 126

of both sides of the equation. Leave the
answer as a square root (surd form).

Pythagoras’ theorem may be applied to other shapes provided they contain right-angled
triangles. Sometimes, it is necessary to identify the required right-angled triangle by carefully
adding a line or lines to the diagram.

Worked example 4

Use Pythagoras’ theorem to find the value of the unknown length in each of the following
diagrams. Give your answer as a rational approximation, correct to 2 decimal places,
if necessary.

(@) 4 m (b) A 12m B
[T |
2m T m 10m xm
[ |
C 15m D

2 Pythagoras’ theorem
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Thinking Working
(@ 1 Identify a right-angled triangle and (a) Leta=2,b=4,c=t.
define the side lengths. 4m
2m i
2 State Pythagoras’ theorem, then c?=a% + b?
substitute in the values. t2=2% + 42
3 Simplify the equation. t2=4+16
£%=20

4  Solve for t by finding the square
root of both sides. Use a calculator
to find its rational approximation and
write it correct to 2 decimal places,
with the correct units.

t=4.20
t = 4.472135 955
t=447m (2 d.p.)

(b) 1 Draw aline from point B down to the
line CD to form a right-angled
triangle BED.

2 Redraw the right-angled triangle and
define the side lengths.

3 State Pythagoras’ theorem, then
substitute in the values.

4  Simplify the equation.

5 Solve for x by finding the square
root of both sides of the equation.
Use a calculator to find its rational
approximation and write it correct
to 2 decimal places, with the correct
units.
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E3mD

c?=a%+ b?
x2 =107 + 5%

x> =100+ 9
x° =109

x =109
x=10.440 306 51
x=10.44m (2 d.p.)



Worked example 5

Find the unknown lengths in the following
diagram. Give your answers in exact form
(surd form).

Thinking Working
1 Identify the right-angled triangle where =3
two of the three sides are known and b=7
define the side lengths. c=x
2 State Pythagoras’ theorem, then c?= 2%+ b?
substitute in the values. x2=2%+7¢
3 Simplify the equation. x2=9+49
x> =58

4 Solve for x by finding the square root of
both sides. Leave your answer as a
square root (surd form).

5 Identify the second right-angled triangle
and define the side lengths using your
answer for x.

6 State Pythagoras’ theorem, then
substitute in the values. Use the exact
surd value determined previously.

7 Simplify the equation.

8 Solve for y by finding the square root of
both sides. Leave your answer as a
square root (surd form).
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Answers
p.633

Don't forget to
include the unit
of measurement
in your answer.

1

3

P¥) Finding the length

of the hypotenuse

Navigator
1,2 (a-c), 3,4,5,6 (), 7,8,9, 1 (a—c),2(a—c), 3, 4,5, 6 (d-), 1 (d-f), 2 (d-f), 3 (a, ¢), 4, 5,
10, 11, 18, 20 7,8,9,10,11, 12,13, 17, 18, 6 (g-1), 7,10, 11,12, 13, 14,

19, 20 15,16, 17, 18, 19, 20

Equipment required: calculator

Fluency

Calculate the length of the hypotenuse in the following triangles.

(@) 12m (b) ©) 9 mm
8cm
5m
d 12 mmv
k v
6cm
(d) X (e) () 25 mm
15m 10 om h 60 mm
36m Y
24 cm

Find the length of the hypotenuse in the following right-angled triangles. Give your
answer in exact form (surd form).

(@ 4m (b) 6m (c)
12m
! 5m
183m| /¥
2m
d) (e) )
i o g 3 om 16 mm
f
Zom 8cm

14 mm

Find the length of the hypotenuse in each triangle. Write your answers as decimals,
rounded to 2 decimal places.

(@) 7m (b)
2m
(c) /Q\ (d) 12 km
10 cm 10cm
8.6km|J

c
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4 The diagrams below show a trapezium ABCE and the right-angled triangle ADE.

AADE is formed when a dotted line is drawn from A to D, with AD perpendicular to CE.

At 20m | B A

a = ‘

xrm | xm :

‘ 12m |

! I
| [

E D C E D
| 25m |

(@) In AADE, what are the lengths of the sides AD and DE?
(b) Use Pythagoras’theorem to find the length of AE.

5 The diagram shows a 15 cm by 10 cm rectangle with a right-angled triangle cut from
one corner. Find the triangle side lengths marked a, b and c.

12.cm

|

10 cm

[

15¢cm

6 Use Pythagoras’ theorem to find the value of the unknown length in each of the following m
diagrams. Give your answers as rational approximations, correct to 2 decimal places if

necessaqﬁ
(E)] 15 cm
pcm 8 cm
(d) 4 m
> .
4m ; rm
| N |
< 7m >

(e)

(b)

21 m =

16 m (c) A
hcm
_________________ I
somp A 12 cm
6 cm
a v
8 cm
} 1j) <« 12cm—>
G > :
= gm 3 :
58cm [ cm
28Im
N |
< 18 cm >
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(¢)] 7 cm (h) 23 mm (i)
} t O
1 1 x= ::15 mm
tcm f mm
} f 5c¢cm
15 cm
4.5 km
| t
3.2 km F Y km

m 7 Find the unknown lengths in the following diagrams. Give your answers in exact form
(surd form).

(a) (b) 12 cm

8m

5cm X

y 5cm
8 The length of the hypotenuse in this right-angled triangle, correct to 2 decimal places, is:
A 39.80 mm
B 63.51 mm 35 mm
C 88.00 mm
D 4034.00 mm 53mm

9 The value of y in the following diagram is closest to:
A 733
B 7.34
c 1021 6.04 N
D 53.87

10 The value of x in the diagram is:

A mcm
B J2_Ei8cm
C /369 cm
D A/@cm
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Understanding

11 Aladderisleaning against a framework and just reaches the top,
a height of 4.27 m above the ground. The foot of the ladder is
1.41 m from the base of the framework.

(@) Draw a diagram of a right-angled triangle that represents
the ladder, the ground and the framework. Label the
diagram with the known measurements, and label the
unknown side x.

(b) Use Pythagoras” theorem to calculate the length of the
ladder, correct to 2 decimal places.

12 Corporal Vincent is in charge of designing a ropes course for an army training camp. In the
final part of the course, recruits must slide down a rope connected from the top of a tower
to a point on the ground 35 m from the base of the tower. The top of the tower is 14 m
high and at right angles to the ground.

(@) Draw a diagram of a right-angled triangle that shows the tower, the rope and the
ground. Label the diagram with the known measurements and label the unknown
side x.

(b) Use Pythagoras’ theorem to calculate the
length of rope needed for this part of the
course, correct to the nearest metre.

13 Find the exact value of the variables in the following diagrams. For any surd values, also
give the answer correct to 2 decimal places.

(@ «~—10m—> (b) 60 mm
5Tm 16 mm B
y S
4T §@ emm
m
¥ 9 mm fmm
15 mm
(c) 5cm (d)
4 cm 7om
3 cm
acm - acm
4 cm
bcm
®
ccm
4cm
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14 The values of x and y in the diagram are closest to:

A x=980cm, y=8cm

= = X
B x=980cm, y=>5.66cm B om
C x=13.86cm, y=8cm
12 4
D x=13.86cm, y=>5.66cm o o

Reasoning

15 (a) Find the length of the hypotenuse of a right-angled isosceles triangle with a side
length of 10 cm. Now divide the length of the hypotenuse by the length of the shorter
side. Compare your answer to the value of »/2, rounded to 3 decimal places.

(b) Find the length of the hypotenuse for several other right-angled isosceles triangles.
Then, divide the length of the hypotenuse by the length of the shorter side. What do
you notice about the result?

16 A Pythagorean spiral has the shape and side lengths shown.

(@) Use Pythagoras’ theorem to calculate the
values of the hypotenuses of A, B, C, D, Eand F
as exact values and correct to 2 decimal places
where necessary.

(b) More triangles are added until the letter Z is
used, so that the side lengths are A, B, C, D, E,
E G, ... X,Y, Z. How many side lengths cannot
be written as exact decimal values?

17 (a) Use the letters shown to describe the shortestpath  ~ F ¢ H  J
possible to go from point A to point K if you can only '
follow the straight lines shown. 1 c
D

(b) If the shorter side of each triangle is 1 cm long, 1
what is the total length of the path described in (a)?
State your answer as an exact value.

18 Alex wants to buy a new TV. He has
allocated a rectangular space on his
lounge wall that is 98 cm in length and
54 ¢cm in width. At the TV store, Alex
learns that TVs come in the following
screen sizes: 55 cm, 66 cm, 81 cm, 94 cm,
106 cm, 116 cm and 127 cm. He also
learns that these ‘screen sizes” are the
diagonal distance from one corner of
the screen to the other.

Which is the largest screen size that
could fit in the space on Alex’s wall?
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Open-ended

19 A swimming pool is 50 m long and 25 m wide. Anastasia is trying to swim a length of the
pool, starting from a corner at the shallow end. However, she has difficulty swimming in
a straight line, so that instead she swims diagonally across the pool to a point at the other
end. Draw a diagram and calculate four possible distances, correct to 2 decimal places,
that Anastasia may actually swim when completing a lap of the 50 m pool.

20 The city council needs to build a wheelchair ramp from the ground to the top of a step that
is 30 cm off the ground.

(@) Design three different ramps by first choosing the horizontal length, then calculating
the sloping ramp length.

(b) Sketch your three ramps to scale.
() Which ramp design would you choose if the ramp were to be used every day?
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Finding the
length of a
shorter side

The length of one of the shorter sides of a right-angled triangle can be found if the lengths of
the hypotenuse and the other side are known.

Worked example 6

Find the value of the unknown shorter side in this right-angled triangle.
Give your answer as an exact value.

19 14
Y
Thinking Working

1 State Pythagoras’ theorem and define c? = 2%+ b?

the side lengths. Leba=y, b=14, c=19
2 Substitute the values into Pythagoras’ 192 = y2 + 142

theorem.
3 Rewrite so that the unknown is isolated y? =197 — 142

on one side of the equation. (Here, 14°
has been subtracted from both sides.)

4 Simplify the equation. y? =361-196
y? =165
5 Solve for y by finding the square root y= 165

of both sides of the equation. Leave your
answer as a surd (exact form).

It may be necessary to draw a right-angled triangle from a diagram in order to apply
Pythagoras’ theorem.

Worked example 7 WE.7
Find the value of the variable, correct to 2 decimal places,
in the diagram shown. >em
12cm
10 cm
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Thinking Working
1 Draw a diagram of the appropriate xcm
right-angled triangle.
12cm 10cm
2 State Pythagoras’ theorem and define c?= 2%+ b?

the side lengths.

Substitute the values into Pythagoras’
theorem.

Rewrite so that the unknown is isolated
on one side of the equation. (Here, 10
has been subtracted from both sides).

Simplify the equation.

Solve for x by finding the square root
of both sides of the equation. Use a
calculator to find its rational approximation

Llet a=10,b=x,c=12

122 =107 + x°

x2 =122 -10°

x% =144 —100
x° =44

x=J74
x=0.0532495
X=0.05m(2dp.)

and write it correct to 2 decimal places.

Finding the length
of a shorter side

Navigator

1(af),2(a, b,c),3(a d,g,li),
4 (a),5,6,7,9, 11

Answers
p.634

1 (a_01 g_i)’ 2 (ay b:
e f,h,j),4,586,7,

Equipment required: calculator

Fluency

1 Find the value of the unknown shorter side in these right-angled triangles. Give your
answer as an exact value.

@ ) 7 ()
37 15
12 ¢
25 b M
a 12
(d) 5 (e) () 13
W2 i ) J 6
Y
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() 7T (h) 45 @i

127

0 °

11.2m
20.4m

2 (a) Anisosceles triangle with base length 10 m and equal sides of length 13 m is divided
into two right-angled triangles, as shown. Fill in the missing numbers in the working
below to find the value of .

In the right-angled triangle:

aishalf of 10 m, soa=

The length of the hypotenuse is

From Pythagoras’theorem:

h*+a* =13

h* +5% =137

W +25=__

Subtract 25 from both sides of the equation:
h* =144

h= =12m

(b) Find the values of a and h in this isosceles triangle.

} 42 m |

(c) Aright-angled isosceles triangle has a hypotenuse of 25 cm. Fill in the missing
numbers in the working below to find the length of the equal shorter sides.

Let the length of the shorter sides be x cm.
The length of the hypotenuse is 25 m.

From Pythagoras’ theorem:

25 cm
Cta’= ]

Add like terms together:
2% = 625 N

Divide both sides of the equation by 2:

X =

x=4.3125=

(d) Find the length of the shorter sides of an isosceles right-angled triangle, given that the
length of the hypotenuse is /392.
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3 Find the missing values in these right-angled triangles. Give your answers as decimals,

correct to 2 decimal places.

WE.7

b
@ ” J (b) © ‘
14
8
- 213 82
(d) d ) em (f)
14m Lfm
11.2m
20.4m 1om
12m
(9) 6m 34 mm >
5m
gm ; hmm
< 10m : > :
< 28 mm >
(i) 10cm {)] .
u :
12m/
ycm E
|
& 15 cm <“«XMPe——yM —»
xcm
4 (a) The value of x in this right-angled triangle is closest to:
A 7.30 B 12.99 152
c 1713 D 23.10

X

je

7.9
.

(b) The hypotenuse of a right-angled triangle has a length of 55 cm. One of the shorter
sides has a length of 53 cm. The length of the third side is closest to:

D 2l6cm

A 2cm B 14.6cm C 14.7cm

Understanding

5 Which statement in each set is not true?

(a) 9 A aand b are both less than 9.
b
— J C 0=81-a°

(b) x A P=y*-25

7 o eawep

D y=x+5

a>+b*=9

D a+b>9

y is more than 5.
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6 A playground slide has a length of 4.76 m, while it covers \¢
a horizontal distance of 4.1 m on the ground. What is the
height of the slide, correct to 2 decimal places? oS

7 A’guyrope’ is attached to the top of a tent pole and pegged
into the ground so that the rope is tight. If the rope is 3.8 m
long, and the pole is 2.9 m long, how far from the base of the \
pole should the rope be pegged to make it tight? 44m

il v} YA
" (TR ol

d
v | ARVRRY R l“ \
Nl 0
\i LYY \)) N

Reasoning

8 If the hypotenuse of an isosceles right-angled triangle is 10 cm long, the length of the
shorter sides is /50 = 7.07 cm.

(@) Find the length of the shorter sides of an isosceles right-angled triangle with a
hypotenuse of 20 cm, correct to 2 decimal places.

(b) Predict the length of the shorter sides of an isosceles right-angled triangle with
a hypotenuse of 40 cm.

9 Matilda uses a piece of rope 12 m long to form an equilateral triangle.
(@) How long are the sides of the triangle?

(b) Find the height of the triangle, correct to 2 decimal places.

Open-ended

10 Safety regulations for ladders state that the distance that a ladder can be placed from
a wall is no closer than one-quarter of its length and no further than half its length.
If a ladder is 3.2 m long, give three heights that it can reach up the wall.

11 Find two sets of possible lengths of the shorter sides, correct to 2 decimal places, if the
length of the hypotenuse of a right-angled scalene triangle is as given.

(@ 20 cm (b) 35m
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Half-time 2 @%D

1 For each of the following triangles, calculate the length of the hypotenuse. Round your
answers to 2 decimal places where necessary.

@ (b) 27m (c)
u

40 m
72m

36m i
| 90m
78 m

2 For each of the following triangles, calculate the length of the unknown side. Round to
2 decimal places where necessary.

(@) (b) y (c)

60 m 6.1m

35m 37m

4.3m
45 m

3 Use Pythagoras’” theorem to show that a triangle with side lengths 10, 24 and 26 must be
right-angled.

4 Sharon is 20 metres due south of a target. She throws a ball which stops 16 metres due
east of the target.

(@) Draw a diagram that shows this information.
(b) Calculate how far the ball travelled, correct to 2 decimal places.
5 Decide if each triangle with the given side lengths is right-angled.
(@) (16,63, 65) (b) (48,55, 73) (c) (13,84, 86)

6 Calculate the exact values of ¢ and b.

7 A safety blade is a symmetrical shape with the 4 cm m
dimensions shown. Calculate the height of the
blade. Round your answer to 2 decimal places. 2.50m O
6.cm

8 Aladder 4 mlongis placed against a wall so that the foot of the ladder is 1.5 m away from
the wall.

(@ Draw a diagram that shows this information.

(b) Calculate how far up the wall the ladder will reach. Give your answer correct to
2 decimal places.
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Pythagoras and
plasma screens |

Flat-screen televisions, such as plasma, LCD and LED screens, have
been getting bigger and better every year. The high-definition picture,
excellent colour and, more recently, 3D capabilities have had people
racing to trade in their old TVs, with some even opting for complete
home theatre systems. Manufacturers are now producing TVs with
bigger and bigger screens as the demand grows.
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Screen size

The screen sizes of televisions are traditionally given
using the non-metric measurement unit of inches (which
has the unit symbol ”). For example:

22" 26" 32" 37" 42" 54" 58" 65" 70"

To convert these measurements in inches to centimetres,
multiply by 2.54.

1inch = 2.54 cm

Just what length does this ‘screen size’ measurement
refer to? It is not the length or the width, but the
diagonal distance across the screen from one corner

to the other. This diagonal cuts the screen into two
right-angled triangles, with the screen size measurement
as the hypotenuse.

Aspect ratio

The aspect ratio of a screen is the ratio of the screen’s

length to its width. A common screen aspect ratio is 16:9.

You can convert this ratio to a scale factor by dividing:
16 + 9 =1.78 (2 d.p.). This means that the length of the
screen is 1.78 times the width. Before flatscreen TVs
became common, most TV screens used to have an
aspect ratio of 4: 3, a scale factor of 1.33 (2 d.p.).

< 16 >

(. N A

The customer’s problem

1 Tom wants to buy a new TV. He has marked a space
on his wall for it that measures 1.4 m in length and
1.1 m in width. When he arrives at the TV store,
he learns that screen sizes are measured diagonally
in inches and that the lengths and widths of the
screens are always in a ratio of 16:9.

Tom wants the biggest screen possible, but he now has
no idea how big that is!

Help Tom by following these steps:

(a) Write the ratio of the length to the width of the
wall space in simplest form. Convert your ratio to
a scale factor by dividing the length by the width.

(b) The ratio 16:9 written as a decimal scale factor
is 1.78 (to 2 d.p.).

(i) Is the scale factor you calculated in (a) greater
or less than 1.78?

(ii) To make your answer to (a) equal 1.78, should
you decrease the length or the width of the
wall space?

(c) Find a length and a width that give a ratio of 16:9
and make maximum use of Tom’s wall space.

(d) Use Pythagoras' theorem to determine the size of
the plasma screen with the length and width you
determined in (c). Convert your answer to inches.
What size screen should Tom buy?

The technician’s problem

2 Sam works for a company that installs home theatre
systems. She has a customer who wants a TV with a
70" screen. Sam needs to work out the length and
width of the screen to know how much wall space is
needed to hang it on. Sam uses the following method:

How to find the length and width of a TV screen

Step 1: The aspect ratio is 16:9, so imagine a TV
that has a length of 16" and a width of 9.
Use Pythagoras’ theorem to find the diagonal
screen size of this TV.

Step 2: Take the screen size of the TV the customer
wants. Divide it by your answer to (a). This
gives a scale factor of the number of times the
customer’s TV is larger than the 16" x 9" TV
you considered in (a).

Step 3: To get the length of the customer’s TV, multiply
the scale factor calculated in (b) by 16. To get
the width, multiply it by 9.

Step 4: Convert lengths in inches to centimetres by
multiplying by 2.54.

(a) The wall space to hang the TV onis 1.3 m long
and 1 m high. Follow the steps in Sam’s method to
determine whether a 70" TV will fit in this space.

(b) Will a screen size of 42" fit?

The biggest plasma screen in the world!

3 The biggest plasma screen ever produced was 150”.
Find the length and width of the screen. Give your
answer in metres.

Research

Find out about the aspect ratios that have been used
to film movies and TV shows. What problems are
encountered when a movie shot in one aspect ratio is
shown on a screen with a different ratio? How are these
problems solved?
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Investigation

Estimating with
Pythagoras

Equipment required: two 1-metre rulers, a wall

The Big Question

How does the height of a right-angled triangle change
as you change the length of the base?

Engage
You can create a right-angled triangle by leaning a metre
ruler up against a wall.

If you know the base length of this triangle (how far the
end of the ruler is from the wall), you can use
Pythagoras’ theorem to calculate its height.

Rewriting a? + b? = ¢ as a® = ¢> — b? (subtracting b? from
both sides of the equation) puts the theorem into a more
useful form for these sorts of calculations.

1 Place the ruler against the wall so that the base
length of the triangle is 20 cm. Write an estimation
for the height of the triangle. Calculate the height of
the triangle (remember, the length of the
hypotenuse is 100 cm). Use the other metre ruler
to measure the height. Compare your estimated,
calculated and measured heights.

PEARSON mathematics 9 2ND EDITION

Explore

2 Create a series of five or six different triangles by
placing the ruler lower down against the wall,
lengthening the base. For each triangle, estimate,
calculate and measure the height of the triangle.
Make sure you know the length of the base of each
triangle you create.

Strategy options

e Make a table.
e Act it out.
e | ook for a pattern.

Explain
3 For each triangle, compare your estimated heights
with the calculated heights. How close were they?
Calculate your average error by finding the average
of the difference between the estimated and the
measured heights. Were you better at estimating
taller or shorter heights?

4 Now, compare your measured heights with your
calculations. Are they exactly the same? How could
you explain any differences between them?

Elaborate

5 Can you see any pattern or connection between the
increasing base length and the decreasing height?
Were you expecting to see a pattern?

6 Draw aline graph of the height for each base length.
What does your graph show?

7 Use your answers to 5 and 6 to answer the Big
Question.

Evalucate

8 Consider how you went about solving this problem
and the methods you used. Could you have
approached it differently? How?

Extend

9 Using a tape measure or a piece of string for the
hypotenuse, keep the base of the triangle constant
(say 50 cm) and compare how the length of the
hypotenuse changes as the height of the triangle
is increased.



Applications
of Pythagoras®
theorem

Pythagoras’ theorem is a powerful mathematical tool, useful in geometrical proofs as well as
many everyday situations involving triangles.

Follow these steps to solve a problem with Pythagoras” theorem:

Draw a diagram with a right-angled triangle to show the situation.

Label the diagram with the right angle and the measurements given in the problem.
Identify the hypotenuse.

Label the unknown measurements that you need to find with variables.

If necessary, draw a simpler right-angled triangle diagram showing all the information.

Use Pythagoras’ theorem to find the unknown length.

N o o0 A WD =

State your answer to the question in a sentence, including appropriate units.

Worked example 8

What is the length of one of the diagonal N

supports of the frame shown? State your
answer correct to 2 decimal places.
85.cm

Y

<«—74cm —>

Thinking Working

1 Draw a diagram of the appropriate
triangle. Label the right angle, the given
measurements and the unknown side. x

85 cm

74 cm

2 Pythagoras’ theorem 109
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2 Use Pythagoras’ theorem to find the
value of the variable.

3 State the answer correct to 2 decimal
places.

Worked example 9

x = J12701
x = 112.698 7134
x =112.70 (2 d.p.)

The support is approximately 112.70 cm long.

Aladder 3.5 m long is leaning against a vertical wall with the base 1.5 m from the bottom of
the wall on horizontal ground. How high up the wall does the ladder reach? State your answer
correct to 2 decimal places.

Thinking

Working

1 Draw a labelled diagram with all
measurements indicated.

2 Draw a diagram of the appropriate
triangle.

3 Use Pythagoras’ theorem to find the
value of the variable.

4 State the answer.

HH

2smff|0 0
E

1.5m
3.5m
X
1.5m

c?=a%+b?
leta=15,b=x, c=3.5
352 =15+ x°

x° =35%—15°

X2 =12.25 - 2.25

x4 =10

x =10
x = 3162277 66...
x=316 (2 d.p)

The ladder will reach 3.16 m up the wall.
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PR Applications of
Pythagoras' theorem

Navigator

1,2,4,5,7,8,11,12,14,19,20 1,2,3,4,6,7,9,10,11,14,16, 2,3,4,6,9,10, 13, 14, 15, 16,
19, 20, 21 17, 18, 19, 20, 21 P.

Equipment required: calculator

Where necessary, state your answers correct to 2 decimal places.

Fluency
1 (a) A support wire is attached 5 m up a flagpole.
The other end of the wire is attached to the l- m

ground 3 m from the base of the flagpole.
What is the length of the wire?

5m
3m
(b) A boat ramp is to be built that will cover
a horizontal distance of 15.6 m while 55m — %
descending a vertical distance of 2.5 m.
What is the length of the ramp? 156m

2 The escalator at a department store is 18 m long.
When you ride on the escalator you move across
15 m. Calculate the height through which you
travel from the lower level to the higher level.

-

15m

3 (a) Aleafrake 1.8 mlongis leaning against a vertical post. The distance from the bottom
of the post to the bottom of the rake is 0.6 m. How high up the post will the top of the
rake be?

(b) Aropeistied to a vertical tree trunk 2 m from the ground and is attached to the ground
at a point 1.2 m from the base of the tree. How long is the segment of rope between
the tree and the ground?

4 The top of a 6.5 m long ladder is resting against a wall at a point that is 4.2 m above
the ground. What is the approximate distance of the base of the ladder from the base
of the wall?

A 246m B 299m C 324m D 496m

5 Aslide is 5 m long and the vertical ladder is 3.6 m. How far is the base of the ladder from
the bottom of the slide?

6 Andrew is standing at the corner of a rectangular park, 35 m long and 28 m wide. He has

decided to cross diagonally rather than go around the outside. Draw a diagram for

Questions 5 and 6 to
represent the given

(b) How much distance does he save by not going around the outside? information.

(a) How far does Andrew travel when crossing the park?

2 Pythagoras’ theorem
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7 Aracecourse hasraces that are run over a straight
]
\

1200 m course. One horse starts near the outside 1200 m
fence and runs in a straight line towards the 35m H o o--x----""""
finishing post on the inside fence. If the track is x

35 m wide, how much further does this horse run
than a horse that runs in a straight line along the
inside fence?

8 During a heavy rainstorm, the road that Allie
normally takes to travel home from school is
flooded. She must take a detour as shown in the
diagram. How much further does she now have
to travel?

9 Edmond has attached a 17 m long support wire to a radio tower, 2 m from the top of the
tower. If the other end of the wire is attached to the ground 7.5 m from the base of the
tower, the total height of the tower is:

A 1326 m B 15.00m C 15.26m D 1726m

Understanding

10 A flagpole, 10 m tall, is supported by two wires,
each of length 16 m which are fastened to pegs
in the ground. How far apart are the pegs?

A 625m B 1249m
C 16.97m D 2498m

16m 16'm
10m

=

11 Pythagoras Secondary School has a sports afternoon for the junior students. Lines are
marked on a 100 m by 50 m grassed area for races. A diagram of the area is shown below.

100 m
A B C D
N| J ’ pa
\ ’ -
\ ’ .7
\ ’ -
) -
\\ ’ e
\\ // ///
\\ // e
-
N // e
\ , - 50m
\ ’ s
\ ’ -
, -
\\ / .7
’
\\ 4 ///
\ // .7
\ -
\ ////
\ g
0 N O
30m
S

All races will start at the point marked S. The Year 7 students will run straight across
to B (50 m).Year 8 students will run to A, Year 9 to C and Year 10 to D.

(@) Find the length of theYear 8 track (from S to A), rounded to the nearest metre.
How much longer is this than the Year 7 track?

(b) How far do theYear 10 students have to run? Give your answer correct to the
nearest metre.

(c) TheYear 9 track is 64 metres long. How far is point C from point D?
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12

13

14

15

16

The length of the hypotenuse on an isosceles right-angled triangle is 16 cm.
What is the length of the other two sides?

The end view of a garden shed is shown in the 28m
diagram. The shed is 5.2 m wide, the sides are

2.1 m high and the sloping part of the roof is
2.8 m long. Calculate the overall height of 51m EE
the shed.

52m

The Australian flag flying at Parliament House

in Canberra is 6.4 m wide and 12.8 metres long.

It has been suggested that nylon tape be used

in the lining along each diagonal and along each
of its four sides to prevent creasing of the material.
If the nylon tape costs $15 per metre, what total
cost will be involved? State your answer to the
nearest cent.

A new road must be built between the towns 35 km

of Alderton and Zincton. Unfortunately, there L~ o~ \§
is a mountain between the two towns. Building 18 km E
a right-angled road around the mountains will cost !
$2500 per kilometre. A road through a tunnel in the |
mountains will cost $4000 per kilometre. Which VA

is the cheaper way to build the required road?

The rectangular frame for a wall of a new building is 7.5 m high and 18 m long. It has one
diagonal support. If the frame, including the diagonal support, is constructed from steel
girders that come in 10 m lengths, find the cost of the frame if the girders cost $230 each.

Reasoning

17

Tan is a student who has a very small bedroom.
He wants to put a triangular shelf in the corner
of his room to use as a desk. The triangle will be

isosceles, with equal side lengths along the walls. I ——

Tan draws a diagram of the top view C
of the smallest possible shelf, showing
how he wants his laptop to fit on the
5cm
shelf. . .

How long are the sides of the smallest x Y
possible triangular shelf? Give answers KL 23 cm
to the nearest centimetre, rounding up

if any rounding is needed. 15 cm! 84 om

2 Pythagoras’ theorem
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18 Angelo wants to build a rectangular gate < 31m N
from timber. The gate is to be 1.5 m high and 4 o 5cm
3.1 m wide. He has also decided to put in two
diagonal cross supports to give the gate more 15m 14m

strength. The timber he will use is 5 cm wide.

(@) What length of timber is required for the
external rectangle?

Y

(b) What length of timber is required for each of the diagonals?
(c) What is the total length of timber needed?
19 A symmetrical timber roof frame has been constructed with the dimensions shown below.
c (@) What is the length of section AB?
(b) What is the length of section BC?

(c) Use your answers to (a) and (b) to find
the total length of timber used.

Open-ended + ) A

20 Two candles, each initially of length 30 cm, are 20 cm
apart. The thinner candle burns at a rate of 1 cm every — " ----_ _ ()
8 minutes and the other candle burns at a rate of 1 cm |
every 10 minutes. Find two possible lengths for the 30 om
distance between the tops of the two candles, if the
candles can burn for up to 3 hours.

21 Joel, a surveyor, is marking out the boundary of a block of
land for a new house. From a peg in the ground he walks J— |
x metres north, 2x metres east, 4x metres south and T e 20om—
8x metres west. To finish, Joel then walks back to the peg.

(@) Choose a reasonable value for x and draw the shape of the block of land.
(b) How far did Joel walk altogether?

Puzzle
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Pythagorean

triples

A group of three positive whole numbers (a, b, ¢) that satisfy Pythagoras’ theorem is called
a Pythagorean triple or Pythagorean triad. Some common Pythagorean triples are shown

in the table below.

(3,4,5) (8,15,17) (12, 35, 37)
(5,12,13) (9, 40, 41) (16, 63, 65)
(7, 24, 25) (11, 60, 61) (20, 21, 29)

Multiples of a Pythagorean triple must also satisfy Pythagoras’ theorem. For example, if

you multiply each number in (3, 4, 5) by 2, you have (6, 8, 10) and 6> + 82 = 10°. Dividing
Pythagorean triples by a number also gives a set of numbers that satisfy Pythagoras’ theorem.
For example, dividing (7, 24, 25) by 2 gives (3.5, 12, 12.5) and 3.5% + 122 = 12.5%.

The numbers in a Pythagorean triple must satisfy Pythagoras’theorem exactly. Numbers that
only work when they are approximate or rounded are not exact enough to be considered

Pythagorean triples.

Worked example 10

Using your knowledge of common Pythagorean triples, state the value of the unknown side

in each of the following triangles.

(a)

(b)

10m

8cm 6m
- O
15 cm b
Thinking Working
(@ 1 Check if the values of the shorter (a) a=6,b=15,¢c=7?
sides match a common triple, (a, b, ¢).
2 State the answer. c=17cm
(b) 1 Checkifthe values of the hypotenuse (b)) 2=6 and ¢=10
and one of the shorter sides match a =5HK2 =5X%x2

common triple, (a, b, c).

2 Find the missing number in the triple
by multiplying the common triple
number by the same multiple.

3 State the answer.

(6. 7%,10) is a multiple (x 2) of the
common triple (3, 4, 5).

b=4x%x2

2 Pythagoras’ theorem
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Answers
p.634

PRSI Pythagorean triples

Navigator

1, 2 (columns 1, 2), 3 (a—c), 5, 1,2 (columns 2, 3), 5,6 (a-d), 7, 1,2(column3),4,5,6 (e-h), 7,8,
6 (a—d), 7, 8,13, 14 8,9,10, 11,13, 14 9,10, 11, 12,13, 14
Fluency

1 (a) (3,4, 5)isaPythagorean triple. Fill in the missing numbers in these sentences about

Pythagorean triples which are multiples of (3, 4, 5).

To make (9, 12, 15) you multiply each number by
To make (21, 28, 35) you multiply each number by
To make (60, 80, 100) you multiply each number by

(b) (7,24, 25)is a Pythagorean triple. Write the new Pythagorean triples made when the
following are applied.

The numbers are multiplied by 10.
The numbers are divided by 2.
The numbers are divided by 10.

(c) (5,12,13)1is a Pythagorean triple. Fill in the missing value in each Pythagorean triple
made from (5, 12, 13).

(10,24, ), (., 6,6.5),(30, _, 78)

2 Using your knowledge of Pythagorean triples, find the value of the missing sides in each

of the following.

@ (b) (c)
9m 30 mm o em

12 cm
12m 40 mm

(d) 20 cm (e)
2m
15cm 7.5 mm
4 mm
1.5 m
(h) (i)

(f
(9) L 25 cm
7cm
13 mm

5mm 51m

45 m

0 30cm (K) 195m 0]
2.5¢cm 6.5cm
34 cm 35m
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3 Find the value of ¢, using known Pythagorean triples.

() a=9,b=12
()

a=>50,b=120
(i) a=80,b=84

4 Ifa=9,b=40and c=41is a Pythagorean triple, which of the following is also a

(@ a=10,b=24 (b) a=15b=36
(d) a=27,b=36 () a=18,b=80
(@ a=25b=60 (h) a =500, b=1200
Pythagorean triple?

A (36,160, 165) B (18,80, 82)

C (55,240, 246)

D (90,405, 410)

5 If (5.6, 9, 10.6) satisties Pythagoras” theorem, another set of numbers that also satisfies
Pythagoras’ theorem is:

A

(65, 90, 106) B (10.2,18,1.06)

Understanding
6 Determine which of the following are Pythagorean triples.

(c) (14, 48,50)

(9) (10,18,22)

(a)
(e)

7 Toula has just baked a cake in the shape
of a rectangle. She wants to divide the
cake into two right-angled triangles by
cutting along a diagonal of the cake.
Toula is then going to place a cake
ribbon around the outside of each of the
two triangular pieces of cake. The length
of the cake is 32 cm and its width is
24 cm. Use a Pythagorean triple to
determine exactly how much cake
ribbon she will need.

8 (a)

(b)

(c)

(b)

(c)

(6, 8,10)
(10, 16, 28)

(b) (24, 45,51)
® (20,48, 52)

C (14,225,265)

D (14, 2.25,20)

(d) (25, 60, 80)
(h) (12,50, 53)

Complete the table, using only odd values - m2 1 m2 11
for m. ) )
What do you notice about the numbers in each a b c
row of the table?

3 4 5
Beginning with “Take any odd number’,
describe the process used to generate 5 12 13
the Pythagorean triples in the table. 7

9

11
Complete the table, using
consecutive odd numbers 24 y 2wl 237 Na?+b?
for x and v. 2 b c
What do you notice about 1 A
the numbers in the last 3 3 >
three columns? 3 5 8 15 17
Beginning with ‘“Take any two

; , 5 7

consecutive odd numbers’,
describe the process used 7 9
to generate the Pythagorean
triples in the table. 9 11

2 Pythagoras’ theorem
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Reasoning
10 (48,55, 73) is a Pythagorean triple.

If the numbers in the Pythagorean triple (7, 24, 25) are doubled, the new triple is
(14, 48, 50).

If the numbers in the Pythagorean triple (16, 63, 65) are multiplied by 3, the new triple
is (48, 189, 195).

Here are some Pythagorean triples with at least one number that is 24 or less. If a
whole-number triple including the number 48 can be made, write the new triple.
Write ‘no’ if it is not possible.

(@ (3,4,5) (b) (5,12,13) (c) (815,17)
(d) (9,40,41) (e) (11,60, 61) (f (12,35,37)
(9) (13,84, 85) (h) (24,143, 145)
11 Explain how the Pythagorean triple (160, 384, 416) can be obtained from another
Pythagorean triple.

12 Derek believes he has found a rule for Pythagorean triples. He says ‘In each Pythagorean
triple with no common factor, it appears that there is one even number and two odd
numbers, one number with a factor of 5 and at least one prime number’.

3,4,5 8,15,17 20,21, 29
512,13 12, 35, 37 28, 45,53
7,24,25 16, 63, 65 36,77, 85
9,40, 41 20,99, 101 44,117, 125
11, 60, 61 24,143, 145 52,165,173
13, 84, 85 28,195,197

From the given sets of Pythagorean triples:

(a) Find at least four triples that satisfy
Derek’s rule.

(b) Find at least one triple that does not
satisfy Derek’s rule.

(c) If you could modify Derek’s rule to
make it more accurate, how would
you change it?

(d) Can you find the pattern in each
column and then write the
next triple in each column?
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Open-ended

13 Choose one of the Pythagorean triples from the list on page 118 and list its multiples
(a, b, ¢) that have a, b and ¢ less than 300.

14 (a) Stefan told Gabriella that for a particular Pythagorean triple (a, b, c), the length a
is a multiple of 4 and b is a multiple of 5. What is one Pythagorean triple that satisfies
this information?

(b) Write two multiples of the answers to (a).

Problem solving

Strategy options
e Guess and check.
e Work backwards.

e Test all possible combinations.

2 Pythagoras' theorem ‘
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Truth, or False?

There are many strange myths surrounding the
Pythagoreans. To find which myths have been

attributed to the Pythagoreans you need to complete

the following tasks.
Once you have completed the tasks, your MYTH

CODE numbers will tell you which of the myths in the

‘Myth list’ are actually true.

Myth Breaker #1
The Pythagoreans saw odd numbers as masculine
and even numbers as feminine.

Write the following square roots as whole numbers
and say whether, according to the Pythagoreans,
the answers are masculine or feminine.

1 J9 7 J64

2 16 8 100
3 V25 9 144
4 81 10 169
5 36 11 225
6 121

MYTH CODE: The first three feminine numbers
in your answers.

Myth Breaker #2

Pythagoras’ theorem can be stated in several ways.

Half of the equations below are correct statements
of Pythagoras’ theorem. Find which equations are
correct.

1 c?=a%+b? 5 g%2=b%-c?
2 b?2+a’=c? 6 b’>=a’-c?
3 c2=p?-2° 7 a®=c?-b?
4 b?=c?-2? 8 c?=a’-bp?

MYTH CODE: The number of correct
rearrangements.

Myth Breaker #3

Pythagorean triples are groups of three numbers
(a, b, c) that satisfy Pythagoras’ theorem. Which of the
following groups of numbers are Pythagorean triples?

1 .(1,2,8) 5 (7,24, 25)
2 (3,4,5) 6 (15,18, 22)
3 (5,12, 13) 7 (8,15,17)
4 (5,9 11) 8 (16, 63, 65)

MYTH CODE: The number of groups of three that
are not Pythagorean triples.

Myth Breaker #4
Solve the following equations.

d=\3%+4? 6=q>+4
c= 32152 5=41-2a
x°=524+122 3=52-p2
p? =42+ 65 1=101-m?

MYTH CODE: The numerical value of x, p and m.

Myth list—which of these are true?

Myth 1  If you broke their rule of silence you were
punished by death.

Myth 2 They avoided eating tomatoes.

Myth 3 Pythagoreans swore by the number 10 rather
than by the gods.

Myth 4 They avoided eating beans.

Myth 5 One Pythagorean would only eat porridge in
which an even number of oats had been used.

Myth 6 The inner circle lived at the school.

Myth 7 Each inner circle member was referred to
by a number rather than a first name.

Myth 8 The inner circle owned no personal possessions.
Myth 9 They were mostly vegetarian.
Myth 10 Pythagoreans discovered square numbers.

Myth 11 If you broke their rule of silence you were locked
in a room and had to count whole numbers from
1 to 1 000 000 aloud.

Myth 12 They believed eating breakfast on an even
numbered day was bad for men’s health.

Myth 13 One Pythagorean discovered irrational numbers;
the idea disturbed Pythagoras so much the man
was executed.

121



Challenge 2 _

1 WXYZ is a square of side 3 units. Kis a pointonYZ, Lis a
point on ZW and M is a point on WX. KL || YW and LM || ZX.
Let ZK =a and WL = b units.

(@) Write an equation for b in terms of a and rearrange
to find a +b. L

(b) What is the exact length of KL in terms of a?
(c) What is the exact length of LM in terms of b? 4 K Y
(d) What is the exact length of KL + LM?

2 Triangles ABC, ACD and ADE have a right angle at B, C and D, respectively. AB =4 cm,
BC=3cmand CD =12 cm.

If AE =85 cm, find:
D (a) thelength of DE
(b) the area of the pentagon ABCDE.

85 cm

3 Write a whole number whose square root is between 7 and 8.

4 What is the smallest number that, when multiplied by 2016, gives a square number?

5 Ifm, n are integers and m > n > 1, then the numbers m? — n?, 2mn, m? + n” are Pythagorean
triples (that is, a set of three numbers that obey Pythagoras” theorem).
(@ Show that (m? + n?)? = (m* — n?)? + 2mn)>.

(b) Find the Pythagorean triples, with no common factors, whose smallest member is:

0 3 (i) 5 (i) 7 (iv) 8 W) 9
6 A square of side length 3 cm is placed next to a square of C
side length 6 cm as shown. The perimeter of the
quadrilateral ABCD is: B 6. cm
A Sﬁ cm B Sﬁ cm 8 CZ b
C 6ﬁcm D 3(5+ﬁ+ﬁ)cm
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Chapter review

Maths literacy
converse proof rational approximation theorem
hypotenuse Pythagoras’ theorem right-angled triangle
irrational number Pythagorean triple surd

Copy and complete the following using the words and phrases from this list, where
appropriate. A word or phrase may be used more than once.

1 The longest side of a right-angled triangle is called the

2 For any , the square of the length of the is equal to the sum of
the squares of the lengths of the two shorter sides.

2

3 The equation ¢® = a? + b? is known as

SN

A__ isalogical, step-by-step argument that demonstrates the truth of a
mathematical statement.

A mathematical statement that has been proven true is known as a
When a number such as ./84 is written as a rounded decimal, it’s called a

An irrational number written in exact form, such as /5, is known as a

0 N O O

A group of three whole numbers that satisfy Pythagoras” theorem, such as (3, 4, 5), is
called a
Fluency

1 Use the converse of Pythagoras” theorem to determine whether the following triangles m
are right-angled.

(@ 8 (b) 45 (c)
18 12
28
9 53
12 24
2 Find the length of the hypotenuse in the following right-angled triangles. Write your m
answers in exact form.

@ (b) 22 mm (c) 45 m
21cm [\ 11 mm V 45 m
72 cm

2 Pythagoras’ theorem @



3 Use Pythagoras’ theorem to find the value of x. Write your answer correct to 2 decimal m
places if necessary.

(@ (b) xm (©) xom

46 cm

xcm 33 m

85m 57 cm 59 cm

37.cm
4 Use Pythagoras’ theorem to find the value of the unknown in each of the following m

diagrams. Write your answer correct to 2 decimal places if necessary.

(@) 35 cm (b)

21 cm aem
(c) 14 cm (d) 5m
15m
17 cm xem xm
4m
) 17 m .

5 The Leaning Tower of Pisa was originally 150 m tall, but is leaning over so that a stone
dropped from the top lands 5 m from the base. How far vertically does the stone fall?

A 149.92m B 150.00 m C 15998 m D 162.00 m
6 Find the value of c in each of the following Pythagorean triples. m
(@ a=12,b=16,c=" (b) a=45,0=200,c="? () a=132,b=2385,c="

Understanding

7 Simon is making the base for a dog’s kennel. He put in a
diagonal brace for extra support.

(@) From the measurements shown, has Simon built the
base ‘square’?

(b) What would be a reasonable measurement for the
diagonal for Simon to consider the base to be ‘square’?

8 Find the exact value of the variables in the following diagrams. m
(@) b) , ., 5m
N y
6m Yy

9cm 21cm
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9 Ming and Tong decided to have a race from the 140 m FINISH
gate of the park to the playground. Ming has A C
decided to run along the left edge of the path and
can do so at a speed of 7 metres per second.
However, Tong decides to go directly from the
gate to the playground, but this is very sandy and
he can only run at 5 metres per second. Who
wins the race to the playground?

A

Playground

65 m

Yo Gate

START
10 A playground slide is 2.6 m high. The ladder is B m
3.6 mlong.The distance from the bottom of the
slide, C, to the base of the ladder, A, is 6.8 m. 3.6m

The end of the slide, CD, is 2 m. Find the total
length of the slide from B to D.

2.6m

A 6.8m c2mD
11 Before each horse race, a barrier draw determines Starting m
each horse’s starting position. Closest to the rails is stalls

the best position and is represented by point A on [—Bﬁ
40m

the diagram shown. The least preferred position is )
near the outside edge of the track (point B). It can be G

assumed that all jockeys aim to take their horses in / T A0m——
a direct line to the beginning of the first corner

(point C).

(@ How much further does the horse at point B travel than the horse at point A?

(b) Is this difference significant? How might this affect the race?

Reasoning
12 State whether or not each of the following is a Pythagorean triple. m
(@) (120, 350, 370) (b) (16, 30, 35) (c) (77,420, 427)

13 Daniel and Courtney are going to make a garden in the backyard 2m
of their new house. They have measured the space and it is shown
in the diagram. 2m

(@) Calculate the perimeter of the garden and find the number 5m
of 2 m long sleepers they will need to form the perimeter of
the garden.

(b) If 2 m long sleepers cost $35 each, how much will it cost to
place sleepers all around the garden bed?

14 Four steel discs, each with radius 1 cm, are placed in a
square frame as shown.

(@) Find the length of the sides of this frame.

(b) In order to brace the frame, a diagonal support is to be
added to the frame. Find the length of this support.

(c) Find the length of material needed to build the frame,
including the diagonal brace.
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Numeracy practice 2

Non-calculator
1 Which triangle will satisfy Pythagoras’ theorem?

A B c ) D
y b ! b M b N
C
¢ c
C

2 Choose the side lengths that form a right-angled triangle.

A (20,21,23) B (20,48, 52) C (678 D (5,7 10)
3 Which Pythagorean triple can be obtained from (36, 105, 111)?

A (12, 35,37) B (36,110, 333) C (24,525,555) D (72,110,222)
4 What is the value of the variable a?

A 5 B 7 8

C 9 D 11 17 2

13
a

Calculator allowed °

5 The two shorter sides of a right-angled triangle are of length 14 mm and 48 mm,
respectively. The length of the hypotenuse is:

A 25mm B 34 mm C 46 mm D 50mm

6 The hypotenuse of a right-angled triangle is 8.70 cm and one of its shorter sides is of
length 6.30 cm. The length of the other shorter side is:

A 6.00 cm B 6.52cm C 714cm D 896cm
7 What is the value of the variable in the diagram 50 cm
shown on the right?
20 cm <
A 42cm B 48 cm
C 52cm D 64cm 98 om
8 Jemima wants to build a rectangular timber gate of width 2 m
and height 1.5 m with two diagonal supports. What is the
minimum total length of timber required to build the frame of 1.5m
the gate?
A 6m B 7m
C 95m D 12m 2m
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Mixed review

Fluency

1 After investing $8000 into a savings account paying 6.5% interest p.a., Andrew had $8390 m
in his account. For how many months (correct to the nearest month) was it invested?

2 Calculate the following:
(a) 12.5% of 450 m (b) 38% of 208 kg () 5%% of $3500

3 A triangle has side lengths of 51 cm, 140 cm and 141 cm. Determine if the triangle is m

right-angled.

4 Convert the following to percentages, rounding answers to 1 decimal place:

(a) 34 goals out of 47 shots
(b) four blond-haired students out of a class of 23

(c) nine rotten apples in a crate containing 140.

5 (a) ATV priced at $1649 is discounted by
15%. Find the new price of the TV.

(b) A smartphone has been discounted
down to a sale price of $699. If a 10%
discount was applied, what was the
original price of the phone? Answer
to the nearest dollar.

6 Use the following table to calculate how much income tax should be paid on the taxable m
incomes given below.

Taxable income Tax on this income

$0-$18 200 Nil

$18201-%$37 000 19c for each $1 over $18 200

$37001-$80 000 $3572 plus 32.5c¢ for each $1 over $37 000
$80001-$180 000 $17 547 plus 37c for each $1 over $80 000
$180 001 and over $54 547 plus 45c for each $1 over $180 000

(@) $5500 (b) $35000 (c) $54000




7 Marc works part-time at the cinema. He receives a basic hourly rate of $16.82 for any m
hours worked between 9 am and 9 pm. He receives time-and-a-half for any hours worked
after 9 pm and any hours on Saturday. He receives double time for any hours on a Sunday.
Calculate Marc’s wage for the hours worked in the following week.

Tuesday Wednesday Thursday Saturday Sunday

11 am-9 pm 2 pm-10 pm 3:30 pm~-11:30 pm 12 pm—6 pm 2 pm-9 pm

8 For each of the following household items, calculate:
(i) the weekly energy consumption, in kWh
(i) the weekly running cost, given an electricity tariff of 19.2 cents per kWh.
(@) A 100 W television, in use for 4.5 hours per day.
(b) A 75W fridge, in use for the whole week.

9 Kazim is a real estate agent. He is paid a $650 retainer per week, plus 2.5% of the value of m
any houses he sells. Calculate Kazim’s income for a week in which he sold a house for

$415000.
10 Find the values of b and c. m
73
c
b
m
55 14
11 Find the value of the unknown side in each triangle. Give your answer in exact form. m
18
(@) . (b) —
20
48 x
82
U