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Copyright in this work is owned by Cengage Learning Australia
(“the work™). A condition of purchase of this electronic version
of the work is that you agree to respect the copyright in the
work, abide by the Copyright Act 1968 and specifically agree not
to transfer, sell, assign, misuse, copy or transmit an electronic
or other version of the work to any third party.

Please note: This product is accompanied by a licence (single
user, network or adoption) governing the terms and conditions
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This is a legal agreement between the you, (the “Customer”) and
Cengage Learning Australia Pty Limited (ABN 14 058 280 149)

(the “Licensor”) which provides the terms and conditions of this
non-exclusive licence and the limited warranty for the Product. Use
of the Product indicates an acknowledgement that the Customer
has read and agreed to be bound by the terms and conditions of

this Agreement. If you do not agree to these terms and conditions,

return the Product to the place of purchase within 15 days of the
date of purchase (with proof of purchase) for a full refund

1.

Licence Grant

You do not receive title to the Product. Copyright in the
Product (which includes all images, photographs, video,
animations, audio, music and text incorporated in the Product,
including all of the accompanying printed material) is owned by
the Licensor and/or its suppliers and is protected by Australian
copyright laws. The Licensor grants you a non-exclusive licence
to use the Product subject to the restrictions and terms set out
in this Agreement.

A Licence allows you to:

Use the Product on your computer. The Customer represents
that they shall in no way place the Product in the public domain
or in any way compromise our copyright in the Material. You
agree to take reasonable steps to protect our copyright.

You may not:
Alter, modify, translate, reverse engineer, decompile, or adapt
the software or create derivative works based on the Product.

Make further copies by any means technological, electronic,
digital whatsoever without the written permission of the
Licensor.

Rent or transfer all or any part of your rights under this
Agreement. Remove or alter any copyright or other proprietary
notice or label attached to the software.

. Termination

Any failure to comply with the terms and conditions of this
agreement will result in the automatic termination of this
licence. Upon termination of this licence for any reason, the
Customer must destroy or return to the Licensor all copies of
the software and accompanying documentation.
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To the extent permitted by law, the Licensor’s liability for any
breach of the warranty or any term implied by law into this
licence is limited to the lowest cost of replacing the goods,
acquiring equivalent goods or having the goods repaired.
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ABOUT THIS BOOK

APE AND MEASUREMENT
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A clear outline of chapter contents is provided.

Links to curriculum content descriptions are included.

A Prior learning worksheet is provided, enabling teachers to assess prerequisite understanding.

O Example 1

Yun borrowed $25 000 at a simple interest rate of 8.4% p.a. p.a. means per annum,
for 6 years. How much interest did he have to pay? which is ‘per year’
Solution
Write the values of the known variables. P=25000 r=84
. . . Prn
Write the simple interest formula. I= 150
Substitute into the formula. I= W
Evaluate. =12600
Write the answer. Yun had to pay $12 600 interest.

Examples are clearly set out with reasoning (in black) and writing (in blue) in separate columns.

Examples are sequenced in a logical order.

There are generally three, and no more than four, examples leading to an exercise.

Examples show solutions and steps which guide students through the use of the TI-Nspire CAS CX

and the CASIO ClassPad calculators.

Vi [ NELSON SENIOR MATHS General 11
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a

Worksheet 6A

Worksheet 6B

2AERERIFHY Simple interest: calculating
principal, rate or time

Concepts and techniques
1 Calculate the amount that would need to be invested to earn:
a $450 simple interest at 7%% p-a. for 4 years.
b $3500 simple interest at 6% p.a. for 18 months.
c $1000 simple interest at 8% p.a. for 2% years.
d $180 simple interest at 3.6% p.a. for 3 months.

2 Kalena earned $262.44 in simple interest from investing an amount for 3 years at 5.4% p.a.
The amount Kalena invested was
A $42.52 B $1620 C $472.39 D $4251.53 E $14 580

3 Ben invested some money at 5% p.a. for 6 years and earned $1200 simple interest. How much

money did he invest?

4 [l Calculate, correct to one decimal place, the interest rate per annum that would be

needed to earn:
a $6000 simple interest if $25 000 is invested for 3 years.
b $1400 simple interest if $17 000 is invested for 8 months.

¢ $5500 simple interest if $100 000 is invested for 1% years.

d $100 simple interest if $3800 is invested for 90 days.
5 Alan invested $9835 over 5 years in a simple interest account. At the end of 5 years his

investment had a value of $15 244.25. The simple interest rate per annum was:
A 2.75% B 7.1% C 11.0% D 12.9% E 55.0%

INV=S3[e7NMIO)\l Graphing simple interest

Samuel invested $100 in an account earning 5% p.a. simple interest.

Calculate the interest earned in:
i 1year i 2years i 3 years

Complete the following table of values showing the amount of interest($) that Samuel
earned in n years.

n (years) 0 1 2 3 4 8 10

1($)
On a suitable number plane below plot the points from the table of values in part b and join them.
What can you say about the graph of the simple interest against time?

Complete a table of values for the value which Samuel’s investment will grow to against time.

Exercise questions are clearly divided into two categories: concepts and techniques and reasoning

and communication.

Where appropriate, worksheets are provided for additional practice and consolidation of key
concepts.

Each chapter contains at least one investigation, providing students with the opportunity to apply
their understanding to a practical application.

9780170250252
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Simple interest (or flat rate interest) i
interest carned or cha on the
original amount of mor pal)
ted or borrowed.

Pr

r investment can be

found by adding the interest to the principal.
1

unknown

When you make a deposit into a bank

credit card to purchase goods is like
loan. S

an interest free period but for some cards the

is charged daily on each item from

of purchase
For compound interest the interest is added
to the principal and this s then reinvested.
The compounding periods say how often
the interest is added on. For example yearly,
six-monthly, quarterly, monthly or

daly

For compound interest, the future value

o the amount of the investment can be

calculated using A= P 1+

Each chapter concludes with a detailed chapter summary and a comprehensive review of concepts.

CHAPTER SUMMARY

where: A (amount) = future value or final
balance

rincipal or initial quantity
1= number of compounding periods
= interest rate per compounding period
‘The compound interest (I) can be found
usingI=A - P
‘The compound interest formula can also be
used to calculate the principal, rate or time.
by substituting in the given information and
solving the resulting equation for the
unknown.
For a calculation relating to a compound
interest investment, the fields for t
Financial Solver or Financial Application
(Compound Interest) ar

1% s the interest rate as a percentage
per annum.
PV is the present value (for an iny
mount invested or the principal and
since this amount is being

Pmt or PMT is the value of the regula
payments being made (for a compound
interest investment this is 0).

i the future value (this it is positive as it

is money that is paid

the number of payments

the number of times in
compounded
or P/Y and CpY or C/Y take the same

value for all compound interest calculations.

and compound interest

279

CHAPTER REVIEW
SIMPLE AND COMPOUND INTEREST

Multiple choice

1 Calculate the simple interest earned on $7200 invested at 74% p.. for 30 months
A $1380 8 $1562 C $1656 D $8580 5
2 Sally makes a 2-year investment at 5% per annum simple interest. She wantsto earn
$2000 in interest. The amount that she needs to invest, in dollars,is closest to
2200 € 10000 D 20000 € 40000
3 Sian invests $64 000 at 3.8% p.a. simple interest. How long will it take her to earn

$7000 in interest?
A 2years 4 months
D 2 years 10 months

B 2 years 5 months © 2 years 9 months

E 2 years 11 months
4 ‘The transaction details for Sams savings account for the month of August 2015 are
shown below.

Date Transaction detail Debit s Credits Balance s
1August2015 Balance 256000
17 August 2015 Deposit 45000

28 August 2015 Withdraveal 50000

Interest is paid on the minimum monthly balance at a rate of 3.2% per annum. The amount of
interest earned for the month of August is
A 5122 8 $5.73 C $682 D 5695 E $6.96

How much interest is earned if $17 000 s invested at 6% p.a. compounding yearly
for 2 years?

A $2040 B $2101.20 C $14960
D $19040 E $19101.20
6 Joachim calculated the final value, 4, of an investment using the formula

A=7500 x 1.02'2. If the interest rate was 8% p.a., then the interest was compounded:
B quarterly for 12 years C annually for 12 years
E annually for 3 years

A annually for 2 years

D quarterly for 3 years
7 Christian invests $5000 at a rate of 8% per annum compounding quarterly. The

value of his investment at the end of 3 years is given by

A $5000+85000 % 0.08 % 3

B $5000+$5000 x 0.02 x 12

C $5000 % 1.08°

D $5000x 1.02°

E $5000x 1.02'

9780170250252 CHAPTER 6: Simple and compound inerest | 283

At the end of every three chapters a comprehensive mixed revision set is provided.

Link from question to worked

example

Prior learning

Prior learning

Worksheet

Worksheets
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Interactive spreadsheet

Spreadsheet

Practice quiz

Practice quiz
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ABOUT THIS SERIES

There are eight books for this series currently. These cover the subjects Essential Mathematics,
General Mathematics, Mathematical Methods and Specialist Mathematics.

These books have all been written specifically, from scratch, by a truly national author team for the
Senior Australian Curriculum.

There are worked solutions available for purchase, which accompany each of the General, Methods
and Specialist Student Books.

There are also ExamView question banks which can be purchased separately. These will contain a
large number of multiple choice questions covering each course: General, Methods and Specialist.
An ExamView test generator is also provided as a part of this package, so that teachers can
construct their own tests for each topic.

Accompanying each printed textbook is a digital textbook called the NelsonNetBook and a
NelsonNet website.

Go to www.nelsonnet.com.au to log in.

For each chapter the resources are listed. Simply click on the required resource.

This is a web-based eBook which can be customised to suit your own learning needs.

The icons with the blue NelsonNet logo are ‘hotspots. Click on the icon and the resource will open.

The tools on the vertical toolbar allow you to personalise pages in a variety of ways, including voice
recordings, drawings and links to favourite websites. You are also able to zoom in and out.

The tools on the horizontal toolbar allow you to navigate around your eBook and change settings.
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APPLICATIONS OF RATES AND PERCENTAGES

review rates and percentages (ACMGMO001)
compare prices and values using the unit cost method (ACMGMO005)
apply percentage increase or decrease in various contexts; for example, determining the impact of inflation on

costs and wages over time, calculating percentage mark-ups and discounts, calculating GST, calculating profit
or loss in absolute and percentage terms, and calculating simple and compound interest (ACMGMO006)

use currency exchange rates to determine the cost in Australian dollars of purchasing a given amount of a
foreign currency, such as US$1500, or the value of a given amount of foreign currency when converted to
Australian dollars, such as the value of €2050 in Australian dollars (ACMGMO007) @:

REVIEW OF PERCENTAGES

The word percent means ‘per hundred’ or ‘out of 100’ and is

written using the symbol %. IMPORTANT
For example, 37% means ‘37 out of 100’ or 130—70 when When converting to a
written as a fraction. percentage you multiply by
100%.
A fraction or decimal can be converted to a percentage
by multiplying by 100%.
O Exa mple 1
Convert the following to percentages.
al b 22 c 0.624 d 137
4 7
Solution
a Multiply by 100%. J % 100%
4
Rewrite 100% as a fraction. = 3 X @%
4 1
. . 3 L%25
Cancel to simplify. -2y %
41
T . 75
Complete the multiplication and write =9
your answer. 715 o
- (V]
b Convert into an improper fraction. 2 1 - 1
7 7
. 15
Multiply by 100%. —X100%
1 1
Rewrite 100% as a fraction. = 75>< ?%
L . 1500
No cancelling is possible so complete the = %
multiplication. /

4 | NELSON SENIOR MATHS General 11 9780170250252



Rewrite the fraction as a mixed number for

your final answer.

¢ Multiply by 100%.

d Multiply by 100%.

2
=214=%
7

0.624 x 100%
=62.4%

1.37 X 100%
=137%

Percentages can be converted to fractions or decimals.

IMPORTANT

When converting a percentage to a fraction, write the percentage as a fraction with a

denominator of 100 and simplify.

When converting a percentage to a decimal, divide by 100.

QO Example 2

Convert the following percentages to

i fractions ii decimals.
a 35% b 109%
Solution

a i Write 35% as a fraction.

Express the fraction in simplest form by cancelling.
Divide both the numerator and the denominator by
the highest common factor (HCF) of 5.

Write your answer.

ii Divide 35 by 100.
Write your answer.

b i Write 109% as a fraction.

Rewrite the fraction as a mixed number for
your final answer. Remember to check that the

fraction is in simplest form.
ii Divide 109 by 100.

Write your answer.

9780170250252

35
35% = —
100
" 20
. Move the decimal point
35+100 two places to the left,
when converting a
=0.35 percentage to a decimal.
109
109% = —
100
12
100
109 + 100
=1.09

CHAPTER 1: Percentages and rates
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c i Write 9.4% as a fraction.

Multiply both the numerator and the
denominator by 10.

Simplify the fraction and write your answer.

ii Divide 9.4 by 100.

Write your answer.

94
100
94 10
= —X—
100 10

- 9447
v
500

9.4+ 100

=0.094

When solving practical problems involving percentages the same rules apply.

O Example 3

What percentage is:
a 70 out of 2807 b 60 cents out of $1.25?

Solution

¢ 36 minutes out of 1 hour?

a Write as a fraction and multiply by 100%. 70 % 100%
280
Rewrite 100% as a fraction. 290 100%°
. . — %
Cancel to simplify. 280, 1
Complete the multiplication and write your answer. = % %
=25%
. . . 60c 0
b Write as a fraction and multiply by 100%. x100% When comparing
$1.25 two quantities,
ake that
Convert both to cents. _ 50 % 100% Eeyehj:;ethea
125 same units.
Rewrite 100% as a fraction. 60" « 100* %
- - (V]
Cancel to simplify. 1255, 1
Complete the multiplication and write your answer. = 48%
36 min
¢ Write as a fraction and multiply by 100%. T 100%
. 36
Convert both to minutes. =—x100%
60
Rewrite 100% as a fraction. _ ;66 y @10 o
Cancel to simplify. 6061 1
Complete the multiplication and write your answer. ~ =60%
NELSON SENIOR MATHS General 11 9780170250252



A CAS calculator can be used to complete these calculations.

QO Example 4

a
b
o
d

Convert lg to a percentage.

Convert 0.085 to a percentage.

5 L .
Convert 245% to a fraction, in simplest form, and a decimal.

Convert 6500 g out of 8 kg to a percentage.

Solution

TI-Nspire CAS
a Key in the whole number component plus the

fraction component. Press €.
Multiply the improper fraction by 100.

Press

2 (Number)
7(Fraction Tools) then
1(Proper fraction).

Press a [enter] then [enter].

Write your answer.

9780170250252

1 @EE 5 v 9 b

X100

¥x 1: Actions >

L,s2: Number  [1: Convert to Decimal

x=3: Algebra [2: Approximate to Fraction

fead: Caleulus |3: Factor

7: Matrix & V{6: Remainder

1; Proper Fraction
2: Get Numerator Tools »
3: Get Denominator Number Tools »
4: Common Denominator ™

CHAPTER 1: Percentages and rates
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ClassPad
a Key in the whole number component plus the
fraction component. Press [EXE].

Multiply the improper fraction by 100.

Highlight this result and drag to the next line.
Highlight, then tap Interactive, then
Transformation, Fraction, then propFrac.

Write your answer.
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TI-Nspire CAS
b Key in the decimal and multiply by 100. enaralMathili2 < ]
Press [enter]. 0 085 100 85
I
7]
Write your answer. 0.085=28.5%
ClassPad
b Use Decimal mode by tapping Standard on o Edit Action Intaractive
[asy Mo ISHI'IE\II'I_L._I'L
the bottom toolbar. ENEREE
: : ; . 085%100 4]
Key in the decimal and multiply by 100. 0.5
Press [EXE]. 0
Alg Decimal Real Rad 'Gl
Write your answer. 0.085=28.5%
TI-Nspire CAS
¢ Key in the whole number component 24 [#][])[z)5+ 8
and the fraction component. Press [EXE].
Then divide by 100. (J100
11 B i {
5 197
24+— Fary
8 8
& ]
197 ho7
_8 800
100
2]
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Press a then [etn][enter) to express this
answer as a decimal.

Write your answer.

ClassPad
¢ Using Standard mode, key in the whole
number component and the fraction

component. Press (EXE].
Divide the improper fraction by 100.

Change the mode to Decimal.
Highlight % and drag into the entry line.

Press to express this answer as a decimal.

Write your answer.

NELSON SENIOR MATHS General 11

[ DE—TTE—
)

2R — @
8 8
L =
_8 800
100
197 0.24625
800
| v
399

197
2420 = "= =0.24625
8" 800

24 (%] (Keyboard) [5] (5] V (8] EXE)

(=)100Ex€E)

e Eafoml TETFT

2443

o
8
197
8
ans/ 100
197
800
0
7]
[ 1]

Alg Standard  Real Rad

@ Edit Action Intsractive
Fei]ar Tafswe e[ T 0

2443 &

8
197
8
ans/ 100
197
800
197
800
0.24625
]
a
[ 1]

Alg Decimal Real Rad

197
245% = o7 =0.24625
8 800
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TI-Nspire CAS
d Write as a fraction in the same units.

Key in the fraction and multiply by 100.
Complete the conversion of the improper
fraction into a mixed number.

Write your answer.

ClassPad
d Write as a fraction in the same units.

Key in the fraction and multiply by 100.

Complete the conversion of the improper
fraction into a mixed number.

Write your answer.

65008 6500
8kg 8000
O o
6500 100 N 325 Ml
8000 4
e 2] e
14—
propFrac P
I
2199‘

6500 g out of 8 kg = 81%%

6500 g 6500
8kg 8000

[:;[m ﬁﬁ::[f;]',w.n

8500, 09

a
8000
325
4
propFrac ( 32—5 )
1
81+ r
o
(7]
an

Alg Standard  Real FRad

1
6500 g out of 8 kg = 812%

9780170250252
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AECIIRNUN Review of percentages

Concepts and techniques

1 Convert the following fractions to percentages.

"3 " 3

e 2 £ 4 g 2
3 9 7

i 22 j 32 k 42
5 3 6

2 Convert the following decimals to percentages.

a 075 b 0.076 c 0.05

e 1.8 f 3.01 g 3.10

i 03 j 21 k 4.375

3 Convert the following percentages to

i simplest fraction form

ii decimal form.

a 21% b 84% c 49%
e 300% f 12.5% g 36%
i 33%% i 0.5% k 180%
4 Copy and complete the following table.
Fraction Decimal Percentage
7
10
0.96
14%
63.125
1—
225%

5 Convert the following to percentages.

a 14 out of 20
d 60 pages out of 300 pages
g 300 L out of 900 kL

i 450 mL out of% L

b 80 outof 120

e 400 m out of 8 km
h 200 mm out of 3m
k

200 g out of 7 kg

6 Convert the following to percentages.

2

1=

a 9
d 0.128

g 49
j $7.80 out of $12

12 | NELSON SENIOR MATHS General 11

b 0.099
e 2.789
h 0.5

k 30 cm out on% m

d 0.8673
h 10.705
L 6.6

d 120%
h 110%

L 244.4%

42 minutes out of 60 minutes
$3.50 out of $15
25 seconds out of 2 minutes

26 % mm out of 4 cm
23

7
55

11
32 out of 48

16 minutes out of 2 hours

9780170250252



Reasoning and communication

7 A Year 11 student completed the following working to convert a fraction to a percentage. His
answer is incorrect.
a Identify where the error was first made in the working shown below.

#1004
12 1
=EX252
3 I
425

=—7Z
3

2£><100%=
12

2
=y=7%
3

b Complete the conversion correctly.

8 A Year 11 student achieved a score of 11 out of 15 on their Mathematics quiz. Convert this to a
percentage.

9 A post office employee noticed that the watermark stamp covered the actual postage stamp on
42 out of 50 occasions. Express this as a percentage.

10 A recent survey indicated that 127 out of 200 Year 11 students watched Big Sister. What
percentage of students surveyed watched Big Sister?

11 Anna saved $36 out of her $80 pay.
a What percentage did she save? b What percentage did she spend?

12 In a bag of 40 jellybeans, there are 15 red,

5 yellow and 10 black ones.

a What is the percentage of:
i red jellybeans?
i yellow jellybeans?
iii black jellybeans?

b What percentage of jellybeans are not red, yellow
or black?

13 There were 17 girls in a class of 25 students.
a What was the percentage of girls in the class?
b What percentage of the class was boys?
c A girl left the class, what is the new percentage of boys in the class?

14 John obtained the following results for his examinations:
English: 33 out of 40
Mathematics: 64 out of 75
Science: 17 out of 20
a Convert each of the results into percentages.
b In which subject did he receive the best result?

15 Paul used 270 cm of his 4 m rope. The percentage that he had left was:
A 10.8% B 32.5% C 57.5% D 67.5% E 130%

16 The Jones family took a full 10 L esky on a hike. When they came home they measured that
there was 650 mL left in the esky. What percentage had they consumed?

9780170250252 CHAPTER 1: Percentages and rates
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PERCENTAGE OF A QUANTITY

To find a percentage of a quantity, multiply the quantity by the percentage.
The percentage needs to be expressed as either a fraction or a decimal

when multiplying.

QO Example 5

You may find it
easiest to convert
the percentage to a
decimal.

Find:
a 35% of 360
b 72% of $890

Remember that ‘of”
means multiply.

Solution

a Write the percentage as a fraction and then
multiply by the given quantity.

Cancel to simplify.

Complete the multiplication and write your
answer.

b Write the percentage as a decimal and then
multiply by the given quantity.

Write your answer.

¢ Write the percentage as a decimal and then
multiply by the given quantity.

Evaluate

Write your answer correct to one decimal
place.

¢ 15.6% of 78 kg, correct to one decimal place.

35% of 360
= E X 360
100
357 y 36018
1003, 1

=7x%x18
=126

72% of $890
=0.72x 890

= $640.80

15.6% of 78 kg
=0.156 x 78

=12.168

~122kg

The following examples demonstrate the correct use of a calculator for solving these types of

problems.

QO Example 6

Calculate:
a 21% of $48

NELSON SENIOR MATHS General 11

1
b 747 % of 3.5 km, correct to one decimal place.
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Solution
TI-Nspire CAS
a Enter 21% as a fraction then multiply by the ‘ :
given quantity. Press [ctn] to obtain the a1 1008 &
answer as a decimal. oo B
|
K va;]
Write your answer. 21% of $48 = $10.08
1
b Convert 74 S%toa decimal. 741 +100=0.745
2
Complete the multiplication, i.e. 0.745 x 3.5. '1—_
1 0745
74*—_.
100
0.745-35 2.6075
|
79| |

1
Write your answer, correct to one decimal place. 74 E% of 3.5 km =2.6 km
Make sure that you include the correct units.

ClassPad
a With the CAS in Decimal mode, enter 21% O Edit Action Intsractive
as a fraction then multiply by the given LEa[ & [ibafsme]o | v [ 44| v]]
quantity. Press 443
74.5
ans/ 100
0.745
ansx3. 5
2.6075
D
Alg Decimal Real Rad a
Write your answer. 21% of $48 = $10.08
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1
b Convert 74 5 % to a decimal.

Complete the multiplication, i.e. 0.745 X 3.5.

Write your answer, correct to one decimal place.
Make sure that you include the correct units.

1
74E (=] 100 =0.745

CEEECamEn)

1
Ta+y

[+ ]
74.5
ans/ 100
0.745
ansx3. §
2.6075
1]
7]
am

Alg Decimal Real Rad

74%% of 3.5 km =2.6 km

Percentage of a quantity

Concepts and techniques

1 Find:

25% of $240

15% of 60 L

40% of 35 cm?

3310, 0f 960 kg
3

2 Find:
a 41% of $600
¢ 12.5% of $500
e 5%% of 8t

o 0 o

(e}

g 442% of90's

60% of 80 m

75% of 5 hours

110% of $44

12%% of 720 students

o T o T

o

11% of 270 L
d 6.1%0f420 g
f 175% of 7 mm

h 15.8% of 28.5m

3 Calculate the following (correct to two decimal places):

a 42% of $55

¢ 16.4% of 48.2 kg
e 53% of $286

g 6%of42L

Reasoning and communication

b 33% of $150
d 18.7% of $185
f 123%o0f45g
h 205% of $950

4 A computer has downloaded 62% of a 184 megabyte file. How many megabytes has it downloaded?

5 Susan sees a $70 jacket at 20% oft during a sale. How much will she save?

A $3.50 B $14

NELSON SENIOR MATHS General 11

C $20

D $50

E $56
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11

12

13

5%

27/
Paul completes 75% of a 25 km marathon before having to pull out. How many kilometres ;1
did he run?

Dave lost 28% of his body weight. If he weighed 120 kg, how much did he lose?
Lead contains 23% of the isotope Pb 207. How much of this isotope is there in 50 kg of lead?

9 carat gold contains 37.5% pure gold. How much pure gold would be in a 9 carat gold bracelet
that weighs 25 g?

43% of the students at a school study Japanese. If 839 students attend the school, how many
students study Japanese?

Sandy works on a commission of 15% of sales plus a weekly retainer of $240. How much does
she earn in a week in which she sells $5000 worth of goods?
A $255 B $573 C $750 D $786 E $990

Sam invests $6000 in an account that pays interest of 4.5% per year.
a How much interest would he earn each year?
b How much would he have in his account at the end of the first year?

A school is given a 15% bulk discount if it orders more than $1500 worth of textbooks. The
school orders 75 Year 11 books at $64.80 each and 60 Year 12 books at $61.50 each.

a Calculate the discount the school receives.

b Calculate the total paid by the school.

FINDING THE WHOLE FROM

A GIVEN PERCENTAGE

If a percentage of an amount is known, then the whole amount can be found using the unitary
method. This involves dividing to find 1% and then multiplying by 100 to find 100%.

QO Example 7

If 15% of an unknown amount is $9, find the whole amount.

Solution

Write the equivalence statement. 15% is $9

Divide by 15 to find 1%. 19 is %

Multiply by 100, to find 100%. 100% is $% X 100 = $60
Write the answer. The whole amount is $60.
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O Example 8

price he paid.

Solution

Write the equivalence statement.

Divide by 170 to find 1%.
Multiply by 100 to find 100%.

Answer the question.

A retailer is selling an item for $59.50. If this is 170% of what he paid for the item, calculate the

An alternative method
can be used to complete
these calculations.

170% is $59.50 170% of price
id = $59.50
5950 EEE
1% 1is $ Let x represent the price
170 he paid.
59.5 Tx=59.
100% is $ == x 100 = $35 < 0 202
170 5950
1.7
He paid $35. =35
He paid $35.

The unitary method is useful for finding any percentage that is required, not just 100%.

QO Example 9

how many females are there?

Solution

Write the equivalence statement.

Divide by 65 to find 1%.

Multiply by 45 to find 45%.

Round to the nearest whole number.

Answer the question.

A town has 4800 adults and its population is 65% adults. If 45% of the population are female,

65% is 4800

4800
1% is

4800
45% is o5 X 45 =3323.076...

= 3323.

There are approximately 3323 females in the
town.

Finding the whole from a given
percentage

Concepts and techniques
1 Find the whole quantity, if:

a 4% is $48 b 75% is 150 km c 120%is40 L

d 45% is 54 minutes e 80%is320g

NELSON SENIOR MATHS General 11

f 33%% is 90 hectares
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I

2 Find 100%, correct to one decimal place if necessary; if:

a 12%is11.82m b 110% is $71.50 ¢ 2.1%is75mL
d 70%is 252 L e 64.5% is 2500 people f 122%% is450 g
3 Find the whole quantity, correct to two decimal places if necessary; if:
a 23%is42.5kg b 71% is 400 mL c 352%is 14 mg
d 16%% is 2937 girls e 126% is 45.35 mm f 97.5% is $16 980
4 245 students in a school voted for a new uniform. If this is 35% of the school

population, what is the school population?
A 14 B 280 C 455 D 700 E 8575

5 Shaylee has lost 28.8 kg. If this is 32% of her starting weight, calculate her starting weight.

6 The profit on an iPod is 65% of the cost price. If the profit is $106, find the cost price correct to
the nearest dollar.
A $163 B $171 C $175 D $269 E $303

7 A television was bought for $1444.15 at a 15% off storewide sale. What was the original price
of the television?

8 A computer file was being downloaded. The computer showed that it had
downloaded 28% and this was 112 megabytes. How many megabytes would it be when 72%
had been downloaded?

9 When booking her holiday Susan found that she would receive a discount of 18% if she paid it
off on time. This would save her $4500 on the total cost of her holiday.
a Calculate the deposit that Susan had to pay if it was 10% of the total cost of her holiday
before her discount was calculated.
b How much did Susan end up paying in total if she paid it off in time?

10 Rochelle is competing in a marathon. She knows that once she runs 14.7 km she will have
completed 35% of the marathon.
a How far will she have run in total when she has completed 65% of the marathon?
b How long is the marathon?

11 The Thomson reservoir is the largest of all of Melbourne’s reservoirs. It has a capacity of
1068 000 ML, and it contributes approximately 60% of Melbourne’s total reservoir storage
capacity. What is the size of Melbourne’s total reservoir storage capacity?

Fairfax Photos/Vince Caligiuri, The Age Melbourne
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12 The average attendance at a school is 95% of the enrolment. If the average attendance is 931
students, what is the enrolment at the school?

13 A factory was doing quality control on light globes. It found 36 faulty globes in a batch. If this
was 2.3% of the batch, what was the total number of light globes in the batch?

14 All Year 11 students had to choose between three sports to play in at a sports day. 59% chose
soccer, 12% chose hockey and 24% chose touch football. If 92 students chose soccer,
a calculate, to the nearest whole number, the number of students who chose:
i Hockey ii  Touch football.
b How many students did not make a choice?

15 Running costs of a car include petrol, servicing, registration and insurance. The cost of petrol
is about 40% of total running costs. Bradley has bought a second-hand car and found he spent
$35 a week on petrol. How much would you expect to spend on the car altogether in a year?

PERCENTAGE INCREASE AND
DECREASE

A whole quantity is 100%. When increasing by a percentage, add the percentage onto 100%,
i.e. increasing by 20% means calculate 100% + 20% = 120% of the original amount.

When decreasing by a percentage you subtract the percentage from 100%, i.e. decreasing by 20%
means calculate100% — 20% = 80% of the original amount.

O Example 10

a Increase 325 mg by 15%.

b Decrease 325 mg by 15%.

Solution

a Increase means add to 100%. 100% + 15% = 115%
Write calculation. 115% of 325
Convert the percentage to a decimal. =1.15x325
Evaluate and write the answer. =373.75 mg

b Decrease means subtract from 100%. 100% — 15% = 85%
Write calculation. 85% of 325
Convert the percentage to a decimal. =0.85x%325
Evaluate and write the answer. =276.25 mg
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O Example 11

a Jamie’s weekly wage of $720 increases by 6%. What is his new wage?
b A trampoline with a market price of $480 is discounted by 45%. What is the sale price?
Solution
a Increase means add to 100%. 100% + 6% = 106%
Write the calculation. 106% of $720
Convert the percentage to a decimal. =1.06 X720
=763.2
Write the answer. His new weekly wage is $763.20.
b Discount means decrease, so subtract 100% — 45% = 55%
from 100%.
Write the calculation. 55% of $480
Convert the percentage to a decimal. =0.55x 480
=264
Write the answer. The sale price is $264.

AENOCIMKER Percentage increase and
decrease

Concepts and techniques

1 [Zeu 50 Answer the following correct to one decimal place where necessary.

a Increase $700 by 25% b Decrease $700 by 25%
¢ Increase 480 kg by 30% d Decrease 60 L by 15%
e Increase 624 hectares by 33%% f Decrease 32 mg by 5%
2 Answer the following correct to one decimal place where necessary.
a Increase 340 km by 18% b Increase $14 000 by 23%
¢ Decrease 320 hectares by 72% d Increase 890 L by 6%%
e Decrease 7 hours by 42% f Decrease 80 cm by 64.5%
3 Answer the following correct to one decimal place where necessary.
a Increase 156 cm’ by 2.6% b Decrease 18.4 L by 0.5%
¢ Increase 78.9 mm by 125% d Increase 87.6 kg by 14.3%
e Decrease 520 tonne by 13%% f Decrease 8.25 mg by 1.5%

9780170250252 CHAPTER 1: Percentages and rates
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The population of a country town decreased by 13% in the last 5 years. If it started
at 2685, what is it now?
A 349 B 940 C 1745 D 2336 E 2672

5 Paula has a market stall. She sets her
selling price by increasing her cost price by
85%. What is her selling price for an item
that she bought for $16?

Alamy,/Stephanie Jackson-People collection

Reasoning and communication

6

10

1

12
13

14

15

A school purchased 150 calculators at $19 each and was given a discount of 12%. Find the total
paid for the calculators.

Australia’s population at the start of last year was 21 435 680. What is the population this year if
it has increased by 1.2%?

Phuong usually earns $680.50 per week but, this week, she received an 8% bonus. How much
did she receive altogether this week?
A $54.44 B $626.06 C $688.50 D $734.94 E $1224.90

Hardly Normal Discounts is having a ‘15% oft” sale on all items. How much will you pay for a
television set priced at $460?

The value of Lisa’s computer depreciated (decreased) by 9% this year. If its value last year was
$2410, calculate its current value.

A restaurant adds a 12% surcharge to all bills on public holidays. Calculate the total to be paid
if the bill for a dinner for two on Australia Day comes to $74.50.

Laura earns $56 000 a year. What is her new salary if she receives a 7% pay rise?

Due to the closure of a large business in the area, a school is expecting an 11% drop in its
student numbers for the next year. If its current enrolment is 684 students, what is the
anticipated enrolment for the next year?

A large workshop normally services an average of 240 cars in a week. Due to an outbreak of the
flu there is a 35% reduction in the number of cars serviced in a particular week. How many cars
were serviced in this week?

With the downturn in the property market, a
house that was priced at $4.6 million has been
reduced by 8%%. What is the new price?

Alomy,/CultralEyes AusGS2
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REPEATED PERCENTAGE '1
CHANGE

A retail store increases its prices by 10% at the start of the year, but has a ‘10% off” clearance sale at
the end of the year. Do the increase and decrease cancel each other out? If not, what will be the
overall percentage change?

Suppose the original price was $100.

Increase $100 by 10%: 110% x $100=1.1 X $100 =$110
Decrease $110 by 10%: ~ 90% x $110=10.9 x $110 = $99
So, the increase and decrease do not cancel each other out.

The overall change is a decrease of $1, or 1%.

IMPORTANT

An increase of 10%, followed by a decrease of 10% is equivalent to multiplying the original
quantity by 110% and then by 90%.

110% X 90% = 1.1 X 0.9
=0.99

This is an overall decrease of 1%.

O Example 12

What percentage change is equivalent to a decrease of 15%, followed by an increase of 13%?

Solution

Decrease by 15% means subtract from 100%. 100% — 15% = 85%

Increase by 13% means add to 100%. 100% + 13% = 113%

Calculate the new quantity as a percentage New quantity = 0.85 x 1.13 X original quantity

of the original quantity. =0.9605 X original quantity
New quantity = 96.05% of original quantity

Calculate the equivalent percentage change. 100% — 96.05% = 3.95%

Write the answer. A decrease of 3.95% is equivalent.
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(O Example 13

J-mart is having a ‘15% oft” sale this week. Sarah works there, so she receives a further 5% staff
discount on the sale price. What percentage discount is equivalent to the combined discounts
Sarah receives?

Solution
Decrease by 15% means subtract from 100%. 100% — 15% = 85%

Decrease by 5% means subtract from 100%. 100% — 5% = 95%

Calculate the new price as a percentage of the ~ New price = 0.85 x 0.95 x original price
original price. =0.8075 x original price
New price = 80.75% of original price

Calculate the equivalent percentage change. 100% — 80.75% = 19.25%

Write the answer. A percentage discount of 19.25% is equivalent
to the combined discounts Sarah receives.

Repeated percentage change

Concepts and techniques

1 What percentage change is equivalent to:

an increase of 20%, followed by a decrease of 20%?

a decrease of 20%, followed by an increase of 20%?

an increase of 8%, followed by another increase of 8%?
an increase of 10%, followed by a decrease of 15%?

a decrease of 4%, followed by a decrease of 6%?

a decrease of 5%, followed by an increase of 2%?

Repeated
percentage
change

-~ 0o O N T o

Reasoning and communication

2 The value of Grant’s shares decreased by 8% one year and then increased by 20% the
following year. What percentage change is equivalent to a decrease of 8% followed by an
increase of 20%?

3 Claras toy shop increased the price of all toys by 8% due to a manufacturer’s price rise. Clara
had a sale later that year in which she offered a discount of 5% on all items. For a dolls’ house
originally marked at $285, calculate:

a the price after the 8% rise
b the sale price after the discount
¢ the overall change in price and the percentage change on the original price.

4 A town’s population of 2000 increased by 10% one year, then decreased by 4% the following
year. Which of the following was the town’s new population figure?
A 1728 B 1872 C 2006 D 2112 E 2288

5 Which of the following overall percentage increases is equivalent to a percentage increase of
5% followed by another increase of 3%?
A 1.5% B 1.85% C 8% D 8.15% E 15%
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5%

6 Deans investment of $1000 increased by 8%, 8% and 7% over three years.
a How much, correct to the nearest cent, was Dean’s investment worth at the end
of three years?

2°A
I

b What was the overall percentage change in Dean’s investment, to the nearest percentage?

7 An iceberg of mass 3.5 t lost 5% of its mass in the first year, 4% of its mass in the second year
and 2% of its mass in the third year.
a What was the mass of the iceberg after 3 years? Answer correct to two decimal places.
b What is the percentage change, correct to one decimal place, of the iceberg from its
original mass?

MARK-UPS AND DISCOUNTS

When a retailer buys goods from a wholesaler or manufacturer the price paid is known as the cost
price. A mark-up is usually added to this price in order to cover costs and make money. The price
shown on an item is known as the marked price or the retail price. The amount the item is sold for is
known as the selling price. The amount added by the seller depends on many factors, including the
turnover, competition, market share, manufacturer’s recommendation, freshness and storage life.

A mark-down or discount is the amount that is taken off the price of goods so that they sell faster
when they are in abundance, selling slowly, damaged or shopsoiled.

QO Example 14

An electrical store uses a 40% mark-up on large items.
a What is the retail price for a fridge that cost the store $840?
b What was the cost price for a dishwasher that had a marked price of $1295?

Solution

a 40% mark-up means that the retail priceis ~ 100% + 40% = 140%
140% of the cost price.

Write the calculation. 140% of $840
An alternative method can be
= 1.4 % 840 used to complete these
calculations.
=1176
140% of cost price = 1295
Write the answer. The retail price is $1176. | Let x represent the cost price.
1.4x=1295
b 40% mark-up means that the marked 140% is $1295 . 1295
price is 140% of the cost price. =4
. . X o . 1295 x=925
Divide both sides by 140 to find 1%. 1% is $ 0 The cost price s $925.

Multiply both sides by 100 to find 100%.
ultiply both sides by o fin % 100% is $ 1124905>< 100 = $925

Answer the question. The cost price was $925.
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O Example 15

A store was having a clearance sale where all floor stock was being discounted by 15%.
a How much would a bedroom suite with a retail price of $3500 now cost?
b Angela was entitled to a staff discount of 7% off the already reduced price.

i What was her total percentage discount?

ii How much did she pay?
Solution
a  15% off means decrease by 15%. 100% —15% = 85%
Write the calculation. 85% of $3500
=0.85x3500
=2975
Write the answer. It would cost $2975.
b i The initial discount was 15%. 100% — 15% = 85%

Follow this with a further discount of 7%.  100% — 7% = 93%

Combined discount. New price = 0.85 X 0.93 X original price
=0.7905 x original price
New price = 79.05% of original price

Calculate the equivalent percentage 100% — 79.05% = 20.95%
change.
Write the answer. A percentage discount of 20.95% is equivalent

to the combined discounts Angela receives.

ii A discount of 20.95% means that Angela ~ Amount paid = 79.05% of $3500

pays 79.05% of the original price. =0.7905 x 3500
=2766.75
Write the answer. Angela paid $2766.75.
IMPORTANT
mark-up . discount
Percentage mark-up =————x100% Percentage discount =—— X 100%
cost price retail price
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2
O Example 16 1

The retail price of a tyre is $125 and the cost price was $75. Calculate the percentage mark-up.
Solution
The mark-up is the difference between the Mark-up = $125 — $75
retail price and the cost price. =$50
Calculate the percentage mark-up. Percentage mark-up = % % 100%

2

=66—%
3
. 2

Write the answer. The percentage mark-up was 665%.

RENCIRIRNE Mark-ups and discounts

Concepts and techniques

1 (e A hardware shop works on a 65% mark-up. What would be the shop charge for:
a achainsaw with a cost price of $280? b drills that cost the shop $140?
¢ packs of ceiling insulation that cost $60 each? d tubes of silicon costing $3 each?

2 A takeaway food store works on a mark-up of 120%.
What was the cost price of each of the following?
a A spring roll sold for $2.20.
b Cod sold for $4.20 a piece.
¢ Mini dim sims sold for $1.10 each.
d Seafood snacks sold for $2.85 each.

Shutterstock.com/as3

3 Rachel’s ballet fees are $320 per term, but she gets a sibling discount of 5%. The
amount she pays each term is

A $16 B $256 C $304 D $315 E $336
4 The price of a $2000 television is discounted by 8%.
a How much is the discount worth? b What is the discounted price?
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5 The following table provides cost prices, marked prices, mark-ups and discounts of
different items.
a Copy and complete the table.

Amount of
Original (cost) Marked Mark-up or mark-up/
Item price price discount? discount
i DVD player $240 $199
ii Software bundle $235 Mark-up $110
iii Magazine $4.05 $7.50
iv Travel bag $28 $62

b What is the percentage mark-up or discount on each of the items in part a? Answer correct
to one decimal place.

6 A pool shop sells pumps for $540. If they cost the shop $400, what is the percentage mark-up?

7 One day before the use-by date, packets of biscuits are marked down to $1.50 each. If the
original price was $2.10, what was the percentage discount?
A 28.6% B 40% C 60% D 71.4% E 140%

Reasoning and communication

8 After a fire, smoke-damaged goods are sold at a mark-down of 20% to clear stock.
a What is the marked price of a tracksuit with an original price of $175?
b What would a dress that originally cost $240 sell for?
¢ A jacket is marked down to $238. What was the original price?
d What was the original price of a top sold for $68?

9 Mirrors costing $140 are sold at a mark-up of 60%.
a What is the mark-up? b What is the retail price?

10 A tennis racquet is on special at an 8%
discount. If it normally costs $150, how much
does Maryanne save?

11 A painting is marked up by 125% to $350.

What was the cost price? 2
A $155.56 B $225 ¢
C $280 D $437.50 3
E $787.50

12 An electronics shop buys small resistors for $30 for each 100 and sells them for 75 cents each.
What is the percentage mark-up?

13 A hardware store is having a 15% off sale.
a How much would you pay for a router worth $282?
b Bob also gets 10% off the total as a builder’s discount. How much would he pay for the
router?
¢ The cashier was new and didn’t know how to ring up two discounts so she just gave Bob a
25% discount. Was Bob happy with this? Explain.
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5%

2/
14 An aluminium dinghy that cost a boatyard $1200 is sold for $3160. What is the percentage ;1
mark-up?
15 Geofl buys a spa bath. It is on special at 9% discount, and Geoft also gets a 10% builder’s

discount.
a What is the total percentage discount that Geoff gets?
b If the bath was $1500, how much did Geoff pay?

PROFIT AND LOSS

A profit is made when goods are sold for more than the cost price. A loss is made when goods are
sold for less than the cost price.

QO Example 17

Stefti runs a market jewellery stall. She spends $450 on supplies to make 36 necklaces. She works
on a profit margin of 85%. How much should she sell each necklace for?
Solution
Determine the cost for one necklace. Cost per necklace = $450 + 36
=$12.50
. . . 185
A profit of 85% means increase cost price 185% of $12.50 = — x 12.5
. 100
by 85%.
=23.125
=~23.13
With calculations involving
money, round to the nearest
cent, i.e. two decimal places,
unless told otherwise.
Write the answer. She should sell each necklace for $23.13.

It is usual to use percentage profit or percentage loss to compare returns for different items.

IMPORTANT
When calculating the percentage profit or loss, cost price is used unless otherwise stated.
fit 1
Percentage profit = PO < 100% Percentage loss = — 0% «100%
cost price cost price
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() Example 18

Hailey bought a car for $45 000 and sold it for $36 000. Brendan bought a car for $28 000 and
sold it for $23 000. Who had the better percentage return on the sale of their car?
Solution
Calculate Hailey’s loss in dollars. Loss = $45 000 — $36 000
=$9000
Calculate Hailey’s percentage loss using the Percentage loss = IO—SS_ x100%
formula cost price
9000
= X 100%
45000
=20%
Calculate Brendan’s loss in dollars. Loss = $28 000 — $23 000
=$5000
Calculate Brendan’s percentage loss using the Percentage loss = loss x100%
formula cost price
5000
= % 100%
28000
=175%
Compare the percentage losses and write the Brendan had a better percentage return as he
answer. had a smaller percentage loss.

ENGIN RN Profit and loss

Concepts and techniques

1 A local tradesman works on a
Profirand loss profit margin of 140%. Calculate the selling
price for each of the following.
a A dining set that cost him $2350 to build.
b A desk that cost him $180 to build.
¢ An outdoor table that cost him $1500 to
build.

d A rocking horse that cost him $120 to build.

2 A car dealer values a trade-in at $8000 to help clinch the sale of a new car, but can only
get $6900 for it from a wholesale dealer. What percentage loss does the car dealer make on the
trade-in?

3 A newsagent makes a profit of 30% on stationery. What was the cost price of each of these?
a Graph pad sold for $1.95
b A4 lined paper sold for $2.60
¢ Exercise book sold for $3.25
d Pencil sold for 85¢
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4 A second-hand dealer bought the following items: video camera ($220), jewellery box ($35), {
filing cabinet ($80) and printer ($340). The video camera sold for $290 and the filing cabinet
sold for $130. The jewellery box and printer were in the window for several weeks, and
eventually sold for $25 and $255 respectively. Complete the table below to show the percentage
profit or loss on each item, correct to one decimal place.

Amount of
Item Profit or loss profit/ loss % profit/ loss

a video camera
b jewellery box
c filing cabinet
d printer

5 A computer bought for $2500 was sold 2 years later for $1000. Calculate the percentage loss.

6 An electrical store sells fridges for $850. It buys them for $600. What percentage profit does the
store make?

7 Sharni bought a house for $349 000 and spent $80 000 renovating it. She then sold it
for $362 000.
a Did she make a profit or loss?
b What was the value of the profit or loss?
¢ Calculate the percentage profit or loss, correct to one decimal place.

8 A used car dealer, working on a profit margin of 35%, bought a car for $10 300. What price did
the dealer sell the car for?
A $3605 B $6695 C $7630 D $10335 E $13905

Reasoning and communication

9 Mead Murphy, an antique dealer, made a profit of $68 when he sold an antique bisque doll. His
percentage profit was 17%.
a What did he pay for the doll? b What was the sale price?

10 John sells potatoes at a roadside stall. He buys them in bulk for $600/ tonne. He then sells them
in 10 kg bags for $9.80. What is his percentage profit?

11 Peter sold a pine bookcase which he had made. When considering only the cost of materials, he
made a 55% profit. The sale price was $372. How much did the materials for the bookcase cost?

12 Maxine bought an old washstand at a deceased estate auction. She cleaned it up and sold it to
an antiques dealer for a profit of 15%. The dealer sold the washstand to a customer for $2159,
including a $20 delivery charge. If the dealer made 55% profit, how much did Maxine pay for
the washstand at auction?

13 Hugh bought a used car for $4800 and spent several weekends detailing the car and tuning it
up. He spent about $250 on materials. Eventually he sold the car and made a profit of 14%.
Hugh’s wife told him that he would have been better off spending the 30 hours he worked on
the car at his job where he earns $25 an hour.

a Isshe correct?
b Explain your reasoning.
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INFLATION AND GST

Inflation is a measure of how the cost of living is changing. It gives an indication of the increase in
the prices of all goods and services. The yearly percentage increase is called the annual inflation
rate and this is usually accompanied by increases in workers’ wages and salaries to ‘keep up with
inflation. The annual inflation rate in Australia is generally around 3%.

O Example 19

A new Holden car costs $32 460 today. If inflation is 3.4% p.a., what will be the price of a new
Holden car next year?

Solution
If the inflation is 3.4% this means that the price 100% + 3.4% = 103.4%
increases by 3.4%.

Write the calculation. 103.4% of $32 460

Convert the percentage to a decimal. =1.034 x 32 460
=33563.64

Write the answer. The price of a new Holden next year will be
$33 563.64.

O Example 20

Amity receives a pay rise from $53 000 per year to $54 800 per year.

a Calculate the percentage increase correct to one decimal place.

b Ifinflation is at 3.2%, has her salary ‘kept up with inflation’?

Solution

a Calculate Amity’s pay increase in dollars. Pay increase = $54 800 — $53 000

=$1800
. . 1800
Calculate the percentage increase. Percentage increase = 23000 x 100%
=3.396..%
Round to one decimal place. = 3.4%
Write the answer Her percentage increase was 3.4%.

b Write the answer. Her salary increase is above the inflation rate of
3.2% so it can be said that her salary has ‘kept
up with inflation’
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The goods and services tax (GST) is a broad sales tax of 10% on most goods and services
transactions in Australia. The amount of GST is usually included in the price of a supplied item
or service or it will be stated if it is not. GST is not charged for essential items such as basic foods,
most health and educational services and local government rates and charges.

O Example 21

A camera costs $568 plus 10% GST. What is its selling price?

Solution

Add the value of the GST to 100% of the price. ~ 100% + 10% = 110%

Write the calculation. Selling price = 110% of $568
=1.1x568
=624.8

Write the answer. The selling price is $624.80.

O Example 22

A television costs $1995, inclusive of GST. What was the original price of the television, to the
nearest five cents, before GST was added?
Solution
Write an equivalence statement. 110% = $1995
1995

Divide by 110 to find 1%. 1%:$m

. 1995
Multiply by 100 to find 100%. 100% = $m % 100

=1813.636...

Round to the nearest 5 cents. ~1813.65
Write the answer. The price before GST was $1813.65.

Inflation and GST

Concepts and techniques

1 A store increases their prices so that they stay in line with the rate of inflation. If the
rate of inflation is 3.8% p.a., calculate the new price of each of the following. Answer correct to
the nearest five cents.

a television priced at $850 b bedroom suite priced at $3400
¢ lamp priced at $49.95 d dining set priced at $1298
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5

Calculate the percentage increase in the following prices. Answer correct to one
decimal place.

a $48to $56 b $179.50 to $196

c $45 000 to $48 500 d $6.50 to $6.76

Calculate the amount of GST that needs to be added to the pre-GST price of each of the
following items.

a new car: $15 000 b camera: $320

¢ novel: $45 d chainsaw: $350

Calculate the selling price of each of the following items, given these are pre-GST
prices. Answer to the nearest cent where required.
a dinner set: $220 b suitcase: $180
¢ boat: $880 d Lego set: $29.15

A hamburger in Sydney costs $5.50 plus 10%
GST. The selling price of a hamburger is:

A $5.00

B $5.60

C $6.05

D $6.50

E $6.60

Shutterstock.com/stockcreations

The Maxwell family is reviewing some of the bills paid for various services in the
last 6 months. How much GST did they pay in each case? Answer correct to the nearest cent
where required.

a new stormwater drain: $1364 b tax return preparation: $598
¢ car service: $352 d telephone account: $462.25

A car costs $42 000 including 10% GST. Which of the following is the car’s price before GST,
correct to the nearest dollar?
A $37 800 B $38181 C $38182 D $41990 E $46 200

Reasoning and communication

8

10

11

12
13

Sally’s wage is rising 3.1% to keep pace with inflation. If her wage is $756 per week, what will
her new wage be?

Pam pays $3300 for a new computer at a major retail store. How much GST is included in the
price?

A train ticket from Sydney to Nowra costs $18.50 including 10% GST. What is the price of the
ticket before tax?

Peter’s salary rose to $78 000 to keep pace with inflation. If inflation was 4.3%, what was Peter’s
salary before the rise? Answer correct to the nearest dollar.

If an Australian Akubra hat has a 10% GST of $2.83 included in its selling price, find its selling price.

The price of a football membership rises from $178 to $185 in one year. If inflation is 4.5% p.a.
for that year, have the membership prices kept up with the rate of inflation?
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16

17

18

19

20

21

22

A retailer calculates the pre-GST price of a watch to be $420. Find the GST that must be added
and the price paid for the watch by the customer.

If $37.80 was added to a gas bill for GST, what was the total price of the gas bill, including the GST?

Inflation in a certain country is 18% p.a. If a loaf of bread cost $3.45 now:
a what will the price be next year? b what was the price last year?

Josh is a plumber. He charges a call out fee of $70 plus $60 for any amount of time up to half an
hour he is at a job. He has to charge GST on top of his bills. How much will Josh charge for a
job:

a that did not get done because the clients were not home? b that takes 2 hours?

¢ that takes 75 minutes? d that takes 3% hours?

Suki has an annual salary of $45 000. Inflation is rising at an average of 2.7% p.a. Her salary
is rising at the same rate as inflation. She performs the following calculation to work out her
salary in 2 years:

2.7% of $45 000 = 0.027 x 45 000
=$1215
New salary = $45 000 + $1215 + $1215
=$47 430

a Explain why this is incorrect. b Calculate her salary in 2 years.

Electricity is rising at the same rate as inflation. If inflation is rising by an average of 5.6% p.a.,
calculate the charges on an electricity bill in 2 years if the charges are currently $645.

Shaun buys T-shirts from a wholesaler for $7.50. To calculate his selling price he works on a
profit margin of 150% and then adds on GST. Calculate:

a the selling price (not including GST)

b the selling price (including GST).

A store increases the price of milk to stay in line with inflation. The inflation rates are 2.5% p.a,
3.2% p.a. and 3.3% p.a. for three years respectively. If milk is currently $1.70 per litre, calculate
the price of milk in 3 years.

A furniture shop buys lounge suites from a distributor for $1420. The shop works on a
mark-up of 75%. Calculate the retail price of the lounge suites including GST.

9780170250252

a Ifan advertised price includes GST, why can we find the GST amount by simply dividing
the advertised price by 11?

b The Great Gals electrical store adds 10% GST to the prices of its goods. If a washing
machine had an original price of $1200, what is its advertised price with GST included?

CHAPTER 1: Percentages and rates

35

5%
i

28
I



c At the Great Gals end-of-year sale, customers get a 10% discount on all goods.

i Will the discounted price be more than, less than or the same as the original price
before GST was added?

ii  What is the discounted price of the washing machine in part b at the end-of-year sale?

iii How does the discounted price of the washing machine compare with the original
price?

iv. Would it make a difference to the discounted price of the washing machine if the 10%
discount was applied first before the 10% GST was added?

d What can you say generally about an item that has 10% added, then 10% subtracted?

e Calculate the overall percentage change when 10% is added to an amount, then 10% is
subtracted.

REVIEW OF RATES

A rate is a measurement that compares two different quantities. As rates compare different
quantities it is important to include the units. For example, a heart rate compares the number
of heartbeats to a period of time, and is measured in beats per minute, written as beats/min.

O Example 23

a A hose delivers 3840 litres of water in one hour. What is the flow rate in litres/minute?
b The cost of 35 L of petrol is $44.45. Express this cost as a rate in cents/litre.
Solution
3840L
a The flow rate is in litres/minute so write Flow rate =
. .. . 1hour
litres divided by time.
Convert 1 hour to 60 minutes. = a2
60 min
Divide the number of litres by the number =64 L/min
of minutes to calculate the rate.
Write the answer. The flow rate is 64 litres/minute.
44.45
b Write the rate as cost divided by litres. Petrol cost = ’ 3L
Convert $44.45 to 4445 cents. _ 4445c
35L
Divide the number of cents by the number =127¢/L
of litres to calculate the rate.
Write the answer. The petrol cost is 127 cents/litre.
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O Example 24

Craig’s heart beats 72 times per minute.
a How long will Craig’s heart take to beat 2052 times?
b How many times will Craig’s heart beat in one hour?

Solution

a Craig’s heart beats 72 times in 1 minute. Time taken for 2052 beats = 2052 + 72
Divide the total number of beats by 72. =28.5 min
Write the answer. It will take Craig’s heart 28.5 minutes.

b There are 60 minutes in 1 hour. Multiply the  Beats in one hour = 60 x 72

number of beats by 60. =4320

Write the answer. Craig’s heart will beat 4320 times in one hour.

IMPORTANT

Rate problems are solved by either multiplying or dividing. One simple rule is to write the
units of the rate as a fraction.

DAENGINIMNCN Review of rates

Concepts and techniques

1

What units are used to express each of the following rates?

a wage rate b typing speed
¢ the cost of potatoes d the speed of an athlete

2 Name a rate that uses each of the following units.
a litres/100 km b megabytes/second
¢ births/1000 persons d $/m’

3 A tree grew 31.2 cm in height in a quarter of a year. Calculate its growth rate
in centimetres/week.

4 Troy scored 42 runs in 8 overs of a cricket match. Calculate his run rate in runs/over.

5 A town’s population grew by 16 500 over 6 years. What was its growth rate in
persons/year?

6 Steak costs $4.55 for 160 g. Calculate the cost as a rate in $/kg.

9780170250252
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7

8

A computer downloaded a 6.5 megabyte file in 20 seconds. Calculate the download
rate in MB/s.

Australia’s population is 23 194 000 and its area is 7 682 300 km”. Calculate its population
density in persons/km?, correct to two decimal places.

Reasoning and communication

9

A bus travels at a speed of 96 km/h.

a How far will the bus travel in 3% hours?

b How long will the bus take to travel 480 km?

10 Jake types 64 words per minute. How long will it take him to type a 1500-word essay? Give
your answer to the nearest minute.

11 A breakfast cereal contains 3 mg of fat in every 60 g serve.

a Express the fat content as a rate in mg/g.
b How much fat would be contained in a 100 g serving?

12 Hayden’s swimming pool is being filled at a rate of 50 L/min. How long will it take to fill if it
has a capacity of 38 kL? Give your answer in hours and minutes.

13 A cricket team had a run rate of 4.9 runs/over. How many runs did the team score in 30 overs?

14 The recommended daily dose for a child’s medicine is 80 mg for every kilogram of body weight.
Which of the following is Elizabeth’s daily dose in grams, if she weighs 30 kg?

A 24 B 3.75 C 2400 D 375 E 240

15 A tap is dripping water at a rate of 40 drops per minute. Each drop contains 1.3 mL of water.
How many litres will drip from the tap in a day?

16 Australia’s death rate last year was 5.2 per 1000. If Australia’s population was 21 435 680 at the
start of the year, how many people died during the year? Give your answer to the nearest whole
number.

17 A lawn fertiliser is spread at the rate of 5 kg per 100 m* of lawn.

a How much fertiliser is needed for a rectangular lawn measuring 11 m by 7.5 m? Give your
answer to the nearest 0.1 kg.
b How many times can the whole lawn described in part a be treated if a 25 kg bag of fertiliser
is purchased?
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CONVERTING RATES

It is important to be able to convert between rates. For example, if it takes an athlete 10.22 seconds
to run a 100 m race, we can find the athlete’s speed in metres/second. We may want to know the
speed in kilometres/hour to get a feel for how fast this is compared with other speeds.

O Example 25

Convert:
a 3 L/day to mL/h.
b 9.78 m/s to km/h.

Solution
o . 3L
a Convert both units using known conversion 3L/day =
factors. 1day
24 hours in a day and 1000 mL = 1L. 3000 mL
24h
Complete the division and simplify. =125mL/h
b To change from per second to per hour, 9.78 m/s x 3600 = 35 208 m/h
we multiply by the number of seconds in
1 hour.
Complete the calculation by converting to =35.208 km/h

km/h. 1000 m =1 km.

O Example 26

A peregrine falcon swoops down towards its prey at 180 km/h.

a What is this speed in m/s?

b If the falcon is flying 180 m above the ground, how many seconds will it take to reach the
prey if it flies straight down?

Solution
a Complete the required conversions. 180km/h= 18(1)}1:m
1 km =1000 m and 1 h =3600s. 180000m
3600s
Complete the division and simplity. =50 m/s
Write the answer. The speed is 50 m/s.
b Calculate the time taken to cover 180 m. 50 m in 1 second.

180 m+50m/s=3.6s

Write the answer. It will take 3.6 seconds for the falcon to reach
its prey.
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ENOSRRE Converting rates

Concepts and techniques

1 | Convert:
Rate skl a $46 212/year to $/month b 75km/h to km/min

¢ 5L/htoL/day d 3 m/sto m/min
e 0.8 cm/min to cm/h f 78 words/min to words/s
g 8.2L/100 km to L/km h 1750 mL/s to mL/min.

2 Convert:
a 24 c¢/min to $/h b 8 m/sto km/h
¢ 15mL/sto L/h d $10.80/h to ¢/min
e 60 km/h tom/s f 3 t/day to kg/min
g 40 m/s to km/min h 100 mg/s to g/h.

3 The world’s fastest cricket bowler is Pakistan’s Shoaib Akhtar. In 2003, he bowled a ball 20.12 m
in 0.45 seconds. Calculate the speed of the ball he bowled, to the nearest km/h.

4 The speed of sound, called Mach 1, is 1224 km/h. Which of the following is this speed in m/s?
A 34 B 44 C 340 D 441 E 0.34

5 It takes 20 seconds to fill a 10 L bucket with water. What is the rate for filling the bucket,
in litres per hour?

6 In 2008, Jamaican athlete Usain Bolt became the world’s fastest man when he sprinted
100 metres in 9.72 seconds. What was his speed in km/h, correct to one decimal place?

7 The lift in Sydney Tower travels 298 m in 42 seconds. What is its average speed in km/h, correct
to two decimal places?

Reasoning and communication

8 . A plane is travelling at an average speed of 950 km/h.
a What is this speed in m/s, correct to one decimal place?
b The plane flies over a property 1500 m long. How many seconds does it take to fly over the
property (to the nearest second)?

9 The volume of air breathed in through the lungs is measured in litres. The average breathing
rate when resting is 8 L/min.
a What is the breathing rate in mL/s?
b How much air is breathed in during an 8-hour sleep?

10 A swimmer won the 100 m butterfly in 1 min 7.75 s. Correct to two decimal places:
a what was her average speed in m/s?
b what was her average speed in km/h?

11 Rental on a telephone is $42 for 12 weeks.
a What is this rate in dollars per week?
b What is the rate in dollars per year?
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12 A box contains 30 cups of soap powder. The manufaturer recommends 11 cups of soap powder
per wash. 2
a What is the number of washes that can be done per box?
b How many boxes will give 100 washes?

13 A car travels 452 km on 59.8 litres of petrol.
a What is the fuel consumption, correct to three decimal places:
i inkm/L ii inL/100 km?
b How far will the car go on 100 L of petrol, correct to the nearest kilometre?
¢ How much petrol will it use for a 1500 km journey, correct to the nearest litre?

CURRENCY EXCHANGE RATES

If you travel overseas you must change your Australian money to the money of other countries.
The money of a country is called its currency. The price of a currency is called its currency
exchange rate. Before 1983, the government fixed the exchange rate of the Australian dollar, but
now it ‘floats’ according to supply and demand.

Banks and other financial institutions do not change your money free of charge. They charge a
commission, which is usually included in the exchange rate. They give different rates, depending on
whether you are buying or selling Australian dollars. Different banks charge different commissions,
so the buying and selling rates will be different even though the exchange rate is the same. The
actual exchange rate is sometimes called the midrate to distinguish it from the buying and selling
rates. It is close to the average of the buying and selling rates.

The exchange rate of the Australian dollar with important currencies such as the Japanese Yen,
American dollar and the European Euro are published almost every day by newspapers.

The International Organisation for Standardisation (ISO) has assigned each currency a three-letter
code. The table below shows the currency unit and the ISO code that represents the currency for
various countries and regions. Also shown are examples of the buying and selling rates in
Australian dollars (AUD) on a certain day.

Country/Region Currency unit  Code Buying Selling
Canada Dollar ($) CAD 1.1153 0.9831
China Renminbi CNY 6.8290 6.1069
European Union Euro (€) EUR 0.8496 0.7559
Fiji Dollar ($) FJD 2.0357 1.7333
Hong Kong Dollar ($) HKD 8.9430 7.7528
India Rupee (Rp) INR 67.7210 49.0576
Japan Yen (¥) JPY 100.8400 86.6427
New Zealand Dollar ($) NZD 1.3510 1.2063
Thailand Baht (B) THB 35.3250 29.1450
Great Britain (UK) Pound (£) GBP 0.6788 0.6143
USA Dollar ($) USD 1.0920 1.0077
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O Example 27

a From the table calculate the exchange rate (midrate) for the Australian dollar (AUD) and
American dollar (USD). Answer correct to four decimal places.
b How much, to the nearest dollar, is:
i 5000 AUD worth in USD?  ii 5000 USD worth in AUD?
Solution
a Calculate the average exchange rate. Exchange rate = Average of the buying
and selling rate.
1.0920+1.0077
Exchange rate = %
20997
2
=1.04985
= 1.0499
Write the answer. The exchange rate is 1 AUD = 1.0499 USD.
b i The exchange rate is stated in AUD, so we can
just multiply by the exchange rate.
Write the AUD to USD exchange rate. 1 AUD =1.0499 USD
Multiply by 5000 and complete the calculation. 5000 AUD = 1.0499 USD x 5000
=5249.5USD
= 5250 USD
Write the answer. 5000 AUD is worth 5250 USD.
ii To change from USD to AUD, we can reverse the
method (divide) or work out the reverse exchange.
Write the exchange rate. 1 AUD =1.0499 USD
This can be done simply
Multiply by 5000. using: 5000 AUD = 1.0499 USD x 5000
Divide by 1.0499. P000 BB 22008 SL0%9)  5000AUD _ 1.0499USD x 5000
~ 4762 AUD 1.0499 1.0499
Complete the calculation and round to the nearest dollar. 4762 AUD = 5000 USD
Write the answer. 5000 USD is worth 4762 AUD.

O Example 28

Basanti’s father is in India. He bought her wedding dress in India for 64 000 rupees. Using the
table of exchange rates, calculate the equivalent price in Australian currency.
Solution
She is changing into Australian currency so she is buying currency.
Each Australian dollar is worth 67.7210 rupees. A$1=67.7210 Rupee
Divide to convert to Australian dollars. A$=64000+67.7210
= A$945.053...
Round to the nearest cent. = A$945.05
Write the answer. The equivalent price in
Australian currency is $945.05.
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IMPORTANT

To convert:
o Australian dollars into foreign currency MULTIPLY by the rate
 Foreign currency into Australian dollars DIVIDE by the rate.

2ENCCINRER Currency exchange rates

Concepts and techniques
For this exercise use the exchange rate table on page 40.

1 Assuming that the midrate is the average of the buying and selling rates, calculate
the midrate (exchange rate) for each currency in the table.

2 Using the relevant midrate calculated in question 1, determine how much: All of these

a 3000 AUD is worth in NZD b 1670 AUD is worth in GBP currencies can be
rounded to two

¢ 580 AUD is worth in JPY d 4900 AUD is worth in HKD deci
ecimal places except
e 4000 EUR is worth in AUD f 2300 USD is worth in AUD for Japanese Yen.
g 610 NZD is worth in AUD h 50 000 JPY is worth in AUD. They are always
written to the nearest
3| . Convert the following into Australian dollars. whole number.
a B720 This is buying b Rp35000
c €120000 | Australian d NZ$400 P
Australian doll
4 Susan is booking her holiday accommodation for one week in rol:fn?e:; Iclor(r)e;r:oa:ﬁe
Thailand. It is 1645 baht a night. Calculate the cost for the nearest cent.
week in A$.
A A$46.57 B A$56.44 C A$325.97 D A$394.09 E A$58 109.63
5 Calculate the value if you convert $750 Australian to:
a curos b yen This is selling
c rupee d NZ dollars. Australian dollars.

6 Sarah is travelling from Australia to the UK. She has A$3000 spending money that she
exchanges into pounds. How much did she get?
A £1842.90 B £2036.40 C £3000 D £4419.56 E £4883.61

Reasoning and communication
7 If Lauren was changing 400 AUD to Fiji dollars, how much would she receive?

8 When Yoshi came back from Japan he had 400 000 JPY left. How much would he get
for it in AUD?

9 When Hannah was travelling overseas, she wanted to get some travellers’ cheques in
US dollars, some in euros and some in Thai baht. If she split 6000 AUD evenly between
the currencies, how much of each did she get?

Currency rate
exchange
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Alin was on exchange in Australia, but was paid in USD through electronic funds transfer. His
salary was 1200 USD a fortnight after tax. How much in AUD did he get when he drew this out
at an automatic teller machine in Australia?

Cara thought that a sewing machine advertised in a British magazine was especially cheap at
£800. What would be the equivalent price in Australian currency?

Juan is selling his band’s CD on the internet for A$19.95. What is the equivalent price in Hong
Kong dollars?

Sienna has booked a tour for 2050 euros on her holiday in Europe. What is the equivalent price
in Australian dollars?

a Luis is travelling to New Zealand and converts $1500 Australian to New Zealand dollars.
How much did he receive?

b Luis had to cancel his plans at the last minute. He went to convert his New Zealand dollars
back to Australian dollars. How much would he receive?

¢ Luis was upset he did not get back $1500 Australian dollars. Explain why he didn't.

Patrick imports electrical goods from China. The total of one shipment of 500 televisions is

965 000 renminbi.

a If the exchange rate was A$1 = 6.4595 renminbi, how much did Patrick pay for the shipment
in Australian dollars? Answer correct to the nearest dollar.

b It cost Patrick A$25 000 in import fees. How much did each television cost to import?

While travelling in the USA, Mikayla exchanged A$750 for US$804.50.
a How much was A$1 worth in US dollars? Answer correct to 4 decimal places.
b Convert US$1500 to Australian dollars, correct to the nearest dollar.

Stefani exchanged A$1600 for £1032.48 when travelling in the UK.
a How much was A$1 worth in UK pounds?
b Convert £690 to Australian dollars, correct to the nearest dollar.

The exchange rate for one Australian dollar was 78.5 Yen. Shaun buys an item over the Internet
from Japan. It was priced at 850 Yen. How much was this in Australian dollars?

BEST BUYS

To ensure that you get the best buy it is important to ensure that the items that you are comparing

are equivalent. You need to ask yourself questions such as, are the products of the same quality, do

I have to buy more than I need to get a good price, am I making the best purchase from a budget

perspective, am I saving money?

When looking at the price of equivalent items it is important to ensure that the prices that are being
compared are for the same amount.

To do this, it is important to calculate the unit cost. The unit cost is IMPORTANT
what the item costs for one unit; it could be for 1 item or for 100 mL To compare prices find the
or for 1 kg, etc. The unitary method is used to calculate the unit unit cost of each item, then
cost. The unit cost is an example of a rate as it is the cost/unit. compare this to find the
Many stores now have the unit cost displayed, which makes ‘best buy.
comparison much easier.
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O Example 29

Solution
Write equivalence statements for all three
sizes.

To compare the price of 100 g, divide
by 3.5, 8 and 20 respectively.

350g=35%100g
800g=8x100g
2kg=2000g
=20x100g

The best buy is the one with the lowest
price per 100 g. Write the answer.

Paul is buying washing powder. His brand comes in three different sizes, 350 g for $1.86, 800 g
for $3.28 and 2 kg for $8.70. Which is the best buy?

350g=9$1.86  800g=$328  2kg=$8.70

L. 2 .
100 g=3186  1gg g 8328 g g 3870
3.5 8 20
=$0.531... =$0.41 =$0.435

The 800 g for $3.28 is the best buy as it is the
cheapest at 41c per 100 g.

O Example 30

a Which is the best buy?
b Justify Petas reasoning.

Solution
a Calculate the total volume for the cans.

Calculate the cost for the bottles.
15% off means decrease by 15%.
As you are working with money; it is
appropriate to round to nearest cent.

Calculate the cost per litre for the
cans and then the bottles.

Compare and write the answer.

b Write the answer.

Peta needs to buy soft drink. The brand that she likes has a box of 15 X 375 mL cans of soft
drink on sale for $12 or the 2 L bottles are 15% off their normal price of $3.79.

Cans: 15 % 375 =5625 mL
=5.625L

Cost per bottle = 85% of $3.79
=0.85x%x3.79
=$3.2215
= $3.22

Cans: 5.625 L costs $12

1 L costs $12 _ $2.133... ($2.13)
5.625
Bottles: 2 L costs $3.22
1L costs —— = $1.61

The 2 L bottles are the best buy as they are cheaper
at $1.61/L.

If not a lot of people are drinking the soft drink the
2 L bottle may go flat before it’s finished. If taking
the drinks somewhere it is often more convenient
to take cans in an esky.

9780170250252
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There is often a discount given for buying in bulk. It needs

to be considered whether the deal is worthwhile for you before IMPORTANT
you can say whether it is a good buy. For example buying a box When deciding on the ‘best
of 24 mangos for $10 is great if you will use them but a waste buy’ make sure factors

of money if they are just going to go rotten before they can be other than price are

used. You may have been better off buying 8 mangos at ‘4 for considered as well.

$5, choosing the ones you wanted, and getting better quality
mangoes for the same amount of money.

O Example 31

Fiona needs a new mattress for her bed. She has found the mattress she wants at two different
stores for approximately the same retail price. The stores are both having sales. Store A is having
a 2 for 1’ sale whilst Store B is having a % off” sale. Which should Fiona choose? Explain
your answer.

Solution
Consider the cost per mattress at each store Store A: paying half price but needing to buy
and any conditions. two mattresses.
Store B: paying 2 of the price.
3
Write the answer. Fiona can get a lower price per mattress at

Store A but she would need to buy two
mattresses. If she knows someone who also
wants one then they could buy them together
from Store A and this would be the best deal.
However if Fiona only wants one mattress then
Store B is the best option as she doesn't need to
do anything else to get the discount.

ENOS SRRV Best buys

Concepts and techniques

1 By determining the unit cost, decide which is the best buy.
a 150 mL for $2.36 or 1 L for $14.80 b 36 cans for $20 or 15 cans for $8
¢ $8.40 for 500 g or $20.99 for 1.2 kg d box of 8 for $2.88 or a box of 45 for $15.50

2 Which is the best buy?
A 2kg for $17.80 B 250 g for $2.40 C 1.2kg for $10.85
D 700 g for $6.30 E 400 g for $3.65

3 Which is the best buy?

2 kg for $14.80 or 300 g for $3.50, which is on a 10% oft sale

450 mL for $7.80, which is reduced by 25% or 1.5 L for $18.20

packet of 4 for $10.50 with a 15% oft discount or packet of 10 for $23.50
10 L for $62.70 or 1 L for $8.80, which is on a % oft’ sale

o 0 T o
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4 A book is being sold at five different stores at the recommended retail price of $47.90. Leading
up to Mother’s Day all five stores are having a sale. Which discount will give the lowest price?

A 20% off the retail price B Pay 75% of the retail price C Loff the retail price
5
D Pay% of the retail price E $13 off the retail price

Reasoning and communication

5 Which cookies are the best buy: chocolate chip at $4.50 for
300 g, nutty clusters at $3.70 for 250 g or jam drops at $10.40
for 700 g?

Shutterstock.com,//homydesign

6 Gustavo is buying an electric drill. He has found
the drill he wants at two different stores for $39.95. The
stores are both having sales. The first store is having a ‘buy 2
get 1 free’ sale whilst the second store is having a 10% off®
sale. Which should Gustavo choose? Explain your answer.

Shutterstock.com,/Vyydrin

7 Lucas goes shopping for ice cream. The same brand is available in two different tubs. The 2 L
tub is $7.80. The 5 L tub is $17.50.

a Which is the best value?

b The next time he goes to buy ice cream he finds it on sale. The 2 L tub is on a 35% off sale
and the 5 L one is reduced by $4.50. Which is now the best buy? Show your working and
justify your reasoning.

¢ What other factors could influence his decision?

8 Susanna works at ‘Whitegoods superstore’ and can get a 5% staff discount on the final price of
any goods. She needs to buy a washing machine and has decided on the one that she wants.
‘Whitegoods superstore’ has it for $785 and is currently having a 15% off sale. At ‘Bargain
whitegoods’ they have it for $699 and are currently having a 10% off sale.

a How much will it cost her at “‘Whitegoods superstore’?
b Which is the best buy? Justify your reasoning.
¢ What other factors could influence her decision?
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CHAPTER SUMMARY

Percent means ‘out of 100’

When converting a value to a percentage you
multiply by 100%.

The unitary method is useful in finding any
percentage that is required. Divide to find
1% and multiply to find percentage required.

When increasing by a percentage, add the
percentage onto 100%.

When decreasing by a percentage, subtract
the percentage from 100%.

For repeated percentage change, multiply the
required percentage changes to find the
overall percentage change.

Mark-up is usually added to the cost price
to cover costs and make a profit. The price
on an item is called the marked price or
retail price.

Mark-up = marked price — cost price

Discount (or mark-down) is the amount
that is taken off the price of goods to make
them sell faster.

Discount = original marked price — final
marked price

% mark-up usually uses the cost price as the
base.

Unless otherwise stated, percentage profit
and percentage loss are calculated using the
cost price as the denominator.

General 11

Percentage profit = _profit _, 1009%
cost price

_ loss x 100%

Percentage loss = .
cost price

Inflation shows the increase in the prices of
all goods and services. The annual inflation
rate is given as a yearly percentage increase.

The goods and services tax (GST) is a broad
sales tax of 10% on most goods and services
transactions in Australia. The amount of
GST is usually included in the price of a
supplied item or service or it will be stated

if it is not.

A rate is a measurement that compares two
different quantities. It is important to be able
to convert rates.

Currency is the system of money used in a
country. Different countries have different
currencies.

The currency exchange rate is simply the
cost of one currency in terms of another.

To compare prices find the unit cost of each
item, then compare this to find the ‘best buy’
The unit cost is what the item costs for one
unit, i.e. could be for 1 item or for 100 mL or
for 1 kg, etc.
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CHAPTER REVIEW
PERCENTAGES AND RATES

Multiple choice

1 7 %% written as a decimal is:
A 0.0712 B 0.075 C 0.705 D 0.712 E 0.75
2 In an election one of the candidates received 6.65 million votes, which was 35% of

the total votes. Another candidate received 24% of the total votes. How many votes did he
receive? Answer correct to the nearest one hundred thousand.
A 1.60 million B 2.33 million C 456 million D 9.98 million E 19.00 million

3 A dosage of 172 mg was decreased by 8%%. Calculate the new dosage.
A 14.62 mg B 157.38 mg C 163.50 mg D 180.50 mg E 195.30 mg

4 A store marked down its bakery goods by 70% half an hour before closing.
Calculate the price of a loaf of bread that is normally priced at $3.50.
A $1.05 B $2.20 C $2.28 D $2.45 E $4.20

5 Shaun has a second-hand boat business. He bought a boat for $15 000. He spent
$3500 on repairs and later sold it. If he has a profit margin of 80%, what was the selling price?
A $18580 B $20 700 C $27000 D $30500 E $33300

6 A machine digs the ground at a rate of 5 t per hour. How long will it take
to dig 200 kg?
A 1.5 minutes B 2.4 minutes C 25 minutes D 40 minutes E 144 minutes

7 Sheldon buys an NBA jersey from America for US$259.99. If the exchange rate was
1.0425 for each Australian dollar, how much did he pay in Australian dollars?
A A$249.39 B A$258.95 C A$259.99 D A$261.03 E A$271.04

8 A certain brand of olive oil comes in different sizes. Which is the best buy?
A 200 mL for $5.60 B 450 mL for $7.85 C 800 mL for $24
D 2.4 L for $49 E 5L for $89

Short answer

9 Convert the following to percentages.
a 2 b 12 c 03 d 4.05
5 9
10 At a family reunion of 300 people, 105 were under 18 years of age. What was the
percentage of people who were under 18 years of age?
11 Find 36% of $84.
12 72.5% of students at a school study a second language. If the school has 912

students, how many study a second language?

9780170250252 CHAPTER 1: Percentages and rates
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13 If 80% of an unknown amount is $208, find the whole amount.

14 Sam has driven for 858 km. Calculate the total length of his journey if this distance
represents 65% of his journey.

15 Peter’s renovations will increase the floor area of his house by 45%. If the current
floor area is 150 m?, what will the new floor area be?

16 The value of Debbie’s superannuation increased by 8.5% one year and decreased by
6% the next year. What was the overall percentage change in her superannuation?

17 A store sells a treadmill for $1195. If the mark-up was 65%, what did the store pay
for the treadmill? Answer correct to the nearest dollar.

18 The price of all Christmas decorations were reduced in the two days before
Christmas. A Christmas tree that was priced at $76.95 sold for $50. What was the percentage
discount? Answer correct to the nearest percent.

19 Sally made and decorated a cake at a cost of $12. What was the percentage profit if
she sold it for $54?

20 Last year Louise had a salary of $106 000. This year her salary has increased to keep
in line with inflation. If inflation was 3.9%, what is her new salary?

21 A packet of biscuits rose from $2.80 to $2.90 in keeping with inflation. What was
the annual inflation rate? Answer correct to one decimal place.

22 An electrician does work worth $768. Calculate:
a the GST he needs to add to the bill b the total of the bill.

23 Sun paid $4700 for a new bedroom suite. How much GST did she pay?

24 Shaun sold a piano for $5995 including GST. How much was the piano
without GST?

25 A bird population is growing at a constant rate. If it increases by 5000 birds in

8 years, what is the growth rate per year?

26 A car’s rental rate is $78/day.
a What is the cost of hiring it for a two-week holiday?
b Dayna has a budget of $600 for car rental on her holiday. How many days can she
hire the car?

27 Convert 16 mL/s to L/h.

28 Xavier is buying coffee. The brand he likes is sold in a 300 g jar for $16.45 and
in a box of 280 sachets, which are each 1.7 g, for $42.70. He finds that the sachets are on
sale at 35% off.

a Which is the better buy? Justify your reasoning.
b What other factors could influence Xavier’s decision?
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29

30

31
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Karana bought two investment properties for $345 000 and $583 000. She later sold them for
$415 000 and $689 000 respectively. Which property gave her the better percentage return?
Explain.

The manufacturing cost of a motor is $260. The manufacturer applies a mark-up of 30%. The

wholesaler has to pay $20 transport to get the motor from the manufacturer and then adds a

mark-up of 20%. It costs the retailer another $15 to take the motor to his shop. The retailer

adds a mark-up of 35%. Finally, GST of 10% is added.

a What will the customer pay for the motor?

b What is the total percentage increase from the manufactured cost? Answer correct to one
decimal place.

Peter imports Balinese furniture from Indonesia. He buys a shipment of 75 outdoor table

settings for A$18 000. The exchange rate with the Australian dollar was 10 031 rupiah.

a How much did it cost him in rupiah?

b The shipping costs were 35 108 500 rupiah. How much is this in Australian dollars?

¢ Calculate the total cost of importing the table settings, in Australian dollars.

d Peter has a 140% mark-up for his profit margin. How much will he need to sell each table
setting for?

Practice quiz
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TERMINOLOGY

algebra

algebraic expression
balanced

coefficient

constant

equation

expanding

formula

highest common factor (HCF)
like terms

linear equation
pronumeral

simplify

solve

subject of a formula
substitution

term

variable

Prior learning

ALGEBRA AND MATRICES

ALGEBRA AND
EQUATIONS

2.01
2.02

2.03
2.04
2.05

2.06

The four operations in algebra
Expanding and simplifying algebraic
expressions

Substitution

Solving equations

Solving equations with pronumerals on both
sides

Practical applications of equation solving

Chapter summary

Chapter review



LINEAR AND NON-LINEAR EXPRESSIONS

substitute numerical values into linear algebraic and simple non-linear algebraic expressions, and evaluate
(ACMGMO010)

find the value of the subject of the formula, given the values of the other pronumerals in the formula
(ACMGMO11)

use a spreadsheet or an equivalent technology to construct a table of values from a formula, including
two-by-two tables for formulas with two variable quantities; for example, a table displaying the body mass
index (BMI) of people of different weights and heights. (ACMGMO012)

LINEAR EQUATIONS

identify and solve linear equations (ACMGMO038)
develop a linear formula from a word description (ACMGM039) @\

EXEl THE FOUR OPERATIONS
IN ALGEBRA

Definitions used in algebra

Algebra involves the use of symbols or pronumerals to simplify expressions and solve problems.

A pronumeral is a symbol or letter that takes the place of a number or a variable. A variable is a
quantity that can represent different values. A term can be a number and one or more pronumerals
multiplied together, or it can be just a number. A coefficient is the number that appears before a
pronumeral within the same term. A constant is a term that contains no pronumerals. An
algebraic expression is a collection of two or more terms. These terms can be added, subtracted,
multiplied or divided. An algebraic expression does not include an equals sign.

Examples of algebraic expressions are: 2m — 3n, 4a + 7b, 6uv — 2w + 4v and —9ahw + 3kim.

QO Example 1

In the algebraic expression p — 5gr + 7 identify the following:
a the number of terms.

b the coefficient of the term containing the variable p.

¢ the constant term.

Solution
a A term can be a number or a number and one or There are three terms in this
more pronumerals multiplied together. expression.
b A coefficient is the number that appears before a There is no number written in front of
pronumeral within the same term. the pronumeral p. The coefficient is 1.
¢ A constant is a term that contains a number only, The constant term is 7.

there is no pronumeral.
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Adding and subtracting algebraic expressions

Like terms are composed of the same pronumerals. The pronumerals may be in a different order.
Examples of like terms include the pairs: 4a and 2a; 3xy and —6yx and —2abc” and 5¢%ab. Colecting

like terms

Only like terms can be added or subtracted.

To simplify an expression means to collect the like terms and then write as simply as possible.

O Example 2

Simplify:
a 8x+2y—5x—3y b 4ab—5a+ 3ba c 3my—7m+2+43m
Solution
a Rearrange the expression to group the 8x+2y—5x—3y=8x—>5x+2y—3y
like terms.
Collect the like terms. =3x-y
TI-Nspire CAS ClassPad
- O Edit Action Intsractive
(1] &0 [ 1ea]sme || v ]| 4|+
|8 X¢2 =5 x=3y 3 x-y = &*Ib-lx-s.y ] l lﬂ_
0
75
]
Alg  Decinsl Rel Rxd Qb
b Rearrange the expression to group the 4ab — 5a + 3ba =4ab + 3ba — 5a
like terms.
Collect the like terms. =7ab—5a
TI-Nspire CAS ClassPad
- E) S ] 5 L7 B REES B
4 ab+3 ab-5a 7-ab-5a [ :;I-Sa}s;l 1‘11 l l n
| Tarb-5a
0
£
Matht | 4 cl|dle|/f
2 e PRI S D
199 Mathd T
X m . nloe|p 9 r
Trig * 1
ver S"'HV"'K' ll"r x
we LY LZ |
el - % G s e
Mg Decesl fesl Pl @B

9780170250252 CHAPTER 2: Algebra and equations | 55



Multiplying
and dividing

¢ Rearrange the expression to group the 3my—7m+2+3m=3my—7m+3m+2

like terms.
Collect the like terms. =3my—4m+2
Ti-Nspire CAS

~
3 my=-7-m+3 m+2 4 med my+2

The order of the terms on the TI-Nspire CAS is -~
different, but the expressions are equivalent. '

O Edit Action Interactive
ClassPad e[l T
Smy=Tm+2+3m

g
Srmry=4-m+2
n
&

Mtht |, hleld el
MRl s alaelalalt
mlRrsTe T
mi n|o|p a|r
Trlg ' T T 1
t u v w| x
Var — ——
z wry
e y

Multiplying and dividing algebraic expressions

Remember your rules for multiplication and division of integers:

When two integers of the same sign are multiplied or divided, the result is positive.
When two integers of different signs are multiplied or divided, the result is negative.

When multiplying and dividing algebraic expressions, the terms do not have to be like.

Multiplying algebraic expressions
With multiplication, simplify by multiplying the numbers and then the pronumerals respectively.
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O Example 3

Simplify:
a 2bx6ax4c b 5pgx-3pr
Solution
a Multiply the numbers and pronumerals 2b X 6a x 4c
respectively. =48xbxaxc
Write in simplest form. =48abc
TI-Nspire CAS ClassPad
= - @ Edit Action Intsractive
FEAT o T[]
2bxBaxde 4]
| 48-a-bre
i
7]
Mt | g d|c|d|elr
| e PRI EBFA N
L N e O
T alv|el=]
YOF. st =
o 1.2 L= I
=% % [ws]ee
Alg  Decimsl  feal Rad @
b Multiply the numbers and pronumerals 5pq X =3pr
respectively. =—15pq X pr
Write in simplest form. =—15p°gr
TI-Nspire CAS & _— -
Note that you need to include a multiplication ol 15p2gr
sign between each variable in a term when using | |
the TI-Nspire CAS.
ClassPad v/
199 ]
O Edit Action Interactive
Rl Bl =T
5pax-3pr [+ ]
-15:p2uqer
D
7]
Matht | 5 (b |c|ad|elr
Wtz [T Tk [
e [T e 7]
e alv|w|x
VOr ey _—
-—u__ y ‘ziA i ) | X cars
v+ % |G |ms |6
Alg Decimal Real Rad am
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Dividing algebraic expressions
With division, write the expression as a fraction and simplify by cancelling the numbers, and then
the pronumerals, using the highest common factor (HCF). The answer is usually written as a

fraction.
O Example 4
Simplify:
36m*n
28xy + 21 b -
a 28xy+2lyz Snp
Solution 4
a Write the question as a fraction. a’d
2lyz
Identify the HCE. HCF=7y
Divide the numerator and the denominator by 28xy _ dx
2lyz 3z

the HCE. Write the answer in simplest form.

o
=

TI-Nspire CAS 28 %y
Remember that you need to include a 31_,;
multiplication sign between each variable in a term | |
when using the TI-Nspire CAS.

w
N

Domain of the result might be larger than the do...

@ Edit Action Intsractive

ClassPad FaTo Tialsme o T T+
28xy o
2lyz

ax
3z
(1]
ﬂ‘
Mathl |jine| ™= (VB | = | @
Math2 [ | e | In |loggd| VT
Mathd T o=t s tm

| TR R P e
T8 300 fobms| (= | ¢1 | O
Wnanl wsoimiel B5ocn i BnA Wnaaw

Var !
—— sin | cos | tan

BRI
Alg  Standard  Resl Rad @@

b Write the question as a fraction. _36m’n
Imnp
Identify the HCE HCF =9mn
Divide the numerator and the denominator by _36m’n __4m
9mnp p

the HCE. Write the answer in simplest form.
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-36 m2-n
9Smnp

TI-Nspire CAS

ClassPad
@ Edit Action Interactive

(4] & [a]sme] 2] v] v

—36m2n

—36m2n g
Smnp
-4 m
i}
3
an

Alg Standard  Real Rad

2AERCEIPAGN The four operations in algebra

1 In each of the algebraic expressions identify:

i the number of terms

ii the coefficient of the term with the variable m

iii the constant term
a3dm—4n+6
b2mn+7n—4m-—>5

2 Simplify:
a 3x—2y+6x—y
d 8xy+3x—4yx—6
g 3de—6ed+2d

3 Simplify:
a 3xX5y
d —5xyx3yz
g —6m X (—6m)

‘ Simplify:
12xy

3y

—48st

16rt?

3x

9%

a

9780170250252

b 4ab—6a—9ba

2ab+a+5ab+b
—5+7u—10-3u

b —4a x 2bc
e 4ak x 4am

10ab x (—2ab)

—30mn
6np

4im
2m
27pr
-9pq

c 7b—-9a+3b—-4
f 3r+4ar—2ar—"7r
i 15x—5+3x+5

¢ 12mnx-3n
f —3dx 8cd
i —4bc X (-3cd)

24uv?
16vw

14x2y
2xy

—4de

20e
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5 Simplify:

a 5m—-2n+3m+n b 2ab—4b+3b—-2ba
¢ 5x—4y+2xy—3x d 8pg—6q+3p—4qp
6 Simplify:
a 2mX-5n b —4pgx2q
c 8xyx—7xz d 12abx 5cd
7 Simplity:
— 2 p—
s 4xy b —24ab c 45x"y q 32abc
8yz 6bc 9x —4bc?

Reasoning and communication

8 a State two different algebraic expressions involving addition which simplify to12a — 7b.
b State two different algebraic expressions involving subtraction which simplify to 2p + 74.
c State two different algebraic expressions involving addition which simplify to 12x* — 8xy.
d State two different algebraic expressions involving multiplication which simplify to 6cd.
e State two different algebraic expressions involving multiplication which simplify to 24a’b’.

f State two different algebraic expressions involving division which simplify to g—;

2
g State two different algebraic expressions involving division which simplify to 44

24ab 7
9 Select the simplified expression which matches o
m
6a B 12a 3a b 3a E 4b
12m 8bm 2bm 2m 8m
10 Which of the following is the simplified expression for 2% , =3 2
5 10y
2
™ g 3 ¢ _6¢ o3 e 3
25 25y° 50 25y 2y

11 Choose a month from any calendar and draw a box around any block of nine numbers.
See the boxed numbers for example.

10 11 12
17 18 19
24 25 26

a Add together the numbers in any line of three numbers going through the centre of the box
(row, column, or diagonal). For example: 10 + 18 + 26.

b Add another line of three numbers that goes through the centre of the box.

¢ There are two more lines that go through the centre of the box. Find their sum also.

d What do you notice? Why does this pattern work? Hint: Let the number in the top left-hand
corner be x.

12 If 55 — 10x — 3x* — 12x = px” + gx, state the values of p and q.
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EXPANDING AND SIMPLIFYING
ALGEBRAIC EXPRESSIONS

Expanding an algebraic expression means that the grouping symbols (brackets) are removed. The
distributive law is used and every term in the bracket is multiplied by the term outside the bracket.
Remember to take care with multiplication of positive and negative terms.

=aX X
alb+c)=axb+axc Remember that multiplication

=ab+ac signs are omitted in algebra.
- ax bmeans ab
QO Example 5
Expand and simplify:
a 3(a—4) b x(2x+5) ¢ —4m(2m—n+3)
Solution
a Write the expression. 3(a—4)
Multiply each term inside the brackets by the =3xa-3x4
term outside the brackets. =3a-12

Simplify the expression.

¥x 1: Actions
) Lis2; Number |[1: Solve
TI-Nspire CAS \- 2 Algebra " |2: Factor
1 Open a New Document with a Calculator N 4: Calculus
page @ 5: Probability4: Zeros
8¢ < 6: Statistics |5: Complete the Square
2 Press [menu). [4]7: Matrix & \|6: Numerical Solve
3 Select 3. Algebra. $¢8: Finance |7: Solve System of Equations b
[#219: Functions|8: Polynomial Tools »
4 Select. 3. Expand. ) |9 Fraction Tools »
5 Type in the expression. A:Convert Expression »
6 Press [enter]. i
L1 M o aved o]
expand(3- (a-4)) 3a-12
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ClassPad © Edit Action Intsractive
'i., ﬁ> [ | Simp | 0 v | 405 | w

1 In the Jg application, type the expression.

2 Highlight expand (3-(a-4)) 4]
' 3-a-12

3 Tap Interactive then n ‘

7]

a

Transformation then Expand. Make sure
Expression is checked then tap[OK].

Alg Standard  Real Rad

b Write the expression. x(2x+5)

Multiply each term inside the brackets by the

term outside the brackets. =xX2x+xX5

Simplify the expression. =2x" +5x

TI-Nspire CAS ClassPad
«EER > ; . — ey O Edit Action Interactive
N B ) EN RS |

expand(x (2-x+5)) 2x245x | expand (x+ (2+x+5))

4]
| ‘ 2:x2450x
n
&
[
(7]
@

Alg Standard  Real Rad

¢ Write the expression. —4m(2m —n+ 3)
Multiply each term inside the brackets
by the term outside the brackets. =—4dmX2m+—4mX—-n+—-4mx3
Simplify the expression. =—8m* + 4mn — 12m
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TI-Nspire CAS

expand(-& m (2 m—n+3))

-8 m2+4 m n-12-m

111 0 ' awed ol <

199

ClassPad

@ Edit Action Interactive
LEb] & [l sme | v ] 4] v
expand (=4-m* (2 m-n+3) )

g
-8:m2+4:men-12+m
o
3
an

Alg Standard  Real Rad

If there is more than one bracket in the expression expand each
bracket separately and then simplify by collecting the like terms.

O Example 6

Note that —(3x—4) =—1 X (3x—4)

Expand and simplify:

a 3(a—2b)-5(2a+Db) b 2x(5y—3)—(4x+y)

Solution
a Write the expression.
Expand each bracket.

3(a—-2b)—

Rearrange the expression grouping like

5(2a+b)
=3a—6b—10a—-5b

ClassPad

expand (3+a+(a=2+b)~5+(2-a+b))

terms. =3a—10a—6b—5b
Write the expression in simplest form. =—7a—11b
TI-Nspire CAS
«EER » . wed ofil © Edit Action Interactive
expand(3-(a-2 B)-5- (2 a+d)) 7'a-110 T
|
p
Alg Standard
7]

3ea2=Grarb=10-a-5+b

o Do——

Res! Rad

b Write the expression.
Expand each bracket separately.
Write the expression in simplest form by
collecting like terms.

9780170250252

2x(5y—3) — (4x +y)
=10xy—6x—4x—y

=10xy—10x—y
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Expanding
algebra

64

TI-Nspire CAS

211 B

oxpand(;' xls .)hl)-l (l xﬂ'])
10 x =10 x-y

ClassPad
O Edit Action Intsractive
(3 | &0 {83 ]swe 20| v [ 4| |
expand (2+x+ (5ey=8)=(4-x+y))
10+x-y=10-x~y

Alg Standerd  Feal Rad

Expanding and simplifying

algebraic expressions

Concepts and techniques
1 Expand each of the following expressions:

a 3(a+2) b 5(3—2b)

d —6(b-2) e 3x(x—2)

g —4(2k +4) h 23 —41)

i k(7 —5k) k —9b(b—1)
2 Expand:

a 4(x-3) b -3(a+4) c 52a-1)
3 Expand each of the following expressions:

a —6n(4—n) b 5x(rx+2r)

d 5b(a’+3b-7) e —(x*—4x+10)

g yR2y+3-y%) h de(d-2+¢%)

—_— = =~

c
f
i

4 Expand and simplify each of the following expressions:

a 5(x+4)-2(x+3) b 3(d—4)—2(d+5)
d 8(f+2)—(f+7) (2x—4) —5(3x+4)
g 3b(b+5)—b(b-28) Aww—=7)—ww+1)
j 2(a=b)+2(b+a) x2v+4)—x(v+1)
m e(3e+5) — (2e — ¢) —2(a+3) +4(a-3)

S5 X o o

5 Which of the following represents the expansion of : —=(2m — 3n)?
A 2m+3n B —2m—3n
D 3n—2m E none of these

6 5a(b—2a)+ 3b(4a — b) can also be written as:
A 5ab—10a + 12ba — 3b B 17ab— 10a*> - 3b°
D 5ab—10a”+ 12ba — 3b* E 10a*— 12ab + 3b*

NELSON SENIOR MATHS General 11
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f
i
L
o

c

—2Q2a+1)
3p(p—a)
—d(d-5)
2y(7x + 4y)

d 3x(x—38)

—(2a> - 4)
3h(h —7e — 4eh)
=3v(=3av+v—2a)

6(r+10) —4(r—>5)
6x(x+4)—3x(x—1)
6(k+p)+3(k+2p)
=3(t+w)—22t—w)
plp—q)—q(q—p)

3n+2m

17ab — 10a — 3b
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7 6x(x—3) — x(4x + 3) can also be written as:
A 2x*—3-3x B 10x*— 15x C 2x*—15x
D 10x*—21x E 2x%—21x

Reasoning and communication

8 a Evaluate 7—5and 5 — 7. How are the two answers related?
b Evaluate 4 — 10 and 10 — 4.
¢ Isa—balways the same as —(b — a)? Can you prove it algebraically?

9 Expanding is useful for multiplying numbers mentally without using a calculator, especially if
one of the numbers is close to 10, 100 or 1000.
Study the following examples.

A 35x11=35x(10+1) Think of 11 as 10 + 1.
=35x10+35x1 Expand.
=350+ 35 Simplify.
=385
B 43x102=43x(100+2) Think of 102 as 100 + 2.
=43 x100+43x2 Expand.
= 4300 + 86 Simplify.
=4386
C 16x8=16x(10—2) Think of 8 as 10 — 2.
=16x10—-16x2 Expand.
=160 - 32 Simplity.
=128

Use the strategies shown in the examples above to complete these multiplications without using
a calculator.

a 25x12 b 18x9 c 6x105

d 87x11 e 50x99 f 45x8

10 a State two possible algebraic expressions, with brackets, which expand to 12a — 6.
b State two possible algebraic expressions, with brackets, which expand to16cd + 12de.
¢ State two possible algebraic expressions, with brackets, which expand to24mn + 36x>.
d State two possible algebraic expressions, with brackets, which expand to 32ab + 16b* —4a>.

SUBSTITUTION

Substitution is where a pronumeral is replaced by a numerical value in order to evaluate an
expression. Remember to use the correct order of operations when evaluating.

QO Example 7

If p=2, g=—3 and r = 8; evaluate each expression:
a 2pq—r b r*+2q ¢ 5p(3g—qr)
Solution
a Substitute the appropriate values into the 2pq—r
expression. =2X2x—-3-8
Evaluate, using the correct order of operations. =-12-8
=-20
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b Substitute the appropriate values into the r”+2q

expression. =8 +2x-3
Evaluate, using the correct order of operations. =64-6
=58
¢ Substitute the appropriate values into the 5p(3g —qr)
expression. =5%x2X%X(3x-3--3x8)
Evaluate the bracket first. =10 (=9 + 24)
Evaluate, using the correct order of operations. =10x15
=150
TI-Nspire CAS

The | symbol is used for substitution. 2 p g-rip=2and g=-3 and re8 .20
Press (o] (=) then select |. Separate the values of the
pronumerals by typing [=][AINDI[=].

2 .
r*+2 glg=-2 and r=8

Sp (3 q-q r)|p-2 and g=-3 and r=8 150
[

ClassPad O Edit Action Intsractive

The | symbol is used for substitution. (Lilor [eafser]] ][]
2pq-r|{p=2,¢=-3,r=8} a

Press then tap (Math3|then select | . 20l
If substituting for more than one pronumeral the r242q| {q=-8, r=8}

. 58
set brackets {} need to be used with the values of Birbbisonel il quwel iy

the pronumerals separated by commas. 150
0

Math! || e | ™= | VI | =
Meth2 || pefine|

8 i =
Alternatively, the values of the pronumerals can be ™" |goyse + #1
3 . . Trig | + t T *
stored first. They can then be substituted by typing g EEERIRED £1
the required expression into the CAS. oy S B A A I
TTv)| + | |G | ens | BXE

Alg Standard  Real Rad [ ]

TI-Nspire CAS
Open a New Document with a Calculator page. 2p 2 &
Press [2](etri] [var] [P][enter] % g 3
Press [0)](3]etr ] [var] (Q] enter] % 8
Press [enter] (ctrt ] [var )R] enter] 2p gt -20
Type an expression and press 2., 53
Open a New Document to clear the stored L |
variables. sp(3egr) 150

l v

699
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ClassPad @ Edit Action Interactive
(3] & [l sme || v | 2 v ]]

Use the application g

Press 2 then tap (2] pand  * i
Q
@

press -3%0
Press [©)] 3 tap [*] g and press o

Press 8 tap rand press
To clear stored variables tap Edit then Clear All
Variables. r232¢

A formula is an algebraic rule which describes a mathematical relationship between pronumerals
or variables. For example: A = Iw is the formula used to calculate the area of a rectangle. We say that
A is the subject in this formula. You will also notice that a formula contains an equal sign. The
value of the subject of a formula can be found by substitution.

Substitution
code puzzle

~ You use the same method
when substituting into
algebraic expressions or
formulae.

O Example 8

From a height & m above sea level, an observer
can see a distance of d km to the horizon,

where d = S\E S

What distance, correct to the nearest kilometre,
can be seen from a tower 128 m above sea level?

Shutterstock.com//Rob Byron

Solution
Write the formula. d=8 \/?
Substitute # = 128 into the formula to find d. —=8x f 128
5
Use your calculator’s/ button to evaluate. =8X%5.059...
Show each step of the calculation. =404771...
Round your answer to match the question. ~ 40 km (correct to the nearest km)
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ity T DT
Press for a decimal answer. X j”— TR
d=8: |~ =128
|
]
ClassPad : Edt A::m Intsractive
i : . [ei] & Jia]sme] o] v [ ]+]
Use Decimal mode to obtain a decimal answer. 5
d-B,/g 1h=128
d=40. 47715405
0
[¥]
Alg  Decimal  Real Rad a
IMPORTANT

The subject of a formula is the pronumeral by itself, usually on the left of the equals sign.

DAENGINIAEN Substitution

Concepts and techniques
1 If m =6, n=3 and p = —4 evaluate the algebraic expressions:

a 4nm b 2np-m (o p2+mn d 24mp—n

e 3mn—2p f 2n2+3mp g —5p+2mn h 1)2—112+r112
2 The value of the expression 3y* — (2y + 8) if y = =5 is:

A 73 B 77 c -73 D -77 E 27
3 The value of the expression 3a(8 — 2b) ifa=3 and b=-12is:

A —-144 B 144 C 288 D 288 E 9%

4 Calculate the volume, correct to two decimal places, of a cylinder with a base radius
of 4.07 cm and perpendicular height of 11.58 cm. Use the formula V = ntr?h.
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5 The temperature T (in °C) of the water in a kettle t minutes after it is switched on is given by
the formula T'= 18¢ + 28. Find the temperature of the water:

a 4 minutes after it is turned on.
b 1% minutes after it is turned on.
¢ When the kettle is first turned on.

6 The formula for converting Australian dollars (A$) to US dollars (US$) is US = 0.835A.
Convert the following A$ amounts to US$, correct to the nearest cent.
a $20.00 b $89.50 c $4800

7 The angle sum A° of a polygon with # sides is A = 180(n — 2). Find the angle sum of:
a a quadrilateral b ahexagon ¢ adecagon.

8 Ifan object is moving with speed u m/s and acceleration a m/s?, then its speed v m/s after
tseconds is v=u + at.
a Which variable is the subject of the formula?
b Calculate the speed of a car after 5 seconds if its speed now is 6 m/s and it is accelerating at 2 m/s’.

9 The number of matches, m, needed to make this pattern of triangles is m = 2t + 1, where t is the
number of triangles in the pattern. How many matches are required to make:
a 8 triangles? b 40 triangles? ¢ 150 triangles?

10 The volume of a sphere with radius ris V = é7tr3. Calculate, correct to one decimal place, the
volume of a sphere with radius 14.5 cm.

11 The time, T seconds, it takes a swing to go back

and forth once is T =2mn i, where [ m is the
4
length of the swing and g is the gravitational

acceleration. Find T, correct to two decimal
places, if [ =2.35 and g = 10.

12 Use the compound interest A = P(1+ ﬁ)”

formula to calculate the amount to which a
principal of $5600 will grow if invested at 9.4%
p-a. for 5 years.

2
13 The maximum distance, d m, a ball travels if thrown with speed v m/s, is d =2-. Find the

4
maximum distance if a ball is thrown at a speed of 11.5 m/s and g= 9.8, correct to one decimal
place.
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15 The speed, V m/s, required for a

Reasoning and communication

k
14 The formula for converting a speed of k km/h to metres per second (m/s) is M = i—s A speed of

80 km/h is closest to which of the following speeds?
A 22m/s B 32m/s C 35m/s D 47 m/s E 23m/s

spacecraft to escape the Earth’s
gravitational pull during take-off is

V =[2gr where gis 9.8 m/s” and r is the
radius of the Earth (6 378 000 m). Which
of the following is closest to the escape

speed of a spacecraft leaving the Earth’s
atmosphere?
A 8840 m/s B 11180 m/s
C 12500 m/s D 35000 m/s
E 1180 m/s

16 Listed below are commonly-used formulas. As a group or individual activity, select eight

formulas and, for each one:

a Describe what the formula is used for.

b State the subject of the formula, and describe what it represents.
¢ Describe what the other variables in the formula represent.

V=§Ah A=180(n—-2) F=a*+ b
P
A=nr S=2mr +2nrh =
100
m=22"1 C=2nr=nd Azlxy
Xy —X; 2
1
g4 A=Latbm A=P1+—)
t 2 100
A=¢ V=nrh Vzgnre'

The body mass index

The body mass index (BMI) has been used by the World Health Organisation since r}1997 as an
international standard for health and fitness for adults. The formula for BMI is B= h—z, where

m is a person’s mass in kilograms and h is the person’s height in metres. This single value,
applicable to both males and females, is a convenient indicator of whether a person is
overweight or underweight, without the need for reading height-weight charts. The table below
shows how BMI, when calculated correct to one decimal place, is interpreted.

BMI Weight status
Under 18.5 Underweight
18.5 to 24.9 Normal

25.0 t0 29.9 Overweight
30 and above Obese

NELSON SENIOR MATHS General 11 9780170250252
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Because the BMI is an algebraic model, the WHO acknowledges that it has some limitations. It
is useful for classifying the general population but does not take into account a person’s frame
size, muscle mass, bone density or distribution of body fat. For this reason, the BMI should not
be used for body builders, athletes, children under 19, pregnant women, the frail and sedentary
elderly, and Aboriginal, Pacific Island and Asian people.

Activity

a Jandiis 1.7 m tall and her mass is 60.4 kg. Jay is 1.8 m tall and his mass is 72.2 kg. Use a
spreadsheet to calculate Jandi’s BMI and Jay’s BMI correct to one decimal place.
TI-Nspire CAS
Open a new document with a Lists & Spreadsheet
page.
In the cell labelled A, type m, in the cell labelled B,

bmi
=(my'2

60.4 1.7 20.8997
h in the cell labelled C, i.
type h and in the cell labelled C, type bmi S = e
Enter Jandi’s mass and height in cells A1 and B1
respectively then enter Jay’s mass and height in :
cells A2 and B2 respectively.
v
In the row immediately below bmi, type the ce | i
formula = m/h”. For each pop up window that
appears, select Variable Reference then [OK].
Jandi’s BMI is 20.9 and Jay’s BMI is 22.3.
ClassPad
Use the application. o File [Edif] Graph calc
[ 5] undormedo ’i]l_hJLrL
Tap cell Al. To enter the letter m in this cell, press tap bl e
then[my]. Similarly, in cell B1 type h and in cell C1 type BML. | § ™ |seisct B
(Remember that to see capital letters on the it is 3. e ;
necessary to first tap [ms].) 2. jg‘”
T Paste

Type Jandi’s mass in cell A2 and her height in cell B2. In cell C2 - /Bh:-4 Fill Ranga ’
use the buttons and screen keyboard to enter the formula (=] A2/ Lot L

e |Clear All R L |
B2(~)2 then press (EXE]. 1]2]3[4|5]8]7|8|a]0]|-
qwlelritiynijlolp @
(Note that / can be entered either by pressing (=] or by tapping SEANOANANEOBE
and selecting it from the screen.) $lalx|c|v|binim,|. @
| Sp EXE
Type Jay’s mass in cell A3 and his height in cell B3. Q.: = = =

Highlight cells C2 and C3 then tap Edit and Fill Range.
On the screen that follows, tap[OK]
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@ File Edit Graph Cslc

This copies the formula in cell C2 into cell C3 and automatically
adjusts this to use the values in cells A3 and B3.

:S".»\BCD’EF]»
T O O O - [ |

Formula EA2/B2"2) ]
Range c2:c3 3
0K | Cancel
=A2/B2"2 Tv[X
sbe \ affy Math Symbol i
2 7/8fafol-]
o
1

w AR IR p @

8
y
hijlk
b

ale o«
-

&>l o -

nimj, |, s

"
NES
o

3\¢-V Space EXE

@ File Edit Graph Cslc

Jandi’s BMI is 20.9 and Jay’s BMI is 22.3. L.t;,l, 5 o] "f“l'l"""ll]ll’ I-

ATl e T ¢ N

h BMI b
60.4  1.7p0.8097
72.2]  1.822.2840 |

1
|

1

Sl

-
=

B =

=y

hd

DI O
=A2/B2"2 v [ X
(2 20.898653%8 a

b A doctor sees 15 patients one morning for general medical check-ups and records their
masses and heights as part of her routine procedure.

Use a spreadsheet to calculate the BMI, correct to one decimal place, for each patient then
classify each one as; underweight, normal, overweight or obese according to the table given
in the introduction.

Patient Mass (kg) Height (m) BMI Interpretation
A 57.4 1.62
B 63.5 1.58
(© 45.8 1.63
D 89.6 1.72
18 104.3 1.85
F 96.7 1.77
G 77.2 1.64
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Patient Mass (kg) Height (m) BMI Interpretation

H 69.5 1.60
I 47.6 1.53
J 124.6 1.74
K 87.9 1.62
L 82.1 1.71
M 65.8 1.59
N 53.5 1.55
(@) 52.6 1.63

SOLVING EQUATIONS

An equation is a mathematical sentence composed of algebraic expressions ggaiiegsfan -

and numerals which can be on either side of the equals sign. Equations are simplified but an

different from expressions due to the inclusion of an equals sign. eqilat(iion can be
solved.

For example, 3w — 4 is an algebraic expression, whereas 3w —4 =6
1s an equation. To solve an equation you must
L . . keep it balanced, that is, you
An equation is solved when the value of the variable, making the must perform the same
equation true (for example, x) is found. operation on both sides of

the equation.

QO Example 9

Solve the equations below:

a 2x—6=14 b 8—4b=-16

Solution

a Write the equation. 2x—6=14
Add 6 to both sides. 2x—6+6=14+6
Simplify both sides. 2x=20
Divide both sides by 2. 2x_20

2 2

Simplify to find the value of x. x=10
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TI-Nspire CAS

Press [meny],

Select 3. Algebra

Select 1. Solve

Type in the equation, pronumeral to be
solved for.

6 Press [enter]-

g s W N

ClassPad

1 Using the Jg application, type the equation.

2 Highlight then tap Interactive then
Equation/Inequality then solve.

3 Make sure that Solve is checked and the
correct variable is in the variable box then

tap [OK].

b Write the equation.
Subtract 8 from both sides.
Simplify both sides.

Divide both sides by —4.

Simplify to find the value of b.

74 | NELSON SENIOR MATHS General 11

1 Use a New Document with a Calculator page.

¥y 1: Actions
45 2: Number

{6 4: Calculus
@ 5: Probability
1 6: Statistics
[£5) 7: Matrix & \
$¢8: Finance

9: Functions|8: Polynomial Tools »
19: Fraction Tools »
A: Convert Expression b

2 2: Factor

3: Expand

4: Zeros

S: Complete the Square

6: Numerical Solve

7: Solve System of Equations M

2 11,0

solve{2: x-6=14x) x=10
|
9
@ Edit Action Interactive
[Ea] &[] sme o] v 44 v f
solve (2-x-6=14, x) [ 4]
{x=10}
n
[ v
Alg Decimal Real Rad a
8—4b=-16
8—-4b-8=-16-8
—4b=-24
—ib_ 4
—4 —4
b=6
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TI-Nspire CAS ClassPad

(23] & [iga]sme | ] ]|

A~

solvel8-4- b=-16,5) b=6 solve (8-4+b=—18, b)

4]
| {b=6}
n
hal
1/99
7]
]

Alg Decimal Real Rad

When solving more complex equations you need to carefully consider the order of the operations
performed on the variables.

Once you have identified the order of the operations, perform them in reverse order to solve for the
variable.

QO Example 10

Solve the equations below:

a Z+2=7 b 5-X=3 ¢ 2026y
3 4 5
a Write the equation. §+ 2=7
Subtract two from both sides. % +2-2=7-2
Simplify both sides. g =5
Multiply both sides by 3. g x3=5x%3
Simplify to find the value of x. x=15
TI-Nspire CAS ClassPad
KR . — il @ Edit Action Intsractive
= B DS 00|
X =10
sol e(; 2=7, ‘] solve[%-o-l-‘l. x] o
: (x=15)
' i
v
Math! |jjne| ™= | I | = ?
‘@;’I | In |loggD| o
[ ol solved

———sin | cos |tan | * | *
T« | % |G| B |
Alg Decimal Real Rad [ 1]
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b Write the equation.
Subtract 5 from both sides.

Simplify both sides.

Multiply both sides by 4.
Simplify both sides.

Divide both sides by —3.
Simplify to find the value of x.

TI-Nspire CAS
TI-Nspire CAS tip: Press [en](=] for the fraction
template 2.

ClassPad

¢ Write the equation.

Multiply both sides by 5.

Simplify both sides.
Add 6 to both sides.
Simplify both sides.

Divide both sides by 2.

Simplify to find the value of a.
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3x

52X )
4
3
5-2% _5-2_5
4
3
I
4
3% 4= —3x4
4
—3x=-12
—3x _-12
3 3
x=4

solve| 5- =2x

189
@ Edit Action Interactive
BEECCeE)|
nlvo[ﬁ-%-z.x) 4
{x=4}
a
L
Alg Decimal Real Rad am
20—
a—o6 —4
5
2a—6
a X5=4X%5
2a—-6=20
2a-6+6=20+6
2a=26
2a_26
2 2
a=13
9780170250252



1M

aﬂv{

>
—

a-6

£
>

TI-Nspire CAS

-.‘,,)

i~
a=13

199

ClassPad

O Edit Action interactive

i Ae [iga] sl | v [ ]|

BT

RENOSFAER Solving equations

Concepts and techniques

1 [ 2cud Solve each of these equations:

a 3d+2=20 b 2p-3=2
d 5a+3=-12 e 12b+8=4
g 4x+2=22 h 5-3y=26
j 28—5x=3 k 22m+12=56
2 Solve each of these equations:
4 6
d 2}+—2=1 e g:
-3 10
3x—-1
g 22 4=0 h 2=
3 2
p2at3 k 32-2_2
9 3
3 Solve each of these equations:
a 3m+2=17 b 2x—-4=28
d 12+2w=-18 e 5x—4=26
2f+
% _g h 27 g
5 2
4n+7= K Sz+8:_3
9 6
9780170250252

4u+6=20
3-2a=-6
i 6m—8=16
-8—4v=16

-~ N

c —2—x=8
5

f 2 11=9
3

18—-2n

3

L 5—x—12——
4

=4

c 10-3a=16
f 28—-4a=40

i Y_8=6

One- and
two-step
equations
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Reasoning and communication

4 In which line was an error made in solving the following equation?

—4
% 41226  Linel

c—4
= Line 2

c—4=64 Line 3
c=68 Line 4

A Linel B Line 2 C Line3 D Line4 E No mistakes

5 Let the number represented in the following be #. For each statement below:
i Write an equation to match the words.
i Solve this equation.
Twice a number less 8 is equal to 18.
Four times the sum of a number and 5 is equal to 28.
Twelve less three times a number equals 39.
Twice the sum of a number and 6 is equal to 46.
One third a number less 4 is equal to 1.
Half the sum of a number and 6 is equal to 8.
Twice a number less 4 is divided by 5 and equals 4.
One third of the sum of a number and 7 is equal to 12.

oOQ "t o o nNn T o

6 True or false?
a w=>5is the solution to the equation 3w —8 =13.
b x=4is the solution to the equation 12 — 2x =—4.
¢ m=-3is the solution to the equation 2" =6 _

4.
d n=7is the solution to the equation 47” +8=12.

7 A paddock is 40 m long and x m wide. The perimeter of the paddock is 300 m.
a Find an expression for the perimeter of the paddock.
b Write an equation and calculate the width of the paddock.

8 Paula had n marbles and Stephen had 11 less than Paula.
a Write an expression for the number of marbles Stephen had.
b Write an expression for the total number of marbles.
¢ Ifthey had a total of 61 marbles, write an equation and calculate the number of marbles
Paula had.
d Determine the number of marbles Stephen had.

9 A photo is x cm wide and x + 6 cm long. The distance around the outside of the photo is 40 cm.
a Find an expression for the distance around the outside of the photo.
b Write an equation and calculate the width of the photo.
¢ Determine the length of the photo.
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SOLVING EQUATIONS
WITH PRONUMERALS ON
BOTH SIDES

Some equations have pronumerals on both sides of the equals sign. To solve this type of equation,
collect the pronumerals on one side of the equation then simplify as before to find the value of the

pronumeral. To solve an equation with brackets expand the brackets first then solve the equation as
before.

QO Example 11

Solve: 5
a 2a-5=a+7 b 3(6-2x)=28 c %—5:3x—19
Solution
a Write the equation. 2a-5=a+7
Subtract a from both sides. 2a-5—a=a+7-a
Simplify both sides. a-5=7
Add 5 to both sides. a—-5+5=7+5
Simplify to find the value of a. a=12
TI-Nspire CAS ClassPad
“EEKB ’ — ol = @ Edit Action Interactive
a8y I‘h .L...
solvel2- a-5=a+7,q) a=12 7 [ l “‘le Jl l l L
solve (2+a~5=a+7, a) [+ ]
| {a=12}
]
7] |
&4
Alg Decimal Real Rad a
b Write the equation. 3(6 —2x) =28
Expand the brackets. 18 —6x=28
Subtract 18 from both sides. 18—6x—18=28-18
Simplify both sides. —6x=10
.. . —6x 10
Divide both sides by —6. — =
-6 -6
. . X 10
Simplify to find the value of x. ==
__2
3
2
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TI-Nspire CAS
-

ClassPad
© Edit Action Interactive

(E2[ o [lea]sm2] [ 4 v

sotve{3- (6-2-x}-28.x) ;*;,5 salvo(3+(B=2-x)=28, x) o
' : =31
]
10;’ |
7]
Alg Standerd  Rss' Rad o
. . 2x
¢ Write the equation. 5 5=3x-19
2x
Add 5 to both sides. ?—5+5=3x—19+5
Y . 2x
Simplify both sides. 5 3x—14
Multiply both sides by 3. 2?)( xX3=(3x—-14)x3
2x=3(3x—14)
Simplify both sides. 2x=9x—42
Subtract 9x from both sides. 2x—9x=9x—42-9x
Simplify both sides —Tx=—42
Divide both sides by —7. —Tx_ 42
-7 =7
Simplify to find the value of x. x=6
TI-Nspire CAS ClassPad
511 B *Unsaved 0 © Edit Action Intaractive
o [“'I*-les-l'le =T
2 X =
so‘“(T-S"" .\.‘-19,\1) mlva(-—-ﬁ-s x-19, x 8
,| s (x=6)
1]
&
159 |
i
Mg Stnderd  Pesl Rad | m
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O Example 12

Solve for the pronumeral in each of the following equations.

2
a x1813=2 b w+6=5 ¢ Jad—9=7
Reasoning Working
2
a Write the equation. o 2
18
Multiply both sides by 18. x*-13=2x18
X’ —13=36
Add 13 to both sides. ¥ =36+13
2
x =49
Take the square root of both sides. x=+/49
Write the answer. x=17
TI-Nspire CAS

=-7 or x=7

1499

solve(w +6 -S,W)

b Write the equation. w+6=5
Subtract 6 from both sides. w=5-6
w=-1
Take the cube root of both sides. w=3/-1
Write the answer. w=-1

TI-Nspire CAS

9780170250252

x =%7 means that x=7 or

x =—7. There are two possible
solutions to this equation since
7°=49 and (-7)* = 49.

ClassPad

© Edit Action Interactive

= :'?'|}:3|“~@ v l'%lfl v H,.

L 4
solve(* 18 —2 x)
{x==7,x=7}
o
v
(]

Alg Standard

ClassPad

© Edit Action Intersctive
SIBECEatEa N

solve(w34+6=5, w)

o
{w=-1}
o
E!

Rasl Rad

Alg Standard
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¢ Write the equation.
Square both sides.

Add 9 to both sides.

Divide both sides by 4.

Write the answer.

TI-Nspire CAS

Notice that if you include a decimal point in the
question, you will get a decimal answer.

If you don’t include a decimal point in the
question, you will get a fractional answer.

ClassPad

To get a fractional answer, set the calculator to
Standard.

To get a decimal answer, set the calculator to
Decimal.

V4d-9=7

4d—9=72

4d—-9=49
4d=49+9
4d =58

solvo(\h d-9 =7,d) 20
2
solve(\4 d-9 =7.,d) d=145 |

2199

0 Edit Action Intaractive

2] 63 (=) eI 0G0 I
so0ox(1+785)

0

11337. 408

| Mot (e = [ v lb.
| Mot [T T |y [loag)| YOI
e Ml)ﬂw(
800 wos{ (R | O O

2GENOSIPAGE Solving equations with

complex

pronumerals on both sides

equations

Concepts and techniques

1 Which of the following is the solution for 2t —4 =10+ £?

At=2 B t=3 c t=4§ D t=6 E t=14
2 Solve each of these equations:
a 2x—5=x+4 b 2m+7=m-2 c 5k—13=3k+9
d 4x+6=3x-3 e 7u+7=2u-10 f 3p+4=4p
g 8¢e=2(e—6) h 2(m—4)=m+12 i 3x+6=2(x—28)
- 3
i 2% 4oy g Xl _x+d L 2242=2a-8
3 3 4

NELSON SENIOR MATHS General 11
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3 Solve each of these equations:

a 4x+4=x-11 b 12d=8+8d ¢ 3c+8=2(c—-10)
d 6-2y=3y+16 e 10x—11=4(2x-10) f 10m—-8=46—-2m
g 5(d+5)=2(2d+18) h 2978 _,, i %"—5:2x+9
5
[ k 12g-11=4(5¢+7) L ?:3’”2“
4 The solution to 6(2 — w) =3w — 15 is:
A w=-3 B w=3 C w=6 D w=7 E w=9
5 Solve for the pronumeral in each of the following equations.
a Joy+d=7 b 3m*+5=80 ¢ 5u’=-40
2
d Jy-3=9 e L —13 t Y2e =6
8
3
g J2a+1 =3 h =7 —101 i 4k’ +11=267
5

6 Solve for the pronumeral in each of the following equations. Give your answers correct to two
decimal places.

a d22=96 b 5°—10=14 c 3c¢=20
d =7 e pP’+12=6 f —7w?=-10
4
2
g 8’ —12=18 h r5+4=9 i ép2=6

Reasoning and communication

7 True or false?
a x=2isthe solution of 4x — 6 =2x + 2. b m =-3is the solution of 5m — 2 =3m — 8.

6n
¢ w=>5isthesolution of 23w —1)=5w+4. d n=-5is the solution of ?= n—1.

8 In which line was an error made in solving the following equation?

3x—4=2(x+38)

3x—4=2x+16 Line 1

3x=2x+16—-4 Line 2

3x=2x+12 Line 3

x=12 Line 4

A Line 1 B Line2 C Line3 D Line4 E No mistakes

9 Let the number represented in the following be x. For each statement below:

i Write an equation to match the words.

ii Solve this equation.

a Twice the number less 6 equals the sum of the number and 4.

Five times the number plus 2 equals four times the number less 5.
Six times the number less 8 equals four times the sum of the number and 4.
Eight times the number plus 7 equals 14 less than 5 times the number.
Three times the difference between the number and 1 equals twice the number plus 8.
Five times the number plus 6 equals three times the difference between the number
and 2.
g Three times one-fifth of the number equals the sum of the number and 4.
h One-third of the sum of the number and 8 equals one-fifth of 6 less than twice the number.

- ®© QO N T
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PRACTICAL APPLICATIONS OF
EQUATION SOLVING

When substituting numerical values into a formula, you may want to find the value of a pronumeral
which is not the subject of the formula. In this case you must rearrange the formula to make the
pronumeral you are solving for the subject of the formula.

O Example 13

The formula used to calculate the area of a triangle is A= %hh. If the area of the triangle

is 48 cm” and the triangle is 8 cm tall, find the length of the base.

Solution 1
Write down the formula. A= 5 bh
Identify the known variables and state their values. A=48,h=38

1
Substitute A =48 and h = 8 into the formula and simplify. 48= 5 xXbx8

48 =4b
Divide both sides by 4. 4b _8
4 4
Find the value of b. b=12
Write the answer. The base of the triangle is 12 cm.

The process of substitution and rearranging the equation to find the value of a pronumeral remains
the same, whether or not the formula is familiar.

QO Example 14

If A=PQ1+ ﬁ)" then find the value of:

a Pif A=4500,r=8andn==6.
b rif A=28650, P=6500 and n =4.

Give your answer correct to two decimal places.
Solution
a Write the formula. A =P+ L)”
100
8
Substitute in A = 4500, r = 8 and n = 6 and simplify. 4500 = P(1 + ﬁ)6

4500 = P(1.08)°

4500
Solve the equation by dividing both sides by (1.08)°. 108 =
P=12835.763...
Round your answer to two decimal places. P=2835.76
NELSON SENIOR MATHS General 11 9780170250252



Using CAS:
First substitute the values of A, r and n.
Then solve for p.

TI-Nspire CAS
In the first line, enter either 1. or 100. so the decimal

point will force a decimal answer. This will not work if

you put the decimal point in numbers after the
vertical bar.

In the second line, enter solve(Ans,p). This will
change when you press enter.

ClassPad

The calculator should be set to Decimal.

The calculator is case sensitive, so be careful that if
you use a capital P at the start, you also use it
throughout.

b Write the formula.
Substitute A = 8650, P = 6500 and n = 4 into the
formula.

Divide both sides by 6500.

Simplify.

Find the 4th root of both sides.

Subtract 1 from both sides.

Multiply by 100.

Round your answer to two decimal places.

TI-Nspire CAS

First substitute the values of A, P and n.

Then solve for r.

Choose the positive answer.

For the TI-Nspire, you will need to add a decimal
point to both the 1 and the 100.

9780170250252

1 |
)

n
a=p- (1.+L) la=4500 and r=8 and n=6
100

4500=1.58687 p

solve(4500=1.586874322944 pp)
p=2835.76

i

2199

& Edit Action Imteractive
NEECCE

solve(A=PX (1450 | (A=4500, 1=8, n=61 , P) =

{P=2835. 763321}
a

Mg Decimsl  Fesl Rad @
A= P+
100"
8650 = 6500(1+—)*
8650 100
7:(1+L)4
6500 100

(1+——)*=1.33076...
100

1+ ﬁ =4133076..

1+ —— =1.07405...
100
L 0.07405..
100

r=0.07405... X 100
r=7.405...
r=7.41%

i

n
a=p- (1.+L) la=8650 and p=6500 and n>
100.

8650=0.000065- (N‘IOOJ4=

solve(8650=6 5¢-5- (r+100.)4,r)
r=-207.405 or »=7.40529

=
2/99
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ClassPad © Edit Actien Interactive

(et [&r [lea]sm] [}

mlva(AlP(l +i55)" umesu.msoo.n-u.rl

{r=-207. 4052039, r=7. 405293868 }
o

Alg Decimal Res! Rad

O Example 15

The formula for finding the volume of a sphere is V = gmﬁ. Find the radius, correct to two

decimal places, of a sphere which has a volume of 512 cm’.

Solution \
Write the formula. V=gmr ’
4
Substitute V=512 in the formula. S12=mr
512
Divide both sides by in . r’
3 gn
3_
Simplify both sides. r=122.2303...
_ 3/
Take the cube root of both sides. r=v1222309...
r=4.9628...
Round your answer to two decimal places. r=4.96
TI-Nspire CAS ClassPad
T TTE—T
4 rmd 9628 1 [.L’]Nlmls“ v ]L']'l
solve(SlZ-:' n r3.r) S :olvo(S]Z-—- werd, ]
- {r=4.962803927)
! i
1/9;]

Alg Decimal Real Rad

NELSON SENIOR MATHS General 11 9780170250252




ENOISIFAY Practical applications of
equation solving

Concepts and techniques
1 The formula A = Iw can be used to calculate the area, A, of a rectangle with length /

and width w. Use this formula to calculate the value of: Werking vith
a thelength [if wis 8 cm and A is 56 cm”. b the length [if wis 12 cm and A is 132 cm”.
¢ wif the length /is 7 m and A is 63 m”. d wif the length /is 9 m and A is 72 m”.

2 Find the base length, b, of a triangle with area 90 cm” and perpendicular height 15 cm, given
the area formula A = %bh.

3 The average speed of a moving object in metres per second is s =<, where d is the distance
travelled in metres and ¢ is the time taken in seconds. Find the distance travelled by a car in
20 seconds if its speed is 15 m/s.

4 The mean, M, of three numbers x, y and z is calculated using the formula M = x+;’ 2,
If three numbers have a mean of 17 and two of the numbers are 10 and 20, find the third

number.

5 The circumference of a circle with radius r is C = 2nr. If a circle has a circumference of
50.27 c¢m, find its radius to the nearest centimetre.

6 A Kkettle is boiled and the ‘ q
temperature, T°C, of the water ‘ -
after t minutes is given by the
formula T = 18t + 28. After how
many minutes is the temperature:
a 64°C? b 92.8°C?

7 IfA= P(1+ﬁ)" find the
value of each of the unknowns,
giving your answer correct to two
decimal places.

a Find Pif A=15000, r=6and
n=3.
b Find rif A=12 350, P=7500 and n=>5.

Shutterstock.com/ Yarik

8 The body mass index (BMI) of an adult is given by B= hﬂz where m is the mass of the adult in

kilograms and £ is the height of the adult in metres. If Megan is 1.64 m tall and has a BMI of
23.1, determine her mass correct to the nearest 100 grams.

Reasoning and communication

Lz,
9.8
At what velocity was a ball thrown if it travelled a distance of 25.8 m? Answer correct to one

decimal place.

9 The distance, d m, a ball travels when thrown with a velocity of v m/s is given by d =

10 The volume of a cone with base radius r and perpendicular height i is V = %Tl:rzh. If a cone has

volume 256 cm” and radius 7 cm, find its height correct to two decimal places.
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1

12

13

14

The formula for finding the volume of a sphere is V :%nr3.

Find the radius of a sphere which has a volume of 6812 cm’. Give your answer correct to
two decimal places.

The formula for finding the area of a trapezium with parallel sides a and b and distance
between them h, is: A= %(a+b)h. If the area of a trapezium is 24 cm? and its height is 8cm,

then the value of a + b is:
A 12 B 8 C 6 D 4 E 3

Another trapezium has an area of 66 cm” and a height of 12 cm. The value of b when a =7 cm is:
A 11 B 4 C 6 D5 E 24
A sphere with radius r cm has total surface area, A cm?, given by A = 41 and volume, V cm’,
given by V = %Tcﬂ
a For a sphere of radius 8 cm determine, correct to one decimal place, the:
i total surface area
i volume.
b A sphere has a total surface area of 50.3 m®. Determine the radius of the sphere to the
nearest 0.1 m.
¢ A sphere has a volume of 14 137 mm”. Determine the radius of the sphere to the nearest mm.

NELSON SENIOR MATHS General 11 9780170250252



To simplify algebraic expressions you can
only add and subtract like terms.

Multiplication signs can be omitted and
expressions may be multiplied and divided
together whether the terms are like or not.
With division the answer is written as a
fraction.

To expand an algebraic expression involving
brackets, use the rule: a(b + ¢) = ab + ac.

To substitute into an algebraic expression or
a formula, replace each pronumeral by a
given numerical value and simplify.

9780170250252

CHAPTER SUMMARY

An equation is a mathematical sentence
with an equal sign. To solve an equation you
find the value of the pronumeral which
makes the equation true. You use inverse
operations to solve an equation.

To find the value of a pronumeral in a
formula which is not the subject of the
formula, substitute in the known values and
solve the resulting equation.

To solve an equation with pronumerals on

both sides, collect the pronumerals on one

side of the equation then simplify as before
to calculate the value of the pronumeral.

Algebra and equations

89



CHAPTER REVIEW
ALGEBRA AND EQUATIONS

Multiple choice

1 An expression which simplifies to i—m is:
n
A 24m z 16mn : 32m’ 3 40mn . 24mn
12n 6nm 121> 151> 12nm
2 The coefficient of x in the expansion of 4(2x — 1) — (x + 2) is:
A -3 B 3 cC 7 D 8 E 11
8 If x = 3y — yz then the value of x when y =8 and z =2 is:
A -32 B -8 Cc 8 D 14 E 40
4 The solution to 4(23 — 5x) = 12 is:
A x=—4 B x=-3 C x=3 D x=4 E x=5
5 If 3(2a+ 3) =2 — a then a is equal to:
A -2 B — 3 Ch— D1 E 3
2 2
Short answer
6 For the expression 3»p2 —5q + 2r — 8 state:
a the number of terms. b the coefficient of g. c the constant term.
7 Simplify each of the following:
a 6x+2y—3x+4y b 4pqr—5pq + 2rqp — 8qp
8 Simplify:
12mn b —5abc
3mp 10abc?
9 Expand and simplify:
a 5(x+4) b —32x—1) c 4m—-203m+4)
10 If a=-3,b=5and c =12, find the value of:
a —3ab b e c 4 —be
5 2a
11 The formula C = 5 (F - 32) is used to convert temperatures from degrees Fahrenheit
to degrees Celsius. Convert the following to °C. Round to the nearest whole number.
a 22°F b 65° ¢ 100°F
12 Solve:
a 2x—5=13 b 7-2m=-3
13 Solve:
2
a 2944 _g b 4-2=5
2 3
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14 Solve:
a 3x—4=2x+18 b QZ)}—HI

15 Solve:
a x’-9=1322 b J4p+112=6

16 The formula to calculate the amount of interest earned, I, when an amount of
money, P, is invested at r % p.a. for n years, is [ = %

Calculate the amount of money that was invested at 7% p.a. for 3 years if it earned $650
interest. Round to the nearest hundred dollars.

17 If V = nir’h is the formula for the volume, V; of a cylinder of radius r and height A,
find its radius if V=212 cm’ and h = 8 cm. Give your answer correct to one decimal place.

Application

18 A rectangular field is x metres wide and x + 130 metres long. The perimeter of the field
is 520 metres.
a Find an expression for the perimeter of the field.
b Find the width of the field.
¢ Determine the length of the field.

19 A cylinder with radius r cm and height & cm has total surface area, A cm?, given by
A =2n* + 2nrh and volume, V cm?, given by V = nr?h.
a For a cylinder of radius 5 cm and height 12 cm determine, correct to one decimal place, the o
i total surface area ii volume B
b A cylinder of radius 8 cm has a total surface area of 905 cm”. Determine the height of the
cylinder correct to the nearest centimetre.
¢ The surface area of a cylinder of radius 10 cm is equal in value to its volume. What is the

height of this cylinder? Answer correct to one decimal place.
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1 Which of the following overall percentage decreases is equivalent to a percentage decrease of
5% followed by another decrease of 3%?

A 7.85% B 8% C 15% D 92% E 92.15%

2 An expression which simplifies to 5x — 4y is:
A 2x+3y—-3x+y B 3x—y+2x-3y C 6x—y—x-5y
D 4x+2y—6y—x E 3x+y—2x—5y

13 17 15 27

3 Adding |21 19|to|14 18]|givesa sum of:
6 11 29 33

28 54 28 44 30 42

A [35 37 B [35 37 C |40 32
135 44] 135 44] 17 62
(54 28] (2 10]

D |37 35 E|7 1
|44 37 123 22]

4 NicKs salary rose to $89 950 when increased with inflation. If inflation was 3.9%, what was
Nick’s salary before the increase? Answer correct to the nearest dollar.

A $86 442 B $86574 C $89946 D $89954 E $93 458
5 The solution to the equation = 7is:
A x=35 B x=9 C x=12 D x=15 E x=24
5 4 9 76
6 Find the correct matrix product AB if A = [3 8 2} andB=|8 5|
_ _ 9 1
42 29 33 18 148 103
A37 25 B |32 40 ¢ 59 60
181 2|
[148 59} . Zi 23
103 60
181 2]

7 Sam can run 100 metres in 13.4 seconds. Convert this to a speed in km/h.
A 0.5km/h B 2.1km/h C 7.5km/h D 269km/h E 269.7 km/h
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8 If5—x=3x+7,thenx=

A —l B -2 C1 D l E -1
2 2
7 3 10 6
9 Eval R-3TifR= T= .
valuate 5 3T i [ 6 8} and [7 9}
(35 30 5
A -3 -3 B 30 21 9 c 5 -3
-1 -1 15 18 -3 9 13
140 27 13
D -29 -21 E -1 -3
-17 -21 -3 -1

1 Sammy the cat takes 0.4 g of vitamins in 200 mL of milk to keep his fur shiny.
a What is this rate in mg/mL?
b How many mg of vitamins are in 120 mL of milk?

2 Expand and simplify: a(2a — 1) — 4(3a + 2).

5 4 1 7
2 9 12 3 8
3 GiventhatA=|11 8|, B= ‘:10 = } ,C= |:1 0} and D=|3 8 |answer the following
questions: 7 6 9 2

a Which pair of matrices can be added?

b Does the matrix product AC exist? Explain.

List all of the possible matrix products formed by pairs from the given matrices.
State the order of each matrix product that you listed for part c.

Which matrix can be raised to a power? Why?

o o 0

4 Gemima was buying chips for her children’s lunches. She found 175 g packets for $2.49 or
multipacks, with fifteen 20 g packets, for $5.68. The multipacks were on sale for 15% off.
a Which was the best buy?
b What other factors could influence her decision?

5 Find the value, correct to one decimal place, of A if A = /> + 2nrh, r=5and h = 12.

6 Evaluate:
3 23| [18
a[5 6 7]2 b [31]-|40
8 27] |26

2 olf11 5 15 d762
11 2|6 7 12 12 5

1 A musical instrument store bought a saxophone for $350. They marked it up by 45% and then
added the 10% GST.
a What was the selling price?
b Sonya bought the saxophone at a 15% off everything sale. How much did she pay?
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¢ Calculate the GST included in the discounted price.
d What was the percentage profit, correct to one decimal place, made on the sale of the
saxophone?

Sahara imports jewellery from Thailand. She buys a shipment of 300 necklaces for A$3000. The

exchange rate with the Australian dollar was 36.42 baht.

a How much did this equate to in baht?

b The shipping costs were 5463 baht. How much is this equivalent to in Australian dollars?

¢ Calculate the total cost of importing the necklaces in Australian dollars.

d Sahara has a 220% mark-up for her profit margin. How much will she need to sell each
necklace for?

The surface area of a sphere can be found using the formula SA = 477%, where 7 is the radius of
the sphere. Calculate the following, correct to one decimal place.

a The surface area of a sphere with a radius of 5 cm.

b The surface area of a sphere with a diameter of 2 m.

¢ Ifthe surface area of a sphere is 632.5 mm?, calculate the radius of the sphere.

When hiring a function room there is a set fee of $250 plus $5 per person attending.

Write an equation representing the cost (C) of hiring the function room for #n people.
What will it cost for a function which has 100 people attending?

If the cost of a function was $1850, how many people attended the function?

The owners of the function room decide to add a cleaning fee of $50. What would be the
new equation representing the cost (C) of hiring the function room?

o 0N T o

Helen, Katie, Grant and Robert play a dice game every night to determine who has to wash the
dishes. They take it in turns rolling a pair of dice. Upon a roll of the dice, a player’s score is
determined by adding the sum of both dice and then bonus points if eligible.

Bonus points are awarded for:

o adouble: + 5 bonus points

o the sum of the 2 dice being greater than 8: + 4 bonus points.

So if Katie rolls a pair of 3s, her score will be (3 +3) +5=11.

Each player gets 5 turns.

The results from last night are shown below:

Sum of dice Number of rolls
for all 5 rolls Doubles where sum > 8
Helen 29 1 1
Katie 30 0 1
Grant 23 1 2
Robert 27 2 0

a Display this score data in a 4 x 3 matrix called S.

1
b Grant set up a column matrix P =| 5 | which can be multiplied by S to find each player’s
overall score. 4
i Why is the first element a 1?
ii  Find the matrix product SP.
iii The player with the lowest score for the game has to wash up. Who had to wash up last night?
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MATRICES AND MATRIX ARITHMETIC

use matrices for storing and displaying information that can be presented in rows and columns; for example,
databases, links in social or road networks (ACMGMO013)

recognise different types of matrices (row, column, square, zero, identity) and determine their size (ACMGMO014)
perform matrix addition, subtraction, multiplication by a scalar, and matrix multiplication, including determining
the power of a matrix using technology with matrix arithmetic capabilities when appropriate (ACMGMO015)

use matrices, including matrix products and powers of matrices, to model and solve problems; for example,
costing or pricing problems, squaring a matrix to determine the number of ways pairs of people in a
communication network can communicate with each other via a third person. (ACMGMO016) C\

TYPES OF MATRICES

A matrix is a rectangular array containing numbers which are organised into rows and columns.
They are presented in either square brackets or parentheses like so:

3 2 4 3 2 4
1 -2 4 1 -2 4

Consider the table below showing how senior students get to their school each day. The data from
the table can be presented in the matrix beside it, as shown.

Senior Students’ methods of travel to school
Year 11 Year 12

Walk 32 18 32 18
Bus 78 38 78 38
Car (other driver) 27 12 27 12
Car (self-driven) 9 31 9 31

It is customary to name matrices using capital letters. Let’s call the matrix representing the Senior
Students’ methods of travel to school matrix A.

Each value in a matrix is called an element. Matrix A has 8 elements.
In a matrix there are horizontal rows and vertical columns.

There are four rows in matrix A.

The first row in matrix A contains the elements 32 and 18.

Row 1 —_ 32 18
Row 2 R — 78 38
Row 3 —_— 27 12
Row 4 — 9 31
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There are two columns in matrix A. The second column contains the elements 18, 38, 12 and 31.

o)
00

W
o N 3 ¥ <«——1uwnpo
S % o <——zuung

31

The order of a matrix tells us how many rows and columns it has. The order is expressed as m X n
where m is the number of rows and # is the number of columns.

QO Example 1

Only one of the following arrays is a matrix. State, with reasons, whether C or D is the array
which is a matrix.

9 2 05 13 -5 30
C=|1 12 3 142 D=| 6
-6 15 0 =35 0.7
Solution
In a matrix, the elements are C is a matrix since each row has the same number of

arranged in rows and columns.  elements and each column has the same number of elements.
Each row has the same number D is not a matrix as one row contains two elements and the

of elements and each column other two rows each contain one element. Furthermore, the
contains the same number of first column contains three elements and the second column
elements. only contains one element.

O Example 2

If matrix B has 3 rows and 2 columns, how many elements does it contain?

Solution

A matrix with 3 rows and 2 columns will look like this: Matrix Bhas3x2=6

— elements.

* * lwhere * represents a real number.

* *
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O Example 3

State the order of matrix A.

2 2 5 -9
A=|1 6 3 1
-3 11 0 -3
Solution
Order = number of rows X number of columns The order of A is 3 X 4.

Matrix A has 3 rows going across and 4 columns going down.

A row matrix consists of just one row. For example:

[—2 3 11 5] (This is a 1 X 4 matrix.)

A column matrix has just one column. For example:
12

_3 (This is a 4 X 1 matrix.)

5

A square matrix has the same number of rows as it has columns. For example:

2 2 6
{(5) ﬂ (2x2matrix)or|7 1 0 |(3 X3 matrix).
1 0 10

A matrix in which all the elements are equal to zero is called a zero matrix. A zero matrix can be a
row, column, square or rectangular matrix. For example:

o)fs ¢

An identity matrix is a square matrix where all the elements in the leading diagonal are equal to
one and all other elements are zero. The leading diagonal is the diagonal that starts from the top-left
element and finishes at the bottom-right element. Here are two examples of identity matrices:

1 o 1 0 0
|:0 1}and 010
0 0 1

The identity matrix is named using a capital I. The 2 X 2 identity matrix can be denoted by I,,
the 3 X 3 identity matrix can be denoted by I, and so on.
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O Example 4

What special type of matrix is D?

3 12 8

D={2 -5 3
0 1 9

Solution

D is a 3 X 3 matrix. It has the same number of rows and columns.

D is a square matrix.

An m X n matrix has m rows and #n columns.

A matrix with m rows and #n columns has m X n elements.
All elements in a matrix are real numbers.

Rows are horizontal.

Columns are vertical.

A row matrix has only 1 row.

A column matrix has only 1 column.

A square matrix has the same number of rows as it has columns.

IMPORTANT

An identity matrix is a square matrix with ones on the leading diagonal and zeroes elsewhere.

2ENCICIIRAUE Types of matrices

1 Which of the following arrays are matrices?

2 -5
a4 0 3] b1 o0
13 —4
2 7 3
d |3 e |9
4 4

2 Decide whether the following statements are true or false.
a A matrix of order 2 X 6 has 12 elements.

)

0 1 0

-2 33 1L
4

0 -01 8

26 -11 5

A matrix of order 5 X 4 has 5 more elements than a matrix of order 3 X 5.

b

¢ The leading diagonal of a 5 X 5 matrix has 10 elements in it.
d The last column of a 6 X 4 matrix contains 4 elements.
e

The first column in a 7 X 9 matrix would contain 7 elements.

N ool 2

a Matrix A has 2 rows and 5 columns. How many elements does it contain?

b How many elements would there be in a matrix of order 3 x 3 ?

¢ A row matrix is known to contain 10 elements. How many columns are in the matrix?

9780170250252
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4 State the order of the following matrices.

101 [ 5 2 - 011
3213] b3_6} c| 6 d|{3 10
L L 8 12 21
3 3 5 =3 10
5 sl o202 10
el 1 f1 0 1 0 g [41 56] hOJ
6 12 -4 15 38 -
- |47 10 1
(10 13 20 11 27 18 2o
i |15 18 32 19 7 32 j |2 e ¥
16 12 5 44 14 13 J 273429
- 31 48 87
5 Which one of the following is a row matrix?
3 0 2 0
1 2 4 2 0
A B C (3 5 D |- E
boal cofd] el ol
1 0 -1 0
6 Each of the matrices below can be classified as one or more of the types listed in the
box. State which type each matrix is.
row | column | square identity zZero
479 [ 3 -9 0 00
a|8 59 bz_o} C{ooo]
27 4 L™
2
! 1 0
d|o e } f[17 22 14 21 15 18]
01
8
|5
10 0 0
0100
h (0000
9 0 010 [ ]
0 0 01

7 If an identity matrix is named I:
a how many rows does it have?
¢ how is it represented in matrix form?

8 The order of the matrix[ z ? g} is:

A 2x2 B 2x3 C 3

Reasoning and communication

b how many columns does it have?

X2 D 2x

1 E 3x1

9 Matrix X has 24 elements. The order of X could be 2 x 12. What other orders are possible for

this matrix?

NELSON SENIOR MATHS General 11
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10 Matrix K has 52 elements. List the six possible orders of matrix K.

11 Matrix W has a square number of elements less than 50. It is not a square matrix though.
Instead it is a rectangular matrix with 5 less rows than columns. State the order of matrix W.

CONSTRUCTING MATRICES

The elements in matrices usually represent real data. The position

of each element is important. W}; calzl indicate the positiof ofan IMPORTANT

element by referring to which row and column it is situated in. a; is an element of matrix A
> 2 where i is the row number,

For example, in the matrix A=|8 9 |: jis the column number.
37

a,, is the element in row 1 and column 1 (a;;=5) ay isreadasal, 1nota 11,

a,, is the element in row 1 and column 2  (a;,=2)

a, =38

a,=9

as; =3

as,=7

O Example 5

Given matrix B = -1 416 -10°0 , find the value of the following.
8§ -2 3 38 9

a by b bys ¢ byxby d by -byp

Solution

a b, is the element in the 2nd row and 4th column. by, =38
b b,;is the element in the 1st row and 5th column. bs=0

¢ Element b,, is the element in the 2nd row and 2nd column, by, X by =-2%x-10
b,, =—2. Element b,, is in the 1st row and the 4th column, =20
by, =-10.
Multiply these values.

d Element b, is the element that is in the b,—-b,=-1-4
Ist row and 1st column, b;; = —1 and element b,, from the =5
element that is in the 1st row and 2nd column, b, = 4.

Subtract by, from b;.
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Matrices can be used to represent data displayed in a table.

QO Example 6

The spreadsheet below shows the quantity (in grams) of the
main ingredients used to bake various cakes.

Display this information in a suitable matrix.

A ] GunbiandD il g
1 Type of Cake E
Chocolate| Fruit Tea Banana | Butter §
2 Ingredient| Cake Cake Cake Cake Cake g
3 Sugar 100 80 80 75 100 ”
4 Flour 225 125 150 175 150
5 Butter 125 100 150 150 175
Solution
Ignore the headings in the spreadsheet.
The quantlc';l.es 1are .ar.ranged into 3 1.rows and 5 columns. 100 80 80 75 100
So we can display it in a 3 X 5 matrix. 225 125 150 175 150

This leaves the ingredients in rows and the cake typesin columns. | 125 100 150 150 175

Alternatively, we could use a 5 X 3 matrix. 100 225 125
But we must keep the data organised into the correct 80 125 100
categories. 80 150 150

75 175 150

This alternative formation now has the ingredients in columns
and the cake types in rows.

1100 150 175

HENEINAy Constructing matrices

Concepts and techniques

1 IfK= [9 LZ; g} write down the value of:

3
a ky b Ky ¢ ky
d ky e kjy+kp, f ky Xk,
—g 5 4 17
2 GiventhatB=| 5 5 use the notation b;; to show the position of the following
elements. 0 12 3 2
-3 3 -5 0
4
a2 b — c 17
5
2
d -3 e —— f =5
5
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(2.1 15 ]
— -3 1.1
. . 2 -5 22 8 2 3
3 Using the matrices P = st 3 1l Q=|-22 5 11 |andR=|7 12 |state the value
16 5 -7 _
of each of the following. 13 =
|21 51
a pi3trp b py+1y C 33— 75
-
d 13 Xpy € pi3tqs— 1 f T
UbY)

4 The following statements relate to matrices P, Q and R from question 3. Decide whether each
statement is true or false.

a ry=21 b py3X7=0qs C 731>(3
d g3 +10=1y € gy~ Pnn="13 f 15 <piztan
5 The table below shows the marks achieved by two students, Mike and Kim, in their

end of year examinations for Mathematics, English, Science and History.

Mathematics English  Science History
Mike 91 87 94 76
Kim 94 92 67 87

Express this information in a:
a 2 X4 matrix b 4 X2 matrix.

6 To make a round fruit cake a baker needs 200 g flour, 500 g dried fruit and 80 g sugar. To make
a rectangular slab of fruit cake, the baker needs 500 g flour, 850 g dried fruit and 120 g sugar.

If this information is represented in a 2 X 3 matrix

a what does the information in the rows represent?

b what does the information in the columns represent?
¢ write down the matrix.

Reasoning and communication

7 Inagroup of four, construct a matrix to show the age, number of siblings and number of pets
for each group member.

8 This table shows some data about Amy and Ben.

Age Hair colour Weight Height

Amy 15 brown 59 kg 146 cm
Ben 16 red 65 kg 155 cm

Explain any difficulties you might have constructing a matrix for this data.
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ADDITION AND SUBTRACTION
OF MATRICES

Addition and subtraction of matrices can only be performed with matrices of the same order.

When adding two matrices, the result is a matrix of the same order as those being added.

Addition of matrices involves adding the elements which are in corresponding positions in both

matrices.

That is, if we have matrix A = 27 and matrix B = L3 , then
11 3 5 12

2+1 743
11+5 3+12|

QO Example 7

A+B:{

3 10
16 15|

6 0.2

GivenT=| -2 |andW=| 5 [find T+ W.
0.1 3.1

Solution

Add corresponding elements from T and W.

6 + 02
—2+5
|01 + 31

T+W=

6.2
=| 3
32

If we need to subtract matrix B from matrix A, we simply subtract each element in matrix B from

its corresponding element in matrix A.

10 3 2 5

IfA=|16 5|andB=4 11 |,thenA-B=|16—4

2 4 4

QO Example 8

FindD—EifD:{S
14

Solution

Subtract corresponding elements.

10-2 3-5 8 -2

5-11 |=|12 -6

-3 2-4 4-(=3)| |2 7
6 and E= -3 0.
-7 11 5

D—-E=

5-(=3) 6-0
14-11 -7-5

b )
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We can write equations, using our knowledge of addition and subtraction operations on matrices to
find the value of unknown elements.

(O Exam ple 9
Find the values of x, y and z below.
6 12] [6 —5] [0 «x
y 7111 2z| |4 -3
Using the corresponding elements in row 1 and column 2 12— (-5)=x
of each matrix, write down an equation.

Simplify. x=17

Using the corresponding elements in row 2 and column 1 y—1=4
of each matrix, write down an equation.

Solve for y. y=5

Using the corresponding elements in row 2 and column 2 7-2z=-3
of each matrix, write down an equation.

Solve for z. 2z=10

A CAS calculator can be used to perform operations on matrices.

XXXXXXXXXXXXXXXXXXXXXXXX XXX XX

S
Q
<]
2
S
N
g
S
S
<
S
o
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O Example 10

Simplify
12 3 13 -9
+ .
{18 5} [6 22}
TI-Nspire CAS
Use a New Document with a Calculator page.

Press [-4].

Select the 2 X 2 matrix template l[l D} and
press [enter]. |:| I:I

Enter the elements, pressing after each
entry.

Press [#] then create a second 2 X 2 matrix using
the method outlined above.

Enter the elements of the second matrix.

Press [enter].

NELSON SENIOR MATHS General 11
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ClassPad o Edit Action

on [‘f-ili‘vlfﬁllﬁrvl'-"/] IEE0 |
Use the g application. T o
Press (Keyboard). o

Tap then tap the 2 x 2 matrix template
[8E]].

Mathl |1ine| = | /W | x
| Wetiz | rm e | In | £
S TS0
Trig
Var

'5‘154" *Ja

{ oo | =1 | (23] | B |

pros »sln cos lan a‘r
—.;‘T [ | q.r.m m

Alg Decimal Real Rad -

Enter the elements, use the arrow keys o Edit Action ;
() (] (W] to position the cursor in the correct (3 ] & [k sme 2 [ v [ 4]+ f
position for each entry. ol i
=% 7]
(Matht |jjne ™ | vl | = | »
,'!""?,,‘ ™| e®|In| & | o
(Msthd | &0 | &0 = U |
S COENEIRAr S
'4&“ sin | cos [tan | 6 | ¢
v "77‘ 7Q7 ans | EXE
Alg  Decimal  Real Red @B
Press (] as necessary to move the cursor @ Edit Action
> s
outside of the first matrix. Press then Leils Bﬂﬂﬂ" fr ] IB
create a second 2 x 2 matrix using the method [:: :] [13 =
outlined above.
Enter the elements of the second matrix.
: &
(Math [[jjne ™ |vE | x | »
Meth? o T | g | e
Mot i | o | 0| /3= | |
o = [ 151 §= | B
oSl AL L]
Alg  Decimal  Real Rad
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Press ([EXE]. O Edit Action Intsractive
(i TRasme[ o[ [T

llz 3]*[13 -9 [+ ]
1851716 22
25 -6
24 27
n
]
[

Alg Decimal Real Rad

DAENGINSENEN Addition and subtraction

of matrices

Concepts and techniques
1 Use the matrices shown to perform the following additions.
N= 16 5 0= 10 3 p= 15 1 Q= 11 -5
2 12 7 22 8 34 29 36
a N+O b N+P c O+P

d 0+Q e P+Q f N+Q

0 5 -1.2 3.1 8 6.2
2 Evaluate|3.6 -2 10 |+| 5 12 -16|.
14 51 -6 3 32 -5

121 251 512 108 450 23 55 216
3 FindX+YifX=|305 168 250 366 |andY=|207 365 594 333|.
299 378 372 451 45 783 78 96
2 5 3 8
4 GivenG=|4 -3|andH=|05 6 |find G+H.
1
- 7 l 4
4 4
5 Using matrices N, O, P and Q from question 1, find the following.
a N-0O b P-0O c 0-Q
d Q-N e N-Q f P—P

NELSON SENIOR MATHS General 11
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6 Find the value of the pronumeral in each of the following.
[21] [17] [38
35 9 m
a +
16| |38 |54
|15 [14] [29
L [27 18] [ o14)_[16 -1
|9 44 |28 39| |-19 d
C'12 3 16],[17 x 31|_[29 28 47
4 9 27] |2 13 40]| |6 22 67
d'31 19],[56 47|_[87 66
128 t | |37 29| |65 77
e [51 36 48]-[15 m 60]=[36 7 -12]
(14 3 27] [-12 6 13 2 -3 14
fl9 11 -5|-[-10 14 »n |=[19 -3 -5
-12 6 -11| |21 17 -11 [-33 -11 O

7 Work out the values of g, b and c in each of the following.

27
17

a

29
L a

12
d| 9
| —14

o]

o

9780170250252

Find|58 12 16 |-|5 12 -16|.

Find R-ZifR=|723 278 98

18 a+'h 14 9| [30 32 36
22 19] |18 13 ¢| [35 35 37

(a 13] [11 15] [16 &
(9 40] [ ¢ 39] |-19 1

171, b 71| [87 -54
65| |27 3¢ | |66 74
32 25 [-21 7 15 33 25 10

17 -6 |—-|-12 18 6a (=21 -1 24
2b -19 37 -11 35 3c 17 16

8 52 17| o 31 9]

18 92 -11 3 32 5

220 302 501 662

561 789 274 368 45

250 45
519 |and Z=|207 223 628 189 |

44 599

87
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Reasoning and communication
9 Explain why you can’t add matrices of different order.

10 Two car sales people, Henry (H) and Lucy (L) sell
sedans (s), station wagons (w) and four wheel drives
(f). Their sales for two months, May and June, are
shown in the matrices M and J below.

s w f s w f

v H[12 8 5] _H® 6 4

“L[10 9 6] L8 8 7
Find M +J and explain what this sum represents.

1,B=3 72 9andC= 2053 it can be
4 1 0 0 8 7 0 1 10

1|15 7 7 12| _[20 9 13 13
4 8 0 1 18| |8 9 4 22f

Shutterstock.com/prodakszyn

11 Given three matrices A = |:(5)

5
0

Show that A+ (B+C)=(A+B)+C.

SCALAR MULTIPLICATION

The process of scalar multiplication involves multiplying a whole matrix by a scalar (number).

O N o N
w N WA

shown that A+ (B+ C) = {

To multiply matrix A by the number 4, we would simply multiply each of the elements in matrix A by 4.

5 2 5 2 20 8
IfA=|7 -3| then4A=4|7 -3|=[28 -12|.
12 6 12 6 48 24
O Example 11
6
Find 5Bif B=| -5 |.
14
Multiply each element of B by 5. 6
5B=5|-5
14 |
30 ]
_|-25
70|
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O Example 12

3 -5 10 12 2 1
GiventhatQ=|11 6 17|andR=|-3 4 7 |,find
-2 15 0 22 14 -7
a 4Q-2R b 3Q+7R
Solution
a Multiply each element in Q by 4 and each 3 -5 10] 12 2 1]
element in R by 2. 4Q - 2R=4|11 6 17|-2|-3 4 7
-2 15 0] |22 14 -7
12 20 40| [24 4 2|
=44 24 68|—-|-6 8 14
8 60 0] |44 28 14
Then perform the subtraction. (12 —24 38
= 50 16 54
|52 32 14
b Multiply each element in Q by 3 and (3 -5 10] 12 2 1
each element in R by 7. 3Q+7R=3|11 6 17|+7|-3 4 7
2 15 0] |22 14 -7
[9 -15 30] [84 14 7
=[33 18 51|*|-21 28 49
|6 45 0 [154 98 —49
Then perform the addition. [93 -1 37
=| 12 46 100
148 143 —49
For repeated calculations using the same 411 B *Unsaved o)
matrices, it is useful to store the matrices [ 3 <6 10 l 3 5 10] o
first. 11 6 17|79 11 6 17
2 18 0 2 15 0
TI-Nspire CAS 12 2:1 - - T |
Use a new document with a calculator page. L"; :; 77] I ’3’ 1“4 ZJ
Press [vg], then select the 3 x 3 matrix I" =
template. Set the number of rows to 3 and the b
number of columns to 3. S
Create the first 3 x 3 matrix, then press =
[ver](Q][enter] to store this matrix as g. Y
Create the second 3 x 3 matrix, then press 2;_ 14 -7 22 14 -7 =
[an])(var](R] to store this matrix as 7. PR 12 2¢ 38
The necessary calculations can then be 50 16 54]
performed. 52 32 14
Open a new document to clear the stored 3q+7r l 92 -1 27
matrices. i e
148 143 -49
| v
a9
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ClassPad

Use the g application.

Press (Keyboard] .

Tap then tab the 2 x 2 matrix
template twice for a 3 x 3 matrix.
Create the first 3 x 3 matrix, then tap

Q and press to store this
matrix as Q.

Create the second 3 x 3 matrix, then tap

R and press to store this
matrix as R.

The necessary calculations can then be
performed.

To clear stored matrices, tap Edit, then Clear
All Variables, then OK.

b [ T2 T

|
a
116 11
-2150
3-510
116 17
-2150
1221
-34 7
2 u-‘r
2%
-347
2 14-1
o
(7]
a

Alg Decimal Real Rad

@ Edit Action Intsractive

[Ea] o T swe] [ ST

l-2150 113
122 1
[-—3 4 7 |sa
2 147
122 1
l-3 4 7
2 14 -7
10-2R
-12 ~-24 38
[50 16 354
-12 32 14
3Q+1R
93 -1 37
’12 46 100
8 143 -49
o [ v

Alg Decimal Real Rad am

O Example 13

3lx 2 -1]+2[4 5 y]=[14 16 11]

Solution

Add corresponding elements.

Find the values of the pronumerals in the following matrix equation.

Perform the scalar multiplications on the left-hand side.

3x 2 -1]+2[4 5 y]
=[3x 6 -3]+[8 10 2y]

=[3x+8 16 -3+2y]

NELSON SENIOR MATHS General 11

Now equate to the right-hand side of the original equation. [3 x+8 16 —3+2 y] = [14 16 1 1]

Equate corresponding elements and solve for the 3x+8=14
unknown pronumerals. 3x=6
x=2

-3+2y=11

2y =14
y=7

9780170250252



RERONNEY Scalar multiplication

Concepts and techniques
1 Perform the following scalar multiplications.

_ 13 s
5 4 r 23 4 11 27 matrices
a3 b c
_11} 27 2 7|31 18 24 32}
0 5 (13 28
[22 17 25 9 37 a1 16 27
d 4|26 19 22 e 12[41 33:| f 5/39 40
|13 25 20 >7 15 32
29 33
57 61 -
2 Ifmatrix P=|54 51|, find each of the following.
62 78
a 2P b 6P c 23P d 102P
. 59 3 - . .
3 Giventhat M= 3 8 and N= 5 4 , decide whether the following statements are true or false.
SR b ouno| 2 8 | B B
a0 Tu » “l20 16 R DT
4 Nl 2 aNo| 1P 10 ¢ a5 207
“le0 48 €% 1s 20 T 69 184
4 Use the matrices M and N from question 3 to evaluate the following.
a 2M +2N b 3N-2M ¢ 5M+4N
d 6M —4N e 12N-3M f M+2M
g 5N-M h 10N-5M
5 Evaluate 4 12 10 13 2 8§ 11 12 3 12 7 15
vauEetie 13 9 12 9 7 2 1 7
6 Complete each of the following by filling in the missing values.
3 5 (5 1 35 []
7 2 6 2
as +4 = D 18
8 5 2 0 48 25
1o] 58 [0 [
bo[3 2 6] 1 0 2]_[17 -1 ]
5 11 7] -1 =3 1] |39 [] 353
7 Find the value of the pronumerals in the following matrix problems.
L T R P b3lf5+45152—34451513
R 18| |57 * Tz

8 7 y |60 29

2

[a 12 —52

[5 p 11 10] _[2f 32 -3 c 23
<47 9}_2[(1 8}_[—10 20} S I R Y el P
| 10 6 d

c

9780170250252
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g 2> 43 Y I to:
0 4 1 6 |1sequalto:
AR NEN cel? 2
1 10 326 1 10
NER N
3 26 3 8
Reasoning and communication

12
9 In algebra we know that 5T — 3T =2T. Let T = [21 15

determine whether 5T — 3T = 2T when T is a matrix.

} and use scalar multiplication to

3 4 2 8
10 IfC=|7 9|andD=|1 3| find the 3 X2 matrix E such that 2C + 3D —E=0.
2 6 5 7

11 Find the values of x, y and z if 2K + 3L = M, given that

5 2 x 3 16 13
13 5 |12 32 |42 102
K= - L= 4y and M = 56 31|

5 0 z 57 55 171

MATRIX MULTIPLICATION: ROW
MATRIX x COLUMN MATRIX

The product of a row matrix and a column matrix can only be found if the number of columns in
the row matrix is the same as the number of rows in the column matrix.

Consider a 1 X 4 matrix being multiplied by a 4 X 1 matrix. These can be multiplied because the
number of rows in the column matrix is equal to the number of columns in the row matrix.

Thatis: (1 x4) x (4x1).

t 1

same

IMPORTANT

The simplest way to check if a row matrix can be multiplied by a column matrix is to check that
both matrices have the same number of elements. The product of a row matrix and a column
matrix will always be a 1 x 1 matrix.

NELSON SENIOR MATHS General 11 9780170250252



O Example 14

Which of the following matrix products can be calculated?
We don't need to place a x operator 3 >
between matrices. This is similar to 9
multiplication in algebra where mn a [5 9][3] b [1 7 6] 11 ¢ [3 8 2] 2
is actually m x n but the x symbol is 6
not required. 1
Solution
a Row and column matrices can only be multiplied if the [5 9][3] cannot be found.
number of elements are equal.
There are 2 elements in first matrix but only 1 element in
the next one. The product cannot be found.
b Both matrices have 3 elements so the product can be found. 3
[1 7 6] 11 |canbefound.
6
¢ There are 3 elements in the first matrix and 4 elements in 5
the second one. The product cannot be found. 9
[3 8 2] , |cannot be found.
1

When multiplying two matrices, multiply the elements in the first matrix by those in the second
using a systematic procedure.

To multiply a row matrix by a column matrix, start with the first element in the row matrix and the top
element in the column and multiply these two numbers, then multiply second element in the row with
the second element in the column matrix, then multiply the third elements and fourth elements and so
on until the end of the row and the end of the column are reached. Add together the products as you go.

IMPORTANT
X
IfA=[a b c] andB=| y ,thenAB=|:ax+by+cz:|
z
QO Example 15
5
. . 9
Find ABifA=[3 7 2 12]andB=|_
Solution 2
Multiply the corresponding elements. Then add them AB= [ IX5+7X94+2%X7+12 X 2}
together. _ [1 1 6}
When you multiply, as you
move across the row, move
down the column.
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O Example 16

Find the value of m if|:5 m][ﬂ = [36]

Solution
Multiply the corresponding elements. Then add them 5X3+mx7=36
together. Equate to 36.

Solve the equation. 15+7m=36
7m=36-15
7m=21

21
7
m=3

O Example 17

A confectionery company manufactures 4 different
types of bagged confectionery — Sour Sweeties,
Radical Ropes, Pop Frenzy and Berri Chews.

Production data for one month is shown in the
two tables below.

Shutterstock.com,/Roberaten

$27.50 $23.90 $14.70 $19.75
Sour Sweeties 5000
Radical Ropes 6150
Pop Frenzy 6800
Berri Chews 3600

Write the production costs as a row matrix P.

Write the quantities manufactured as a column matrix Q.
Find the matrix product PQ.

Explain the information that PQ provides.

o 0N T o

NELSON SENIOR MATHS General 11 9780170250252



Solution

a Write the information contained in the first table
asa 1 X4 matrix P.

b Write the information contained in the second
table as a 4 X 1 matrix Q.

¢ Multiply each element in P by the
corresponding element in Q. Move across the
row and down the column.

TI-Nspire CAS
Use a New Document with a Calculator page.

Press [w4). |:| |:| |:|

Select the 3 x 3 matrix template| [ | [] []

0on

and press [enter].
In the pop up screen that appears change the

number of rows to 1 and the number of
columns to 4 then press [enter].

Enter the elements into the first matrix.

9780170250252

A CAS can be used to find the matrix product.

Pzpzw 23.90 M7019%]

5000
6150
Q= 6800 5000
3600 6150
6800

PQ=[27.50 2390 1470 19.75] | 3600
= [27.50 x 5000 + 23.90 X 6150
+14.70 X 6800 + 19.75 X 3600]
=[455545]

O DT
[ 2

Rk Al LR
lol doo B ea [ B 2o o 4o £

4o [a pa lo2 Oy S
0/59 |
[ TE—TE—
Al 3

Matrix

Number of rows |:I

Number of columns E

IEK_‘ Cancel'
099 |

11

[27.50 22.90 1470 19.75] o
099 |
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Follow the steps above to enter the second

matrix with 4 rows and 1 column.

It is not necessary to press [x] between the

matrices.

Press [enter].

ClassPad

Use the Jg application.
Press (Keyboard).

Tap then tap the 1 X 2 matrix template,

three times to create a 1 X 4 matrix.

Enter the elements into the first matrix.

NELSON SENIOR MATHS General 11

5000

[2750 2390 1470 1975][6150
6800
360

" I\V'—'
5000

[275 239 147 1975) [6150
6800
3600

[45

5545 |

<[

1799

@ Edit Action Intsractive
FEio Tl [ T2
(coom

[ v]
Matht [ine| = |y | x| @
Metiz D. e | In i =

MetiS || L0 | 40| [ | B

Trig

Ver |~ +
——| sin | cos lun a 3

el [ G s ek
Alg Decimal Real Rad (1]

Fei e Eafom T

(27.50 23.90 14.70 19.75]] I}

[ v]
Matht |[jjne| = |yH | x | @
Math2 J. e | In i -

Math3 g%ﬁ iﬂt fil “ﬂ%‘

—‘;—‘:sln rm tan 3 | ¢
v+« |® |G ||
Alg Detimal Aeal Rad a
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Tap the 2 X 1 matrix template, [=]], three times to ~©_Fdit Actien inerective
(1] [l ][ ]

enter the second matrix with 4 rows and 1 column. == B
a
2]

© Edit Action Interactive

It is not necessary to press between the (27.50 28.90 14.70 19.76)( 2450
Press (EXE].
(1] [l [ [ ]

6800
matrices. 3600
5000
8150

Alg Decimal Res! Rad

[27.50 23.90 14.70 19.75]

14555451

=
“ o
« ®
e e
oo
@ DS O

Alg Decimal Res! Rad

d Interpret the result. The information contained in the matrix
represents the total production costs for the
month which were $455 545.

ENOSIERNGE Matrix multiplication: row
matrix X column matrix

Concepts and techniques

1 |2¢e 2 For the following pairs of matrices, state whether it is possible to multiply them.
Write P if it is possible and N if it is not possible.

a5 7 —1]2 b [5 o]m c Bﬂp 6 —2]
d [5][6 9] e {179}[5 12 -1 0] f [12][15]

2 Select the correct answer for the following questions.

a mp 1]

A [56] B [31] c [15] D [25] E [26]
2
b [20 1 14]5
8

A [50] B [157] c [175] D [185] E [525]
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3 Evaluate the following matrix products.

7
a3 5 22 1]2
3
11
c [12 1 312
4
3

[¢)

[-2 5 —1](1)

4 Select the correct response for

o]

When [7 S}Lﬂ = [22], d must equal:

b [16 18]

d [6 -2]

f [12 -3

each question.

Cc 3

A5 B 9
3
b If [a 4 2] 5 :[50], then a has the value:
9
A1l B 2

5 Find the value of x if [7 x]{ﬂ=[39],

Cc 3

5
15
7 -2] S

20

6 T= [6 10] and U= [luz} It is known that TU = [156]. What is the value of u?

7 Evaluate:
4
a5 3 2]|5
7
120
c [1675 3215 14.85]| 200
150
28.75
e [120 300 150 290] 3105
29.60
38.35

Reasoning and communication

8 IfM=[2 7]andN:[z},then
a find the value of:
i 3M ii 2N i MN

b[o 10 27 5] 28

d [1476 5267] [

32
9
4.5

1300
1526

13.5

f [1520 1347 2016]|21.6

iv. 3M X 2N

b What do you notice about your answers in ivand v?

NELSON SENIOR MATHS General 11

v 6 xXMN

374
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9 [=Cw:o 4 In anetball season, a team named the “Torpedos” had 7 wins, 3 draws and 2 losses.
This can be represented in the row matrix [7 3 2].

Points are calculated using the table on the right. Win 3
Draw 1
Use matrix multiplication to work out the Torpedos total points
for the season. Loss 0
10 A school canteen sells 4 different types of Number of

drink in bottles. In February, they sold Type of drink bottles per box
15 boxes of flavoured milk, 32 boxes of water,

Flavoured milk 12
11 boxes of fruit juice and 9 boxes of flavoured
. Water 30
mineral water.
- ber of bottl b feach ¢ Fruit juice 24
tt t
¢ umber ot bottles per box of each type o Flavoured mineral water 18

drink is different. (See the table at right.)

Using matrix multiplication, find the total number of bottles of drink sold in February.

8
[
s}
£
2
2
8
£
3
&
>
[9)
2
=
2
N
g
S
3
~
5}
o)
I3
S
=
&

MATRIX MULTIPLICATION:
MATRIX x COLUMN MATRIX

If we have a matrix of order m X n and a column matrix of

order n X 1, then we can multiply them. The product will be a IMPORTANT
matrix of order m X 1. The product will have the same number It is possible to multiply
of rows as the first matrix and the same number of columns as two matrices provided
the second matrix. the number of columns in
the first matrix is equal
IMPORTANT to the number of rows in

(mxn) x (nx1) gives a product of order (X 1) the second matrix.

same
order of product
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O Example 18

order of the product.
25 1 o o8 ns
2 7 10
5 3 7 4|8
Solution

a We have (2 X 3) X (3 X 1). Since the number of
columns in the first matrix and the number of
rows in the second matrix are both 3, we can
multiply these matrices.

The order of the product will be the outside
numbers (2 X 1).

b We have (3 x 3) X (3 x 1). Since the number
of columns in the first matrix and
the number of rows in the second matrix are
both 3 we can multiply these matrices.

The order of the product will be the outside
numbers (3 X 1).

¢ Wehave (2 x 3) X (2 x 1). Since the number of
columns in the first matrix is not equal to the
number of rows in the second matrix, this
multiplication cannot be performed.

Determine if it is possible to perform each of the following multiplications and if so, state the

iRt

Yes it is possible.

The order of the product will be (2 x 1).

Yes it is possible.

The order of the product will be (3 x 1).

No it is not possible.

When multiplying a matrix by a column matrix, every row in the first matrix needs to be multiplied

by the column matrix.

When the first row is multiplied by the column matrix the result goes in the first row of the answer
matrix, then when the second row is multiplied by the column matrix the result goes in the second

row of the answer matrix and so on.

QO Example 19

Solution

a Multiply each row in the first matrix by the
column matrix.

Simplify.

NELSON SENIOR MATHS General 11

Find the products of parts a and b from Example 18.

3 5 1 i_ 3X6+5X3+1%5
2 7 10 T 2%x6+7%x3+10%5

1w
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TI-Nspire CAS

6 3

3] [83] When using the ClassPad, tapping the

S matrix templates multiple times enables

| you to create matrices with different
numbers of rows and columns. For
example, for a 2 x 3 matrix, tap [#0],
then [[=]]. For a 3 x 3 matrix tap [%] twice.

<[

1199 |

ClassPad O Edit Action Intsractive
23] & [0 sme [0 [ v [ 4]+

|
23 lf i
|

1]
v |

Matht [jne| = |y | x| @
Moth2 | [o®|In | £ | =
s | o o /= | i
ol P T T o
vor |10 [ ®1| [%80 | o | O |
== sin | cos tan | @ 3

o BRI
Alg Decimal Real Rad a

b Multiply each row in the first matrix by the 29 11271 2x2+9%5+1x%x8

column matrix. 0 8 11||5|=|0x2+8x5+11x8
37 48] [3X2+7Xx5+4%38

[ 57

Simplify. =|128

| 73

TI-Nspire CAS ClassPad

@ Edit Action Interactive

(2] & 3]s v [ 4]+

i 3| Bk ""]i

1 Matht [jjne| = |yH | x | @
8 =tz ]e)
o] s a5 5 i
T P g ey o S O — S

w:‘ lmf[ SIEIFEINE

“de | sin | cos | tan (] t

viel®™ % s
g Decimal  Real Rd @
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O Example 20
4

_ (3 vy 8| [34
Fmdthevalueofylf[5 ) 3}7 —[37}

Solution

The unknown, y, is in the top row so multiply (Bx4)+(yx7)+(8x1)=34
the top row by the column matrix and equate to

the element in the top of the matrix on the

right-hand side of the equation.

Simplify. 12+7y+8=34
7y +20 =34
Solve for y. 7y=34-20
7y=14
y=2

RENCIRIFHUY Matrix multiplication: matrix x
column matrix

Concepts and techniques

1 [EciE Determine whether or not the following matrix products are possible. If so, state the

order of the product. ~
- - 3 5|2
5 7 5|5 b 11 3| 2 o —1ll0
13 2 68 16 8|12 ‘
- - 3 8|3
3 [13 5
d"173125 1 0][9 N
15 2 4]0 ¢ lo 1|6 0 6122
135 23
6 12
8 19
2 If the matrix product AB exists where A=| 21 4 |, then which one of the following could be
the matrix B? 17 32
5 29
) 3
9 2 2
A5 6 3 1] B || c |8 D [13} E [411]
9
1
3 4
3 IfP=| 5 |andQ=[2 -3 4], then the order of QP is
-1
Al1x1 B 3x1 C 1x3 D 3x3 E 2x3
NELSON SENIOR MATHS General 11 9780170250252



12 5 11

4 Ifthematrix[-3 0 34| was to be multiplied by a column matrix, what would the order of
60 42 9
the column matrix need to be?

5 Select the correct answer for the following matrix multiplications:
6 2 3 g
5 21
4 11 11 10
11 7
A [56 43] B |9 c [Zg} D [10 Z 5] E |9 9
7 7 5
1 7 12(|5
b |15 2 26]|11
38 0 3|7
166 | 6 18 19 43
A 1279 B |20 13 33 C |66
211 ] 43 11 10 64
100 |
D |473 E [43 66 64]
287

6 Find the matrix product AB for each of the following if B :[ﬂ and A=

2 -1
10 15 3 5
3 7
a [6 11] b [5 6} c|3 17 d |7 14
2 8 6 8
7 Perform the following matrix multiplications. S
(12 137[1 b (11 6 13 fi
2|2 10 4 20])
> (5 8 2 7 2
(3 10 8 17|-1 d63015
“l2 7 2 4|3 S 1 s 5|2
9 - 3
Logfs f 13? g 191 Z
€ lo 112
- 12 7 2|2
. 11 6[|6 48
8 Find the value of x if [x 9} [7}_[81}
2 5 23
9 What is the value of d when | 3 2 [3} =18
4 6 34
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Reasoning and communication

10 A cinema charges the following ticket prices.
$9.00 for a child under 12 years of age
$13.00 for an adult
$6.50 each for seniors

Their attendance figures for last weekend are shown in the table.

Day Children  Adults Seniors
Saturday 62 105 32
Sunday 50 62 45

a Represent the ticket prices as a column matrix.

b Represent the attendance figures as a 2 X 3 matrix.

¢ Use matrix multiplication to work out the total amount that the cinema took for tickets
at the weekend.

5

35 2

11 If we have A= L 9 7} and B=| 6 |, we can work out AB using the methods above.
1

Could we also calculate BA? In other words, could we perform the calculation in the reverse

5
order | 6 [3 > 2}?
1 1 9 7

MATRIX MULTIPLICATION:
MATRICES OF VARIOUS
ORDERS

It is possible to multiply matrices when the

number of columns in the first matrix is the IMPORTANT
same as the number of rows in the second rmeiiee A\ fs oferlar m X m anel maese B fe of
matrix. order n x p then we can find the product AB .

mxmn X nxp

t ¢

same

AB will be of order m x p.
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O Example 21

5 3 | s 2 7
IfX=(2 6 ,A:L 11}andB: 1 12¢:
9 10 5 11

i state whether each of the following products could be found
ii state the order of the product matrix where possible.

a XA b XB ¢ AX

Solution

X is of order 3 x 2, A is of order 2 X 2 and B is
of order 3 x 2.

a i Can we multiply (3 X 2) and (2 x 2)? The
number of columns in the first matrix is
equal to the number of rows in the second
matrix, so we can.

ii The 2 outside numbers will determine the
order of the product matrix. 3x2.

b i Wehave (3 x2)x(3x2).This
multiplication cannot be performed, since
the number of columns in the first matrix
does not equal the number of rows in the
second matrix.

c i AXwould give (2x2) x (3 x2). The
number of columns in the first matrix is
not equal to the number of rows in the
second matrix.

Yes. The product XA exists.

The product matrix will have an order of

No. The product XB does not exist.

No. The product AX does not exist.

To multiply two matrices, we multiply pairs of elements working across the rows in the first matrix

and down the columns in the second matrix.

6}andB:[3 >

2
If we have A =
we have [0 ) 5 4 7

1
} and we need to calculate AB, we perform the following

calculations by working across the rows in A and down the columns in B:

2x3 + 6x2)
A row 1 X B column 1
(0x3 + 1x2)

A row 2 X B column 1

2x5 + 6x4)
A row 1 X B column 2
(0x5 + 1x4)

A row 2 X B column 2

18 34 44]

SoABz[2 4 7|

9780170250252

2x1 + 6x7)
A row 1 X B column 3
(Ox1 + 1x7)

A row 2 X B column 3

When we
multiply A row
1 by B column
3, the result
goes in row 1,
column 3 of
the answer
matrix.
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(O Example 22

53 1 5
Calculate AB and BA if A = dB=
alculate AB an i [2 6:|an [3 7}
Solution i
. . . 5 3|1 5
Multiply each row in matrix A by each AB= ) 6}[3 7}
column in matrix B then simplify. -
_[5x1+3x%3 5><5+3><7}
Since A and B are both 2 x 2 :2X1+6X3 ZHSHOXT
matrices, AB and BA both exist. _ 14 46
20 52
Mulitply each row in matrix B by each (1 575 3
. . T BA =
column in matrix A then simplify. 13 7]|2 6
[1x5+5%x2 1x3+5x%6
C|3X5+7x2 3Xx3+7x6
15 33
129 51
TI-Nspire CAS ClassPad

© Edit Action Intersctive

(] o Tl e [T ]
53,4 S
3 26
¢ [2 4]
: [3 2]
P [s7]
20 2 8
[15 33 [20 5
29 51 e
2] [26 a1]
i g
Alg  Deciml Rl Rad G

AENCCIIAYE Matrix multiplication: matrices
of various orders

Concepts and techniques

2 3
4 3
2 41 5 4 5 2
wihng | LetA:[S 6 3}’B=[6 8}’C= | 6[ndD=]5 1
matrices 2 6
4 7
i State whether each of the following matrix products exist.
ii For those products that exist, state their order.
a AB b BA ¢ AD d AC e DA
f BC g CB h DB i CD j BB
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5 8 11

Y=
3 6 4} and

2 Given X = [

w N
N B O

a find XY

b find YX

¢ isthe order of XY the same as the order of YX?
d does XY =YX?

3 Find the following matrix products.

2 5][3 1 0 b_10165

T3 25 7 6 0 12 11
_42__12 ;;:14

C5832} dlg | 4|23
3 1|t 35
L7 3 2 5
o .

. 61[1 3 1 4 o2,
8 7[|2 2 5 9 -1 2 )

2 4 f 451 2 1 7 34 1 517
4 For the matricesD=|6 5|,E= 5 5,F=l: },G= 5 6 1 3 andH=[ :|
3 4 2 6 9
3 4

calculate the following products:
a DF b EF ¢ GE
d HE e FH f DH

5 Evaluate the following matrix products.

_4638 s B 87
391{67} b91215}6 2 23
22 - 14 41 2
21 35 26 44 ? (102 115 136][2 6
€118 19 20 12} N d (191 131 1427 9
i 3 135 162 189][11 3
(201 51112 6 17 13 78 56 25] 2L >
¢ 105 122}{18 19 5 7} I E 62} 2673
) - 28 19

6 Risa4x3matrixand S is a 3 X 6 matrix. The order of matrix RS is:
A 4%3 B 3x6 C 12x18
D 4%x6 E 3x4
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7 Matrix T has 3 rows and 5 columns. For which one of the following matrices P would the
matrix product TP exist? )

5

11

AP=[2 5 7] B P=|9

3

4

(52 I \S TR0 RN @)

(]

o~

Il

N W =
[o )N SRRV, ]
[S2 Be-lie)
o \© o
[

7 —
6 6 9
D p=|> E P= }
5
9

5 2 4

8 Matrix L has 2 rows and 4 columns. Matrix L was multiplied by matrix K and the product KL
was of order 3 x 4.

The order of K must be
A 3x2 B 2x4 C 2x3 D 4%x2 E 12x1
Reasoning and communication

9 A stationery retailer sells various packs of stationery that cater to his various customers’
requirements. The names of the packs and details of their contents are in the table below.

‘Pack  Leadpencils Coloured pencils  Erasers  Blue pens Red pens
24 3 10 3

School 5
University 2 0 1 20
Home office 2 0 1 30 10

In January he sold 12 School packs, 10 University packs and 3 Home office packs.
In February he sold 8 School packs, 32 University packs and no Home office packs.

i:ie . -

| AL

| f

l | | f .:."t f
=iy |

S o

a Represent the above table as a 3 X 5 matrix. We will call this matrix P.
b Organise the sales data for January and February into a 2 x 3 matrix. The first row will
represent January sales. The second row will show February sales. We will call this matrix S.
¢ Perform matrix multiplication to work out SP.
d Using matrix SP, answer the following questions.
i How many lead pencils were sold in January?
ii How many blue pens were sold in February?
iii  For the two months what was the total number of erasers sold?

Shutterstock.com/erashov
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INUSSIRIC7NNIOINI Multiplying matrices: identity matrices

We will investigate the impact of multiplying a matrix by an identity matrix.

Consider the following matrices.

- 6
3 5 6 7 5 11
A: — — = = |— — —
s _J,B M,c 7|,D [2 s 4},15 [-7 4J,F=[6 3 8].G
- 11
(7 5 11 7
H__6 39 4}
1 000
- 1 00
10 0100
12__0 1}’13_3 (1) (1)’14_ 0010
0 0 0 1

I,, I, and I, are identity matrices.

>

N W U N

a List all of the products possible when multiplying matrices A to H by an identity matrix.
(For example: The product of A and I, is called AL, It exists because A X I, gives:

2x2)x(2x2)=(2x2).)

b Choose 5 of the products that you named in part a and evaluate the product matrix.

¢ What happens when an identity matrix is multiplied by another matrix?

POWERS OF MATRICES

When a number is raised to a power, this indicates repeated
multiplication. For example:

52 means 5 X 5
5% means 5 X 5 X 5
5" means 5X 5X5X5X5X5%5 and so on.

The same concept applies to matrices. So if we have a matrix
named A, then

A% means A X A.

We can evaluate powers of matrices using matrix
multiplication.

9780170250252

IMPORTANT

Only square matrices can
be raised to a power.

Consider a 2 x 3 matrix
named A. If we tried to
evaluate A%, we would have

(2x3)x(2x3).

different
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(O Example 23

Find the value of A2if A = E ﬂ

Solution
Multiply A x A.

[2 572 5
2 _
A 1 7}[1 7}
__2><2+5><1 2X54+5%7
_1><2+7><1 1X5+7X7

_[9 45
19 54

O Example 24

Find the value of B*if B = l:_31 ﬂ

Solution
To evaluate B, we can multiply B x B%.

Firstly evaluate B* using B x B.

Now multiply B x B,

, [3 6|3 6
B Tt 2}[—1 2}
[ 3x3+6x-1 3x6+6x2
CA1x3+2x-1 —1><6+2><2}

[3 30
5 2
gio| 3 6|l 3 %
-1 2f[-5 -2

-21 78
-13 -34

QO Example 25

5 11 12
Findthe X*ifX=|7 3 1
-4 2 6

Solution

Since this is a large matrix raised to a relatively large
power, it is sensible to use a CAS.

TI-Nspire CAS
Press [(~])(4) then to raise the matrix to the
power 4.

NELSON SENIOR MATHS General 11

s 11 12]4 4450 12186 16708|
25 4 4594 11150 14690
@Ak -2672 -5388 -6608

>y

199
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ClassPad O Edit Action Intsractive
Press (/)4 then to raise the matrix to the LEa[ & [ibafsme] i v [ 44 v I

5 11 12
power 4.

T 3 1[4

-4 2 8
4450 12188 16708
[4594 11150 14690]

~2672 -5388 -6608
o

Math! |[jne| ™= | I | = ?
Meth2 || o | o | In los] VI
Mt T | | et s
18 {ood hoowss 78 | (1| O
| ver | I

pres sin rm | tan | |
BRI
Alg  Decimsl  Real Rad [

Write the answer. 4450 12186 16708
X*=| 4594 11150 14690
2672 —5388 —6608

DUTNGINIEKEN Powers of matrices

Concepts and techniques

1 2¢uc a For the following matrices state whether they can be raised to a power.

5 5 1 b3 -
o o 1] e
4 5 6
251 6
2 5 L7 37 21
D={—4 9} Ezg 131 F=ly 5 36
1 7 5 2

b For those which you identified in part a, find the value when the matrix is raised to the
power 2 (squared).

2 Evaluate the following.

r 2
3 75
10 6] 2 2|
al, 5 b |1 3 2 Cls _5
|9 4 6
L 37 12 9 15 Ik
0|33 |7 36 A
|13 11 0
3 Which of the following numbers is the missing element?
12 877 [224 136
10 5] 170 []
A 25 B 89 C 125 D 105 E 169
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4 Which of the following is A® given that A = [2 1}?

5 7
A 4 1 B 8 1 c 63 72
125 343 360 423

125 49
0 (182 255 cl63 73
348 298 360 420

5 Find the missing elements in each of the following matrix problems.

3"563_|:| 690 b293_440738
1 7] "[115 457 6 4 [] 604

(3 107° [447 730 S0 s 3 20 55
[of = =
16 1] |438 [] -1 4 [1 24
6 Evaluate the following given that
. 12 15 21
3 7 25 6.1
x:[9 4,Y=[39 27}mdz= 17 19 23
- oo 31 11 24
a X° b X° c Y d X°+Y°
e X° f X -X g Z* h z*

Reasoning and communication

2 1
7 Tim made a mistake when he was asked to square matrix M = [ 5 0}. His calculations are
shown below. Tim has not written the final answer yet.

pm? o= |2
2 0
—|l2X24+1X2 2X14+1X1
2X2+0X2 2X1+0X0

|

a Identify which element has the miscalculation.
b Write what Tim’s final answer would have been.
¢ Write the correct answer for M.

8 We know that in matrix multiplication that it cannot be assumed that AB = BA.
We know that C* = C x C.

3 2
L ix C= .
et matrix C [O J

a Find the value of C’ by calculating C x C*.

b Using matrix multiplication, evaluate C* x C.

¢ Is the following statement true or false?
“C’= C* x C which is the same as C x C*”
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APPLICATIONS OF MATRICES

Matrices are used to represent information so that relevant calculations can be made. Even the
basic operations that we have learnt in this chapter can be used in applications of matrices.

O Example 26

costs for the last 2 weeks in the table below.

Week 1 Week 2
Paint $1060 $1555
Timber $3029 $1124
Metal fasteners $923 $705
Gardening tools $896 $1230

d Create a profit matrix.

Solution

b To convert a percentage to a decimal, divide
by 100.

¢ Selling price = 1.55 X cost price.
Multiplying the cost matrix by the scalar
1.55 will multiply each element by 1.55.

d To create a profit matrix:
Profit = Selling price — Cost price

9780170250252

a Represent these cost sales in a 4 X 2 cost matrix, C.
b Selling price is calculated by finding 155% of the cost price. Convert 155% to a decimal.
¢ Using scalar multiplication, represent the selling prices of these goods in a 4 X 2 matrix, S.

a The table already has 4 rows and 2 columns.

1060 1555
c|3029 1124
"1 923 705
896 1230

155% =155 + 100
=1.55

$=1.55C

The manager of a local hardware store sells goods at a 55% mark-up. He recorded his purchase

s
o
2
S
°
<
)
=3
Bl
N
£
o
g
<
ol
9
2
s
2
S

e Calculate the total profit to be made if all of the goods purchased over these 2 weeks are sold.

1060 1555
3029 1124

=1.55

923

896
1643.00

| 4694.95
"1 1430.65
1388.80

705
1230
2410.25
1742.20
1092.75
1906.50

Profit =S-C

[1643.00
4694.95
1430.65
| 1388.80
[ 583.00
1665.95
507.65
| 492.80

2410.25 1060 1555
1742.20 3029 1124
1092.75 | | 923 705
1906.50 896 1230
855.25
618.20
387.75

676.50

CHAPTER 3: Matrix arithmetic
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e Total profit can be found by adding all of the
elements in the profit matrix.

Total profit = 583.00 + 855.25 + 1665.95
+618.20 + 507.65 + 387.75

+492.80 + 676.50
= $5787.10

O Example 27

Each week the coach of the “Little Diggers” basketball team awards the “Best and Fairest Player
Award” to the player who scores the most game points.

Steve
Sarah
Lucy
Matt
Kelly
Jack
Sophie

NELSON SENIOR MATHS General 11

3 pointers

0

1
0
2
1
0
1

Solution

a When a player scores, they can either get
3 points, 2 points or 1 point.

2 pointers

5

NN Ul N W

The results of their last game were as follows.

1 pointer

0

S D O O O N

b Matrix G will have 7 rows and 3 columns.

a
Il
= o = N O = O

O NN U N W U

a Write a column matrix, P, to represent the 3 different scores possible.

b Write a matrix, G, to represent the data from the table.

¢ Use matrix multiplication to find a score matrix named S that represents the total scored by
each of the players.

d Which player won the “Best and Fairest” award?

e The opposition team scored a total of 87 points. Did the Little Diggers win the game?

O NN O O O DO

£
S
£
o
2
)
3
S
O
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¢ To find S, we must find GP. [0 5 0]
This will be (7 x 3) x (3 x 1), which will b3 2
result in a 7 X 1 matrix that represents the 0 7 043
personal total for each of the seven players. §=12 5 0})2
1 7 0f1
0 2 2
1 8 0]
[10
11
14
=116
17
6
_19_
d The largest element in S is the highest Sophie won with 19 points.
personal score.
e The total score for Little Diggers can be Little Diggers total score
found by adding all of the elements in S. =10+11+14+16+17+6+19
=93
Write the answer. 93 is greater than 87, so Little Diggers won.
Matrices can be used to model pathways. These might be social Jane
networks, location maps or others. Consider a social network
involving 3 people named Alex, Jane and Tom.
We could draw a diagram showing the ways that each person could
communicate with each of the others. Alex Y43 Tom

We can represent the number of ways that each person can communicate directly with another
person in a table.

Jane Alex Tom

Jane 0 1 1
Alex 1 0 1
Tom 1 1 0

This could then be displayed as a matrix. Let’s call it matrix A.

0 11 The matrix must
A=|1 0 1 contain a row for
110 each person and

a column for
each person.

So for three
people, we need
a 3 x 3 matrix.
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We see that Jane can communicate directly with Alex in only 1 way.
What if Jane wanted to communicate with Alex via Tom?
This communication path would involve two steps: Jane > Tom > Alex.

If we needed to know the number of ways that each person could communicate with another via a
third person, we can simply square matrix A.

21 1
A?=[1 2 1
11 2

Matrix A tells us that there are 2 paths that allow Jane to communicate with herself via a
third person.

Jane > Tom - Jane or Jane > Alex - Jane

These are both two-step paths from Jane to Jane.

A’ tells us that there is only 1 two-step path that allows Jane to speak to Alex.

i.e. Jane > Tom > Alex.

To find the number of three-step paths from each person to another, we could simply find A”.

To find the number of seven-step paths from each person to the others, we would use A”.

O Example 28

The map below shows the roadways connecting three rural properties.

Clearview

Pine Lodge

Windy Hills

There is a road connecting Clearview to Pine Lodge. There is a road connecting Pine Lodge to
Windy Hills. However, there is no road connecting Clearview and Windy Hills.

a Draw a matrix named P representing the number of 1-step paths from each of the three
properties to the others.

Calculate P?.

How many two-step paths are there from Clearview to Windy Hills? Give details.

Why are there no two-step paths from Clearview to Pine Lodge?

How many two-step paths are there from Pine Lodge to Pine Lodge? Give details.

o o 0 T
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Solution

a Since there are 3 locations, we will need a 3 X 3 matrix.
Use a 1 to represent a path and a 0 to represent no path.

In table form we have:

Clearview  PineLodge Windy Hills
Clearview 0 1 0
Pine Lodge 1 0 1
Windy Hills 0 1 0

b P2P=PxP

¢ The element (P?),; shows the number of two-step paths
from Clearview to Windy Hills.

d Examine the map.

e The element (P?),, shows the number of two-step paths
from Pine Lodge to Pine Lodge.

01 0
P=|1 0 1
010

01 0ff0 1 0
P’=|{1 0 1|1 0 1

01 O0ff0 1 O

1 01
=10 2 0

1 01

There is 1 two-step path from
Clearview to Windy Hills:
Clearview > Pine Lodge » Windy
Hills

From Clearview, the first step
takes us to Pine Lodge.

A second step would take us back
to Clearview or on to Windy
Hills.

There are 2 two-step paths from
Pine Lodge to Pine Lodge:

Pine Lodge > Clearview - Pine
Lodge or Pine Lodge - Windy
Hills > Pine Lodge

QO Example 29

messaging network called “Friends Online”
Julie is friends with Frank and Elizabeth.
Frank is friends with Julie and Elizabeth.
Elizabeth is friends with Julie, Frank and Sean.

Sean is only able to send messages to Elizabeth.

9780170250252

Julie, Frank, Elizabeth and Sean are all members of a social

Julie < Frank

Elizabeth «———» Sean

CHAPTER 3: Matrix arithmetic
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a Draw a4 X 4 matrix called C, showing the number of one-step paths for messages from each

of these people to the others.
Find C’.
Find C’.

o o 0 T

How many two-step paths will allow Sean to message Frank? Give details.
i How many three-step paths will allow Elizabeth to message Frank? Give details.

i Explain why Elizabeth would probably not use any of these three-step paths to send a

message to Frank.

Solution

a We can set up a table using the information from
the diagram.

Julie Frank Elizabeth Sean

Julie 0 1 1 0
Frank 1 0 1 0
Elizabeth 1 1 0 1
Sean 0 0 1 0

b Usea CAS to find C.

TI-Nspire CAS

Since matrix C is being used more than once
in this question it is advisable to store the
matrix as C.

Enter the elements in the matrix and press [etri][var]
for 'sto» then type [C]enter].

For C? simply type [c](x] then [enter].

ClassPad

Since matrix C is being used more than once in this
question, it is advisable to store the matrix as C.
Enter the elements in the matrix, then tap

C then press [EXE].

For C* simply tap C, then press 2(EXE).

NELSON SENIOR MATHS General 11

01 1 0
1 01 0
C:
1 1 0 1
0 01 0
3
6110 01104
L0 % ol 1.0:1'0
11049 1101
0010 0010
o2 2:3: 1%
A
1130
1% 901
| v
29|

@ Edit Action Intsractive
i ::;Isu-wlb['ll'-’l'r_

I

Alg Decimal Real Rad L]

— N
—_— e N
S W = =
e R e B
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C UseaCAS 0 nd [ OETTE—
5 HEREE
TI-Nspire CAS 4 1311
117340
Since matrix C is already stored, for C* simply 1581
type [€)(»](3] then [enter]. 3 SRR
g 33 &1
4423
1% 39
[ v
39|
ClassPad @ Edit Action Interactive
Since matrix C is already stored, for C* simply tap C, ENEECEINME0 o
then press (A3 (EXE). looiol o a
1010
1101
0010
c*2
2111
1211
1130
1101
c*3
2341
3241
4423
1130
n (7]
Alg  Decimal  Resl Red (M
2 3 41
3 2 41
3
o442 3
1 1 30
d The element (C?),, will show the number of paths (c), =1
from Sean to Frank via a third party. There is 1 two-step path from Sean to
Frank.
Sean - Elizabeth > Frank
e i InC’ element 3,2 shows the number of three- (CS)32 =4
step paths from Elizabeth to Frank. There are 4 three-step paths that will
allow Elizabeth to send a message to
Frank.
Elizabeth > Sean - Elizabeth > Frank
Elizabeth - Julie - Elizabeth > Frank
Elizabeth - Frank - Julie > Frank
Elizabeth - Frank - Elizabeth > Frank
ii Look back at matrix C. Elizabeth is able to send Frank a
message directly, so there is no need to
use extra steps.
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RENGSIENER Applications of matrices

Concepts and techniques

1 Each of the elements in matrix X are to be increased in size by 60%. Which of the
following scalar multiplications will achieve this?
A 0.6X B 1.6X C 60X D 160X E 1.06X

2 The prices in matrix Y need to be reduced by 15% for a sale.

275 1155 395
_ . . N

Ify { 1099 2235 154 9}, which matrix below shows the correct sale prices?
A 260 11.40 3.80 290 11.70 4.10

110.84 2220 15.34 11.14 2250 15.64
c [233 981 335 234 982 336

19.34 18.99 13.16 9.34 19.00 13.17
g [316 1328 454

112.64 2570 17.81

3 The manager of a company with three factories was asked to decrease electricity costs. Each
factory has its electricity charges broken down into two categories: office electricity and
production line electricity.

The March electricity costs are shown in matrix M.

The April electricity costs are shown in matrix A.

March April
325 455 450 Office 320 445 430
1870 1960 1950 Production Line 1830 1895 1880

a Find matrix D, which shows the difference in electricity costs from March to April.
b What was the total saving in electricity costs that was achieved?
¢ i Calculate the overall savings made by the three offices.
ii Express the overall office savings as a percentage of the initial office costs, correct to two
decimal places.
d i Calculate the total savings achieved by the three production lines.
ii Express the total production line savings as a percentage of the initial production line
costs, correct to two decimal places.
e A reduction of 3% or more is considered significant. Comment on the manager’s success or
failure in making a significant cost reduction.

4 Mark, Ian and Tina are all sales people. » <
Their personal sales figures for the last two weeks are ] b
shown in matrix S. = =
Mark is paid a commission of 7.5 % of his sales. 16500 22390 | Mark
Ian earns 6.7 % commission on his sales. §=|11350 14275| lan
Tina’s commission is 7 %. 17100 15680] Tina

a Convert the percentage commissions to decimals and
present them in a row matrix named C.
b Use matrix multiplication to evaluate CS.
¢ How much was the total of their combined commissions for the fortnight?
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This map shows the linking roads between three villages.

Number of direct paths between towns

M G

C

C 0

M 1

Murryba G 1

Gwenock

a Display the number of direct paths between towns in a matrix.
b Square the matrix from part a to find the number of two-step paths between the towns.
¢ Name the pairs of villages that have 2 two-step paths between them.

matrix W.

0

1
W=

0

1

—_ O

0

1
0

1
1

The number of ways that four people can directly communicate in pairs is shown in

S = O

1

—_— O

o

Ae——>» B

I I

De————C

The matrix that shows the number of ways in which these four people can communicate via a
third party is:

2 0

L O 0O NN O N

2

S O o O N O
0 O WO N OoO O

(0 1 0 1] 0
1010 2
Blo 1 01 o
1 0 1 0] 2
[0 1 0 2]
2
e 01 0
01 0 2
1 0 2 0

Reasoning and communication

S NN O

N O N O

S NN O

7 Three department stores ordered the same four products from a manufacturer. Depending on

the size of their orders, the department stores are given price reductions by the manufacturer.

The prices paid for the products are shown in matrix P.

=

k9]

=

<

£

Ay
1.64
P=|1.62
1.69
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Product X

9.07
9.04
9.21

Product Y

3.26
3.24
3.38

Product Z

99.37 | Store 1
98.99 | Store 2
99.79 | Store 3
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Matrix M contains the percentage mark-up for stores 1, 2 and 3 respectively, expressed as
decimals.

M=[1.99 201 1.7]

a Multiply matrix P by matrix M.
b Explain the meaning of the elements in MP.
¢ Calculate the combined profit across the 3 stores on Product X.

8 A school swimming carnival is being planned as a two day event. On day 1, the whole school
will attend. On day 2, the only people attending will be finalists for each event and supervising
teachers.

The cost of entry to the local swimming complex is $5.60 per teacher and $3.20 per student.
Matrix N shows the number of students and teachers who will be in attendance over the
two days.

Students
Teachers

N| 860 75|Day1
L60 3 ]Day2

Newsphoto,/Phil Rogers

a Display the entry prices in a matrix named C such that it can be multiplied by matrix N.
b Find the product NC.
¢ What will the total cost be for the 2 days?

9 The points A, B, C, D and E have links as shown in the diagram below.

A—————>B «—>(C

D < E
It is possible to travel from A to D and from D to A.

However, while we can travel from A to B, we cannot travel from B to A as there is only a single
arrow head on the connection between A and B.

a Draw a5 X 5 matrix named P showing the number of single-step paths between these five

points.

Evaluate P*.

Evaluate P°.

List all of the pairs of points that can be linked using a two-step pathway.

i State how many five-step paths can get us from point B to point D.

i Give details of those paths.

iii  Write a story showing why someone might follow one of the five-step pathways that you
detailed in part ii. This only needs to be a few sentences.

o o 0 T
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A matrix holds data displayed in rows
(horizontal) and columns (vertical).

The order of a matrix is expressed as number
of rows X number of columns.

A matrix of order n X m has nm elements.

The elements in a matrix must be real
numbers.

A row matrix has just 1 row.
A column matrix has just 1 column.

A square matrix has the same number of
rows as it has columns.

A zero matrix has every element equal to
zero.

Identity matrices are square matrices.

The elements in the leading diagonal of an
identity matrix are ones. The rest of the
elements are zeros.

9780170250252

CHAPTER SUMMARY

In matrix A, a; is the element in the ith row
and jth column.

To add or subtract matrices, we simply add
or subtract elements that are in
corresponding positions.

Matrices can only be added or subtracted if
they are of the same order. The resulting
matrix will maintain that order.

When a matrix is multiplied by a scalar
(number), each element in the matrix is
multiplied by that same number.

A row matrix can only be multiplied by a
column matrix if they both contain the same
number of elements. The product will be a

1 X 1 matrix.

Two matrices can only be multiplied if the
number of columns in the first matrix is
equal to the number of rows in the second
matrix.
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CHAPTER REVIEW
MATRIX ARITHMETIC

Multiple choice

1 Consider the following arrays.
3 5 =2, 2 16 3
]:[6 2} K=|5 L={4 1 =2 M=[12]
1.1 5

Which statement is true?

A None of these arrays are matrices.

B J and K are matrices, but L and M are not.
C All of these arrays are matrices.

D M is the only array that is not a matrix.

E L is the only array that is not a matrix.

2 Matrix T has 4 rows and 3 columns. How many elements does it have?
A3 B 4 cC 7 D 12 E 16
5 6 37
8 Given that matrix P=|2 10 2 1|, py;+ p5; equals
5 0 97
A3 B 5 cC 7 D9 E 12
5 12 7 25
4 15 7 |+|18 9 |givesan answer of
8 6] |14 13|
49 12 37
A [139] B |49 C (33 16
| 41 22 20
12 37 12 33
D |33 16 E |37 16
22 19 122 19
5 [27 32 8 17]-[18 12 20 5]isequalto
A 29 B [9 20 -12 12] C9 20 -12 12
9
D 20 27 32 8 17
-12 18 12 20 5
12
. 12 x 15 11 27 29 .
6 Conadertheproblem‘:6 7:|+[7 20]—[13 27].Thevalueofxls
A [18] B x+15 c 18 D [14] E 18—x
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1 0
7 IfC= [O J, then 5C equals
A5 B > 0 © 6 >
0 5 5 6
D 0 5 E 5 6
50 6 5
8 Which of the following products cannot be found?
A[275]Z B_lo}r 7} cgizz
0 11/20 12
2 - 7113 5 9
71 05 16
3 61(2 O E 3‘8 5 7 6 12 44
72 12 || 8 13 1'4 21 8 52 1 6
11 1
5 4
2 3 3 72
9 IfG= 6 8 5 and H=|5 8|, then GH will be of order
1 9
0 1 5
A 4%X2 B 12%x6 C 4x%x3 D 2x4 E 6x12
3 yM2] [38
1 1 = ?
10 Whatlsthevalueofylf[4 6} 8} [56]
Al B 4 C 5 D 6 E 8
Short answer
1 Matrix B has 5 columns and 4 rows. What is the order of this matrix?
2 5 3
12 What type of matrixis [ -10 7 1|2
12 0 8
13 If a matrix has 3 rows and 1 column, what type of matrix is it?
14 The table shows how many students use each type of transport to get to school.
Walk Bus Car
Year 7 91 53 34
Year 8 86 62 27
Year 9 78 57 37
Year 10 79 54 35
Year 11 42 48 40
Year 12 34 41 53

a Arrange the data into a 6 X 3 matrix.
b Arrange the data into a 3 X 6 matrix.

Newspix/Angelo Soulas
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15 Perform the following matrix additions.
(12 7 . 6 13 b [23 14 52 16 . 15 27 12 11
@ 119 5 12 14 1129 21 33 72 45 16 28
(9] [8 [31 15 44] [17 25 16
c |1]|+|6 d |27 32 51|+|16 45 19
|11 5 |63 21 14 33 47 29
16 Perform the following matrix subtractions.
13 18) 5 5 o |17 56| |%
? 121 19710 7
L 28 16| |7 9
27 39 17 22 2 5 B
“ |52 67 84] |31 62 43
17 Find the values of the pronumerals in the following.
[6 8 L3 2] 10
e o1 )75 17

b [12 a 8]+[13 5 15]=[25 9 23]

p 19 28 40 60 59
c |22 13 |+|57 34|(=|79 47
41 52 27 36 68 88

16 22 14 -5 13 26 11 35 40
d |37 53 49 |+|-12 =21 17 |=(25 32 66
55 12 17 22 x 46 77 1 63

18 Evaluate the following.
6 9 11
5|:3 7} b 314 7 3
05 3
2 10 6
" e ¢ o[22
¢ 15 8
3 7
4 6 5 2 5 1
19 i h = D= Wit —2D.
Given that C [3 . 10} and [8 13 9:| nd 3C
6
20 FindJKifJ=[2 5 9]andK=|g|.
1
7
21 What is the value of yif [6 3 5 2])9’ =[98]?
4
, e 11 s
22 Given thatB—[13 7i|andC—[4}, find BC.
6 2 9 > 135
23 Determine the value ofxlf[ . 4:| 131 :[100]'
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24 Find the following matrix products.
2 3
398;? b126713 i;?:14
216 2 5 4 11)lo 2 5 ¢ 6 2
7 6 5 7 1 9
7 5
3 2 1
25 Find the value of A>ifA=|-1 4 5
7 0 =2
. 4. 2 1
26 Find the value of M* if M = 3 7|
Application

27 A local bus company charges the following fares for passengers.
Adults — $2.50
Concession — $1.20
The table below shows the number of tickets sold in each category for five days.

Monday  Tuesday Wednesday Thursday  Friday

Adult 123 85 112 156 139
Concession 102 115 156 108 121
a Represent the ticket prices in a 1 X 2 matrix. Let that be matrix A.
b Represent the data from the table in a 2 X 5 matrix. This will be called matrix B. S
¢ Find the product matrix AB.
d How much were total ticket sales on Wednesday?
e On which day were the most tickets sold?
f On which day did the bus company receive the most money from ticket sales?

Shutterstock.com,/Kzenon
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allowance

annual leave loading
bonus

brokerage

budget

commission
dividend

dividend yield
expenses

face value
government allowances
income

market price
overtime

piecework
price-to-earnings ratio
retainer

salary

share market
shareholder

shares or stock
stock exchange
stock market
stockbroker

wage
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EARNING
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4.01 Wages, salaries and overtime

4.02 Commission and piecework

4.03 Bonuses, allowances and annual leave loading
4.04 Government allowances and pensions

4.05 Budgeting

4.06 Investing in shares

Chapter summary
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APPLICATIONS OF RATES AND PERCENTAGES

calculate weekly or monthly wage from an annual salary, wages from an hourly rate including situations
involving overtime and other allowances and earnings based on commission or piecework (ACMGMO002)
calculate payments based on government allowances and pensions (ACMGMO003)

prepare a personal budget for a given income taking into account fixed and discretionary spending (ACMGMO004)
calculate the dividend paid on a portfolio of shares, given the percentage dividend or dividend paid per share,
for each share; and compare share values by calculating a price-to-earnings ratio. (ACMGMO008)

USE OF SPREADSHEETS

use a spreadsheet to display examples of the above computations when multiple or repeated computations are
required; for example, preparing a wage-sheet displaying the weekly earnings of workers in a fast food store
where hours of employment and hourly rates of pay may differ, preparing a budget, or investigating the
potential cost of owning and operating a car over a year. (ACMGMO009) @ )

WAGES, SALARIES AND
OVERTIME

A wage is income that is paid by the week for the hours that are worked. Permanent employees
may work on a full-time or part-time basis. A full-time employee usually works a 38-hour week
and part-time employees work for fewer hours. Casual employees are engaged to work by the
hour. Casual workers are not entitled to any benefits, such as superannuation or sick leave, and
are paid a higher rate to compensate for this.

A person’s wage is based on the number of hours they

have worked in a given period. Hours worked in excess | Rat€ LGENT
of ordinary working hours, outside the usual starting time-and-a-half 1.5 X normal rate
and finishing times, public holidays or weekends, are duibie e 2 % normal rate
paid at a higher rate. Special names are given to the .

double time-and-a-half 2.5 X normal rate

higher rates as summarised in the table. Overtime is
the name given to hours worked outside the normal triple time 3 X normal rate
starting and finishing times.

QO Example 1

This week, Christy worked at a childcare centre for 37 hours at $16.40 per hour plus 6 hours
overtime at time-and-a-half. Calculate her earnings for the week.

Solution

Multiply her pay rate by the number of normal Normal pay = 37 x $16.40

hours worked. = $606.80

Time-and-a-half means 1.5 times the normal hourly rate.

Multiply the number of overtime hours by 1.5 and Overtime pay = 6 X 1.5 X $16.40

the pay rate. =$147.60

Calculate the total earnings. Total earnings = $606.80 + $147.60
=$754.40

Write the answer. Christy earned $754.40 for the week.
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O Example 2

shown below.

three days he worked.

Solution
Calculate the number of hours that Ian
worked.

Multiply his pay rate by the number of
normal hours worked.

Time-and-a-half means 1.5 times the
normal hourly rate.

Multiply Tan’s overtime hours

by 1.5 and the pay rate.

Double-time means twice the normal
hourly rate. Multiply the number of
overtime hours by 2 and the pay rate.

Calculate the total pay.

Round to the nearest cent.

Write the answer.

Day Starttime  Finish time
Tuesday 3:00 p.m. 10:30 p.m.
Wednesday 9:00 a.m. 2:00 p.m.
(Anzac Day

public holiday)

Thursday 12:00 noon 7:00 p.m.

Normal
Day hours  Time-and-a-half
1
Tuesday 3 45
Anzac Day 0 0
Thursday 6 1
1
Total hours 9 5 5

Normal pay =9 x $18.17
=$163.53

Time-and-a-half pay = 5 % X 1.5% $18.17

= $149.9025
= $149.90

Double-time pay =5 x 2 X $18.17
=$181.70

Total pay = $163.53 + $149.9025 + $181.70

=$495.1325

Ian works as a bartender at an RSL club. His timesheet for the three days he worked in April is

The rate for bartenders is $18.17 per hour between 8:30 a.m. and 6:00 p.m., time-and-a-half
between 6:00 p.m. and 11:30 p.m., and double time on public holidays. Calculate Ian’s pay for the

Double
time

As you are working with money, remember

that you will need to round your answers to

= $495.13

Tan’s pay for the three days was $495.13.

two decimal places where appropriate.

9780170250252
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A salary is a fixed amount of annual pay (yearly pay), that is paid weekly, fortnightly or monthly.

The hours of work are more flexible.

Remember:
1 year = 12 months
1 fortnight = 2 weeks

1 year = 52 weeks

IMPORTANT

Note: 1 month # 4 weeks. To convert between weeks and months, convert to years first.

Although 52 weeks is not exactly a year, that is, 52 X 7 = 364 days, we use this value as an

approximation when completing calculations.

(O Example 3

a monthly? b fortnightly?

Solution
a There are 12 months in a year.
Divide her salary by 12.

Write the answer.

b There are 26 fortnights in a year.
Divide her salary by 26.

Round to the nearest cent.

Write the answer.

Siobhan earns a salary of $98 025 as an IT consultant. How much is she paid, to the nearest cent:

Monthly pay = $98 025 + 12
= $8168.75

Siobhan is paid $8168.75 a month.

Fortnightly pay = $98 025 + 26
=$3770.192...

=~ $3770.19
Siobhan is paid $3770.19 per fortnight.

Answers to money problems should be rounded to the nearest cent, and in some instances to the
nearest 5 cents. For cash payments, amounts are rounded to the nearest 5 cents. When paying by
credit, cheque or EFTPOS, amounts to the nearest cent are charged.

2ENOCIEAIN Wages, salaries and overtime

Concepts and techniques

1 A gardener works from 6:30 a.m. to
Wage sheet 5:00 p.m., Monday to Friday, and earns
$18.45 per hour. Calculate the gardener’s
weekly pay, correct to the nearest cent.

Earning
money

NELSON SENIOR MATHS General 11
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2 A computer operator is paid $20.50 per hour. She works 9 hours per day,
Monday to Friday, and 5 hours on Saturday, for which she is paid time-and-a-half. Calculate
her weekly wage.

3 An Internet website designer works a 38-hour week and earns $2115.35 every fortnight.
Calculate her earnings:
a per year b per week ¢ per hour.

4 A trainee nurse works 36 hours at an ordinary rate of $17.44 and 10 hours at time-and-a-half.
Calculate her total pay.

5 A childcare worker earns $682.40 per week. How much will she earn in:
a ayear? b amonth?

r

6 On along weekend, a waitress is paid time-and-a-half on Sunday and double time on Monday.
How much does she earn for working 9 hours on each of the days if her normal wage rate is
$17.54 per hour?

7 A chef earns $23.10 per hour, but is paid time-and-a-half for working after 8:00 p.m.
on weekdays and any time on weekends. The timesheet below shows the times he worked last
week. Copy and complete the table, then calculate the chef’s total pay for the week.

Day Start time Finish time Normal hours  Overtime hours
Monday 12:00 noon  6:00 p.m.
Tuesday 12:00 noon  6:00 p.m.

Wednesday 12:00 noon  7:00 p.m.

Thursday 12:00 noon  10:00 p.m.
Friday 12:00 noon  12:00 midnight
Saturday 4:00 p.m. 12:00 midnight
Sunday 4:00 p.m. 10:00 p.m.

Total hours

8 A personal assistant earns $18.30 per hour for a 35-hour week, time-and-a-half for the first
4 hours of overtime, and double time thereafter. Calculate her total earnings for a week in
which she worked from 8:30 a.m. to 5:30 p.m. from Tuesday to Saturday.

9 Paulini works 7.30 a.m. to 2.30 p.m. from Tuesday to Sunday. She earns time-and-a-half on
Saturday and double time on Sunday. If she earns $26.30 an hour, which expression will give
her week’s pay?

A 7x$26.30+7x2x$26.30
B 7x$26.30 +7 X 1% X $26.30 +7 X 2 X $26.30

Cc 7><4><$26.30+7><1%><$26.30+7><2><$26.30
D 7><7><1%><2><$26.30
E 14x2 X% $26.30

10 A Member of Parliament earns a salary of $145 239. How much would he be paid:
a fortnightly? b monthly? ¢ weekly?

9780170250252 CHAPTER 4: Earning money | 157



11

12

13

14

15

16

17

18

19

A law clerk earns a salary of $83 215. How much does he earn:
a per month? b per fortnight? ¢ per day, if he works a 5 day week?

If John earns $10 000 per month, which of the following is the correct expression to find the
weekly amount?

A $10000x12+52

B $10 000 +4

C $10000+30x7

D $10000x 12

E $10000+12

The table below shows the hours worked by a hotel porter. If he earns $16.28 per hour from
0600 hours to 1900 hours and time-and-a-half otherwise, calculate his weekly pay.

Day Start time Finish time
Monday

Tuesday 0630 hours 1400 hours
Wednesday 0800 hours 1530 hours
Thursday

Friday 1500 hours 2330 hours
Saturday

Sunday 0500 hours 1330 hours

If a labourer earns $728.50 in a week where he works 38 hours at normal pay and 6 hours at
time-and-a-half. His hourly rate is:
A $11.56 B $14.57 C $15.50 D $16.56 E $19.17

A newspaper printer worked for 33 hours at $16.72 per hour during the week before Good Friday,
then for 6 hours at double-time-and-a-half on Good Friday. Calculate the printer’s total pay.

A survey field hand earns $22.18 per hour, working from 7:00 a.m. to 4:30 p.m. every weekday.
Calculate how much he is paid:
a per day? b per week? ¢ per month?

Which one of the following people earns the most?
A Ali: $18.70 per hour for a 35-hour week

B Boun: $580 per week

C Carlos: $3460 per month

D Dimitri: $31 600 salary

E Emily: $1100 per fortnight

A baker is paid $163.22 each day for working from 4:30 a.m. to 1:00 p.m. If he works 6 days
per week, how much does he earn:
a per hour? b per week? c per year?

Each day, a bricklayer earns $28.10 per hour for 9 hours and time-and-a-half for any extra
hours. Last week, he worked the following number of hours each day: 9, 8, 10, 14 and 12.5.
Calculate his total pay for the week.
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Reasoning and communication

20 Alex worked for 32 hours at the normal rate and 4 hours at time-and-a-half, earning a total of
$720.10. Find her normal rate of pay per hour.

21 The table below shows the weekly pay of four employees at Charlie’s sewing centre. Overtime is
paid at time-and-a-half. Complete the table by calculating the missing values at i, ii, iii and iv.

Name  Pay rate (per hour) Normal hours Overtime hours Weekly pay
Sienna $27.00 37 4 i
Meah $18.50 17 ii $564.25
Zac iii 40 5 $1662.50
Caleb $23.00 iv 6 $1012

COMMISSION AND
PIECEWORK

Some workers earn money on commission, which means that they get a percentage of the value of
sales that they make, or a percentage based upon a service provided. Most people working on a
commission or part-commission basis are involved in direct sales. For example, used car salesmen
and real estate agents usually work on a commission basis.

Sometimes a retainer is paid as well as a commission. This is a small payment made regardless of
sales to act as a ‘safety net’ for times when the commission payment is small.

O Example 4

Ally earns a retainer of $415 per week plus a commission of 8.5% on the value of Wonder mops
sold.
a How much, to the nearest cent, does Ally earn for selling $1595 worth of mops in one week?
b If Ally earned $700 in a week, what was the value of mops sold that week, to the

nearest dollar?

Solution
a Ally’s income includes a retainer plus commission. Earnings = retainer + commission
=$415+8.5% X $1595
Convert the percentage to a decimal. =$415+0.085 X $1595
Evaluate. =$550.575
Round to the nearest cent. = $550.58
Write the answer. Ally earns $550.58 for the week.

Income —
commission
and
piecework
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b Define a variable for the value of mops sold.

Write an equation to represent the earnings.
Substitute the known values into the equation.

Let $V = value of mops sold.

Earnings = retainer + 8.5% X V
700 =415+ 0.085V

TI-Nspire CAS ClassPad
Solve for V. EER > sUnsaved {3 FRle]  © Edit Action Interactive
S A s erd B4 BYIN B2
solvel 700=415+0 085 v,) v=335294 [ JGR I SE00 &

solve(700=415+0.085-V,V) |
{V=3352.941176} |

Round to the nearest dollar.

Write the answer.

1]
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V' =3353
The value of the mops sold is $3353.

Some people are paid according to the number of items that they make or handle. This is called
piecework. Fruit pickers and garment makers may earn an income in this way.

O Example 5

Josh is paid 45c for each shirt folded and boxed.

Solution
a Calculate the total amount.

Write the answer.

b Define a variable for the number of shirts that he
needs to process.

Write an equation to represent the earnings. The

earnings are $1000.

Solve the equation for 7.

As Josh needs at least $1000, round up to
the nearest shirt. 2222 shirts would not be enough
to earn $1000.

Write the answer.

a Last week he processed 1440 shirts. How much did he earn?
b How many shirts must he process to earn over $1000 in a week?

Earnings = 1440 X $0.45
=$648

Josh earned $648.

Let n = number of shirts.

Earnings = n X $0.45

1000 = 0.45n
1000
n=—-
0.45
=2222.222..
=~ 2223

Josh must process at least 2223 shirts.

NELSON SENIOR MATHS General 11
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ENGSIEX7R Commission and piecework

Concepts and techniques

1

10

A taxi driver works on 45% commission. After working a normal 12-hour shift he
has taken $260 in fares. How much does he earn for the shift?

Libby earns 28% commission for selling cosmetics door-to-door.
a How much did she earn if she sold $1350 worth of cosmetics in a week?
b What value of cosmetics did she sell today if she earned $62.72?

A car salesman works on a retainer of $250 a week plus 25% of the profit of cars sold. How
much did he earn in a week where he sold:
a no cars? b cars with a profit value of $7000?

If a taxi driver working on 45% commission makes $427.50, what is the total taken in fares?
A $192.38 B $382.50 C $472.50 D $619.88 E $950.00

Grape pickers are paid $2.90 a tin.
a How much would a picker earn if she picked 80 tins of grapes in a 12-hour day?
b What is her hourly rate?

A computer manufacturer pays $18.50 for each motherboard that is assembled and tested. How
much would you earn for doing 23 motherboards?

Leila is paid 75c for each garment she irons. If a basket contains 18 items and she irons five
baskets, the amount she earns is:
A $13.50 B $17.25 C $37.50 D $67.50 E $90

At Christmas time, Shane earns $1.05 for every item he giftwraps.
a Calculate Shane’s earnings for wrapping 114 gifts in one day.
b How many gifts did Shane wrap on the next day if his earnings were $223.65?

Truong earns 11 cents for every advertising brochure he delivers to letterboxes.
a How much does Truong earn in a day in which he delivers 1329 brochures?
b If Truong earned $90.31 one day, how many brochures did he deliver?

Grant is paid 15.5 cents for every
newspaper he delivers. How many
newspapers did he deliver if he was
paid $214.217

Newspix/Kelly Barnes
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11 A life insurance salesperson works on a retainer of $150 a week plus a commission of 0.2% of
the value of policies sold. One week she sells policies worth $120 000, $85 000 and $240 000.
What is her gross income for that week?

Reasoning and communication

12 A stockbroker receives a commission of 2% of the selling price of shares.
a Ifhe sold 350 shares at $4.30 each, calculate his commission.
b What was the value of the shares he sold if he earned $135 commission?

13 Debbie earns 5% commission on all the plastic containers she sells. If she earned $83.90 this
week, what was the total value of the plastic containers she sold?

14 A real estate agent charges the following commission for selling properties, based on this
sliding scale of property prices:
e 5% for the first $85 000
e 3% for the next $60 000
e 2.5% for the remaining amount.
What commission will the real estate agent earn for selling:
a an apartment for $140 000? b ahouse for $310 000?

15 Salma earns $8.40 each time she taste tests a new brand of food. How many tastings must she
complete to earn over $500?

16 Travis is paid the following commission rates for selling mobile phone plans:
®  4.8% for the first $3000
e 6% for the next $3000
e 7.5% for the remaining amount.
Calculate Travis’ commission for selling plans amounting to $8758 in value.

17 An advertising material delivery firm pays its delivery people 6.5 cents per leaflet.
a How much would you earn if you delivered leaflets to 850 houses?
b How many leaflets would you have to deliver to earn at least $180?
¢ Ifyou are delivering a second leaflet as well, you get an extra 2.45 cents a leaflet for the
second one. How many deliveries would you need to make in this case to get at least $1807?

18 A pizza parlour pays $5.20 per delivery. One night, Peter delivered 24 pizzas between
5:30 p.m. and 11:30 p.m., but also covered 210 km in his car.
a How much was he paid by the pizza parlour?
b If his car uses 11 L/100 km and petrol costs him $1.23/L, how much did he pay for petrol?
¢ What were Peter’s real earnings and hourly rate correct to the nearest ten cents? Explain
your reasoning.

19 Aziz sells music CDs that retail for $28 each. He has the option of working for either a straight
commission of 15% or a commission of 8% and a retainer of $150 a week. How many CDs
would he need to sell in a week to be better oft on straight commission? Justify your decision.

20 An agent earned, as his commission, $2024 of the actor’s fee in a commercial. What percentage
commission does this represent if the actor’s fee was $23 000?
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BONUSES, ALLOWANCES AND
ANNUAL LEAVE LOADING

Bonuses, allowances and annual leave loading are examples of extra pay.

A bonus is paid to employees who produce work of a high standard or volume, or for meeting an
important quota, goal or deadline. The owners of some businesses give their employees a Christmas
bonus to reward them for a productive year’s work.

QO Example 6

A construction company offers a bonus to the project manager for early completion of a job. For
every week he finishes ahead of schedule they offer him 20% of his monthly pay. Calculate his
bonus if his salary is $230 000 and he finishes 4 weeks ahead of schedule.
Solution
Calculate his monthly pay. ~ Monthly pay = $230 000 + 12

=$19 166.666...
Calculate his total Bonus =4 x20%
percentage bonus. =80% Do not use a rounded answer in

SRS
Calculate the bonus. Bonus = 80% of $19 166.666... Younding eor later
Evaluate. =0.80 X $19 166.666...
=$15333.333...

Round to the nearest cent. = $15333.33
Write the answer. The project manager would earn a bonus of $15 333.33.

An allowance is paid to employees for work-related expenses such as travelling, tools or laundry.
An allowance can also be paid to employees who work under difficult or dangerous conditions such
as in wet weather, in isolated areas, or at great heights.

O Example 7

A construction worker in an isolated area earns a
weekly wage of $1080.60 plus a site allowance of
$104.80 per week, a meal allowance of $16.20 per
day and a height allowance of $5.60 per hour. If she
works 9 hours a day for 5 days, calculate her total
weekly pay.

Shutterstock.com,/branislavpudar

Solution
Write all incomes as weekly amounts. Wage = $1080.60

Site allowance = $104.80
The meal allowance is per day so multiply this Meal allowance =5 x $16.20
value by 5 to calculate the weekly allowance. =$81.00
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The height allowance is per hour, multiply this Height allowance =5 X 9 x $5.60
value by 9 to calculate the allowance payable =$252.00

per day. Then multiply by 5 to find the weekly

allowance.

Add all of the components together to calculate  Total weekly pay = $1080.60 + $104.80

the total income. + $81.00 + $252.00
=$1518.40
Write the answer. Her total weekly pay is $1518.40.

Annual leave loading, also called holiday loading, is extra pay given during annual leave. It is
usually paid at a rate of 17.5% of 4 weeks normal pay.

O Example 8

Hayden earns a yearly salary of $46 598. Calculate, correct to the nearest cent, his holiday
loading, which is 17.5% of the normal pay for 4 weeks.

Solution

Divide Hayden’s salary by 52 to calculate 4 weeks’ pay = $46 598 + 52 x 4

his income for one week. Multiply this value =$3584.461...

by 4 to calculate 4 weeks’ pay.

Calculate the holiday loading. Holiday loading = 17.5% X $3572.096...

Evaluate. =0.175 %X $3572.096...
= $627.280...

Round to the nearest cent. =~ $627.28

Write the answer. Hayden’s holiday loading is $627.28.

ENOIS=EXEY Bonuses, allowances and
annual leave loading

1 For meeting a target one week ahead of schedule, the owners of a firm gave their
staff a bonus equal to 15% of the normal pay for one month. What is Amanda’s bonus if her
salary is $53 0457
A $153.01 B $612.06 C $663.06 D $5083.48 E $7956.75

2 At the end of the year, the owners of a small business gave their employees a Christmas bonus
of 60% of a normal week’s pay. Calculate Lisa’s total pay for that week if her usual pay is
$419.70.

3 A painter on the Sydney Harbour Bridge earns $24.15 per hour, as well as a height
allowance of $25.10 per day. If he works 10 hours per day for 5 days, calculate his total earnings.
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4 An oil rig worker earns a wage of $32.56 per hour, plus a dirt allowance of $7.49 per hour, plus
an isolation allowance of $32.50 per day. If she works 9% hours a day, calculate her total weekly
earnings for a 5 day week.

A 9.5 (32.56 + 7.49)

B 9.5X(32.56+7.49) x5+ 32.50

C 9.5X%(32.56+47.49) x5+432.50 x5
D 9.5X(32.56 + 7.49 + 32.50)

E 9.5X(32.56+7.49 + 32.50) X 5

5 A police officer earns a salary of $68 275. Calculate her annual leave loading if it is
17.5% of 4 weeks’ normal pay.

6 Rebecca earns $26.80 per hour for a 38 hour week. Calculate:

"

a the amount that she earns in 4 weeks.
b her holiday loading if she receives 17.5% of her 4 weeks’ pay.
¢ her total holiday pay if she takes her 4 weeks’ holiday.

7 Scientists working at the South Pole earn a salary of $83 204 plus a weekly allowance of $177.35
for working under extreme and isolated conditions. Calculate their fortnightly pay.

8 A car dealership pays an incentive bonus to any salesperson who can sell over $500 000 in cars
in one month. The bonus is %% of the salespersonss total sales in the month. Calculate Matt’s
bonus if he sold $720 000 worth of cars in a month.

9 Byron works in a mine and earns an hourly rate of $39.65. He also gets a below ground
allowance of $9.84 per hour, double his hourly rate on weekends and a meal allowance of
$27.40 per day if he works six or more hours.

Calculate Byron’s total income in a week he worked the following shifts.

e Monday: 12:00 noon-5:00 p.m. above ground

e Wednesday: 2:00 p.m.-7:00 p.m. below ground

e Friday: 9:00 a.m.-12:00 noon above ground, and 2:00 p.m.-6:00 p.m. below ground
e Saturday: 10:00 a.m.-2:00 p.m. below ground, and 3:00 p.m.-5:00 p.m. above ground

10 Shaun earns a salary of $87 500. Calculate his holiday pay if he receives 4 weeks’ pay plus 17.5%
holiday leave loading.
A 0.175x 87 500
B 0.175x 87500 + 4
C 0.175x 87500+ 52 x4
D 0.175x 87 500 +4 + 87 500 + 4
E 0.175x 87500+ 52 x4+ 87 500 + 52 x 4

11 Brock works at a chemical factory and is paid $18.14 per hour, plus an additional allowance
of $5.10 per hour for working with toxic substances. What is his total weekly pay if he works
from 7:00 a.m. to 3:00 p.m. for 5 days a week?

12 When it rains, road workers are paid an extra $4.60 per hour. Last week, Paul worked 9 hours a
day for 5 days at $15.23 per hour. If it rained continuously on two of those days, calculate Paul’s
total earnings for the week.

13 A telephone interviewer employed by a market research company earns $18.20 per hour for a
35 hour week. Calculate her 4 weeks’ holiday pay if her loading is 17.5% of the normal pay for
4 weeks.
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Reasoning and communication

14 A miner earns a wage of $28.42 per hour, plus an allowance of $9.97 per hour for working
underground in confined spaces. If the miner works from 8:30 a.m. to 4:00 p.m. each day from
Monday to Friday, calculate:

a his total weekly income.
b how long he has to work to earn at least $2000. Round up to the nearest hour.

15 The owners of a biscuit factory gave their casual staff a bonus of $272 at Christmas, while the
permanent staff received a holiday loading of 17.5% of their pay for 4 weeks. If the normal
weekly pay for the permanent staff was $632.58, what was the difference between their holiday
loading and the bonus given to the casual staff?

16 Each day, an electrician is paid $124.30 plus the following allowances: tool allowance $12.25,
meal allowance $8.40 and laundry allowance $3.21.

Shutterstock.com,/Lurin

a If the electrician works for 6 days per week, calculate his total weekly earnings.
b Calculate the electrician’s annual leave loading if it is 17.5% of his normal pay for 4 weeks,
without allowances.

17 Each week, a real estate agent earns a retainer of $510, a commission of 3.5% on the value of
properties sold, and a car allowance of $128.70. Calculate her total earnings for a week in
which she sold $943 658 worth of properties.

18 One year, Kirsten received a holiday loading of $403.12. What was her normal weekly wage?

GOVERNMENT ALLOWANCES
AND PENSIONS

Centrelink is an Australian government agency that supports people in need and assists them to
become self-sufficient. Various government allowances and benefits are available for the aged, the
unemployed, students, parents and the disabled. All figures in this section were correct in 2013.
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Age pension

The age pension is a fortnightly payment to seniors, aged 65 or over, who are unable to support

themselves in their retirement. To be eligible, a person needs to have low income and limited assets.

The payment and income test tables are below.

Payment per fortnight Income test
Full age pension To get full payment,
Marital status payment earnings per fortnight*
Marital status can be up to:
Single $712.00 Single $152
A couple $536.70 each A couple $268

*Income over these amounts reduces the rate of pension payable by 50 cents in the dollar.

QO Example 9

seniors.

doing odd jobs.

Solution
a Calculate Beryl’s weekly income.

Calculate her fortnightly income.

Answer the question by looking at the table.

b Check the income test table.

Calculate their combined pension.

Write your answer.

¢ Write your answer.

Use the tables above to calculate the fortnightly age pension payment for each of the following

a Beryl, aged 72, who receives $400 per year dividend from her shares.
b Dulcie (aged 65) and Bert (aged 69), who have a combined income of $312 per fortnight from

¢ Stanley, aged 63, who has no income and lives alone.

Weekly income = $400 + 52
=$7.692...

Fortnightly income = $7.692... X 2
=$15.384...

Beryl is single and earns less than $152 per
fortnight, so she receives the full payment
of $712.

To receive the full payment, the couple must
earn less than $268 per fortnight. So Dulcie
and Bert need to reduce the payment by 50c
for each dollar earned over $268.

Combined pension = (2 x $536.70)
— 0.5 % ($312 — $268)
=$1073.40 — $22
=$1051.40

Dulcie and Bert receive a combined
pension of $1051.40 per fortnight.

Stanley is not eligible for the age pension
because he is under 65 years old.

9780170250252

CHAPTER 4: Earning money

167



168

Youth and study allowances

There are several allowances available for young people or students. Some examples are shown in
the table below.

Allowance Conditions for eligibility

Youth allowance Aged 16-20 years, studying full-time, undertaking an apprenticeship or looking for work

Aged 21-24 years, studying full-time or undertaking an apprenticeship

Austudy Aged over 25 years and studying full-time or undertaking an apprenticeship

ABSTUDY Indigenous students or apprentices

O Example 10

The tables below show the maximum fortnightly amounts for youth allowance and Austudy.

Youth allowance

Conditions for eligibility

Single with no children, under 18
years and living at home

Single with no children, under 18
years and not living at home

Single with no children, 18 years and
over and living at home

Single with no children, 18 years and
over and not living at home

Single with children
Partnered with no children

Partnered with children

Calculate the fortnightly youth allowance or Austudy payment for each of the following people.

Q

Solution

a Check Pablos eligibility.
Read the amount paid.

b Check Cameronss eligibility.

Read the amount paid.

¢ Check Sally’s eligibility. Write your

answer.

NELSON SENIOR MATHS General 11

Maximum
fortnightly
payment

$223
$407.50
$268.20

$407.50

$533.80
$407.50
$447.40

Pablo, aged 17, a first-year apprentice plumber living with his parents

b Cameron, aged 27, studying his HSC full-time at TAFE while raising his son alone
¢ Sally, aged 32, studying part-time and living with her husband and two children

d Greg, aged 16, has left school, is homeless, and is looking for full-time employment.

Pablo is under 18 and is living at home.

He receives a youth allowance of $223.

Cameron is over 25, studying full time and a single parent.
He receives an Austudy payment of $533.80.

Sally is not eligible for youth allowance as she is over 24.
Sally is not eligible for Austudy, because she is not
studying full-time.

Austudy (for people aged over 25,
studying full-time in an approved
course, or undertaking a full-time
apprenticeship.)

Maximum

fortnightly
Conditions for eligibility payment
Single $407.50
Single, with children $533.80
Partnered, no children $407.50
Partnered, with children $447.40
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d Check Greg’s eligibility. Greg is under 18, is not living at home and is looking
for work.

Read the amount paid. He receives a youth allowance of $407.50.

O Example 11

The table below shows fortnightly ABSTUDY allowances for independent Indigenous students
who are studying or undertaking an Australian apprenticeship.

ABSTUDY
Conditions for eligibility Allowance per fortnight
Single, no children
16-21 years, not at home $407.50
Under 16, at home $223
16-17 years, at home $223
18-21 years, at home $268.20
22 years and over $492.60
Partnered, no children
16-21 years $407.50
22 years and over $444.70
Single with dependent child
16-21 years $533.80
22 years and over $533.00
Partnered with dependent child
16-21 years $447.40
22 years and over $444.70

Calculate the fortnightly ABSTUDY payment for each of the following Indigenous students.
a Joshua, aged 18, who is living with his partner and her eight-year-old son.

b Alanah, aged 14, who is living at home with her parents.

¢ Susanna, aged 27, who is living with her husband and has no children.

Solution
a Check Joshua’s eligibility. Joshua is in the category of 16-21 and is partnered, with
a dependent child.
Read the amount paid. He receives $447.40.
b Check Alanal’s eligibility. Alanah is under 16 and is living at home.
Read the amount paid. She receives $223.
¢ Check Susanna’s eligibility. Susanna is 22 years and over and is partnered, with no
children.
Read the amount paid. She receives $444.70.
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ENGSEXZR Government allowances
and pensions

Use the tables from Examples 9, 10 and 11 to answer the questions in this exercise.

Concepts and techniques

1 If the following people all satisfy the Centrelink assets test, calculate their
fortnightly age pension payments.
a Elsie, aged 89, who receives $850 per year from her investments
b George, aged 71, and Beryl, aged 75, who care for their disabled daughter full-time and have
a combined income of $144 per week from doing odd jobs
¢ Dell, aged 62 years, who has no savings, no job and lives alone.

2 Why do you think that age pensioners receive less if they are partnered rather than single?

3 The Newstart allowance is paid to unemployed people aged 21 years or over. The maximum
fortnightly rates are shown in the table.
a Hani is unemployed, and is single with no Status
children. How much Newstart allowance

Newstart
Dependants  allowance

Single No children $492.60
would she receive if it was paid: Sined Child <3300
i fortnightly? i yearly? ngie ridren $533.

i monthly? Partnered $444.70

b Jay is married, unemployed and has two children.
How much does he receive over 6 months?

¢ Does a single unemployed person receive more, less or the same as one with a partner? Is
this fair? Explain.

4 Carrie is 18 years old and is studying full-time at a senior high school. She lives with
her parents and has a two-year-old daughter. Which of the following is her youth allowance?
A $223 B $268.20 C $407.50 D $447.40 E $533.80

5 The parenting payment is paid to parents | g¢atus Parenting payment
of children aged 18 years or younger Partnered $444.70

and is not dependent on the number of
. . Partnered but separated dueto ~ $533.00

children they have. The maximum i . )

) . illness, respite or prison
fortnightly rates are shown in the table
. Single $663.70
on the right.

a Ron and Vicky Taylor have three children: Daniel 15, Julianne 12 and Liam 8. How much
does the Taylor family receive as a parenting payment per fortnight?

b The Lovejoys have ten children under 18 at home and two children living away from home.
Mr Lovejoy is currently in gaol. What parenting payment does Mrs Lovejoy receive per
fortnight?

¢ Karen is divorced and has a boy aged 9 years and a girl aged 7 years. What is her fortnightly
parenting payment?

d Kell's wife is in hospital for the next 12 months. He is looking after their twin 11-year-old
boys. How much parenting payment will he receive for:

i 1year? i 1 week?
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6 Dean is a 19-year-old Indigenous student living at home with his parents. Which of
the following is his fortnightly ABSTUDY allowance?
A $223 B $268.20 C $407.50 D $447.40 E $533.80

7 Calculate the fortnightly ABSTUDY payment for each Indigenous student described below.
Jill is 17 years old, and is living with her partner.

b Brett is 28 years old, and is living at home with his wife and two children under 10 years.
¢ Molly is 21 years old, and is living away from her parents’ home with her boyfriend.

d Deeis 15 years old, and is living at home with her grandparents.

Q

BUDGETING

A budget is a plan for managing your income wisely. Whether you are running a household, a
business or just managing your pocket money; it is essential that you do not spend more than you
earn. A budget is divided into income and expenses. A balanced budget is one in which the total
of expenses is equal to the total income. When looking at expenses there are some which are fixed
expenses and some that can vary, these are called discretionary expenses. Fixed expenses are things
like rent and loan repayments. Discretionary expenses are things like entertainment and clothing.

O Example 12

Lucy was saving for an overseas trip and accepted some extra casual work. She set up a weekly
budget, as shown in the table below, and aimed to save $150 per week.

r

Income Expenses

Wages $ 681 Rent $ 265

Casual wage $_ Groceries $ 143
Fares $ 42
Car loan $ 90
Petrol/car maintenance $ 63
Entertainment $ 185
Savings $

Total: $ 884 Total: $

a How much did Lucy earn from her casual job?
b To balance her budget, what should be the total of Lucy’s expenses?
¢ How much can Lucy save per week?
d Suggest a way Lucy could increase her savings to $150 per week.
Solution
a Subtract Lucy’s wages from her total Casual wage = $884 — $681
income. =$203
Write your answer. Lucy earned $203 from her casual job.
b Lucy’s total expenses should be the $884

same as her total income.
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¢ Add all of her expenses. Expenses = $265 + $143 + $42 + $90 + $63 + $185

=$788
Subtract the total expenses from the Savings = $884 — $788
total income. =$96
d Items like rent and car loan are fixed The easiest options would be for Lucy to cut down

expenses and could only vary by selling  on her entertainment and look for more specials
the car or moving house. Lucy needs to ~ when grocery shopping. She could also look to
consider how she could cut back on her  rent with a friend or sell her car.

discretionary expenses.

When you first start working out a personal budget, try to do it on a weekly, fortnightly or monthly
basis, depending on how often you are paid. A budget can be used to help work out how much
money must be set aside for expenses that come less frequently, such as power and phone bills,
clothes and insurance.

(O Example 13

Karen earns $610 a week after tax. She rents a furnished unit with a friend and her share of the
rent is $350 a fortnight. She spends about $210 a week on food, household items and toiletries.
She catches the train to work each weekday and pays $4.90 for a return ticket. The power bills
total about $280 a quarter and she pays half of this. Karen estimates that she spends $310 a
month on clothes.
Draw up a weekly budget and work out how much she can save in a year if she sticks with this
budget.
Solution
Convert each expense to a weekly cost. Rent = $350 + 2
=$175 per week
Karen travels 5 days a week. Fares = $4.90 x 5
= $24.50 per week
1

Convert the power bill to a yearly value by Power = 5 of $280x4
multiplying by 4. Remember that Karen only 1
pays half of it. :EX$1120

= $560 per year
Convert the power bill to a weekly cost by Power = $560 + 52
dividing by 52. = $10.769...

= $11 per week
Convert the clothing cost to a yearly cost by Clothes = $310 x 12
multiplying by 12. =$3720 per year
Convert this total to a weekly cost by Clothes = $3720 + 52
dividing by 52. = $71.538...

= $72 per week
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Draw up a table with income on the left and
expenses on the right.

Calculate Karen’s weekly savings by subtracting
her total expenses from her total income.

Calculate Karen’s yearly savings.

Write your answer.

Income Expenses

Wages $610  Rent $175
Groceries $210
Fares $24.50
Power $11
Clothes $72
Savings__ §

Total: $610  Total: $610

Weekly savings = $610 — ($175 + $210
+$24.50 + $11 + $72)
=$117.50

r

Yearly savings = $117.50 x 52
=$6110

Using this weekly budget Karen can save
approximately $6110 in one year.

Budgeting

Concepts and techniques

1 Categorise each of the following items as either income (I) or expense (E).

a acar insurance payment b
¢ abirthday present for a friend

e asecond prize win in the lottery

g arent payment to a real estate agent
i the rent from an investment unit

k your weekly wage

m pocket money

d
f
h

5 — —

an inheritance from your grandmother Budget grid

the cost of a plane ticket to London
the monthly rental of a computer

the admission price to the cinema

pay to an electrician for an installation
the cost of a gym class

a Christmas present from your aunt

Budgeting
scenarios

2 | | Mariella’s budget allowed her to save $60 each week. Her budget is shown below.
Income Expenses
Youth allowance $185.70 Rent $160
Casual job _ Fares $56
Groceries $124
Clothes $25
Entertainment _
Bills $58
Savings $60
Total: $537.00 Total: $_
a How much did Mariella earn for her casual job?
b What amount did Mariella spend on entertainment?
¢ Suggest two ways that Mariella could increase her weekly savings to $80.
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3 Jess wants to save $2200 for an end of year trip. She earns $615.40 after tax each week and has
the following weekly expenses: meals $40, rent $138, groceries $112, fares $36, tennis $20,
entertainment $60, car loan $85, bills $65 and magazines $8.

a Calculate the amount Jess has left for savings each week.

b Will Jess have enough saved to pay for her trip in one year?

¢ If the trip price increases by 20%, would Jess have enough saved in one year to pay the new
price?

4 The Rogers family has the following weekly incomes: wages $1901.77, part-time job wages
$289.53, and parenting allowance $197.20. The family also has the following weekly expenses:
bills $105.30, school fees $85.80, entertainment costs $295, health fund payment $53.40, clothes
$132, home maintenance $184, groceries $210.50, petrol $85.40, Friday night takeaway $46,
newspapers and magazines $26, home loan repayments $545.60, and car loan repayment
$184.22.

a Use a table or spreadsheet to display this data as a budget, adding an entry for savings.
b How much does the Rogers family save per week?

Reasoning and communication

5 Zac shares a flat and pays $110 a week towards the rent. Each week he spends $94
on food and $46 on public transport. His contribution to the quarterly electricity bill and
two-monthly phone bill are $105.10 and $42.80 respectively. He earns $551.40 per week,
spends about $45 per week on entertainment and visits a chiropractor once a month at a cost
of $42 per visit.

a Convert Zac’s expenses to weekly amounts and draw up a weekly budget, including an
amount for savings.

What is Zac’s weekly income?

What is the total of Zac’s weekly expenses?

How much can Zac save per week?

Has Zac left out anything obvious in his budget? If so, what?

o o 0 T

6 Jack earns $1072 a fortnight after tax. He shares a house with three other people. The house
costs $350 a week and the shared power bill is usually about $420 for a quarter. Jack buys lots of
takeaways and spends about $220 a week on food and other household items. He is paying off
his car at $160 a month and spends about $75 a fortnight to run it. Jack spends about $1000 a
year on clothes. He finds it impossible to save any money, but does go to the football on
Saturday and usually goes out on Saturday night.

a Draw up a budget and work out how much he spends going to the football and going out on
Saturday night.
b What could he save in a year if he gave up his Saturday entertainment?

7 Aya is sharing a small furnished flat in a big house with her best friend. She earns $720 a week.
The flat costs them $820 a fortnight, but that includes power. Aya hardly ever eats out, so she
spends only $115 a week on food and household necessities. She walks to the train station and
pays $45 for a weekly train ticket to get to and from work. She has a mobile phone that is on an
$89 a month plan. Aya spends about $2900 a year on clothes and has a large family and spends
approximately $1400 a year on gifts. She gives herself $50 a week for entertainment and is
trying to save up for an overseas trip. Draw up a budget and work out how much she could
save in a year.
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INUSSIRIC7NM(O)NI Budgeting for a car

Kim is 18 years old and she is investigating the real cost of owning and running
a second-hand car.

Excel spreadsheet

She buys a 2010 Holden Barina for $15 000. Budgefing for a car

She takes out a personal loan to cover the cost of the car. The personal loan has an
interest rate of 7% p.a. simple interest and she wants to repay the loan in 3 years.

She wants to get comprehensive insurance. She gets a quote for $1150 a year.

She budgets that it will cost approximately $600 a year for services. She also allows $400 a
year for repairs and tyres.

Her car has a fuel consumption of 7 L/100 km. She estimates that she will travel around

r

15 000 km in a year. She is budgeting on the average price of fuel being $1.50 per litre.

She contacted the transport authority and found that the cost of her registration

(including third-party insurance) will cost $800 a year.

She decides to get a basic membership in the motoring group in her state so that she
is covered for roadside assistance. Her motoring club has a membership deal for
18-year-olds that is $44.

a Set up a spreadsheet, like the one below, called ‘Budgeting for a car’

A | B | C
1 Budgeting for a car
2 |Total paid for car
3 |Personal loan interest rate (%)
4 |Term of loan (years)
5 |Fuel consumption rate (L/100 km)
6 |Costs Annual cost Weekly cost
7 |loan =(B2+(B2*B3"B4) /100)/B4 |=B7/52
8 |insurance =B8/52
9 |services, repairs and tyres =B9/52
10 |fuel =B5*(15000/100)*1.50 =B10/52
11 |registration =B11/52
12 |motor group membership =B12/52
13
14 [Total cost of car =SUM(B7:B12) =SUM(C7:C12)

Collate the given information onto your spreadsheet.
From the spreadsheet, what is the cost of Kim’s car per week?

Kim earns $324 per week from her apprenticeship. She decides that she really can’t afford
that much of her pay going towards a car. What is the difference in her cost per week if:

i she decides to get 3rd party insurance for $240 a year, instead of comprehensive?

i she decides to go with a different car that costs $8000 and has a fuel consumption of
8 L/100 km. She stays with the 3rd party insurance on this car and all the other costs are
approximately the same.
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e Now investigate the cost of owning and running a second-hand car for yourself.

o Choose the type of car.

(You can obtain car prices from a website such as:

www. redbookasiapacific.com.au/, www. carsguide.news.com.au/, www.carprices.com/)
o Find the interest rate on a personal loan (you can obtain these from bank websites).

« Contact an insurer to find out how much car insurance would cost for an 18-year-old.

o Check with a local service station to find the cost of services and ask how much you are
likely to spend on repairs (you could also check with other car owners).

« Find the typical fuel consumption for the car you have chosen and estimate the number
of kilometres you are likely to travel in a year.

« Contact the transport authority in your state to find how much registration (including
third-party insurance) will cost a year.

o Ask your state motoring club (i.e. RACV, NRMA, RACQ, etc) about the costs and
benefits of being a member. Consider whether you would join.

o Collate the information you have gathered into the spreadsheet you created earlier. Use
it to find the real cost of owning and running a second-hand car for an 18-year-old.

o Compare this with the likely earnings of someone of this age.
o What proportion of earnings would be spent on the car you selected?

f How could someone save on these expenses? List at least two options.

INVESTING IN SHARES

The stock market or share market is another form of investment for many Australians. A privately
owned company can be floated on the stock market to become a publicly owned entity. It can then
sell shares at a nominated price per share. This price is known as its face value. Investors can buy
shares in the company. Each share means that the shareholder owns part of the company and may
receive part of the profits. Investors can then choose to sell some or all of their shares on the stock
exchange. If investors think a company is doing well, the price will rise as investors buy more
shares and if they think it is doing badly, the price will fall as they sell. The price that shares are
traded for on the stock exchange is called the market price.

Each year, the directors of a company calculate how much profit has been made. Some of the profit
is distributed to shareholders as a dividend for every share held. A dividend is usually expressed as
cents per share; for example: 38.1c per share.

When trading shares on the stock exchange a stockbroker does the trading for you. A stock broker
charges a commission, which is called the brokerage. This cost should be taken into account when
calculating your earnings. The rates for brokerage are different for different stockbrokers.

NELSON SENIOR MATHS General 11 9780170250252



O Example 14

Alyssa bought 8500 shares in Symbio, a listed biotechnology company for $7.80 each. The

company paid a full year dividend of 47.3c a share.

a How much did the shares cost her?

b If her stockbroker charges brokerage of 1.8%, calculate her brokerage fees.

¢ Calculate her dividend payment.

d At the end of the year she sells her shares for $8.10. Calculate Alyssa’s total earnings over the
whole year, after costs.

Solution
a Calculate the cost of Alyssa’s shares. Cost of shares = 8500 x $7.80
= $66 300
b Calculate the brokerage fee. Brokerage = 1.8% of $66 300
=0.018 x 66 300
=$1193.40
¢ Multiply the dividend by the number of ~ Dividend = 8500 x 47.3c¢
shares. =402 050c
= $4020.50
d Calculate the selling price of the shares. Selling price = 8500 x $8.10
= $68 850
Calculate the brokerage for selling. Brokerage = 1.8% of $68 850
=0.018 x 68 850
=$1239.30
Calculate the total costs. Total costs = cost of shares + brokerage (buying)
+ brokerage (selling)
=$66 300 + $1193.40 + $1239.30
=$68 732.70
Calculate the earnings. Earnings = selling price + dividend
= $68 850 + $4020.50
=$72870.50
Calculate the total earnings after costs. Total earnings = earnings — total costs
=$72 870.50 — $68 732.70
=$4137.80
Write the answer. Alyssa’s total earnings over the whole year, after

costs, were $4137.80.
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O Example 15

A company has 5.6 million shares and makes an after tax profit of $13.1 million. The company
directors decide to pay a dividend of 15% of their profit. What is the dividend paid per share,
rounded to the nearest cent?
Solution
Calculate 15% of the total profit. 15% of $13.1 million
=15% of $13 100 000
=0.15x $13 100 000
=$1 965 000
15% of th fit
The dividend is 15% of total profit divided Dividend =~ < PTOT.
number of shares
by the number of shares.
_ $1965000
5600 000
Evaluate. =$0.3508...
=35.08...c
Round to the nearest cent. =~ 35¢
Write the answer. The dividend paid is 35 cents per share.

Dividend yield

When investors are looking at their options they need a way of comparing normal bank deposits
with the expected returns of stock. As the dividend is determined annually, the dividend yield can
be compared with the effective interest rate of a bank deposit.

The dividend yield compares the dividend

with the market price and is usually written

as a percentage. It gives the annual percentage

return on the shares. For example, a company Dividend yield =
with a 5% dividend yield means that the

investor has the potential to earn back $5 for

every $100 invested.

O Example 16

Jessica had 400 bank shares valued at $7740 and received a dividend of 32c per share.
a What was the dividend yield, correct to two decimal places?

IMPORTANT

dividend per share

: x100%
market price of share

b Jessica could have invested her money in a long term deposit earning 4.3% p.a. Which would
have been the best option? Explain.

Solution
a Calculate the market price of each share. Market price = $7740 + 400
=$19.35
Write the dividend in dollars. Dividend = $0.32
. h
Write the formula. Dividend yield = d1v1dend.per ST %100%
market price of share
NELSON SENIOR MATHS General 11 9780170250252



0.32
Substitute the known values into the Dividend yield = 93 x100%
formula and evaluate. 2
=1.653..%
Round to two decimal places. = 1.65%
Write your answer. The dividend yield is 1.65%.
b Compare the dividend yield with the The dividend yield is lower than the interest
percentage interest. rate.
Write the answer. Jessica would have been better off to invest the
money with the bank as the interest rate is
better than the dividend yield.

Comparing price to earnings

The price-to-earnings ratio (P/E) is a common

measure used by investors to compare the IMPORTANT
value of stocks. It compares the market value

with the company’s earnings per share. For /E = Market price per share

example, if Company A has a P/E of 12 and Annual earnings per share

Company B has a P/E of 15, this means that

for every $1 of current earnings the investor is paying $12 a share to invest in Company A and $15

a share to invest in Company B. So, all being equal between the two companies, Company A is a
better investment.

It is important to remember that the P/E is best used to compare stocks in similar industries.

Shutterstock.com/OPJA
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O Example 17

$3.4 million.

Solution

a Divide the annual earnings by the number
of shares.

Write the formula.

Substitute the known values into the
equation.

Evaluate.
Round to one decimal place.

Write the answer.

b Write an equation to find the total earnings
per share. Let x represent the total earnings
per share.

Solve for x.

Write in dollars.

Write the formula.

Substitute the known values into the formula.

Evaluate.
Round to one decimal place.

Write the answer.

¢ Martin can then make a decision based on
comparison of price-to-earnings ratios.

Martin has decided that he wants to invest in some technology stock. He has narrowed it down
to two companies Digimatt and EmBec. He collected the following information on both.

Digimatt: A total of 3 million shares. A market price of $21.50 per share and annual earnings of

EmBec: A market price of $7.29 per share. A dividend of 11.2¢ per share and 20% of the
company’s earnings was paid as a dividend.

a Calculate the price-to-earnings ratio, correct to one decimal place, for Digimatt.

b Calculate the price-to-earnings ratio, correct to one decimal place, for EmBec.

¢ Based on the price-to-earnings ratio, what would you recommend to Martin? Explain.

$3.4 million

$3 million
=$1.13...

Annual earnings per share =

P/E = Market price per share

Annual earnings per share

_ $21.50

P/E=
$1.13...

=18.97...
=19.0

The price-to-earnings ratio for Digimatt is 19.0.

20% of x=11.2

0.2x=11.2

11.2

x=—
0.2

= 56 cents per share
=$0.56

P/E = Market price per share

Annual earnings per share

_$7.29

P/E=——
$0.56

=13.01...
=13.0

The price-to-earnings ratio for EmBec is 13.0.

The price-to-earnings ratio is lower for EmBec
than for Digimatt. This means that for every
dollar of current earnings the investor is paying
less to invest in EmBec. So, all other things being
equal, it looks like EmBec is the better option.

NELSON SENIOR MATHS General 11
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NN Investing in shares

Concepts and techniques

1
2

10

11

Susan had $10 000 to invest. How many shares could she buy if the market price is $16.50?

Caltex shares have a market value of $7.63. If the dividend is 35% of the market value, calculate
the dividend earned from 4600 Caltex shares. Share fables

A broker charges 1.8% commission on all sales. How much brokerage was charged if 25 500
shares were bought for 89¢ per share?

7 | Paul bought 1500 bank shares for $29.29.

a How much did they cost him?

b His broker charges commission of 1.4% of the total sales. Calculate the brokerage Paul paid.

¢ In the first year the bank paid a dividend of 84c per share and in the second year they paid a
dividend of 95¢ per share. Calculate Paul’s total dividend payment for the two years.

d After two years Paul sells his shares for $24.25. His broker charged him 1.5% brokerage.
Calculate his total profit or loss over the two years.

Share graphs

(WiN

L | A company decides to pay a dividend of 12% of its after tax profit of $750 000.
a What is the total amount paid as a dividend?
b Ifit has a total of 100 000 shares, what is the dividend paid per share?

A company that has 2.5 million shares makes an after tax profit of $17.1 million. The directors
decide to pay a dividend of 24% of the total profit. Calculate the dividend paid per share.

, | Sharon had 1600 EHD shares that had a market price of $7.56 per share. She
received a dividend payment of $720.

a Calculate the dividend paid per share.

b Calculate the dividend yield, correct to one decimal place.

Kell bought 100 shares at $4 each and received a dividend of 5¢ per share. Which of the
following is the dividend yield?
A 1.25% B $5 C 12.5% D $20 E 80%

Adrian wants to purchase 2500 shares in BOC Banking. The market price of the shares is $14.30.

a Calculate the total cost of the shares.

b Adrian’s stockbroker charges a commission of 2% of the cost of the shares. Calculate the
total brokerage.

¢ A dividend of 47c was paid when the market price of the share was $16.50. Calculate the
dividend yield, correct to two decimal places.

Terry bought 4000 shares for $8920, with a dividend yield of 12%. Calculate:
a the market price of one share
b the total dividend earned.

Zeli bought 40 000 shares in Austar at $0.75 each. For buying or selling, her stockbroker
charged 2.5% brokerage for the first $15 000 of shares and 0.75% thereafter.

a Calculate the total purchase cost of Zeli’s shares.

b If Zeli collects a dividend yield of 4.8%, calculate the dividend paid.

¢ She then sells all her shares for $1.09 each. Calculate her total earnings after costs.
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12

13

14

15

16

17

18

Vicky bought 8200 shares in the Ten Network at $1.02 each.
a Calculate the value of her shares.
b Additional costs were:
« broker’s service fee: $5.50
« brokerage: 2.5% of the share value up to $5000
2% of the next $10 000
1.5% of the next $35 000
1% of the remainder.
Calculate the total cost of buying the shares.
¢ If the company pays a dividend of 28¢ per share, calculate Vicki’s dividend.
d Calculate the dividend yield, correct to two decimal places.

Karl manages the share portfolio described in the table below.

Karl’s portfolio
Number of shares Company Market value  Dividend yield
1000 Pacifc Mining $0.25 3.3%
600 QBE Insurance $23.20 6%
800 Tabcorp $6.80 5.1%
1700 C-C Amatil $9.64 5.2%

a Calculate the total value of Karl’s shares.
b Calculate the total dividend earned.

Lachlan bought 1500 RMD shares for $1680. They had annual earnings of
75¢ per share.
a Calculate the market price per share.
b Calculate the price-to-earnings ratio, correct to one decimal place.

SDD shares have a market value of $7.85. They paid a dividend of 12.5¢ per share and 15%
of the company’s earnings were paid as a dividend. Calculate:

a the total earnings per share

b the price-to-earnings ratio.

Olivia bought 17 000 Timbo shares for $6460. They had annual earnings of 3¢ per share.
Calculate the price-to-earnings ratio of Timbo shares, correct to the nearest whole number.

Charlie bought shares for $6.75 each. The directors of the company decided to pay 70% of the
company profits to shareholders as a dividend. The dividend was 28 cents per share. Calculate:
a the dividend yield

b the price-to-earnings ratio, correct to one decimal place.

Paul bought shares with a dividend yield of 8%. The company returned 55% of its profits to
shareholders as a dividend. He paid $1550 for 200 shares. Calculate:

a the market price

b the dividend per share

c the total earnings per share

d the price-to-earnings ratio, correct to one decimal place.
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Reasoning and communication

19 George owns 2500 AGL energy shares. The dividend per share is 42c and the market
price is $14.05.
a What dividend will George receive?
b Calculate the dividend yield, correct to one decimal place.
¢ How many extra shares could George purchase if he reinvested his dividend?

20 Evan is looking to invest some money. He is looking at two options:
A: Buying 2000 shares in an oil exploration company with a market value of $3.40 each.
They are paying a dividend of 18 cents per share.
B: Putting the same amount of money in his credit union where he can get interest of 5% p.a.
a Calculate the dividend yield of the shares, correct to one decimal place.
b Would he do better to buy the shares or invest the money with the credit union?
¢ What is the benefit of the credit union over the shares?

21 Kayla was investing money and wanted to choose the option that gave her the best return.
Which of the following would be the best investment?
A Shares paying a dividend of 30c per share with a market price of $3.20.
B Shares paying a dividend of $3.28 per share with a market price of $34.50.
C Shares paying a dividend of 87c per share with a market price of $8.90.
D A bank offering interest of 9.1% p.a.
E Shares paying a dividend of $2.50 per share with a market price of $26.

22 Scott had 2900 JAD shares worth $39 150. He received a dividend payment of $3327.75. He can
get interest of 8.7% p.a. from his bank. Would he do better to keep the shares or sell them and
put his money in the bank?

23 Ella is looking to invest in some retail industry stock. She has narrowed it down to two
companies Bullseye and Gmart. She collected the following information on both:
Bullseye: A total of 4.2 million shares. A market price of $15.89 per share and annual earnings
of $4.8 million.
Gmart: A market price of $31.88 per share. A dividend of 26.1c per share and 15% of the
company’s earnings was paid as a dividend.
a Calculate the price-to-earnings ratio for Bullseye. Answer correct to one decimal place.
b Calculate the price-to-earnings ratio for Gmart. Answer correct to one decimal place.
¢ Based on the price-to-earnings ratio what would you recommend to Ella? Explain.

24 Rhani is looking to invest in some auto industry stock.
BMG: 7000 shares cost $472 500 and the annual earnings are $8.90 per share
Vorx: Shares are selling for $8.36 each. The company pays 30% of the total earnings as a
dividend. The dividend was 25.8 cents per share.
Which would be her best option? Explain.

25 Chris is looking to invest in some music industry stock.
Shakra: Dividend yield of 4.2% and the company returned 60% of its total earnings as a
dividend. The market price is $7.65 per share.
YFT: Dividend yield of 7.2% and the company returned 45% of its total earnings as a dividend.
It costs $1550 for 200 shares.
Which would be his best option? Explain.
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CHAPTER SUMMARY

A wage is income that is paid by the week for
the hours that are worked.

Hours worked in excess of ordinary working
hours, outside usual starting and ceasing
times, public holidays or weekends, are paid
at a higher rate called overtime.

A salary is a fixed amount of annual pay
(yearly pay), paid weekly, fortnightly or
monthly.

Some workers earn money on commission,
which means that they get a percentage of
the value of sales or of a service provided.

Sometimes a retainer is paid as well as a
commission. This is a small payment made
regardless of sales.

Piecework is when you are paid according
to the number of items that you make or
handle.

A bonus is paid to employees who produce
work of a high standard or volume, or for
meeting an important quota, goal or
deadline.

An allowance is paid to employees for
work-related expenses (such as travelling,
tools or laundry), or who work under
difficult or dangerous conditions (such as
in wet weather, in isolated areas, or great
heights).

Annual leave loading (also called holiday
loading) is extra pay given during annual
leave. It is usually paid at a rate of 17.5%
of 4 weeks normal pay.

General 11

Centrelink is an Australian government
agency that supports people in need and
helps them to become self-sufficient. Various
government allowances and benefits are
available for the aged, the unemployed,
students, parents and the disabled.

A budget is a plan for managing your
income wisely.

A budget is divided into income and
expenses. When looking at the expenses,
there are some that are fixed expenses and
some that can vary, these are called
discretionary expenses.

The stock market or share market is another
form of investment for many Australians.
Investors can buy shares in the company. The
price that shares are traded on the stock
exchange for is called the market price.

Some of the profit may be distributed to
shareholders as a dividend for every share
held. A dividend is usually expressed as cents
per share; 38.1c per share.

When trading shares on the stock exchange,
a stock broker does the trading for you. A
stock broker charges a commission, which is
called the brokerage.

The dividend yield compares the dividend
with the market price and is usually written
as a percentage.

dividend per share

Dividend yield = %x100%

market price of share

The price-to-earnings ratio is a common
measure used by investors to compare the
value of stocks. It compares the market value
with the company’s earnings per share.

P/E = Market price per share

Annual earnings per share
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CHAPTER REVIEW
EARNING MONEY

Multiple choice

1 Convert $8300 a month to a weekly pay.
A $1915.38 B $1937 C $2075 D $24 900 E $99 600
2 George is a real estate agent. He earns a retainer of $250 a week plus commission.

He charges commission for selling properties, based on this sliding scale of property prices:
e 2% for the first $85 000

e 1% for the next $160 000

e 0.5% for the remaining amount.

How much will he earn in a week where he sold a property worth $260 000?

A $1550 B $3375 C $3625 D $4600 E $4850

3 A clothing manufacturer offers each worker a bonus of an extra 5% of their weekly
pay for every week where they beat the performance goals he has set. Calculate Maria’s pay for
a week where she beat her performance goal, if she normally earns $30 160 a year.
A $29 B $580 C $609 D $1508 E $31 668

4 David and May are both eligible for the couple’s age pension of $536.70 per
fortnight each. They run a stall at the local market and have a combined income of $8580 per
year. They are allowed to earn up to $268 a fortnight. For any income over this they lose
50 cents in the dollar. Calculate their fortnightly pension payment.

A $474.70 B $505.70 C $1011.40 D $1042.40 E $1372.40
5 Shaun buys 750 shares for $9.80 each. He is paid a total dividend of $477.75. The

dividend yield is:

A 0.065% B 6.5% C 15.4% D 48.75% E 63.7%

Short answer

6 Samantha is a waitress and her normal hourly rate is $23.50. She worked Monday to
Thursday from 8 a.m. to 3 p.m. and Friday (which was Christmas day) from 11 a.m. to 8 p.m.
a Calculate her pay for Christmas day if she was paid triple time.
b Calculate her total pay for the week.

7 Marleiil works glgee days a V;rleek asa Marley’s weekly roster
part-time carer. She is paid $25.70 per hour up to . o
Da Start time  Finish time
5:00 p.m. and time-and-a-half after that. Use the y : —
roster to calculate how much she earned this week, ~ Monday 10a.m. 7p-m.
Wednesday 9 a.m. 1 p.m.
Friday 4 p.m. 10 p.m.
8 For each of the following annual salaries state the amount paid for the pay period
given, correct to the nearest cent.
a $98 503 paid fortnightly b $263 764 paid monthly
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9 Jarryd earns a 2.5% commission from each car he sells. How much would he earn in
a month in which he sells three cars for $57 000, $35 990 and $40 850?

10 Christine is a bookseller. She earns a $250 a week retainer plus a 4% commission on
all sales. What value of books would she have to sell to earn at least $500 in a week?

1" Huon picked 28 buckets of grapes at $3.65 per bucket.
a How much did Huon earn?
b How many buckets would Huon need to pick in order to earn $450?

12 A window washer earns $17.90 per hour and receives a multistory allowance of
$23.40 per day. If he works 10 hours each weekday on a multistory building, calculate his total
weekly earnings.

13 The Great Gals electrical store pays a holiday loading of 17.5% of four weeks’ pay to
each employee.
a How much holiday loading is paid to Richard, the manager, who earns a salary of $86 430?
b Calculate his holiday pay for 4 weeks.

14 Use the tables from Examples 9, 10 and 11 (on pages 167-9) to help you find the
type and amount of the allowance to which each of the following people are entitled.

Richard, aged 18, who is Indigenous and is a second-year apprentice living with his parents.

Peter and Wendy, aged 68 and 73, who have no other income.

Ben, aged 24, who is Indigenous, looking for work and living away from home.

Alison, aged 29, who is studying full-time at college while raising her daughter alone.

Sandra, aged 67, who is single and earns $100 a fortnight from doing ironing.

Sean and Andrea, aged 19 and 22, who are a couple and are both full-time apprentices.

Paul, aged 19, who lives out of home and is looking for work.

«Q " 0o o N0 T o

15 Chloe is a manager at a clothing store. She recently bought her own home and has a
friend who pays rent to live with her and to share the expenses. Below is Chloe’s weekly budget.

Wages  $1130  Home loan repayment $480

Rent $200  Bills $65
Loan repayments (furniture) $75
Loan repayments (white goods) $40
Groceries $125
Rates & home maintenance $70
Public transport $50
Health fund $40
Clothes $100
Entertainment $80
Savings I

Total: $ Total:

a Fill in the total for income and expenses in the budget.

b How much does Chloe save each week?

¢ Chloe’s friend tells her that she needs to move out. Can Chloe afford to live by herself or
does she need to get another flat mate? Justify your answer.
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16 RYS Insurance shares have a market value of $22.60 and pay a dividend of $3.16.
a Parker bought 350 RYS shares. How much did they cost him, if he paid 0.5% brokerage?
b How much dividend was Parker paid?
¢ Parker sold his shares a year later for $24.50. He had to pay a 0.8% brokerage. Calculate
Parker’s total earnings over the whole year, after costs.

17 A company has 250 000 shares and makes an after tax profit of $1.5 million. The
company directors decide to pay a dividend of 45% of their profit. What is the dividend paid
per share?

18 Kate is looking to invest some money. She is considering two options.
A: Buying 1500 shares in a mining company with a market value of $32.20 each. They are
paying a dividend of $2.58 per share.
B: Investing the same amount of money in a credit union paying 7.5% p.a.
a Calculate the dividend yield of the shares, correct to one decimal place.
b Would she do better to buy the shares or put the money in the credit union?

Application

19 Ingrid earns $1660 a fortnight after tax and collects $1270 monthly rent from an investment
flat she owns. She pays $480 per fortnight in rent for her flat and her power costs approximately
$350 per quarter. Her food and other day-to-day expenses amount to $320 a week, and
transport costs her $70 a week. She is paying off a lounge suite at $112 a month and also spends
about $380 a month on clothes. Her contents insurance costs her $390 a year and her mobile
phone plan is $99 per month. Her aerobics class costs $20 a week.

a Calculate her weekly income, correct to the nearest $5.

b Convert the following to weekly payments, correct to the nearest $5.
i rent ii power iii lounge suite payments
iv clothes v contents insurance vi mobile phone plan

¢ Draw up a budget. Be sure to include savings.

d How much she could save in one year?

20 Bob is looking to invest in some technology stock. Praciice quiz
STX: 1500 shares cost $24 450 and the annual earnings are 63 cents per share.
Electro: Shares are selling for $7.34 each. The company pays 12% of the total profits as a
dividend. The dividend was 4 cents per share.
Which would be his best option? Explain.
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For any
right-angled
triangle,

we can write
a
Pythagorean
equation in
the form:

“hypotenuse
squared =
one short
side squared
+ the

other short
side squared”

190

PYTHAGORAS’ THEOREM

review Pythagoras’ Theorem and use it to solve practical problems in two dimensions and for simple

applications in three dimensions. (ACMGMO017)

MENSURATION

solve practical problems requiring the calculation of perimeters and areas of circles, sectors of circles,
triangles, rectangles, parallelograms and composites (ACMGM018)

calculate the volumes of standard three-dimensional objects such as spheres, rectangular prisms, cylinders, cones,
pyramids and composites in practical situations; for example, the volume of water contained in a swimming pool
(ACMGMO019)

calculate the surface areas of standard three-dimensional objects such as spheres, rectangular prisms,
cylinders, cones, pyramids and composites in practical situations; for example, the surface area of a

cylindrical food container. (ACMGM020) @‘

PYTHAGORAS' THEOREM

The Greek mathematician Pythagoras (570-496 BCE) is said to

have discovered this rule. IMPORTANT
L 2_ 2.2
Pythagoras’ theorem states that: Iy LA e =gt w0
A
In a right-angled triangle, the square of the hypotenuse is equal ]}ﬁjo%
2,

to the sum of the squares of the other two sides. b

This theorem can be used to calculate the lengths of sides

S

when working with right-angled triangles. C B B
The hypotenuse is the
longest side of a right-
angled triangle.

O Exa mple 1
Calculate the value of the pronumeral in each triangle. Give your answers correct to one decimal place.
a b
14 m
9m
16 cm 24 cm
X
j
b
Solution
a Write a Pythagorean equation where x represents the *=9"+14
hypotenuse.
Solve for x. x*=81+196
x*=277
Evaluate the square root. x=~277
=16.64...
Round to one decimal place. =16.6 m

NELSON SENIOR MATHS General 11
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Write the answer. The hypotenuse is 16.6 metres

long.

b Write a Pythagorean equation where 24 represents the 24> =16+ b

hypotenuse.
Solve for b. 576 = 256 + b°

576 — 256 = b’

b’ =320
Evaluate the square root. b=+/320
=17.88...
Round to one decimal place. =~ 17.9 cm
Write the answer. Side b has a length of 17.9 cm.
k<
Right-angled triangles can often be found in more complex figures. %

QO Example 2

Calculate the value of the pronumeral in this composite
figure. Give your answer correct to two decimal places.

Solution
Identify the right-angled triangle. l«—6.cm

I 15 cm |

| 15 cm |

Calculate the length of the horizontal side using the  15-6=9cm
measurements given.

The hypotenuse is 12 cm.

The third side of the triangle is the same length as x.

Write a Pythagorean equation. 12° =x*+ 9
Solve for x. 144 = x* + 81
144 -81=x"
x=63
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Evaluate the square root. x=+/63

=7.937...
Round to two decimal places. ~7.94 cm
Write the answer. The side is 7.94 cm long.

Pythagoras’ theorem can be used to determine if a triangle is right-angled. If the three side lengths
of a triangle are known, a Pythagorean equation for the triangle can be written.

It is possible to check if squaring the longest side gives the same answer as squaring the other two
sides and adding them together. If the same answer is calculated for each, the triangle must be
right-angled.

QO Example 3

Determine whether each of these triangles is right-angled.
a B b Q
10 cm
2.8 cm
8 cm
4cm
P 9.6 cm R
A 6 cm ¢
Solution
a Square the longest side. 8> =64
Square the other two sides and add them. 4 +6°=52
Compare the results. 64 # 52
8#4°+6
Write the answer. Pythagoras’ theorem does not work. This
triangle is not right-angled.
b Square the longest side. 10* =100
Square the other two sides and add them. 2.8°+9.6°=100
Compare the results. 10°=2.8"+9.6
Write the answer. Pythagoras’ theorem works. This triangle
is right-angled.
(£ P is the right angle.)

Pythagoras’ theorem can be used to calculate lengths in real-life applications.
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O Example 4

A boat sailed 30 nautical miles due south, then 25 nautical miles due east. How far, correct to the
nearest nautical mile, is it from its starting point?
Solution
Let the boat be d nautical miles from its N
starting point and draw a diagram.
w E
30 d
3 A
25
S
Write the Pythagorean equation. d*=30% +25°
Solve for d. A =1525
d =+/1525
=39.05... From the diagram, an
answer of 39 nautical miles
Round to nearest nautical mile. =~ 39 seems reasonable.
Write the answer. The boat is 39 nautical miles from its starting point.

INUSSIRIC7NN(O)NI Pythagorean triples

Geometrically, the area of a square is equal to x*, where x is equal to the length of the side.

This means that we can calculate the square of a number by counting unit squares in a square
of that side length.

Area = 16 squares
Area = 9 whole squares + part squares
=12 squares

Area = 4 squares

We can show that Pythagoras’ theorem is true by counting the area in the squares drawn on the
sides of the triangle. The area is counted by dividing the squares into unit squares.

Work in groups of two or three to prove Pythagoras’ theorem using this method. Each group
should have different-sized triangles and compare the areas counted in the squares. You may
have to count squares by adding smaller parts together.
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2ENOCIAIN Pythagoras’ theorem

Concepts and techniques
1 Calculate the value of the pronumeral in each of the following triangles, correct to

two decimal places.

a 5m b 3.5m c
qcm
2m
10 cm
ym
bm 8.1m
7 cm

d e f 55m
pcm 15cm
4 hcm
o km 9.4m
24 cm
4 cm
g h i
ccm
250 m 93 mm
200 m &&
N 1.65cm
0.58 cm

b mm

9600 mm
2.5m

4200 mm

24m

d mm

2 Calculate the value of the pronumeral in each of these figures, correct to one

decimal place.
a - b c i
’ i tcm
140 cm i
61 cm [_: 18 cm

7 cm

11 cm | 48 cm |
10 cm l 80 cm cem
d wm € f 15 : 24
= 110 m -
96 m =
- am +|
46 m
85m
9780170250252
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a..- 27.3 cm

L.t 4.2 mm

6.7 mm

C
[fe——383cm —>|

3 Determine whether each of the following triangles is right-angled.

a b ¢ 15 cm
11 cm E
5cm e~
6 cm 25cm
5cm A
8 cm ,
20 cm i
4 cm

d 2.4m e f
7.5 cm
2.4 cm
32m 29m .
4m 7 cm
2.1m
Reasoning and communication
4 A rectangular gate has dimensions 3.8 m by 1.8 m. —
What is the length of its diagonal brace (to the nearest |: -
.om
centimetre)? |: —
3.8m
5 A ship sails in a south-easterly direction for 20 km until N
it is 15 km east of its starting point. How far south is it from its starting T
point? Give your answer correct to the nearest metre. 15 km
>
20 km
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6 A 6 m ladder leans against a house, so that its base is 2 m from the
bottom of the house. How far up the wall of the house does the ladder
reach, to the nearest metre?

7 A yacht leaves Newcastle and sails 160 nautical miles due north. It turns and sails due east until
it is directly 200 nautical miles from Newcastle. How far east did it sail?

8 A chairlift takes skiers up to the
top of a hill 270 m high and
1050 m away. How long is the
chairlift’s cable, correct to two

decimal places?

f 1050 m : i

9 A playground slide is made up of two right-angled
triangles. Calculate, correct to the nearest centimetre:
a h, the height of the slide. lem
350 cm
b [, the length of the slide. hcm
1]
"100cm 500 cm '

10 This diagram shows a boy flying a kite. How high
is the kite above the ground, correct to one
decimal place?

11 Vanessa calculated the distance across the lake by
taking the measurements shown on the right. What was

the distance across the lake, to the nearest metre?
140 m

12 A plane flies NW from the airport for 6 km, then turns and flies 4.2 km due east until it is due
north of the airport. How far is it from the airport then, correct to two decimal places?

13 Jackie wants to use an old tennis ball container as a pencil case. If the
container is a cylinder with diameter of 7.5 cm and a height of 20 cm,
what is the length of the longest pencil that will fit inside the container

. 20
(to the nearest centimetre)? o

7.5cm
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14 Calculate the length of the pitch pm
line, p, of the roof of this house,

\

correct to one decimal place. %
L 34m
27m = 2.7m
| .%EET-
7.8 m
15 Calculate the perimeter of the field in A
this diagram, correct to two decimal 0
places. All measurements are in - 19
B
metres. E 29 13
10
22 B
D 4
C

16 If a vertical tent pole is 2 m high and the rope attaching it
to the ground is 2.4 m long, how far from the base of the
pole should the rope be pegged (correct to one decimal
place)?

PERIMETER AND
CIRCUMFERENCE

Metric units
IMPORTANT
q q To convert a larger
Metric units unit to a smaller
one, multiply.
Unit Relationships @i Wiupb}é —
millimetre (mm) ofﬁ‘: smaller
units.
centimetre (cm) 1 cm =10 mm . .
O convert a
metre (m) 1 m =100 cm = 1000 mm el it @
kilometre (km) 1km = 1000 m larger one, divide.

There will be fewer
larger units.
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O Example 5

Convert 23.5 km to metres.
Solution
To convert from a larger unit of measure to a smaller 23.5 km = 23.5 X 1000
one we multiply. =23 500 m
x 1000
-+ 1000
Perimeter

Perimeter is a measure of the distance around the outside of a two dimensional shape. It is
calculated by adding together all of the side lengths of the shape.

The perimeter of a circle is called its circumference. If we know the length of the diameter of a
circle, we can use a formula to calculate its circumference.

T is the ratio of a

circle’s circumference | M PO RTAN T
to its diameter. Use
the button on Circumference of a circle
our calculator when . .
Zalculating The circumference of a circle can be calculated by
circumference. using one of the following formulas.
C=mnD

Circumference = 1 X diameter

: The formula C = 2 X Tt X r can also be used.
The diameter of a

circle is twice the
radius.

QO Example 6

Calculate the circumference of a circle with a radius of 3.4 m, correct to one decimal place.
Solution
Remember that the diameter is twice the radius. D=2x34
=6.8m
Write the appropriate formula. C=mnD
Substitute the known value for D. =TX6.8
Use on your calculator. =21.3628...
Round to one decimal place. =214 m
Write the answer. The circumference is 21.4 m.
NELSON SENIOR MATHS General 11 9780170250252



In solving practical perimeter problems, sometimes it is necessary to calculate the perimeter of a
sector of a circle.
arc
A sector has 3 lengths around its boundary: length
o two straight lengths that are each equal to the radius of the circle

o acurved length that is called the arc length and is a fraction of the circle’s r v
circumference. %

In order to calculate the arc length we need to know what fraction of the circle’s

circumference it is. The total angle inside a circle is 360°. Dividing the angle in the sector (8) by 360

tells us what fraction of a circle we have.
Consider these sectors:

The angle inside this sector is 90°.

o6 _9%_1

360 360 4

This sector is i of the circle.

The angle inside this sector is 60°.

0 _60_1 < |
360 360 6

This sector represents L of a circle.
6

We then multiply the fraction by the IMPORTANT
circumference (D) to calculate the
Arc length of a sector
arc length. 0
Arclength=—mnD
gth 360
The perimeter of the sector can be found by
adding the arc length and the two straight sides.
O Example 7
Calculate the perimeters of these sectors correct to one decimal place.
a b
75°
14 cm
Solution
a Write the formula. P =arclength + 2 x radius
30
Substitute the angle, diameter and radius = %n x28+2x14
(remember that the diameter is twice the radius).
Evaluate. =35.330...
Round to one decimal place. =353 cm
Write the answer. The perimeter is 35.3 cm
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b Calculate the value of the angle within the sector.

Write the formula.

Substitute the angle, diameter and radius.

Evaluate.
Round to one decimal place.

Write the answer.

0=360-75
=285°
P =arc length + 2 X radius

2
P:ﬁnx47.2+2><23.6
360

=164.59...
=~ 164.6 mm

The perimeter is 164.6 mm.

Perimeter calculations are used in real-life scenarios, for example, you would need to know the
perimeter of a space when calculating fencing costs.

O Example 8

A sportsground 140 m long and 50 m wide has semicircular ends. A fence is to be erected all
the way around, with four gates, each 2 m wide. The gates cost $150 each and the fencing costs
$45 per metre. Calculate the cost of fencing the ground, correct to the nearest dollar.

Solution
Sketch the sportsground. Show the measurements.

Divide the perimeter into sections.

Calculate the length of the round section at each
end of the sportsground.

Calculate the total distance around the sportsground.

Subtract the gate lengths (4 X 2 m).

Calculate the total cost.

Round to the nearest dollar.

Write the answer.

50 m

I

f 140 m |

fe—90m —

50 m

fe—90m —= 25m

1

End >
:ln><50

2

=78.5398... m

Perimeter = 90 + 78.5398...
+78.5398...
=337.0796... m

+90

Fence length = 337.0796... —4 x 2
=329.0796... m

Total cost =329.0796... X $45 + 4 X $150
=$14 808.58 ... + $600
=$15 408.58 ...

= $15 409
The cost of fencing the ground is $15 409.

NELSON SENIOR MATHS General 11
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ENGINIEAA Perimeter and circumference

Concepts and techniques ok T

and perimeter

1 Change each of the following measurements to the unit indicated.

a 320cm —>m b 523km—>m ¢ 1460 mm — cm
d 58cm —m e 537m — km f 32.7m—cm
g 0.054m— mm h 47350 cm — km i 0.000 64 km — mm

2 Blake’s height is 169 cm. Convert this to:
a millimetres b metres.

3 Rhys swam in a 1500 m race. How many kilometres did he swim?

4 Calculate the perimeters of the following shapes. Where rounding is necessary,
please round to one decimal place.

d e 39 cm f 12.3 mm

39 cm 34 cm

28 cm
K

18 cm

5 Calculate the perimeters of these figures, correct to one decimal place.

a b
126 mm
3.5m
c d
29 m
5 27.2 cm
O
15m
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Reasoning and communication
6 | The L-shaped kitchen bench with semicircular

10

1

10.3 m

46.5m

20 cm

ends shown here has been made from chipboard 1.9m
veneer. The bench is 600 mm wide. It must have an
edging strip of veneer attached all the way along the
edge to finish the job. What length of edging veneer,
correct to one decimal place, is required?

)

| 35m |

A fence is to be erected around a block of land that has a slanting front boundary and parallel
side boundaries of 27 m and 42 m. The rear boundary is 20 m long and is at right angles to the
side boundaries. The posts are to be a maximum of 2 m apart, there are two railings, and

100 mm palings are to be spaced 20 mm apart. The posts cost $12.50 each, the railings cost
$5.40/m and the palings cost $1.40 each. A 2.5 m gate costing $130 is to be placed at the front.
Calculate the cost of materials to complete the job.

If the circumference of a circle is 28 cm, find its radius correct to one decimal place.

A swimming pool is set in a wooden deck as shown. 15m
A pool fence is to be erected around the /
border, with a 1200 mm wide gate. The cost of 7

materials for a 1200 mm high fence is $42/m, / Cate

and the gate costs $120. Installation costs are e

$10/m for the fence and gate.

a Calculate the perimeter to the nearest
metre.

b Calculate the cost of materials to complete 15m
the job.

¢ Calculate the cost of installing the fence and gate.

Swimming pool

A circular horseracing track is 700 m across the
inside and is 15 m wide. The track has to be
re-fenced on both sides with post-and-rail fencing
at a cost of $34/m for materials and labour.
Calculate the cost of erecting the fences.

On a 2.5 km walk, John covers 80 cm with each step, while his daughter Anna covers 55 cm
with each of her steps. How many more steps does Anna take than her father during the walk?

NELSON SENIOR MATHS General 11 9780170250252
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REVIEW OF AREAS OF
PLANE SHAPES

The area of a two dimensional shape

. N IMPORTANT
is the number of square units it
covers.
. . / Converting units of area \
When converting units of area, we
) o +102 + 1002 + 10002
need to multiply or divide by square e
units. mm? cm? m?2 km?
A S .
For example if we want to convert x 102 x 1002 x 10002
measurements from m? into cm?, we 1 hectare =100 m x 100 m = 10 000 m?
_ 2
use the fact that \_ 100 hectares =1 km J
1 m =100 cm. We then multiply by E
100
1 m?=1x100% cm”=10 000 cm?.
5 m? =5 x 100> cm* = 50 000 cm”.
If we need to convert measurements from mm? to cm?, we use the fact that
1 cm = 10 mm. We then divide by 10°.
1500 mm? = 1500 + 10> cm® = 15 cm?.
O Example 9
Convert:
a 55m?’tocm? b 2350 mm? to cm? ¢ 0.8km?to ha.
Solution
a <1002 55m’ = 55x 100°
@ @ =550 000 cm?
+1002
b 102 2350 mm” = 2350 + 10°
+102
¢ Convert to m? first. 0.8 km? = 0.8 x 1000>
=800 000 m?
800 000 m>= 800 000 + 10 000
=80 ha
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Area formulas

The table below lists the formulas for the areas of plane shapes that you should be familiar with.

Shape Area formula
Rectangle A =length x width
A=lw
w
l
Square A =side x side
4 A= (side)’
A=s

Triangle A =% X base X perpendicular height
A=Lon
\ 2
é\
h
\h
b 0
=1
Parallelogram A = base X perpendicular height
' A=bh
"
1
b
Trapezium

A =% x sum of parallel sides x
perpendicular distance between sides

1
A=—=(a+b)h
2(a )

NELSON SENIOR MATHS General 11

Example

A=8x%x6
=48 cm?

T35m

150 mm

A:%x(94+150)><75

=9150 mm?
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Rhombus or kite A= % x product of diagonals
1
A=—x
E :
20 cm 18 cm

A=%X20X18

=180 cm?

Circle A =T x (radius)?
: ‘
k

A=Tx8.5
~227 cm?

O Example 10

Calculate the areas of the following shapes, giving your answers correct to the nearest square
centimetre.
a 21m b ]
/ 150 cm 15em
11 cm
c
Since the answer is to be given
correct to the nearest square
centimetre, it is logical to work
with side lengths in centimetres.
Solution
a Covert one measurement, so that all 21m=210cm
lengths are in the same units.
Write the formula for the area of a parallelogram. A=>bh
Substitute the known values into the equation. =210x150
Evaluate and write the answer. =31500 cm’
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b Write the formula for the area of a triangle. A= ! bh
2

Substitute the known values into the equation. = % x11x15
Evaluate. =825
Write the answer, correct to the nearest square centimetre. ~ 83 cm?

¢ Write the formula for the area of a circle. A=nr
Substitute the known values into the equation. =nx23°
Evaluate. =1661.90...
Write the answer, correct to the nearest square centimetre. ~ 1662 cm?

In order to calculate the area of a sector, as a first step, calculate IMPORTANT

what fraction of a circle the sector represents. As shown in

Section 5.02, the fraction of the sector is found using the o
0 Area of a sector = %ﬂr

formula: Fraction = —, where 0 is the angle inside the sector.

36
Then multiply that fraction by the area of the whole circle (1%
to calculate the area of the sector.

O Example 11

Calculate the area of the sector shown, correct to one decimal place.
V 14 cm
Solution
Write the formula for the area of a sector. A=—"qr?
360
Substitute the known values into the equation. e X 1 x 14
Evaluate. =51.31...
Write the answer, remembering to round to one decimal place. ~51.3 cm®
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ENOISINEY Review of areas of plane
shapes

Concepts and techniques
1 Which of the following is the number of square centimetres in 300 m*?

A3 B 300 C 3000

D 3000000 E 30000 000
2 Which of the following is the number of hectares in 5 km??

A 05 B 50 C 500 D 5000 E 50000
3 Convert:

2 2

2500 cm? to mm
6800 cm® to m?
3.6 km? to hectares
540 ha to km?

a 5m’tocm
¢ 72000 m? to hectares
e 3.09 km*to m?

g 4.73 m? to mm?

o ™ o T

4 Calculate the area of each of the following shapes, correct to one decimal place
where needed. (Note: Some questions require the use of Pythagoras’ theorem first.)
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5 Calculate the areas of the sectors below. Give your answers correct to one decimal
place.
a

Reasoning and communication

6 Ifa triangle has an area of 45.6 mm? and its base length is 7.1 mm, what would its height be?
Give your answer correct to one decimal place.

7 Builders measure lengths in millimetres, and carpet layers quote per square metre. How many
square metres of carpet are needed in a room that measures 2300 mm by 1830 mm? Answer
this question using the following two methods.

a Calculate the carpet area in mm?, and then convert to m?,
b Convert the lengths to metres first and then calculate the carpet area in m”.

8 A farmer owns a large rectangular piece of land, measuring 2 km by 450 m. How many hectares
does he own?

NELSON SENIOR MATHS General 11 9780170250252



9 The area of NSW is approximately 801 600 km”. How many hectares is this?
10 A DVD has a diameter of 12 cm. Calculate the area of the DVD:

Shutterstock.com/yang na

a to the nearest cm’ b to the nearest mm?>

11 A water sprinkler is positioned at the corner of a lawn. It is set so that it rotates through an
angle of 85°, moving back and forth as it sprays a stream of water.
The stream of water from the sprinkler reaches 4.5 metres.
What area of lawn is watered in 1 full sweep of the sprinkler? Round your answer to two
decimal places.

Shutterstock.com,/Alison Hancock

12 The paddock shown below is going to be used to
grow wheat. The farmer plans on planting
43 kg of wheat seeds per hectare.
a Calculate the area of the paddock correct to the
nearest hectare. 332m
b If wheat seeds are sold in 25 kg bags, how many

bags will the farmer need to buy? [
565 m

'S
f=l
(=}
=
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INSS3KC/ YIS Perimeter and area

The shapes below have equal areas and perimeters.

4 units

10 units 8 units
4 units
O
6 units
For the square: P=4+44+4+4 A=4
and 5
= 16 units =16 units
1
For the triangle: P=6+8+10 A=—X6X%8
and 2 5
=24 units =24 units

Try to calculate the dimensions of:
a arectangle

b acircle

¢ another right-angled triangle

which also have the same perimeter as they have area.

AREAS OF COMPOSITE
FIGURES

A composite shape is one that is formed by combining several regular shapes. To calculate the area
of a composite shape, calculate and then add together the areas of all of the shapes that comprise
the larger shape.

NELSON SENIOR MATHS General 11 9780170250252



O Example 12

Calculate the composite areas shown. Give your answers to the nearest whole number.
a b

24 cm

a The composite figure is made up of a semicircle and

a triangle. I v
Calculate the area of the semicircle. Area of semicircle = 5 T’ L
(Radius = half of diameter.) 1
=— 1 x10?
2
=157.0796... cm?
Calculate the area of the triangle. Area of triangle = % bh
1
=—X20x%x24
2
=240 cm?
Add the two areas together. Total area = 157.0796... + 240
=397.0796...
Round to the nearest whole number. ~397 cm?
Write the answer. The total area is 397 cm?.

b The figure is composed of two equal parallelograms
and a rectangle.

Calculate the area of one parallelogram. Area of parallelogram = bh
=34x1.9
=6.46 m
Calculate the area of the rectangle. Area of rectangle = [ X w
=13x34
=442m’
Add the areas together; remember to multiply the Total area = 4.42 + 2 X 6.46
area of the parallelogram by two. =17.34
Round to the nearest whole number. ~17m’
Write the answer. The total area is 17 m”,
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Some composite shapes are made by taking a piece away from a shape.

QO Example 13

Calculate the shaded areas below, correct to one decimal place.

a 7.95 mm b

17.2 cm

[T
P 1.85 mm 6.8 cm ~__[O

\/- o ShCM

N T

Solution
a The shaded area is a square with a circle cut out.
Calculate the area of the square. Area of square = s°
=7.95"
=63.2025 mm”
Calculate the area of the circle. Area of circle = tr?
=nx 1.85°
=10.752... mm’
Subtract the circle’s area from the square’s area. Shaded area = 63.2025 — 10.752...
=52.450...
Round correct to one decimal place. ~52.5 mm’
Write the answer. The shaded area is 52.5 mm”,
b The shaded area consists of a rectangle with a
triangle cut out.
Calculate the area of the rectangle. Area of rectangle =X w
=17.2X6.8
=116.96 cm’

Calculate the area of the triangle. Area of triangle = 1 bh
2

=l><6.8><4.1
2

=13.94 cm?

Subtract the triangle’s area from the rectangle’s area.  Shaded area =116.96 — 13.94

=103.02
Round correct to one decimal place. ~103.0 cm®
Write the answer. The shaded area is 103.0 cm>.
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ECRIZAGY Areas of composite figures

Concepts and techniques

1 The area of the composite figure shown here would be found using which
calculation?

A A=63x%x(2.1+2.5)

B A=63%25-6.1%25

cA=6.3><2.1+%><6.3><2.5 T

D A=6.3><2.5+%><6.3><2.1 2-5lm
6.3 m

E A=%><2.5><6.3><2.1

Areas of
composite
shapes

2 Mitchell wrote the following calculations when working out

this composite area. He made one mistake which caused his
final answer to be incorrect. Determine which line contains
the error.
Area of Sesicircle = L~ 12 Line 1 11.5cm
2
=lnx3.5 Line 2 \
2

=19.242255 c»7°  Line3 11cm

Area of ¢rapezicm =-;- (a+ &4 Line 4

=L+ 3.5 x s Line5
2

=$3.3725 Cr7° Line 6
Total Area = 19.242255 + $3.375 Line 7
= 102.462 AT Line 8

A Linel B Line 2 C Line3 D Line5 E Line6

3 Calculate the following composite areas, correct to one decimal place.

a b
18m 38.7 mm
19.68 mm 12.3 mm
24 m l

11.5 mm
c 5.23 cm d l
g8 124 mm
b
< 22 mm l
284 mm
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e 7.1m
4.7 m
3.1m \
53 m

g - 435mm — h ~—— 687m —

-~ 1095 m —m

4 Use subtraction to evaluate the following composite areas correct to the nearest

whole square unit.

a 58 cm b 3690 mm

21 cm

47 cm

1845 mm

f—1540 mm —=|

C

ABCD is a rhombus
AC =227 mm
BD =183 mm

d

'
A D

5 The composite areas shown here include sectors. Calculate the areas correct to one decimal

10.3 m

place.
a b
36 m
ZZTm
}
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C 76.2 mm

‘ @ 34.7 mm
66 mm -

16.35 mm
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Reasoning and communication /»—\\

6 Calculate, correct to the nearest 0.1 m?, the area of the glass in the ~ f------ T
window at right.

7 A factory worker cuts circular discs from square sheets of metal. 4m

a What is the area of the largest disc that can be cut from a square of side 20 cm? Give your
answer correct to two decimal places.

b What is the area of the remaining metal, correct to two decimal places, after the disc is cut
from the square?

8 Calculate the area of this garden, correct to the nearest square metre.

9 A rectangular photo frame has dimensions 12.7 cm X 17.8 cm.
The border of the frame is 1.5 cm wide. If a photo only just
fits into the frame:

a what area of the photo can be seen?
b what area of the photo will be covered by the frame’s
border?

10 The owners of a house that is being built have instructed the

1 10()+ mm
builder to make the end wall from glass. They want to be able to }

take advantage of their ocean view.

The shape of this wall is shown on the right.

How many square metres of glass will be used to make this wall?
(Ignore any framework in the glass).

3400 mm

11 A patio floor is to be tiled. The diagram below shows the shape 82m

and measurements of the floor. The tiles that will be used are
rectangular and have dimensions 15 cm X 12 cm. They cost - 59m
$32.50 per square metre. Due to the unusual shape of the floor,

the tiler will order 5% more tiles than needed so that he can cut -
tiles to fit into difficult spots.

a Calculate the area of the floor correct to 2 decimal places.

b How many tiles will the tiler order?

¢ What will the cost of the tiles be, correct to the nearest dollar?
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SURFACE AREAS OF PRISMS
AND CYLINDERS

A prism is a solid with two end faces that are identical. All of the faces joining the two ends are
rectangular. The cross-section of a prism is the same shape as its end faces. If a prism has a
triangular face at each end, we say its base is a triangle and we call the prism a triangular prism.
The name of any prism is determined by the shape of its base.

L

Triangular prism

Octagonal prism

Square prism

Nets of solids

If you cut along the edges of a solid and unfold it, its net can be seen. The net shows the shapes of
all of the faces of the solid.

Solid Net

Rectangular prism 6 faces (all rectangles)

Cylinder 3 faces (one rectangle and two circles)

g O
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Surface area

The surface area of a solid is the total area of all of its faces. It is measured in square units.
When calculating the surface area of a three-dimensional object, calculate the area of each face
and then total all of the areas. It helps to visualise the net of the solid and see the shapes of

its faces.

O Example 14

Calculate the surface area of this triangular prism.

Solution

The triangular prism has five faces: two
identical triangles and three different-sized
rectangles.

Find the area of the two triangular faces first.

To calculate the area of the top rectangular face, the
length of the hypotenuse, A, of the triangle, must be
calculated first. This can be done using Pythagoras’
theorem.

Calculate the areas of the rectangular faces.

Write the answer.

Add all of the areas to calculate the total surface area.

1
Area of two triangles = 2 X 5% 6x2.5

=15m’
h
2.5m
6m
W =25"+6
=42.25
h=+/42.25
=6.5m
Area of top face =6.5x 10
=65m?>
Area of right face =2.5 x 10
=25m?
Area of bottom face =6 x 10
=60 m?

Total surface area = 15 + 65 + 25 + 60
=165 m?

The surface area is 165 m>.

9780170250252
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Surface area of cylinders

A cylinder is like a prism because it has two
identical ends. These are both circles. The
circular ends are joined by a curved surface
which is in fact rectangular. The area of the
curved surface is equal to 2ntrh. To calculate
the surface area of a cylinder, add the areas
of the two circles to the area of the curved
surface.

Surface area formulas for cylinders

A cylinder can be closed or open at one end or open
at both ends.

If a cylinder is open at both ends, its surface area is
2mrh.

If a cylinder is open at one end, its surface area is
2nrh + .

If a cylinder is closed, its surface area is 21k + 217>,

O Example 15

IMPORTANT

2nr

Surface area = tr” + 1r’ + 2mrh
=2 nur? + 2nrh

Calculate the surface area of this open-top cylinder,
give your answer to the nearest whole unit.

Solution
This solid has two faces. One is a circle. The other
is a rectangle.

Remember that the radius is half of
the diameter.

Substitute the known values into the equation.
Evaluate.

Round to the nearest whole unit.
Write the answer.

12 cm
SA =r* + 2mrh
r=8cm

SA=TtX8+2Tx8X12
=804.247...

~ 804 cm’
The surface area is 804 cm?.

NELSON SENIOR MATHS General 11
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RENONIRNEA Surface areas of prisms and
cylinders

Surface area

Concepts and techniques e

1 Calculate the surface area of each triangular prism below. You will need to use
Pythagoras’ theorem to calculate an unknown side first.

a b .
10 m
8 m

12 cm

2 Calculate the surface area of each of these solids.
9cm

a b
-cm

C
15cm
28 cm 25cm 30

15cm 30 cm

f
13 m
25m
5m

3.5 ch A

4 cm

30 cm

cm

4m

6 cm

3 Calculate the surface areas of these cylinders correct to two decimal places.

b

(closed) ) (closed) (closed)

37 cm

13 cm 9.2m

25cm

6 cm -~ 4.7 m—=
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‘ (open at one end)

36 mm

43 mm

f -
-
'

10.6 m

(open at one end)

Reasoning and communication

4 This rubbish skip has the shape of an ‘open’
trapezoidal prism with no lid. Calculate its external
surface area and estimate how many square metres
. 1.3m
of metal were used to make it.

5 If the cross-section of a prism has area A and perimeter B and the
length of the prism is &, as shown in the diagram, then its surface
area can be calculated using the formula SA = 2A + Ph.

Explain why this formula works.

6 Calculate the surface area of this skateboard ramp:
a by adding the areas of its five faces
b using the formula SA =2A + Ph. 0.8m

7 This can of baked beans is the shape of a cylinder. It has three
faces: two circles and one rectangle. For this cylinder, calculate:
a the area of one circle, correct to two decimal places.
b the height of the rectangle.
¢ the length of the rectangle, correct to two decimal places.
d the surface area of the can, correct to two decimal places.

e 3.46 cm

(open at both ends)

14 m

8 A cube has surface area of 864 cm®. What is the side length of each of its square faces?

NELSON SENIOR MATHS General 11
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SURFACE AREAS OF PYRAMIDS,
CONES AND SPHERES

A pyramid is a solid with a polygon for its base and triangular side faces meeting at a point called
the apex. The pyramid takes its name from the shape of its base. For example, a square based
pyramid has a square base.

QO Example 16

Calculate the surface area of this square pyramid.
20 cm
. 14 cm
Solution 14cm
The square pyramid has five faces: four identical triangles and
one square.
Surface area = 4 X area of triangle + area of square. .
Calculate the area of triangle. Area of triangle = — X 14 X 20
2
=140 cm®
Calculate the area of square. Area of square = 14 x 14
=196 cm’
Add the areas to calculate the total surface area. SA =4x140+ 196
=756 cm®
Write the answer. The surface area is 756 cm’,

Surface area of cones

A cone is similar to a pyramid because it has a base and
an apex. A cone has two surfaces: a circular base and a /
curved surface. The area of the curved surface can be I Curved surface area = 7l
found using the formula A = ntrl, where r is the radius of /

the circular base and I is the slant height of the cone.

The slant height is not to be confused with the
perpendicular height. While the perpendicular height
measures the distance from the centre of the base to the
apex, the slant height measures the distance from a point on the circumference of the base to the apex.

. 2
Circle area = ntr

IMPORTANT

Surface area of a cone = 77> + Trl

An open cone has no circular face, just a curved surface. When calculating the surface area of
an open cone the formula becomes SA = mrl.
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O Example 17

two decimal places.

Solution

The diameter and perpendicular height are known.
The radius and slant height are unknown. Calculate
these first.

Remember that the radius is half of the diameter.
Use Pythagoras’ theorem to calculate the slant
height.

Write the formula for the surface area of a cone.
Substitute the known values into the formula.
Evaluate.

Round to two decimal places.
Write the answer.

Calculate the surface area of the cone. Round your answer to ‘
‘ |

«~— 21lm —

r=1.05m
F=1.05"+8
=65.1025
1=65.1025
=8.068... m
SA =Tr* + Trl

=7 % 1.052 + 1t X 1.05 X 8.068...
=30.079...

~ 30.08 m”
The surface area of this cone is 30.08 m>.

Surface area of spheres

IMPORTANT

A sphere is a solid with only circular cross-sections. It looks
like a ball. To calculate the surface area of a sphere use the Surface area of a sphere = 4 7t

formula: Surface area = 4 7tr>.

O Example 18

square centimetre.

correct to one decimal place.

Solution
a Write the formula for the surface area of a sphere.

Substitute the known values into the equation.
Evaluate.

Round to the nearest whole centimetre.
Write the answer.

NELSON SENIOR MATHS General 11

a Calculate the surface area of this sphere correct to the nearest

b The sphere above is cut in half to make a bowl. A lid is added.
Calculate the bowl’s surface area including the lid. Give your answer

SA = 4ntr?
=4 xmx12?
=1809.557...

~ 1810 cm®
The surface area is 1810 cm>.
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b This shape represents half of the surface area of =~ Hemisphere surface area = 1809.557... + 2
the sphere. It can also be called a hemisphere. =904.778... cm®
To calculate the surface area of a hemisphere,
calculate the surface area as if it is a full
sphere and divide by two.

Calculate the surface area of the circular lid. A=nr
=nx12°
=1357.168... cm’
Add the areas. Total surface area
=904.778... + 1357.168...
=1357.168...
Round to one decimal place. ~1357.2 cm?
Write the answer. The surface area of the bowl and lid is
1357.2 cm’.

GOSN Surface areas of pyramids,
cones and spheres

Concepts and techniques

1 [2¢de 9 The surface area of this triangular pyramid is:

13.9cm

g

16 cm

A 443 cm? B 443 cm C 445 cm? D 462 cm? E 923 cm?

2 Calculate the surface areas of the following solids, correct to two decimal places where necessary.

10 cm
a 32 em b 7.8cm c
16 cm 10 cm
25 cm

25 cm 163 cm

d ‘ € 27 cm f
1.2m 2m
11 cm
1.4m
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3 |=cu 7 The surface area of this closed cone is:

117 mm
356 mm
A 84 657.3 mm> B 170 087.6 mm?’ C 173 858.9 mm?
D 180 744.6 mm?> E 347 717.8 mm?

4 For the solids shown here you will need to:
i use Pythagoras’ theorem to calculate any necessary slant heights correct to one decimal place
ii calculate the surface area correct to the nearest whole square unit.

a b c I
17.4 mm
7.2m l
\ 13.5 mm
1.9 cm

3.2cm

27 cm

d e ‘ f
29 mm

g \

31 mm

5 To calculate the surface area of this hemisphere you would use the calculation:

A%x47t><1.42 B 4mx 1.4 Cc %x4nx2.82

D%x4n><1.42+7:x1.42 E 4mx 14>+t x 1.4%

6 Calculate the surface area of the following solids, correct to two decimal places.
| . | '
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Reasoning and communication

179 m
7 The square base of the Great Pyramid of Cheops (or Khufu) at
Giza in Egypt has sides of length 230 m, and the slant height of
each triangular face is 179 m. Calculate the total surface area of
the pyramid, including the base. o 230m

8 Craig has to paint the outer surface of this hemispherical dome.

The paint that Craig uses comes in 10 litre tins which cost $59 each.

a Calculate the surface area of the dome correct to one decimal
place.

b One litre of paint covers 6 square metres of wall. How many litres
of paint will Craig need to apply one coat of paint over the dome?

¢ How many tins of paint will Craig have to buy?

d What will be the total cost of the paint?

9 A square pyramid has surface area of 40 cm® The area of each triangular face is 6 cm”.
a Find the area of the square base.
b Find the length of the sides of the square base.

10 This grain container is in the shape of an open square pyramid. If 2.8 m
2.8 m
stainless steel costs $38.60 per square metre, what would be the cost 1"]
of the steel needed to make this container? GRM
4.7 m 4.5m

11 This square pyramid has a base of length 32 cm and a perpendicular
height of 30 cm. 30 cm
a What is the length of d?
b Calculate the slant height, h, of the pyramid.
¢ Calculate the surface area of the pyramid.

12 Tim and Andrew are working together on their history
assignment. They have decided to build a model of an Indian
tent which is known as a teepee. They need to calculate the
number of square metres of material required.

They want their model teepee to be 1 metre tall. The diameter

of the base is to be 1.2 metres. There will not be a floor in the

tepee.

a Draw a diagram of the model teepee showing
measurements.

b Calculate the area of fabric needed, ignoring any openings
and extra allowances. Give your answer correct to one

Shutterstock.com,/Howard Sandler

decimal place.
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SURFACE AREAS OF
COMPOSITE SOLIDS

Composite solids are formed by combining two or more regular solids. Consider the shape of a

grain silo. It is made up of a cylinder and a cone.

O Example 19

Shutterstock.com,/Modfos

Calculate the surface area of these composite solids. Give your answers correct to one decimal place.

a 18 mm b 17 cm

&
2,

/\,

Solution

16 cm

a We have a cone with no base surface and a

hemisphere with no base surface. The radius of

both is half of the diameter.
Calculate the curved surface area of the
hemisphere.

Calculate the curved surface area of the cone.

Add the areas to evaluate the total surface area.

Round to one decimal place.
Write the answer.

NELSON SENIOR MATHS General 11

r=9mm
sA=Lxanr?
2

=21 x 9?

=508.93... mm’
SA =mrl

=TX9x18

=508.93... mm’

Total surface area = 508.93... + 508.93...
=1017.87602...

~1017.9 mm?
The total surface area is 1017.9 mm?
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include the base.

Use Pythagoras’ theorem to calculate the

b We have a triangular pyramid and a triangular prism.
Calculate the surface area of the pyramid. Don’t

1
SA:3><5><16><17

=408 cm?

«—8cm —

perpendicular height of the triangle which is the
base of the prism.

16> =h*+8§>

256 = h? + 64
=192
h=4192

=13.85...cm

Calculate the surface area of the prism. Remember

1
SA=3x16x18+—x16x13.85... K
that only 4 faces of the prism are used. 2 %

=974.85...cm*
Total surface area =408 + 974.85...
=1382.85...

~ 1382.9 cm?
The total surface area is 1382.9 cm?

Calculate the total surface area.

Round to one decimal place.
Write the answer.

O Example 20

This solid has been formed by cutting a small cone off the end of a
large cone. Calculate the surface area of this composite solid. Give your
answer correct to the nearest square centimetre.

Solution
There are three surfaces forming this solid.
Calculate the areas of the two circular surfaces.

5cm

Area of small circle = 1t x 22

=12.566... cm”
Area of big circle = 7t x 5
=78.539... cm’

The curved surface is made by taking the small
cone’s curved surface area away from the large
cone’s curved surface area.

Calculate the curved surface area of both cones SA of small cone=mt X2 X6

using the formula SA = mrl. =37.69... cm®
SA of large cone =1t x5 x 18
=282.74...cm’
Subtract to calculate the composite solid’s Curved SA =282.74... — 37.69...
curved surface area. =245.04... cm”
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Add the surface areas to calculate the total Total SA = 12.566... + 78.539... + 245.04...

surface area. =336.1...
Round to the nearest square centimetre. ~ 336 cm’
Write the answer. The surface area is 336 cm®.

ENOSIEAYE Surface areas of composite solids

Concepts and techniques

1 [Z¢ut 2 For the composite solid shown, which calculation would
correctly calculate its surface area?

1
Surface area A 4XEX4X4+4X8X8+42

B 4><4><8+42—4><%><4><5.4

1
c 4XEX4X5'4+4X4X8+42

D 4x4X54+4X4x8+4%
1
E 4><E><8><4+4><5.4><8+42

2 How many surfaces does this closed solid have?
A2 B 3 C 4 D 6 E 10

3 For each of the solids shown, calculate the total surface area. Round answers to 1 decimal place
where necessary.

a b c
16 cm

\

20 mm

125 mm 35 mm
l
14 cm
18 mm
-— 100 mm —
d e 90 cm f

= 45m —*
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4 For this composite solid:
a use Pythagoras’ theorem to calculate the perpendicular heights of
the triangular faces correct to two decimal places
b calculate the total surface area, correct to two decimal places.

5 [2CiE7Y Calculate the surface areas of the following composite solids, rounding to two
decimal places when necessary.

e e 12 cm

Reasoning and communication

6 The swimming pool pictured here is to have a layer of tiles
laid across the floor and up the internal walls.
a Calculate the total surface area that is to be tiled. Round
your answer to two decimal places.
b Calculate the cost of the tiles if they are priced at $26.70
per square metre.

7 A garden shed is to be built in the shape shown on the right.
The floor will be a concrete slab. The walls and roof will be 1m
made of aluminium sheets. :
a Calculate the value of x correct to one decimal place.
b Calculate the surface area of aluminium required,

ignoring allowances for joins, doors or windows. Give 35m
32m

2.1m

your answer correct to one decimal place.
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8 The external surface of this concrete rainwater tank
needs to be painted. It will require 2 coats. The base
of the water tank will not be painted as the structure
is too heavy to lift.

a Calculate the surface area of the tank, correct to
two decimal places..

b If one tin of paint covers 120 square metres and
the tank requires two coats of paint, how many -~ 5 —
tins will need to be purchased?

¢ Given that the tins of paint cost $97.90, calculate the cost of the tins purchased.

d What is the dollar value of leftover paint (correct to the nearest dollar)?

0.9m

VOLUME AND CAPACITY:
PRISMS AND CYLINDERS

Metric units for volume

The volume of a solid is the amount of space it occupies, measured in cubic units. It can be
thought of as the number of unit cubes that the solid can hold.

When converting units of volume, we need to multiply or divide by cubed units.

For example if: 1 m =100 cm
then: 1 m®=100% cm® =1 000 000 cm’®
and if: l1cm=10 mm

then: 500 mm°> =500 + 10° cm® = 0.5 cm®.

IMPORTANT

/Converting units of volume \
+103 + 1003 + 10003

x 103 x 1003 x 10003
+ 1000 + 1000 + 1000 + 1000

mL L kL (Megalitre (Gigalitre)
A S e e

x 1000 x 1000 x 1000 x 1000

N

1 cm® holds 1 mL

1 cm’ is equivalent to 1 mL lcm

1000 cm” is equivalent to 1 L 1cm
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O Example 21

Convert:
a 74m’tocm’ b 4600 mm?to cm®.

Solution
a 1m’=100’cm’ 74 m’ =74 x 100’
When converting from a larger unit of measurement to a =74 000 000 cm’

smaller one, multiply.

b 1cm’=10"mm’ 4600 mm’ = 4600 + 10’
When converting from a smaller unit of measurement to a =4.6 cm’
larger one, divide.

Volume formulas

To calculate the volume of a prism, calculate the area of its base and multiply that by its
perpendicular height.

For this triangular prism, the base is the triangular face. If you tip the prism over so that its base is
on the ground, its height becomes more obvious.

v

height
A height base

IMPORTANT
Volume of prism = Area of base X perpendicular height
=Ah
To calculate the volume of a cylinder, we follow the same rule.
Since the base of a cylinder is a circle, its area is 7tr?.
IMPORTANT

Volume of cylinder = Ah

=nr’h
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O Example 22

Calculate the volume of this trapezoidal prism. l
15cm
. 13 cm
Solution
Write the formula for the volume of a prism. Volume = Ah
The base of this prism is a trapezium. = [l(a + b)h} X h
Include the formula for the area of a trapezium. 2
1
Substitute the known values into the equation. = [2(8 +13) X 6} X 15
In the trapezium: a=8 cm, b=13 cm and h =6 cm.
For the prism: h =15 cm.
Evaluate. =945 cm’
Write the answer. The volume of the prism is 945 cm”.
(O Example 23
Calculate the volume of this cylinder correct to one decimal place. J——
6.2 mm
Solution = 6mm —=
Write the formula. V=Ah
Note that A represents the area of the base circle. V=nr’h
Remember that the radius is half of the diameter.
Substitute the known values into the equation. =mx3*x6.2
Evaluate. =175.30...
Round to one decimal place. ~175.3 mm’
Write the answer. The volume of the cylinder is 175.3 mm”.
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Capacity

The capacity of a solid is a measure of how much liquid it can contain. This is usually measured in
millilitres and litres. If the volume of a solid is known, it can be converted into units of capacity.

IMPORTANT
1 cm® = 1 millilitre (mL)
x 1000 % 1000 x 1000
1 m® = 1000 litres (L) = 1 kilolitre (kL) N
ML mL
Y\_/V\_/v
+ 1000 + 1000 + 1000
O Exa mple 24
Express the following volumes as capacities.
a 683cm’= mL. b 4600 cm’ = L. € 3500 m® = ML.
Solution

a lem’=1mL

b 1cm®=1mL
X 1000
H +1000
¢ Im’=1kL

X 1000
+ 1000

683 cm’ = 683 mL

4600 cm’ = 4600 mL
4600 mL = 4600 + 1000
=461

3500 m® = 3500 kL
3500 kL = 3500 + 1000
=3.5ML

RENOSIAEY Volume and capacity: prisms
and cylinders

Concepts and techniques

1 [2cu 2l Convert:

a 7m’tocm’

¢ 89000 cm’ to m’

e 2400 mm?® to cm’

g 9100000 mm?® to cm’

9780170250252

b 50 cm’ to mm’®

d 0.468 m’ to cm®
f 5600000 cm’ to m’
h 12 m®to cm®.
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2 Calculate the volume of this tent.

3 Which of the following is the volume of a cube of length 2.5 m?
A 6.25mm’ B 85m’ C 15625m> D 30m’ E 37.5m’

4 [=ch7% A cylinder with a diameter of 30 cm and perpendicular height of 12 cm would have
a volume closest to:
A 8482 cm’ B 8483 cm’ C 13572cm’ D 33929cm’  E 33930cm’

5 Calculate the volumes of the following solids. Round your answers correct to one decimal place
when necessary.

a b C
0-9m 123 cm
5cm
2.1m
10 cm 1.8m 64.9 cm
5cm

15 cm
d e f
12.5 cm
23 cm 4.2 m
8 cm
Area is 0.8 m2 14.8 cm
18 cm
g h i
37 cm
90 cm 14m
25cm
6 Convert:
a 680 cm® to millilitres b 8500 cm® to litres ¢ 22m’ to litres
d 8000Ltom® e 3.5m’ to millilitres f 690 L to cm®
g 55m° to litres h 4300 m’ to kilolitres i 9500Ltom’
i 8.5x10*cm’ to litres k 4.3x10° kL to cm’ L 10° m’ to megalitres.

Reasoning and communication

7 The cross-section of a kidney-shaped swimming pool has an
area of 11.5 m”. The pool has a constant depth of 1.4 m. 1.5 m?
a What is the volume of the pool? l4m
b What is the pool’s capacity in litres?
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8 a This rubbish skip in the shape of a trapezoidal prism
is delivered to a building site. What volume of rubbish
will it hold?

b If building rubbish costs $16.50 per cubic metre to
dump at the local tip, how much will it cost to dump
four full skips?

9 A circular swimming pool has a diameter of 7.3 m. It is
1.2 metres deep.
a Calculate the volume of the pool in cubic metres, correct to
three decimal places.
b Calculate the capacity of the pool correct to the nearest litre.
¢ If water is pumped into the empty pool at a rate of
8 L/min, how long will it take to fill?

1.2 m

7.3 m

10 a Calculate the volume of this can, correct to the nearest cubic centimetre.
b What is the can’s capacity in mL? £
¢ If the radius of the can doubled, would its capacity double? Explain £ | 11.6cm

your reasoning.

11 A cylindrical can has a capacity of 850 mL. The can has a height of 15 cm.
Calculate the radius of the can correct to two decimal places.

3.1cm

VOLUME AND CAPACITY:
PYRAMIDS, CONES AND
SPHERES

Pyramids and cones

The volumes of pyramids and cones are directly related to the volumes of prisms and cylinders.
Mathematicians have determined that the volume of a pyramid is 1 of the volume of a prism with
3

the same base and height. Similarly, the volume of a cone is 1 of the volume of a cylinder with the
same base and height. }

The volume of a sphere can be calculated using the formula V = %nﬁ.

IMPORTANT

) & JLe

base (area = A) Base (area A) 4
V=Ah :?Ah V= anh =—7U'2h :?
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O Example 25

Calculate the volume of this square pyramid, correct to the nearest cubic metre.

Solution 23m

Write the formula for the volume of a pyramid. ~ Volume = % Ah

Substitute the known values into the equation: = ! X 14° x 23

A =area of square base and 1 =23 m.

Evaluate. =1502.666 ...

Round to the nearest whole cubic metre. ~1503 m’

Write the answer. The volume of the pyramid is 1503 m’.

O Example 26

Calculate the volume of this ball correct to the nearest cm”.

Shutterstock.com,/Boykung

Solution

Remember that the radius is half of the diameter. r=15cm

Write the formula. Volume= 4 nr’

Substitute the known values into the equation. — én % 15°

Evaluate. =14 137.1669...

Round to the nearest whole cubic centimetre. ~ 14137 cm®

Write the answer. The volume of the ball is 14 137 cm?.
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O Example 27

An ice-cream cone has a diameter of 7 cm and a slant height of 17 cm.
a Calculate the volume of the cone.
b How many millilitres of ice-cream can the cone hold if the ice-cream is only filled level with
the top of the cone?
Solution
a Remember that the radius is half of the 3.5 cm
diameter. r=3.5cm
Use Pythagoras’ theorem to calculate the 17°=35"+ 1’
perpendicular height of the cone. 289 =12.25+ K 7 em
h*=276.75
h=+/276.75
=16.63...cm
Write the appropriate volume formula. V= lnrzh k.
Substitute the known values into the equation. _1 Tx3.52%x16.63...
3
Evaluate. =213.40...
Round your answer to the nearest whole ~213 cm’
cubic centimetre.
Write the answer. The volume of the cone is 213 cm’,
b Complete the conversion into a measure of 1cm®=1mL
capacity. 213 cm® =213 mL
Write the answer. The cone can hold 213 mL of ice-cream.

RENGSIFHAER Volume and capacity: pyramids,
cones and spheres

Concepts and techniques

12 cm
1 Which of the following calculations would give the correct
volume for the pyramid shown?
1 _1 2
A V=2 X8 x12 B V=3x8x12 8 cm
1 2 1,2 1 2
c V=§><8 X12.6 D V=§><4 x12 E V:§X4 x12.6
2 Which of the following is closest to the correct volume for this pyramid?
A 560 cm’ B 980 cm’ C 1224 cm’ D 3920 cm’ E 3921 cm’

20 cm

14 cm
14 cm

9780170250252 CHAPTER 5: Measurement calculations | 237



238

NELSON SENIOR MATHS General 11

3 [Eci- % The volume of a sphere is calculated using which formula?

4
A V=4m B Vzgnr2 C V=nh

4
D V=4nr E V=g1tr3

4 Which of the following is closest to the capacity of a square pyramid with base length 35 cm
and perpendicular height 67 cm?
A 782mL B 1173 mL C 2345L D 27L E 82L

5 A cone has a radius of 16 mm and slant height of 25 mm.
a Use Pythagoras’ theorem to calculate its perpendicular height, correct to two decimal places.
b Calculate the volume of the cone correct to one decimal place.
c State the capacity of the cone to the nearest millilitre.

6 Evaluate the volumes of the following solids. Give your answer correct to two decimal places
where rounding is necessary.

a Height is b ¢ Perpendicular
150 mm height is 15 cm
Area of 6 cm 10 cm
base is
2
620 mm [«— 28 cm —|
d W’ e — 1l5m — f ‘
18 cm ‘ 7.8 cm
J_ 2.7 m \
A =47.5cm? \
g h 9cm i
e
35 cm

2.3 m

7 A tennis ball is a sphere with diameter 6.8 cm. Calculate its volume, correct to two decimal
places.

8 The largest pyramid in Egypt is the Great Pyramid of Cheops (or Khufu). It has a square base of

side length 230 m and a perpendicular height of 137 m. What is its volume correct to the
nearest 100 cubic metres?

9 Calculate the volume of the Moon given that it has a diameter of 3600 km. Give your answer
correct to the nearest million cubic kilometres.
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Reasoning and communication

10 A cylindrical container holds three tennis balls. Each tennis ball has

a diameter of 6.8 cm.

a Calculate the volume of the cylinder. Round your answer to
two decimal places.

b Calculate the volume of the three tennis balls. Give your answer
correct to two decimal places.

¢ What percentage of the cylinder’s volume is taken up by the
tennis balls? Answer correct to the nearest percent.

11 A pyramid that has a base area of 16.4 cm” and volume of 216.48 cm’
would be how tall?

12 For a closed cone that has a radius of 11 mm and a volume of
2027 mm’:
a calculate its perpendicular height correct to the nearest mm
b calculate its slant height correct to the nearest mm
¢ calculate its total surface area

INUSSIRIC7NN[O)NI Cylinders, cones and spheres

<« 7cm —>

a The volume of a cone is % the volume of a cylinder with the same base and height.

1
V= 3Ah

Take a cylindrical can and remove the top. Make a paper cone with the same base and
height as your can. Fill the cone with sand or water and empty it into the can. Repeat this
two more times. The can should now be full of sand (or water). Write a brief report

detailing the results of this investigation into your workbook.

b The sphere shown below just fits into a cylinder of diameter and height 20 cm.

i Calculate the volume of the sphere and the cylinder. Do not round your answers.

ii What fraction of the cylinder’s volume is taken up by the sphere?

21 e

i Is this fraction the same for any sphere and cylinder with equal diameters? Experiment

with other values.

iv Is there any way of proving this result?
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VOLUME AND CAPACITY:
COMPOSITE SOLIDS

Composite solids are made when two or more solids are combined. Use the volume formulas from
previous sections in order to calculate the volumes of the following composite solids which include
prisms, cylinders, pyramids, cones and spheres.

O Example 28

Calculate the volume of this composite solid. Round your
answer to the nearest whole cubic centimetre. \
: 13 cm
I |
8 cm /} T \
l ,' 4 cm
4cm
Solution
Calculate the volume of the square based pyramid.
Calculate the height of the pyramid. Height of pyramid = 13 - 8 =5cm
1
Write the appropriate volume formula. V= gAh
1
=-x4%*x5
3
=26.6..cm’
Calculate the volume of the rectangular prism.
Write the appropriate volume formula for a V=Ah
rectangular prism. =4>x8
=128 cm’
Add the volumes to calculate the total volume. Total volume = 26.6... + 128
=154.6...
Round to the nearest cubic centimetre. ~ 155 cm’
Write the answer. The volume of the solid is 155 cm”.
O Exam ple 29
For the solid shown:
a calculate its volume correct to the nearest cubic 12 em
centimetre e e
b state its capacity in litres correct to three decimal places. aam aen o em
i 18 cm
Solution
a Calculate the volume of the rectangular prism.  V=Ah
=18x9x12
=1944 cm’
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Calculate the volume of one of the cylinders. V=nrh

=nx2°x9
=113.09...cm’
Subtract to calculate composite volume. V=1944 -2x113.09...
(Rectangular prism — 2 X cylinders) =1717.80...
Round to the nearest cubic centimetre. ~ 1718 cm®
Write the answer. The volume is 1718 cm®.
b Complete the conversion from volume to 1718 cm® = 1718 mL

capacity. 1 cm’ =1 mL

1718 mL =1718 = 1000 L
=1.718L

Write the answer. The volume is 1.718 L.

RENOSIRIE Volume and capacity:
composite solids

Concepts and techniques

1 Gina was trying to calculate the volume of the figure shown. Determine which line
of her working contains an error.

Volume of heriisphere = i X ¢4/3 Tr° Linel

='x?nx 4 Line2 T
2 3 16 m
=dnx 2 Line 3 l
6
=2 T X 345 »7° Line 4
3
= 2327 »7° Line 5 «— ldm—s
Volume of cy//nder =TrAh Line 6
=X 72 Xlg Line 7
= ZS4N »7° Line 8
Total Volume = 254N + 2321 Line 9
= I014TT Line 10
=3191.9 »7° Line 11

2 Which of the following answers is the correct volume for the
solid shown in question 1?
A 3191 cm’ B 2808 m’ C 3181m’
D 3191 m’ E 3192m’
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3 What is the volume of this piece of pipe if the outer radius, R, is 54 cm and the inner
radius, r, is 32 cm? Give your answer in cubic metres, correct to two decimal places.

4 For each of the solids shown below:
i calculate its volume correct to one decimal place
ii state its capacity correct to the nearest millilitre.

125 mm 35 mm

2.5cm

5 A wheat silo is made up of a cylinder with a cone on top. What volume of wheat will it hold
when full? Give your answer to the nearest cubic metre.

‘6m

6 A cone of height 25 cm has its top section removed to leave a frustum of height 15 cm. What is
the volume of this frustum if the base diameter is 20 cm? Give your answer correct to the
nearest cubic centimetre.

25cm

15cm

20 cm
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Reasoning and communication

7 The James family have a rainwater tank on their property. It currently has only 900 litres of
water left in it.

70 ch

24 m

4m

a Calculate the volume of the tank in cubic metres, correct to three decimal places.

b For the tank to be filled to capacity, how many kilolitres of water need to be added? Round
up to the nearest kilolitre.

¢ To purchase water, the James will have to pay a $160 delivery fee plus $2.20 per kilolitre, or
part thereof, of water. How much will it cost them to have their tank filled?

completely fill each ice cream cone, and then place a hemispherical scoop of ice-cream on top.

£

=
>

8 The Icy Creams company promise “no gaps” ice-cream cones. This means that they will '*‘T-‘*f‘
\;V
i

35
om 15 cm

a How many millilitres of ice-cream will be in each cone? Give your answer correct to the
nearest millilitre.

b Ifa tray of ice-cream contains 7 litres of ice-cream, how many cones can be filled from one
tray?
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CHAPTER SUMMARY

Pythagoras’ theorem states that in any
right-angled triangle, “hypotenuse squared =
short side squared + other short side
squared”: c*=a’ + b*

To check if a triangle is right-angled we can see
if its side lengths satisfy Pythagoras’ theorem.

To convert a larger unit to a smaller one, we
multiply to get more of the smaller units.

To convert a smaller unit to a larger one, we
divide to get fewer larger units.

The perimeter of a plane (flat) shape is the
entire length around the outside of the shape.

The perimeter of a circle is called the
circumference. It is calculated using the
formula C=rnD.

A sector is a piece of a circle that is enclosed
by two radii and an arc.

An arc is a piece of a circle’s circumference.

Arc length is found using the formula

0

I=—mnD,
360

The area of a plane shape is the amount of
surface it occupies.

Area is measured in square units.

Area of rectangle = Iw

Area of square = s°

Area of triangle = %bh

Area of parallelogram = bh

Area of trapezium = %(u+h)h

. 1
Area of rhombus or kite = 29
Area of circle = tr?

[§]
Area of sector = —nr?
360

A composite figure is formed when two or
more regular shapes are combined.

General 11

A prism is a solid with end faces and
cross-sections that are identical polygons.

The net of a solid is a flat, two-dimensional
(2D) figure, showing the shapes of the faces
of the solid. It can be folded to make the
solid.

The surface area of a solid is the sum of the
areas of its faces, measured in square units.

Surface area of a closed cylinder = 2mtr” + 2mrh.

A pyramid is a solid with a polygonal base
and triangular side faces meeting at a point
called the apex.

A cone is a 3D figure with a circular base
and a curved surface that tapers up to its
apex.

The slant height of a pyramid or cone is the
length from the middle of an outer edge of
the base to the apex.

Surface area of a closed cone = 1tr? + 17l

A sphere is a solid with circular cross-
sections. All points on its surface are the
same distance from its centre.

Surface area of a sphere = 477

The volume of a solid is the amount of space
it occupies. This is measured in cubic units.

Volume of prism = Ah

Volume of cylinder = ntrh

Volume of pyramid = %Ah

1
Volume of cone = gnrzh

Volume of sphere = %nﬁ

Capacity is the amount of liquid that a solid
can hold. Capacity is measured in metric
units.
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CHAPTER REVIEW
MEASUREMENT CALCULATIONS

Multiple choice

1 Which of the following equations is correct for APQR?  p 12 cm R
Aq2=p2+r2 Bq2=p2+p2
C 15°=9*-12? D 12°=p’+7 £
E p’=q*+1" o 15cm
Q
2 The circumference of a circle with a radius of 18 cm is closest to:
A 57 cm B 108 cm C 113cm D 1018 cm E 24429 cm
3 249 m’= cm?’?
A 25 B 249 C 2490 D 24900 E 249 000
4 The formula used to calculate the surface area of a cone is:
A 2mr’+ 2 mrl B nr’+mrl C 4nmr?
4
D gnr2 E nur’+2mrh
5 The surface area of a sphere with diameter of 22 mm is:
A 4343 mm? B 760.3 mm> C 1520.5 mm’
D 5575.3 mm> E 6082.1 mm’
6 236 m’ = mm®
A 236 B 2360 C 2360000
D 2360 000 000 E 236 000 000 000
7 The volume of the pyramid shown at right can be found using which calculation?
A§X37><21><35 B 37 x21x35

c §x372x21x35 D %(37+21)x35

E %(37+21)><35
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Short answer

8 Calculate the missing side lengths in these right-angled triangles, correct to the
nearest whole number.
a b
S 93 mm
250
" 200 m 6\@
N
7 b
9 Determine whether this triangle is right-angled or not by 12m
using Pythagoras’ theorem.
10 m m

10 A plane flies due west for 15 km. It then travels 32 km north. How far is it from its

starting position? Answer correct to one decimal place.
1 Convert:

a 28.5 km to centimetres b 6.4 m to millimetres

¢ 340 mm to metres d 23 m to kilometres

e 678 cm to millimetres f 38 km to millimetres
12 Calculate the circumference of a circle with a diameter of 24.5 cm. Give your answer

correct to the nearest centimetre.
13 Calculate the perimeter of this sector correct to one decimal place.

16.3 mm
14 Convert:
2 2 2 2 2 2

a 1l6m"tocm b 4500 cm” to mm ¢ 4.09 km”tom

d 3.6 km® to hectares e 4735 mm’ to cm’ f 685530 m* to km*
15 Calculate the area of each of the following shapes, correct to the nearest whole number.

a 3m b 32 cm C

g 53 cm
2m 3m i 26 cm
2m i
4m 6 m =
| 48 cm |

16 A cylinder has a radius of 16 cm and perpendicular height of 27 cm. Calculate the

surface area, correct to one decimal place, if:

a the cylinder is closed b the cylinder is open at one end

¢ the cylinder is open at both ends.
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17 Calculate the surface area of a closed hemisphere with a diameter of 47 mm. Give
your answer rounded to the nearest square millimetre.

18 This composite solid consists of a
rectangular pyramid atop a trapezoidal
prism. Calculate its total surface area. Round
your answer to the nearest 10 square

centimetres.
11 cm
37 cm

19 Convert:

a 20.7 cm’ to mm’® b 1650000 cm’ to m’

¢ 6.8km’tom’ d 7560000000 mm’ to m’

e 3782568000 cm’ to m’ f 45790 mm’ to cm’
20 What is the volume of a cylinder if it has a radius of 39.7 m and a perpendicular

height of 56.8 m? Give your answer correct to the nearest cubic metre.

21 Convert:
a 15m’toL b 250 mLto L ¢ 570 cm’ to mL
d 3680 mm’ to mL e 7320500 cm’ to ML f 3.7m’tomL
22 Calculate the volume of a sphere if it has a radius of 3.1 km. Round your answer to

one decimal place.

Application

23 Wayne is putting a new roof on his garage. The roof is flat and will be covered with metal sheets
that are 2400 mm long and 750 mm wide. The roof is rectangular and is 7400 mm long and
6700 mm wide. Wayne will be laying the sheets so that the length of them runs along the width
of the roof. To reduce the chance of leaks, Wayne intends to use whole sheets wherever
possible, minimising the use of partial sheets. How many metal sheets will Wayne need to buy?

24 Breannas office has the following dimensions: width 5300 mm, length 9200 mm and
height 3000 mm. Each cubic metre of office space will require approximately 60 watts of
air-conditioning power to keep the temperature comfortable.
a Calculate the volume of the office, expressing your answer in cubic metres.
b Determine the size (in watts) of the air-conditioning unit Breanna will require for her office. Practice quiz
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MIXED REVISION

1 Which of the following people earns the most?
A Peter: $23 per hour for a 37 hour week
B Jessica: commission of 1.5% of $65 000
C Maddy: salary of $45 000
D Mitchell: retainer of $450 per week plus a commission of 3.5% of $12 000
E Katie: $4150 a month

2 152 m’ is equivalent to:
1.52 cm?

15 200 cm?

1.52 ha

1 520 000 cm?

15 200 000 cm?

moo w >

3 Calculate how much Brad will have in 15 months if he invests $5000 at 8.3% p.a. compounded
quarterly.
A $540.73
B $5540.73
C $12144.84
D $16534.72
E $17144.84

4 In December Shannon is paid a bonus of 15% of one month’s pay as a Christmas bonus. If she
earns a salary of $72 000, calculate her total pay for the month of December.
A $900
B $6000
C $6900
D $10 800
E $11700

5 Calculate the volume of the following cylinder?
A 352 cm’
B 616 cm’
C 704 cm’
D 1232 cm’ 16 em
E 2463 cm’

-— 7cm —
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4e35e6eMIXEDREVISION

6 Xavier invests $40 000 at 7.5% p.a. simple interest. How long will it be before he has $44 500?
Answer correct to the nearest month.

A 2 months

B 11 months

C 15 months

D 18 months

E 178 months

7 Raj works in a convenience store. He is paid normal time if he works Monday to Friday: from
7 a.m. to 5 p.m.; time-and-a-half outside these times and Saturdays; and double time on
Sundays. Calculate his pay if he works the following hours and earns $17.50 per hour.

Day Start time Finish time

Wed 5 a.m. 1 p.m.
Thurs 8 a.m. 5 p.m.
Fri 10 a.m. 7 p.m.
Sat 10 a.m. 7 p.m.
Sun 10 a.m. 10 p.m.

A $822.50

B $831.25

C $1111.25

D $1146.25

E $1233.75

8 Which of the following formulas would correctly calculate the surface area of the solid shown?

217 + 27rh + 27l
7 + 2mrh + el
7 + 2nrth + mirl
7 + 27th + murl

m o O wm >

nr + 2mrh + %nrl
9  Write Si% p-a. as a decimal per six-months.
A 4x%
8

B 0.0418
C 0.165

1
D 16 5%
E 0.04125
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A company has a total of 1.2 million shares. Its market price is $3.65 per share and the annual
earnings were $115 000.

a Calculate the annual earnings per share, correct to four decimal places.

b Calculate the price-to-earnings ratio, correct to nearest whole number.

Calculate d, correct to one decimal place.
d

14 m

How much would you need to put in an investment account to end up with $15 000 after
2 % years at 5.6% p.a. compounded monthly? Answer correct to the nearest dollar.

Steven works a 37 hour week and earns $34.50 an hour. He is doing up a weekly budget and
includes: tax $320 per week, rent $350 per week, power $520 a quarter, groceries $115 a week,
health $150 a month, fares $45 a week, phone $69 per month, clothes $2400 a year and
entertainment $200 a fortnight. Calculate how much he could save in a year if he sticks to
this budget.

For the sphere shown:

a Calculate its surface area, correct to one decimal place.
b Calculate its volume, correct to one decimal place.
¢ State its capacity to the nearest millilitre.

Chloe invests $3200 at 6.24% p.a. simple interest. How much will she have after 8 months?

A building site manager earns a salary of $83 561 and a weekly accommodation
allowance of $470.
a How much is he paid per fortnight?
b He is taking his 4 weeks holiday.
i Calculate his annual leave loading if it is 17.5% of 4 weeks of normal pay (with no
allowances).
ii Calculate his total holiday pay.
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4e35e6eMIXEDREVISION

2 Sandy bought 3500 shares in Fosters at $6.10 with a dividend yield of 7%. Her stockbroker
charges 2.5% brokerage for buying shares and 1% brokerage for selling shares.
a Calculate the total cost to Sandy of buying the shares.
b Calculate the dividend paid to Sandy.
¢ If Sandy sells her shares at $8.54 per share, one year after buying them, calculate her total
profit after costs.

3 This grain hopper is in the shape of a square pyramid. It has a volume of 3.5 m® and a depth of
1.2 m.

What is the area of its square top?

What is the side length of the square top (correct to three decimal places)?

What is the slant height of the hopper (correct to three decimal places)?

How many square metres of stainless steel would have been used to create the surface of the
hopper, assuming that there is no lid on the hopper? Round your answer to one decimal place.

o 0N T o

4 Tony’s fish tank is 1.2 m long, 80 cm wide and 90 cm high. Its four walls and base are made

from glass. The top is made of Perspex.

a Calculate the total amount of glass surface in this fish tank to the nearest square centimetre.

b What is the volume of the tank in cubic metres?

¢ What is the capacity of the tank in litres?

d Tony has chosen fish which are approximately 3 cm in length. He has been advised that each
of these fish will require 6 litres of water. How many fish will he put in his fish tank if he
follows the recommendation?

5 Olivia borrowed $15 000 at 6.5% p.a. flat rate interest.
a If the loan was for 3 years, how much interest did she have to pay?
b What was the total amount she had to repay?
¢ If she paid the loan back in monthly instalments, what was the amount of each instalment?
Answer correct to the nearest cent.

6 Samuel is at university when he inherits $75 000. He wants to look into which account at his

bank is best. He has three options:
Option A: 7.65% p.a. simple interest
Option B: 7.1% p.a. compounded monthly
Option C: 6.95% p.a. compounded daily

a He initially wants to invest it for 2 years until he finishes university. Calculate the amount of
interest he will earn for each option and hence decide the best option.

b He then changes his mind and decides that he will invest it for 3 years to give himself time to
get sorted. Does this change his decision on which account? Explain your reasoning.
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compound interest
compounding periods
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credit card
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APPLICATIONS OF RATES AND PERCENTAGES

apply percentage increase or decrease in various contexts: for example, determining the impact of inflation

on costs and wages over time, calculating percentage mark-ups and discounts, calculating GST, calculating profit
or loss in absolute and percentage terms, and calculating simple and compound interest (ACMGMO006) C )

SIMPLE INTEREST

When money is borrowed or invested, interest is paid.
The amount of money that is borrowed or invested is called the IMPORTANT
principal. When the interest is calculated as a percentage of Simple interest can be
the principal it is called simple interest. calculated using the formula:
Prn
=700
where

I=simple interest

P = principal

r = rate of interest per time
period

g n = number of time periods
i; This formula can
8 also be written as
H I=nP_1_wherei
g 100
e is the interest rate
per time period.
O Exa mple 1

Yun borrowed $25 000 at a simple interest rate of 8.4% p.a. p.a. means per annum,

for 6 years. How much interest did he have to pay? which is ‘per year’

Solution

Write the values of the known variables. P=25000 r=84 n=6

. . . Prn

Write the simple interest formula. I= 100

Substitute into the formula. I= W

Evaluate. =12600

Write the answer. Yun had to pay $12 600 interest.
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It is important that the units for r and # are consistent. If r is the interest rate per annum or per
year, then n must be in years. If r is the interest rate per day, then n must be in days.

QO Example 2

simple interest Julia earned.

Solution

Substitute into the formula.

Evaluate.

211 B

Write the simple interest formula.

20
15520-6.35 —
12

k 100

Write the values of the variables which can be
substituted directly into the formula.

n must be years given that r is per annum,
so divide the number of months by 12.

Julia invested her inheritance of $15 520 at 6.35 % p.a. for 20 months. Calculate the amount of

P=15520 r=6.35
It is important to use the
n= @ exact value of n and not a
12 decimal approximation.
L _Pm
~ 100
2
15520 X 6.35 X 20
12
I =
100
=1642.533...
= 1642.53
TI-Nspire CAS ClassPad
' —— i © Edit Action Intersctive
S 11 68 3 C EI G TR 0

16425333

15520x6. asxﬂ

Write the answer.

o
100
1642.533333
n
[}
1799
%]
(]

Alg Decimal Real Rad

Julia earned $1642.53 interest.

The amount of an investment or the total amount owed on
a loan can be found by adding the interest to the principal.

9780170250252
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O Example 3

Joseph invests $7500 at 4.6% p.a. simple interest for 4 years.
a Calculate the amount of interest Joseph earned.
b Find the value of his investment at the end of 4 years.
Solution
a Identify the information given in the question. P=7500 r=4.6 n=4
p
Write the simple interest formula. = %
7500 X 4.6 X 4
Substitute into the formula. [=—"7
100
= 1380
Write the answer. Joseph earned $1380 interest.
b The value of his investment is the sum A=P+]
of the principal and the interest. =7500 + 1380
= 8880
Write the answer. The value of Joseph’s investment will be $8880.

Financial institutions usually use the term flat-rate interest when referring to simple interest. In the
case of a flat-rate loan, interest is calculated on the full amount borrowed for the term of the loan.
The loan is repaid by instalments or repayments spread evenly over the term of the loan. The amount
of each instalment is calculated by dividing the total to be paid by the number of instalments.

QO Example 4

Amina borrowed $10 000 at 7.25% p.a. flat-rate interest.

a If the loan was for 5 years, how much interest did she have to pay?

b What was the total amount she had to repay?

¢ If she paid the loan back in monthly instalments, what was the amount of each instalment?
Answer correct to the nearest cent.

Solution
a Write the values of the known variables. P=10000 r=725 =n=5
P
Flat-rate interest is calculated using the I= %

simple interest formula.

Substitute the known variables into the I= %
formula.
=3625
Write the answer. Amina had to pay $3625 interest.
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b The total amount to repay is the sum of the ~A=P+]
principal and the interest. =10000 + 3625
=13625
Write the answer. The total amount that she has to repay is
$13 625.
¢ Calculate the number of monthly 5years=5x 12
instalments. = 60 months
Divide total amount by the number Monthly instalment = 13 625 + 60
of monthly instalments. =227.0833... Always round up for
=227.09 repayments so there is
enough to cover the loan.
Write the answer. Each instalment was $227.09.

AECNINUE Simple interest

Concepts and techniques

1 [ =cipt Terrence invested $4000 at 8% p.a. Calculate the simple interest that he would earn in: ;
imple interes
a 1year b 2 years ¢ 5years d 10 years. e @
terms

2 Calculate the simple interest earned or owed for each of the following. ==
a $1500 borrowed at 4% p.a. for 7 years.

b $28 000 invested at 7%% p.a. for 10 years.

¢ $2136 borrowed at 6% p.a. for 2% years.
d $16 200 invested at 7.65% p.a. for 3 years.
3 Calculate the simple interest earned or owed for each of the following.

a $12 874 invested at 0.61% per month for 6 months.
b $4510 borrowed at 0.0301% per day for 31 days.
Assume 365 days

¢ $20016 borrowed at 7%% p-a. for 5 months. in a year
d $8250 invested at 10.5% p.a. for 240 days.

4 Which of the following is the simple interest earned when $7400 is invested at 5% p.a. for 4 years?
A $148 B $14.80 C $1480 D $14 800 E $148 000

5 Calculate the total amount owed for the following loans.
a $3000 borrowed at a flat rate of 5%% p-a. for 2 years.

b $17 000 borrowed at a flat rate of 6.2% p.a. for 18 months.
¢ $11 360 borrowed at a flat rate of 10% p.a. for 2 months.
d $4500 borrowed at a flat rate of 3.5% p.a. for 30 days.

6 Amelia invested $1700 in an account at 4.8% p.a. simple interest. Interest is paid into the
account at the end of each month. What is the account balance at the end of 9 months?

7 Masyn borrows $4000 at a simple interest rate of 3.6% p.a. for 3 years. How much does he have
to pay back in total?
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Reasoning and communication

8 Jake borrowed $12 000 at 10% p.a. flat-rate interest over 5 years to buy a second-

hand car. The loan is to be repaid in equal monthly instalments.

a How much interest will he be charged?
b What total amount must he repay?
¢ What is his monthly repayment?

9 Joseph wins the lottery and deposits $1 000 000 in a bank account. He quits his job and lives off
the interest from his investment. How much does he receive each year if the simple interest rate

is 7.5% p.a.?

10 Georgia took out a holiday loan of $13 500 at

15% p.a. flat-rate interest to be repaid in fortnightly

instalments over 3 years.

a How much will her holiday cost her altogether?

b How much is each fortnightly instalment?
¢ How much would she save if the interest rate

was reduced to 14% p.a.?

11 OzExpress Credit Union has the term deposit accounts
shown in the table on the right, in which the principal
must be invested for a fixed period. Calculate the simple

interest earned on the following.
a $6300 invested for 3 years.

b $13 750 invested for 8 months.
¢ $7800 invested for 5 years.

d $14 240 invested for 2 months.

Term

1-6 months
7-11 months
1-3 years
4-5 years

Minimum
investment:

Shutterstock.com/Vladé 1

Interest rate
8.75% p.a.
9.25% p.a.
10.5% p.a.
12% p.a.
$1000

12 Harry invests $5000 in an account that earns simple interest of 6.3% p.a. After 2 years, he
deposits another $1000 in this account. How much will he have at the end of 7 years?

IWISHNIC/NRCINI Flat-rate loan repayments

a Create a spreadsheet to calculate repayments per period for a flat-rate loan by entering
amounts shown in cells B1, B2, B3 and B4 and appropriate formulas in cells B6, B7 and BS.

Principal

Interest rate (% p.a.)
Term of loan (years)
No. of periods per year

Total interest
Total amount to repay
Repayment per period

0 J WU bW N

NELSON SENIOR MATHS General 11

10000
9

4

12

=B1*B2*B3/100
=B1+B6
=B7/(B4*83)

D
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b Show that the monthly repayment required to pay off a loan of $10 000 in 4 years at 9% p.a.
interest is $283.34.

¢ Calculate the monthly repayment needed to pay off a $6500 loan in three years at 6.5% p.a.

d What fortnightly repayment is required to pay off a loan of $4750 in 18 months at 8% p.a.
interest?

e Suppose you want to buy a car for $25 000. Find the current interest rate for a car loan plus
any fees and charges. If you can afford to repay $200 per month, would you be able to pay
the car off in 5 years?

SIMPLE INTEREST:
CALCULATING PRINCIPAL,
RATE OR TIME

The simple interest formula can also be used to calculate the principal, rate or time by substituting values r 4
for three of the variables into the formula and solving the resulting equation for the unknown. ﬁ’a

O Example 5 5@

How much would need to be invested at a simple interest rate of 6.55% p.a. in order to earn
$2500 interest in 2 years? Answer correct to the nearest hundred dollars.
Solution
Identify the information given in the question. 1=2500 r=6.55 n=2
. . . Prn
Write the simple interest formula. I= 100
Substitute the values of I, r and n into 2500 = Px6.55x%2
100
the formula.
Solve for P P= 2500100
6.55X2
=19083.969...
Round to the nearest hundred dollars. =$19 100
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Alternatively, solve for P using a CAS.

TI-Nspire CAS

For the TI-Nspire CAS, to view
more decimal places press [ctr][=)]
for [ans’ then press [enter].

ClassPad

Write the answer.

e 08

6552 =19083 969 |
solve(ZSOO-#,p) e

o Edit Action Interactive

el (Sl T

solve(2500P-6. 55 725.7) =
(P=19083. 96947}

]

A
Alg  Decimal  Real Red @

$19 100 would need to be invested.

QO Example 6

Solution

Calculate the interest earned.

Write the known values of the variables.

Write the simple interest formula.

Substitute the values of I, P and # into
the formula.

Solve for r.

Round to two decimal places.

NELSON SENIOR MATHS General 11

Paula invests $37 000 in a term deposit account. What percentage interest rate is required for her
investment to grow to $50 000 in 4 years? Answer correct to two decimal places.

Interest =50 000 — 37 000

=13 000
I=13000 P=37000 n=4
Prn
= To0
37000 xrx4
ISOOOZW

. _ 13000100

37000 x 4
=8.7837...

~8.78%

9780170250252




Alternatively, solve for r using a CAS.
TI-Nspire CAS ClassPad

© Edit Action Interactive

EECCoEo s

nln(l3000-37000-r-ﬁ.r) &
{r=8.783783784)

37000 r 4 r=8.78378 1
solve(13000-————,r]

' b

1799

Y]
Alg  Decimal  Real Red @

Write the answer. Paula needs an interest rate of 8.78% p.a.

O Example 7

Jack invests $5000 at 4% p.a. How long will it take him to earn $550 interest? Answer in years
and months.

Solution
Identify the information given. I=550 P=5000 r=4
p
Write the simple interest formula. I= %
5000 x 4 x
Substitute the values of I, P and r into the 550 = Tn
formula.
550 %100
Solve for n. =
5000 x4
=2.75 vears
Alternatively, solve for n using a CAS.
TI-Nspire CAS ClassPad
[ EETENL
ol "‘
5000 41 n=2.75 1| (i o il I*H
solve| 550=—n dw(550‘5000 -4-n II

]
100
{n=2.75}
' D
=
1799
2
am

Alg Decimal Real Rad
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Multiply the decimal part of the answer 0.75 % 12 = 9 months
by 12 to find the number of months. Time required = 2 years 9 months

Write the answer. It will take Jack 2 years and 9 months to earn
$550 in interest.

2ERCCIHNR Simple interest: calculating
principal, rate or time

Simple inferest

Concepts and techniques

1 Calculate the amount that would need to be invested to earn:
a $450 simple interest at 7%% p-a. for 4 years.
b $3500 simple interest at 6% p.a. for 18 months.
¢ $1000 simple interest at 8% p.a. for 2% years.
d $180 simple interest at 3.6% p.a. for 3 months.
2 Kalena earned $262.44 in simple interest from investing an amount for 3 years at 5.4% p.a.

The amount Kalena invested was
A $42.52 B $472.39 C $1620 D $4251.53 E $14 580

3 Ben invested some money at 5% p.a. for 6 years and earned $1200 simple interest. How much
money did he invest?

4 Calculate, correct to one decimal place, the interest rate per annum that would be
needed to earn:
a $6000 simple interest if $25 000 is invested for 3 years.
b $1400 simple interest if $17 000 is invested for 8 months.
1
¢ $5500 simple interest if $100 000 is invested for 17 years.

d $100 simple interest if $3800 is invested for 90 days.
5 Alan invested $9835 over 5 years in a simple interest account. At the end of 5 years his

investment had a value of $15 244.25. The simple interest rate per annum was:
A 2.75% B 7.1% C 11.0% D 12.9% E 55.0%

6 What annual interest rate will earn $4500 simple interest when $30 000 is invested for
30 months?

7 Calculate, rounded up to the nearest month, how long it would take for:

$7000 to earn $300 simple interest at 5%% pa.

$20 000 to earn $1650 simple interest at 7.6% p.a.
$3500 to grow to $4500 at 6% p.a. simple interest.

a
b
c
d $32 000 to grow to $38 900 at 8.1% p.a. simple interest.
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8 For how long must a principal of $15 750 be invested at 9.8% p.a. simple interest for it to grow
to $18 8372
A 1.7 years B 2.0 years C 8.5years D 11.7 years E 12.2years

9 Zoran earned $675 interest from $7500 invested for 9 months. What was the simple interest
rate per annum?

10 What principal would earn $3729.60 in simple interest if invested for 3 years at 16.8% p.a.?

Reasoning and communication

11 Sally has $210 000 in an investment account where it earns simple interest at a rate of 6% p.a.
She uses the interest to help pay her bills each year. How much interest does she receive over
5 years from this investment?

12 Siobhan earned $80.58 interest from an investment of $2530 over 91 days. What was the simple
interest rate per day, correct to five decimal places?

13 For how long would $4720 need to be invested at 0.67% per month to earn $474.36 in simple
interest?

14 An amount of $9020 was invested in an account where simple interest is paid monthly. It grew
to $10 751.84 over a two-year period. Calculate the monthly interest rate.

15 A new guitar costs $360.
Holly’s mum pays for it using
her special store card and
Holly agrees to pay it back
plus any interest charged in
4 weeks. Interest is charged at
16% p.a. simple interest from
the date of purchase. How
much will she owe her mum
altogether? Answer correct to

the nearest ten cents.

k.com/Tadas_Naujokaiti

16 Kylie is planning a 10-day island holiday with her friends at the end of school in 20 months.
She has an inheritance from her grandparents of $3500. She knows she needs $2900 for the
flights and accommodation and she estimates $1500 for food and spending money. If she
invests her savings in an account earning simple interest for the 20 months, what interest rate,
correct to one decimal place, will she need in order to have enough for the holiday?
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SAVINGS ACCOUNTS AND
CREDIT CARDS

Most people invest money in a bank account. Salaries, pensions and other income are often paid
straight into an account at any given time. The balance of an account is the amount of money in
the account. A transaction is made when money is put into or taken out of a bank account. When
money is put into this account it is referred to as making a deposit and a credit is added to the
balance. When money is taken out of this account it is referred to as a withdrawal and a debit is
subtracted from the balance.

With savings accounts simple interest is calculated on the balance of the account at a specified time.
Interest can be calculated on a yearly, six monthly, quarterly, monthly or daily basis depending on
the type of account.

O Example 8

Convert 10% p.a. to a

Assume 365 days in a year.

a six monthly interest rate. b quarterly interest rate.
¢ monthly interest rate. d daily interest rate.

Leave answers as an unsimplified fraction where necessary.

Solution

a Six monthly interest is calculated twice per year. 10% + 2 = 5% per six months
Divide the annual interest rate by 2.

b Quarterly interest is calculated four times per year. 10% + 4 =2.5% per quarter
Divide the annual interest rate by 4.

10
¢ Monthly interest is calculated twelve times per year. ~ 10% + 12=—%

12
Divide the annual interest rate by 12.
0
d Daily interest is calculated 365 times per year. 10% + 365 = 365 %
Divide the annual interest rate by 365.
NELSON SENIOR MATHS General 11 9780170250252



Many everyday bank accounts pay interest on the minimum monthly balance meaning that

interest is calculated on the smallest amount in the account over the whole month.

O Exam ple 9
A section of an account statement is shown below.
Date Debit $ Credit $ Balance $
1 Mar 80.00
5 Mar 50.00 130.00
22 Mar 10.00 120.00
9 Apr 100.00 220.00
23 Apr 20.00 240.00
2 May 100.00 140.00
18 May 50.00 90.00
20 May 60.00 150.00

The account earns 6% p.a. interest.

a Calculate the daily interest rate for this account.

b Determine the minimum monthly balance for March.
¢ Calculate the interest for March.

Solution

a  There are 365 days in a year. Divide the annual
interest rate by 365.

b Determine the minimum monthly balance for March.

Write the answer.

¢ Write the values of the known variables. There are
31 days in March.

Write the simple interest formula.

Substitute the known variables into the formula.

Evaluate.

Write the answer.

6
6% + 365 = 3% per day

Balance at 1 Mar is $80.

The minimum monthly balance for

March is $80.
6
P =380, =365 n=31
B Prn
100

80 x L X 31
I= 365
100
=0.407 ...
=~ $0.41

The interest for March is 41 cents.

9780170250252
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Using a credit card to purchase goods is like taking out a short-term loan. You use the card to
purchase items and pay for them later when you receive a monthly statement. Different cards have
different rates and conditions. Many include an interest free period but for some cards the interest

is charged daily on each item from the date of purchase.

O Example 10

Solution

Calculate daily interest rate.

Find the number of days for which interest
must be paid on the $85 purchase.

Calculate the interest.

Find the number of days for which interest
must be paid on the $99 purchase.

Calculate the interest.

Find the number of days for which interest
must be paid on the $22 purchase.

Calculate the interest.

Calculate the total interest.

Calculate the total of purchases and
interest.

Write the answer.

Mitchell’s credit card has a flat interest rate of 14% p.a.
and no interest free period. Interest is charged from the
date of purchase. He uses the card to make the following
purchases for the period 1 August to 31 August.

2 August ~ Xbox games  $85
16 August  Jeans $99
29 August Movies $22

If Mitchell pays his account in full on 3 September, how much does he pay?

14
14% + 365 = 355% per day

2 August until 3 September inclusive
Number of days = 30 + 3
=33

85 X L X 33
365
I =
100

=1.0758 ...

16 August until 3 September inclusive
Number of days = 16 + 3
=19

99 X 1 %19
365
I=
100
=0.7214 ...
29 August until 3 September inclusive
Number of days =3 + 3

=6
22 X 1 X6
365
I =
100
=0.0506 ...
Total interest = 1.0758 ... + 0.7214 ... + 0.0506 ...
=1.848 ...
~ $1.85
Total to pay = $85 + $99 + $22 + $1.85
= $207.85
He pays $207.85.
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2GRS Savings accounts and credit
cards

Concepts and techniques
1 Convert 8% p.a. to a

a six monthly interest rate.

b quarterly interest rate.

¢ monthly interest rate.

d daily interest rate.

Leave answers as an unsimplified fraction
where necessary.

1
2 Convert 75% pa.toa
a six monthly interest rate.

Shutterstock.com,/Photobac

b quarterly interest rate.
¢ monthly interest rate.
d daily interest rate.
Give exact answers.

:
3 The monthly interest rate on a bank account is 0.7%. What is the equivalent interest rate per annum? fb-;g

4 Which is the highest interest rate? 135
A 0.049% per day B 0.69% per fortnight C 1.33% per month 2
D 4.25% per quarter E 7% per six months =

5 For the account statement in Example 9, calculate
a the minimum monthly balance for April.
b the interest for April.

6 Nabil opens a new bank account and deposits $130 into this account on 1 March.
He then makes another deposit of $50 on 8 March. He withdraws $80 on 15 March.
a What is the minimum monthly balance for March?
b If he earns 5.6% p.a., with interest calculated on the minimum monthly balance, what is the
interest for March?

7 Karin has a credit card that charges simple interest at a rate of 22.5% p.a. with no interest-free
period. She bought shoes for $365 on 21 December and paid her account in full on
30 December. The amount she paid was:

A $2.03 B $365 C $367.03 D $367.25 E $447.13
E le 10 i i i -
8 E.am.on has a credit card with no interest ol | S P——
free period with interest charged from the date of
purchase at a rate of 0.0453% per day. The purchases 18 October ~ Swim goggles  $120
shown at right were made in October. 25 October | Wetsuit $235.50

If Eamon pays his account in full on 1 November,
how much does he pay?
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Reasoning and communication

9 Zoe is deciding between two credit cards. The first one offers a rate of 3.88% per quarter and
the second one a rate of 0.042% per day. Which should she choose? Explain.

10 The following is Eliza’s bank account statement from September to November.

a Complete the balance column.

- d the mini ol Date Debit $ Credit $ Balance $

b Find the minimum monthly e — 370

balance for

i September. 9 Sept 300

ii October. 18 Sept 120

iii November. 6 Oct 50
¢ Calculate the total interest 15 Oct 200

earned over these 3 months if the 16 Nov 400

interest rate for this account is

28 Nov 20

3.6% p.a. and interest is
calculated on the minimum
monthly balance.

11 George has a credit card with an interest rate of 17% p.a. and interest free period of up to
55 days. If the account is not paid by the end of the interest free period, interest is calculated
from the date of purchase on each item.
In June he went on holiday and used the card as follows:

10 June Accommodation $245
12 June Day trip fares $48
15 June Accommodation $108
20 June Fares $55
22 June Meal $36
24 June Accommodation $130

George arrived back home on 25 June and received his account for June on 3 July. The
statement was dated 30 June.

a How much is due if he pays the account immediately?

b What is the last date on which he can pay so as to avoid interest?

¢ How much is due if he doesn’t pay the account until 31 July?

12 NCM Bank credit cards have no interest-free period. A credit card statement for March is given
below. If the account is paid in full on 1 April, find:
a the number of days interest charged on the football tickets.
b the total amount due to be paid including any interest.

NCM BANK
Due date: 1 April Credit Card statement
Previous balance Payment Total purchases Interest
$876.15 $876.15 e e
Date Purchases Amount
15 March Coffee maker $298.45
20 March Football tickets $139.37
28 March Car tyres $446.79

Annual simple interest rate: 17.49%
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COMPOUND INTEREST

Compound interest is interest which is added to the principal and then the total amount is
reinvested. The principal plus interest becomes the new principal on which interest is calculated for
the next investment period. In other words, ‘interest is earned on interest’ as well as on the original

amount invested.

O Example 11

a the amount of the investment at the end of 3 years.
b the compound interest earned over the 3 years.

Solution

a Interest is compounded yearly, so calculate the
interest each year and add it to the principal to
get the new principal for the following year.

Write the known values given for the first year.

Calculate the interest for the first year using the
simple interest formula.

Calculate the value of the principal at the beginning
of the second year.

Write the known values for the second year.

Calculate the interest for the second year.

Calculate the principal at the beginning of the third year.

Write the known values for the third year.

Calculate the interest for the third year.

Calculate the value of the investment at the end
of the third year.

Write the answer.

9780170250252

Sumi invests $9000 at 8% p.a. compounded yearly. Calculate:

Compounded yearly means that

the interest is added on each year
and then the interest is calculated
on the new total for the next year.

P=9000 r=38 n=1
_Prmn
~ 100

9000 x 8 x 1
B 100

=720

P=9000+720
=9720

P=9720 r=8 n=1

7= 9720 x 8 x 1
a 100
=777.60

P=9720+777.60
=10 497.60

P=10497.60 r=8 =n=1
1_10497.60><8><1

B 100

=839.81

P=10497.60 + 839.81
=$11337.41

The amount of the investment at the
end of 3 years is $11 337.41.

CHAPTER 6: Simple and compound interest
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b Interest = final amount of investment — original P=11337.41-9000

amount invested =$2337.41
Write the answer. The compound interest earned over
3 years is $2337.41.

Instead of repeatedly applying the simple interest formula, we can use the compound interest
formula.

IMPORTANT

n
The compound interest formula is A = P(l + ﬁ)

where: A (amount) = future value or final balance
P = principal or initial investment

n = number of compounding periods

r = interest rate per compounding period

The compound interest (I) earned can be found using the formulaI=A - P,

The following example shows how the compound interest formula can be used to achieve the
answers contained in Example 11.

O Example 12

Sumi invests $9000 at 8% p.a. compounded yearly. Calculate:
a the amount of the investment at the end of 3 years
b the compound interest earned over the 3 years.
Solution
a Write the known values of the variables. P=9000 r=8 n=3
r n
Write the compound interest formula. A= P(l + 100)
g\
Substitute the values of B r and » into the A= 9000(1 + 100)
fi la.
ormua —11 337.408
=11 337.41
Write the answer. The amount of the investment at the end of
3 yearsis $11 337.41.
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TI-Nspire CAS ClassPad
<EER » *Unsaved < Al < © Edit Action Intersctive
S B3| S o sime | 1o v [ 4| v
S 5 e[S
9000 (1+—') 9000 (147570 2
100 11337.408
| n

]‘M‘"m Vl.ine? Fﬁ vl | ® [ s

b Interest is calculated by subtracting the
principal from the final amount.

Write the answer.

&  Mathz |~ " gn |1y loge| VO |
1799 | [ Mathd | g | ot solved
Tl
[ Trle g5s ooms, (= | (3 | O)

[ var

————1| sin | cos | tan
| shc ‘

I=A-P
=11 337.41-9000
=2337.41

The interest earned would be $2337.41.

I' [v| - | B [ % | s | EXE
Alg Decimel Real Deg

When interest is not compounded yearly, the values of r and n need to be adjusted accordingly.
For example, if interest is compounding monthly, then r represents the interest rate per month

and n represents the number of months.

O Example 13

Solution

Interest is compounded quarterly so find the
quarterly interest rate and the number of
quarters in 5 years.

Write the values of the known variables.

Write the compound interest formula.
Substitute the values of B r and n into the
formula.

Interest is calculated by subtracting the

principal from the final amount.

Write the answer.

Calculate the interest earned after 5 years if $25 500 is invested at 7.2% p.a. compounding quarterly.

r=7.2+4=1.8 per quarter
n=>5 years x 4 = 20 quarters

P=25500 r=18 n=20

n
A=P(l+r)
100

20
A=25 500(1+1'8)
100

=36433.067...
~36433.07

I=A-P
=36 433.07-25 500
=10 933.07

The interest earned would be $10 933.07.

9780170250252
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interest

2ERGCIFREY Compound interest

Concepts and techniques

1| Kate invests $5000 in an account earning 4% p.a. compounded annually for 2 years.
Calculate:

a

o o 0 T

the interest earned in the first year

the value of the investment at the beginning of the second year
the interest earned in the second year

the value of Kate’s investment at the end of the two years

the total interest Kate earned.

2 | Cara invests $5000 in an account earning 4% p.a. compounded annually for 2 years.

a
b

Use the compound interest formula to calculate the value of Caras investment at the end of 2 years.
Find the compound interest earned over the two years.

3 Calculate the final amount of each of the following investments.

-~ 0o O N T o

$7400 invested at 5% p.a., compounded yearly, for 4 years.

$2840 invested at 6.5% p.a., compounded yearly, for 5 years.

$4500 invested at 4.9% p.a., compounded yearly, for 2 years.

$17 000 invested at 0.5% per month, compounded monthly for 10 months.
$9250 invested at 0.82% per month, compounded monthly, for 6 months.
$9000 invested at 0.023% per day, compounded daily, for 240 days.

4 | For each of the following investments calculate:

-~ o o 0 T w

o Q

the final amount of the investments i the amount of compound interest earned.
$12 900 invested at 10.8% p.a. for 1 year, compounded monthly.

$13 800 invested at 7.5% p.a. for 2 years, compounded six-monthly.
$13 800 invested at 7.5% p.a. for 2 years, compounded quarterly.
$6920 invested at 9% p a. for 4 weeks, compounded daily.

$42 000 invested at 6 % p.a. for 18 months, compounded six-monthly.
$1400 invested at 8. 6% p.a. for 2% 5 years, compounded quarterly.

$24 700 invested at 5.9% p.a. for 3 years, compounded yearly.

$123 000 invested at 9.6% p.a. for 10 years, compounded six-monthly.
$1500 invested at 8.4% p.a. for 2 years, compounded monthly.

$37 500 invested at 8%% p-a. for 6 months, compounded quarterly.
$56 000 invested at 7.9% p.a. for 18 months, compounded daily.

$2700 invested at 6.8% p.a. for 3% years, compounded monthly.
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Reasoning and communication

5

10

1

12

13

The Bank of Victoria offers compound interest at the rate of 6% p.a. paid annually. The
Australia Bank offers 5.5% p.a. paid quarterly.

a If$8000 is deposited into an account at each bank, what will be its value at the end of 5 years?
b Which bank pays the most interest and by how much?

Michael has an account that earns compound interest at 2.1% per quarter. Calculate the value
of a $28 000 investment in three years.

Lauren inherits $140 000. Whilst she is waiting to buy a house she invests this sum in an
account paying 0.0115% per day compounded daily. If it takes her 22 weeks to buy a house,
how much will her investment be worth?

If a principal of $67 000 earns interest at a rate of 4.5% p.a. compounded monthly, find its value
in 5 years time.

Susan deposits $5000 into an account for her baby when he is born. The account earns 5.6% p.a.
compounded quarterly. If she gives him the account on his 21st birthday, how much will he receive?

A sum of $8500 is invested at 7% p.a. for 5 years.
a Calculate the total interest earned if the interest is:
i calculated at a flat rate (simple interest) ii compounded yearly.

b i Why does one type of interest result in a greater amount than the other? 3 ‘
ii By how much is it greater? ;é
A principal of $21 000 is invested at 5% p.a. Calculate the value of the investment after 2 years E2

if the interest is compounded:
a yearly b half-yearly ¢ quarterly d monthly e daily.

[~

Judging from your results for question 11, what happens to the amount of interest earned as
the frequency of compounding increases? Why?

A principal of $10 000 is to be invested for 3 years. Which of the following is the best
investment option?

A 6% p.a. simple interest B 5.9% p.a. compounded annually
C 5.85% p.a. compounded half-yearly D 5.6% p.a. compounded quarterly
E 5% p.a. compounded monthly
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COMPOUND

INTEREST:

CALCULATING PRINCIPAL,
RATE OR TIME

The compound interest formula can also be used to calculate the principal, interest rate or time by
substituting the values of three known variables and solving the resulting equation for the unknown.

O Example 14

Solution

Interest is compounded monthly, so find the
monthly interest rate and the number of
months in 5 years.

Areti has the opportunity to invest some money at 9% p.a. compounded monthly. How much should
she invest if she wants to have $10 000 available in 5 years? Answer correct to the nearest dollar.

r=9+12=0.75 per month
n=>5 years x 12 = 60 months

Write the answer.

Write the values of known variables. A=10000 r=0.75 n=60
n
Write the compound interest formula. A= P(l + 1(;0)

. . 0.75\%° 10000
Substitute the values of A, r and # into the 10 000=P| 1+ -2 =
formula. 100 4+ 1)

Solve for P.
TI-Nspire CAS ClassPad
. ved — © Edit Action Interactive
& ciar. B [E1] & Tiea]sim]ms] ]
. pa6387. =
solve(loooo-p (14»01—;:) 2 mlve[lonouw-[u%'a"oﬁ so.P) o
(P=6386. 996986 )
| n
I
a
Alg Decimal Real Rad a
19|
P =6386.99...
Round to the nearest dollar. =~ $6387

Areti should invest $6387.
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O Example 15

Two years ago, Tanh deposited $8300 in an investment account paying interest compounded
quarterly. If he has earned $1200 interest, what is the annual interest rate? Answer as a
percentage correct to one decimal place.
Solution
Calculate # as interest is compounded quarterly. 7 =2 years x 4 = 8 quarters
A is the sum of the principal and the interest. A=P+I]
=8300+1200
=9500
Write the values of the known variables. A=9500 P=8300 n=8
n
Write the compound interest formula. A= P(l + 1(’;0)
" 8
Substitute the values of A, P and 7 into 9500 = 8300 (1 + )
the formula. 100
Solve for r.
TI-Nspire CAS ClassPad
IR
5) = [ ] & [foafsim |5 ] B
solve(9500-8300- (14-;] ,r) mlve[8500=8300-[1+lrﬁ]s.r) 2
e (r=-201. 70228, r=1. 702279978} I
P=-201.702 or =1.70228 o
I
&
Mg Decimal  Fesl Rad @
179
Select the positive solution. r=1.070 22 ... % per quarter
Multiply the value of r by 4 to calculate the 1.07022 ... x 4 =6.8% per annum
annual percentage interest rate. Round to
one decimal place.
Write the answer. Tanh has been earning 6.8% p.a. interest on
his investment.
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QO Example 16

Steve has $5000 invested at 8.4% p.a. compounded monthly. How long will it take to accumulate
to $8000?

Solution
Calculate the monthly interest rate, r=38.4+12=0.7 per month
as interest is compounded monthly.
Write the values of the known variables. A=8000 P=5000 r=0.7
n
Write the compound interest formula. A= P(l + l(r)())
. . 0.7 )"
Substitute the values of A, P and r into the 8000=5000| 1+ ——
formula. 100
Solve for n.

TI-Nspire CAS ClassPad

ved — © Edit Action Interactive

o7\n | m=67.3781 7 s
solv sooo-sooo»(h—) n wlve[8°°°‘5°°°'[“% -"]
100 {n=67. 37810421}

N
i
£3

@

I n

Mg Decimal Res! Rad

179]
You will need to round up as there is not quite
enough money in the account at 67 months.
n=67.37...
Round up to the nearest month. = 68 months
Write the answer. It will take 68 months (5 years and 8 months)

for Steve’s investment to accumulate to $8000.
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RENOSINEY Compound interest: calculating
principal, rate or time

Concepts and techniques

1 Paul wants to invest some money so that it will grow to $24 000 in 5 years, when he
will travel through Europe. If the interest rate is 5.5% p.a. compounded yearly, what amount
should Paul invest, correct to the nearest dollar?

Shutterstock.com/ Vitaly Titov & Maria Sidelnikova

2 After 8 years, the value of Corrina’s investment was $6260.14. What was the initial amount
invested, correct to the nearest dollar, if the interest rate was 8.8% p.a. compounded quarterly?
A $2632 B $3120 C $5615 D $9544 E $12561

w

If it takes 4 years for $2000 to accumulate to $4000, find the compound interest rate
when interest is compounded annually (correct to one decimal place).

4 After 8 years $1000 will accumulate to $3000. If interest is compounded monthly, the interest
rate per annum is closest to:
A 1.15% B 11.4% C 12.8% D 13.8% E 14.7%

ol

Zara has $4000 in an account earning 4% p.a. interest, compounded yearly. Determine
how long it will take Zara to double her money. Give your answer to the nearest year.

6 How long, to the nearest year, will it take an investment of $2400 to grow to $3265 at 9.6% p.a.
interest, compounded six-monthly?

7 How much will Judy need to invest if she needs $35 000 in 4 years and she has invested her
money at 9.5% p.a. compounding monthly? Answer correct to the nearest hundred dollars.

8 James invested $45 000 in an account that was adjusted quarterly. His investment was worth
$61 500 when he withdrew it 5 years later. What was the annual interest rate? Answer as a
percentage correct to two decimal places.

Reasoning and communication

9 How much does John need to invest now in order to have $800 in the bank in 2 years to pay for
a musical instrument? The bank pays interest at a rate of 5% p.a. compounded quarterly.

Simple and
compound
interest

Compound
interest table
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10

1

12

13

14

15

16

Nikita had $5000 in an investment and after 4 years with interest compounded monthly it
had grown to $6300. What was the annual interest rate? Answer as a percentage correct to

two decimal places. :
Magnus invested a certain amount of money ' :

7 years ago at 5.8% p.a. compounded monthly.
He now has $70 000 for a deposit on a house.
How much did he invest? Answer correct to
the nearest hundred dollars.

How much should Renee invest in an account
paying 6% p.a. interest, compounded six-
monthly, to have $12 500 in 7 years?

Shutterstock.com/Lev Kropotov

Tania’s credit union pays 5% p.a. interest, compounded daily. How long would it take $10 000
to increase to $10 800 in this account? Round your answer up to the nearest month.

Jarrod invests $15 000 in an account paying interest that is compounded fortnightly for
10 years. What interest rate is required if he wishes to triple his investment? Answer as a
percentage correct to one decimal place.

Jack won $1 000 000 in the lottery. He invests all of his winnings in a term deposit earning interest
of 7.4% p.a. compounded six-monthly. How many years will it take for him to double his money?

How long will it take to double your money if it is invested at 4% compound interest,
compounded annually? Answer in years correct to one decimal place.

& USING FINANCE SOLVERS FOR

COMPOUND INTEREST
PROBLEMS

CAS calculators have inbuilt applications called the ‘Finance Solver’ on the TI-Nspire CAS or
‘Financial Application’ on the ClassPad. These financial applications can be used to solve
compound interest problems.

TI'NSpire CAS ?,\ 1: Actions »
Open a New Document with a Calculator Page £52: Number 4 o
. . x\=3: Algebra »
Press [meny), (8](Finance) and [1)(Finance Solver...). fod: Calculus >
@ 5: Probability ]
X 6: Statistics -
B9)7: Matrix & Vector 1: Finance Solver
c8! Finance 7|2 TVM Functions »
g: Functions & Pro|3: Amortization »
|4 CashFlows »
S: Interest Conversion »
6: Days between Dates

NELSON SENIOR MATHS General 11 9780170250252



The fields for the Finance Solver are defined

as follows:

N is the number of time periods.

1% is the interest rate as a percentage per annum.
PV is the present value (when investing this is
negative as you are giving the bank this amount).
PMT is the value of any payments being made
(for compound interest investments where there
is only the initial deposit this is zero).

FV is the future value (this will be positive as this
is the money you get back).

PpY is the number of payments per year.

CpY is the number of times in a year interest is
compounded.

PpY and CpY take the same value for all compound
interest calculations.

PmtAt is when the payment is made, at the
‘beginning’ or ‘end’ of the time period. Compound
interest is paid at the end of the time period to
leave PmtAt set to END.

When using the Finance solver, press [tab]to
move between fields when entering data.

Once the data is entered press to move the
cursor to the field representing the unknown
quantity and press [enter].

ClassPad

Tap B8 followed by the Financial application.

9780170250252

N =
(%) B
PV [0 b
emt [0 [5 ]
Fv [o. [ » ||
PoY: |1 v
Press ENTER to calculate
Number of Payments, N E]
r 4.
%
Es
MENU &

-

ity Statlstics

= Bl

Emw . Conles

G

DiffEa-
Grah @mm

=l seciece == Financial ]
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Tap Compound Interest. (or Calc(1) then o Edit Calc(t) Cale@)
Compound Interest if you have been using some (<] ] % [ [um]

other function in the Financial Application). T
Simple Interest
Compound Interest
Cash Flow
Amortization
Interest Canversion
Cost/8ell/Margin
Day Count
Depreciation
Bond Calculation
Bresk-Even Point
Margin of Safety
Opersting Leverage
Financiel Leverage
Combined Leverage
Quantity Conversion

| aHelp [Format)

The fields for the Compound Interest application o Edit [GRIECH] cale )

<| | [> Simple Interest v
are defined as follows: [_l_mm Rt o
N is the number of time periods. Sirwple If Gash Flow

pays | Amortization

1% is the interest rate as a percentage per annum. |x | Intarest Conversion

. . . L Cost/Sall/Margi
PV is the present value (when investing this is il m,'m i g

negative as you are giving the bank this amount). i
PMT is the value of any payments being made ===
(for compound interest investments where there

is only the initial deposit this is zero).

FV is the future value (this will be positive as this

is the money you get back).

P/Y is the number of payments per year.

| aHelp [Format)

C/Y is the number of times in a year interest is — =
compounded.
P/Y and C/Y take the same value for all compound B B0 Gkl Oy
interest calculations. EIGEEICIE N &
Tapping at the bottom left of the screen gives %‘mnﬂ '"]""m
the definition for a selected field. (%]

[Pv]

Once the data is entered tap the unknown quantity

to find its value. E‘V ]
P/Y
oY

'T—

| aHelp [Format)
Sclve End am
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O Example 17

b How much interest did she earn?

Solution

a Write down values of the known fields.
Interest is compounded yearly, so N is 3 and
both PpY (P/Y) and CpY(C/Y) are 1.

$54 000 is being invested so PV is —54 000.

When solving problems
using a finance solver it is
usual to write down the
values entered in each
field.

Enter the data in the finance solver or financial
application.

TI-Nspire CAS
For the TI-Nspire move the cursor to the data
entry line for FV and press [enter].

ClassPad
For the ClassPad, tap [FV].

Write the answer.

b To calculate the interest earned use subtract the

Write the answer.

Susie invested $54 000 in an account earning 7.2% p.a. compounding yearly.
a What is the value of her investment at the end of 3 years?

The interest rate per annum is 7.2% so 1% is 7.2.

principal from the final value of the investment.

N=3

1%=72

PV =-54 000
PMT =0
Fv=?
PpYorP/Y=1
CpYor C/Y=1

[z T
o 7.2

PV: | 54000
Pmt: |0,
Elfcesmoed T
pov:[1

Finance Solver info stored into
tvm n. tvm i, tvm pv, tvm pmt. .

@ Edit Calc(1) Cale(2)

| AHelp [Format
Solve Begin a

Susie will have $66 523.96 in 3 years.

I=A-P
=66 523.96 — 54 000
=12523.96

Susie earned $12 523.96 interest.

9780170250252
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O Example 18

monthly?

Solution

Write down the values of the known quantities.
FV will be positive as that is the amount paid back
so FV is 10 000.

The interest rate per annum is 9% so 1% is 9.
Interest is compounded monthly so it is paid
twelve times in a year. PpY(P/Y) and CpY(C/Y)
are both 12.

$7800 is being invested so PV is —7800.

Enter the known values.

TI-Nspire CAS
For the TI-Nspire CAS move the cursor to the
data entry line for N and press [enter].

ClassPad
For the ClassPad, tap [N

Interpret the value of N.
Interest is compounded monthly so N is a number
of months.

The value of the investment needs to reach

$10 000 so investing for 33 months will not be quite
long enough. Therefore, round answer

up to nearest month.

How long will it take for $7800 to grow to $10 000 if it is invested at 9% p.a. compounded

N=?

[%=9

PV =-7800
PMT =0

FV =10 000
PpY or P/Y =12
CpYor C/Y =12

’7
= e —
wfo T
PV: | 7800 [ » |
Pmt: | 0. |y
FV: | 10000 [

PoY: |12 v
Finance Solver info stored into
tvm n. tvm i, tvm.pv, tvm pmt. .

O Edit Calc(1) Cale(2)

(2]>[x[@]o|ml

Compound Interest
(] 9
[?v]  -7800
\PMT| ®
10000
P/Y 12
/Y 12
| AHelp [Format|
Solve End L]

N =33.252 ... months

It will take 34 months, which is 2 years
and 10 months, for the money to grow to
$10 000.

NELSON SENIOR MATHS General 11
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O Example 19

Bank A: 6.8% p.a. compounded six-monthly, or
Bank B: 6.7% p.a. compounded quarterly.

Solution

Consider Bank A: Write down the values of the
known fields.

Interest compounded six-monthly means that
it is paid twice per year. So, N is 5x 2 =10 and
both PpY(P/Y) and CpY(C/Y) are 2.

PV is -30 000 since $30 000 is being invested.

Enter the data values.

TI-Nspire CAS
For the TI-Nspire CAS move the cursor to the
data entry line for FV and press [enter].

ClassPad
For the ClassPad, tap .

State the value of Lachlan’s investment if he
invests with Bank A.

9780170250252

Lachlan is looking to invest $30 000 for 5 years. He needs to decide between:

Which bank should Lachlan use? Justify your answer.

The interest rate per annum is 6.8% so 1% is 6.8.

N=10

1% =6.8

PV =-30000
PMT =0
Fv=?
PpYorP/Y=2
CpYorC/Y=2

’7
m[fo T
I%): | 6.8 [ )
PV: | -30000 [y
Pmt: |0,
[F¥E]] 41910 886732386 |

PpY: |2
Finance Solver info stored into
tvm n, tvm. i tvm.pv, tvm pmt. .

<

O Edit Calc(1) Cale(2)

[l [ [BERC

Compound Imterest
[w] 10
[m] &8
[?v]  -30000
s
(V] [EEEEE
PIY 2
/Y 2
| AHelp Format
Solve Begin [ 1]

With Bank A, the value of Lachlan’s
investment at the end of five years is
$41910.87.
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Consider Bank B: Write down the values of the N=5%x4=20

known fields. 1% =6.7
Interest compounded quarterly means that it is paid PV =-30 000
four times in a year. So, N is 5 x 4 =20 and PMT =0
PpY(P/Y) and CpY(C/Y) both are 4. FV=2?
The interest rate per annum is 6.7% so 1% is 6.7. PpYor P/Y=4
PV is -30 000 since $30 000 is being invested. CpYorC/Y=4
TI-Nspire CAS
For the TI-Nspire CAS move the cursor to the o 2 D2
data entry line for FV and press [enter]. oo .7 | |
PV: [ 30000 | » |
Pmt: |0
[FE]| 41822 0o7sesees]
pov: [4 B+
Finance Solver info stored into
tvm n. tvm (. tvm.pv. tvm pmt. ..

ClassPad o Edit Calc(1) Cale(?)
For the ClassPad, tap [FV ] EIEBC0 M0 .
Compound Interest
W] 20
[®] 8.7
[?v|  -30000
PMT] o
A1322 00757} .
PIY 4
oY ]
| aHelp |Format|
Sclve End L]
State the value of Lachlan’s investment if he With Bank B, the value of Lachlan’s
invests with Bank B. investment at the end of five years is
$41 822.01.
Find the difference in the final values of his $41 910.87 - $41 822.01
investment with each back. = $88.86
Write the answer. Lachlan should invest in Bank A as he

will earn $88.86 in extra interest.
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2ENEEIFRUE Using finance solvers for

compound interest problems

Concepts and techniques

1

For each of the following investments calculate:
i the total value of the investment
ii the amount of interest earned.
$36 000 invested at 5% p.a. compounded yearly for 3 years.
$3700 invested at 7.6% p.a. compounded yearly for 18 years.
$73 800 invested at 8.88% p.a. compounded yearly for 7 years.
$100 000 invested at 6%% p-a. compounded yearly for 13 years.

o N T w

Calculate the amount received at the end of each of the following investments.
a $51 000 invested at 6.8% p.a. compounded monthly for 15 years.

b $26 600 invested at 8% p.a. compounded quarterly for 9 years.

c $171 000 invested at 8%% p-a. compounded monthly for 3%years.

d

$1800 invested at 9.25% p.a. compounded daily for 4 years. Assume 365 days in a year
a $28 600 is invested at 7% p.a. compounded monthly and grows to $33 400. How long does it ﬁag
take, correct to the nearest month? i
b $7200 is invested for 10 years and grows to $11 000. If it was compounded six-monthly, what :

was the interest rate per annum? Answer as a percentage correct to one decimal place.

¢ Anamount of money was invested at 5.8% p.a. compounded weekly. It grows to $43 250 in
4 years. How much was invested, correct to the nearest hundred dollars?

d $97 000 is invested at 9%% p-a. compounded yearly and grows to $145 000. How long does
this take, correct to the nearest year?

On her 18th birthday Rebecca was given the money in a savings account from her
grandparents. They had invested money on her 10th birthday at 11.5% p.a. paid monthly and it
had grown to $21 236. How much had they invested? Answer correct to the nearest dollar.

$65 000 was invested at 9% p.a. compounded monthly. The amount of interest that was earned
in six months is:
A $243.29 B $2861.99 C $2980.40 D $44011.51 E $67980.40

Amina buys government bonds worth $16 500. They pay 7.2% p.a. compounded daily.
How much will they be worth after 7 years?

Stefanie invested $1700 in a savings account 4 years ago. She made no additional deposits and
no withdrawals and the balance is now $3146.70. What interest rate did she receive if interest
was paid six-monthly? Answer as a percentage p.a. correct to one decimal place.

An investment of $45 000 was invested at 6.9% p.a. compounded monthly. How long until the
investment was worth $60 000?

A 50 years B 51 years C 4 years 2 months

D 4 years 3 months E 4 years 4 months
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Reasoning and communication

9

$16 000 was invested for 8 years and earned $5600 interest. If interest was compounded quarterly,
what was the interest rate per annum? Answer as a percentage correct to one decimal place.

10 Sally inherits $67 000 from her grandparents. She decides to invest it for 4 years
until she finishes university. She is considering two different investment options.
Option A:  8.4% p.a. compounded monthly
Option B:  8.64 % p.a. compounded quarterly
Which option should Sally choose? Justify your answer.

11 Peter deposits $45 000 in an account that pays 1.8% per quarter, compounded monthly.
a What is the interest rate per annum?

b What is the value of this investment after 5 years?
¢ How much interest did Peter earn?

12 Joel’s credit card charges interest at 0.053% per day, compounded daily with no interest free
period. He pays for a $350 leather jacket using his credit card for a friend. How much interest
will he have to charge his friend if he pays it off 45 days later?

13 Sienna has $45 000 to invest for 3 years. Which of the following will give her the greatest
return?

A 0.65% per month, compounded yearly.

B 7.4% p.a. compounded six-monthly.

C 3.8% per six months, compounded quarterly.
D 7.5% p.a. compounded monthly.

E 7.2% p.a. compounded daily.

14 1If a principal took approximately 9 years to double in value, at what interest rate was it invested
if interest was compounded monthly? Answer as a percentage correct to one decimal place.

15 Carla invests $20 000 for three years at 5.7% per annum compounded annually. At the end of
this time she reinvests the amount returned from her three year investment plus an additional
$4000 that she has saved at 5.8% per annum compounded annually for a further two years.
How much does she receive from her investment at the end of the five years?
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Simple interest (or flat-rate interest) is
interest earned or charged only on the
original amount of money (principal)

invested or borrowed.
Prn ) )
I=700 where I = simple interest,

P = principal, r = rate of interest per period,
n =number of periods

The amount of a loan or investment can be
found by adding the interest to the principal.
A=P+1I

The simple interest formula can also be used
to calculate the principal, rate or time by
substituting in the given information and
solving the resulting equation for the
unknown.

When you make a deposit into a bank
account, the bank credits your account and
the amount of the deposit is added to the
balance. When you make a withdrawal from
a bank account, the bank debits your
account and the amount of the withdrawal is
subtracted from the balance.

Using a credit card to purchase goods is like
taking out a short-term loan. Some include
an interest free period but for some cards the
interest is charged daily on each item from
the date of purchase.

For compound interest the interest is added
to the principal and this is then reinvested.
The compounding periods say how often
the interest is added on. For example yearly,
six-monthly, quarterly, monthly or

even daily.

For compound interest, the future value
or the amount of the investment can be

n
calculated using A = P(l + L)
100

9780170250252

CHAPTER SUMMARY

where: A (amount) = future value or final
balance

P = principal or initial quantity
n = number of compounding periods
r = interest rate per compounding period

The compound interest (I) can be found
usingI=A-P

The compound interest formula can also be
used to calculate the principal, rate or time
by substituting in the given information and
solving the resulting equation for the
unknown.

For a calculation relating to a compound
interest investment, the fields for the
Financial Solver or Financial Application
(Compound Interest) are as follows.

N is the number of time periods.

1% is the interest rate as a percentage
per annum.

PV is the present value (for an investment,
this is amount invested or the principal and
is negative since this amount is being given
to the bank).

Pmt or PMT is the value of the regular
payments being made (for a compound
interest investment this is 0).

FV is the future value (this it is positive as it
is money that is paid back by the bank).

Pp/Y or P/Y is the number of payments
per year.

Cp/Y or C/Y is the number of times in a year
interest is compounded.

Pp/Y or P/Y and CpY or C/Y take the same
value for all compound interest calculations.

Simple and compound interest
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CHAPTER REVIEW
SIMPLE AND COMPOUND INTEREST

Multiple choice

2

1 Calculate the simple interest earned on $7200 invested at 7% p.a. for 30 months.
A $1380 B $1562 C $1656 D $8580 E $8856

2 Sally makes a 2-year investment at 5% per annum simple interest. She wants to earn
$2000 in interest. The amount that she needs to invest, in dollars, is closest to
A 200 B 2200 C 10000 D 20000 E 40000

3 Sian invests $64 000 at 3.8% p.a. simple interest. How long will it take her to earn
$7000 in interest?
A 2 years 4 months B 2 years 5 months C 2 years 9 months
D 2 years 10 months E 2 years 11 months

4 The transaction details for Sam’s savings account for the month of August 2015 are

shown below.

Date Transaction detail Debit $ Credit $ Balance $
1 August 2015 Balance 2560.00
17 August 2015 Deposit 450.00

28 August 2015  Withdrawal 500.00

Interest is paid on the minimum monthly balance at a rate of 3.2% per annum. The amount of
interest earned for the month of August is

A $1.22 B $5.73 C $6.82 D $6.95 E $6.96
5 How much interest is earned if $17 000 is invested at 6% p.a. compounding yearly
for 2 years?
A $2040 B $2101.20 C $14 960
D $19 040 E $19101.20
6 Joachim calculated the final value, A, of an investment using the formula
A =7500 x 1.02". If the interest rate was 8% p.a., then the interest was compounded:
A annually for 2 years B quarterly for 12 years C annually for 12 years
D quarterly for 3 years E annually for 3 years
7 Christian invests $5000 at a rate of 8% per annum compounding quarterly. The

value of his investment at the end of 3 years is given by
A $5000 + $5000 x 0.08 x 3

B $5000 + $5000 x 0.02 x 12

C $5000 x 1.08’

D $5000 x 1.02°

E $5000 x 1.02'?
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8 Kalista has $7500 invested at 8.4% p.a. compounding quarterly. How long will it
take to grow to $10 5007
A 4 years B 4i years C 42 years
D 16 years E 17 years

Short answer

9 Trish borrows $10 300 at 6.25% simple interest for 3 years. How much interest did
she have to pay?
10 Calculate the simple interest earned or owed for each of the following.

a $7200 invested at 6.25% p.a. for 3 years
$4050 borrowed at 3% p.a. for 16 months
¢ $10 300 invested at 0.75% per month for 2 years

d $40 000 borrowed at 8%% p-a. for 120 days

o

1" Holly invested $45 000 at 7.45% p.a. simple interest. How much would she have at
the end of 3 years?

12 Casey bought a motorcycle for $15 000
and paid 10% deposit. He took a flat rate loan at
12% p.a. for the remainder. If he repaid monthly
instalments over 4 years, find:

a the total amount borrowed
b the amount of interest charged
¢ the monthly instalment.

iStockphoto/Oleksii Kondratiev

13 What amount must be invested at 8.8% p.a. simple interest to earn $15 000 in
interest over 8 years? Answer correct to the nearest hundred dollars.

14 Finn invests $8900 for 5 years. If he earned $2002.50 interest, then what was the
annual simple interest rate?

15 For how long must a principal of $4000 be invested at 6.6% p.a. simple interest to
grow to $6376?

16 Harmony earns interest of 6.5% p.a. on her bank account. Interest is calculated daily on
the minimum monthly balance. On the 1 August the balance was $769. She then withdrew $400 on
5 August, and $312.50 on 18 August. Her pay of $236 went in on 8 August and 22 August.
a Calculate the minimum monthly balance.
b Calculate the interest for August.
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17 Evan’s credit card has a flat interest rate of 12.55% p.a. and no interest free period.
He had paid oft his card in September. He used his card for the following in October.

5 Oct Lunch $36

11 Oct Shoes $79.95
17 Oct Phone bill $124.50
27 Oct Hotel $229

a Evan didn’t pay his bill in full until 15 November, how much does he pay?
b How much interest does he pay?

18 Isaac invests $10 000 in an account earning 7.1% p.a. compounded annually for
3 years. Calculate:

the interest earned in the first year

the value of the investment at the beginning of the second year

the interest earned in the second year

the value of the investment at the beginning of the third year

the interest earned in the third year

the value of Isaac’s investment at the end of the three years.

-~ ®o O 0 T o

19 For the following calculate:

i the total value of the investment at the end of the period

ii the amount of compound interest earned.

$4050 at 3% p.a. for 16 months, compounded monthly

$7200 at 6.25% p.a. compounded quarterly for 3 years

$10 300 at 0.75% per month for 2 years, compounded monthly
$85 000 at 6.2 % p.a. compounded six-monthly for 18 months.

o N T w

20 What principal must be invested at 5.8% p.a., compounded six-monthly, for it to
grow to $15 000 in 8 years? (Give your answer to the nearest cent.)

21 Sam invests $26 000 in an account that has its interest compounded annually. If it
grows to $32 500 in 6 years, what was the interest rate? Answer as a percentage p.a. correct to
one decimal place.

22 How long will it take $25 000 to grow to $30 000 if it is invested in an account that
earns 7.2% p.a. compounded monthly?

Application

23 David invested $8000 in a term deposit on 1 July 2014. The term deposit offered a total of

$1000 interest after two years.

a Determine the annual simple interest rate for this term deposit.

b Alternatively, David had the option of investing with a bank at a rate of 6.9% p.a.
compounded annually.
i The total amount in this account after two years is given by: Total amount = 8000 x k>.

What is the value of k?

ii How much interest does David earn in two years with this investment option?

¢ Determine the annual compound interest rate, correct to two decimal places, required for
David to earn $1000 interest on his $8000 investment in two years.
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24 Jessica borrowed $6000 from the bank to purchase a home entertainment system. She was

25

offered a flat-rate loan with interest charged at a rate of 13% p.a. for 30 months.

a Find the total amount of interest that she will pay on this loan.

b How much does she repay overall?

c Ifthe loan is repaid in equal monthly instalments, determine her monthly repayment.
After making repayments for 12 months, Jessica renegotiated her loan to have extra money to
buy a new computer. The bank loaned her another $1000 at the same rate as her initial $6000
loan to be repaid in the same time.

d After 12 months, how much is still owed on her original loan?

How long will the $1000 be charged interest on?

Determine the amount of interest she will pay on the $1000 balance.

Calculate the new monthly instalment.

How much does she repay altogether on the $7000 borrowed?

S Q ™ o

Molly wanted to go on a package holiday that cost $10 000. She had to pay a 15% deposit when

she booked her holiday. Molly’s grandmother had left her $8500 and she decided to use that to

pay her deposit and then invest the rest to pay for her holiday. She investigated rates and the

best that she could find was 8.4% p.a. simple interest.

a How much did she have left to pay on the holiday after paying her deposit?

b How much money did she have left to invest after paying the deposit?

¢ How long will she need to invest the money to have enough to pay for her holiday? Round
the answer up to the nearest month.

Once Molly knew how long it would take for her investment to grow to cover the holiday costs

she booked her holiday.

After one year Molly’s car broke down and she withdrew $3000 to fix it.

d How much had her investment grown to at this point?

e How much did she have left to reinvest?

f How long would she be investing it for? Answer correct to the nearest month.

She looked again at rates but this time the best that she could get was 8.05% p.a. compounded

monthly.

g How much would she have for her holiday?

Molly did not have enough for her holiday and so she borrowed the balance of the money at

9.6% p.a. compounded quarterly over 18 months.

h How much did she borrow? Answer correct to the nearest hundred dollars.

i How much interest did she have to pay?

j How much did her holiday cost altogether? Pracice quiz
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corresponding
elevation
enlargement
hypotenuse
matching
orientation
plan

ratio

reduction
scale

scale drawing
scale factor
shadow
similar figures

Prior learning

SHAPE AND MEASUREMENT

Scales

Reading scale drawings

Constructing scale drawings

Similar figures

Similar triangles

Applications of similarity

Areas of similar figures

Surface areas and volumes of similar solids
Chapter summary

Chapter review



SIMILAR FIGURES AND SCALE FACTORS

review the conditions for similarity of two-dimensional figures including similar triangles (ACMGMO021)
use the scale factor for two similar figures to solve linear scaling problems (ACMGMO022)

obtain measurements from scale drawings, such as maps or building plans, to solve problems (ACMGMO023)
obtain a scale factor and use it to solve scaling problems involving the calculation of the areas of similar figures
(ACMGMO024)

obtain a scale factor and use it to solve scaling problems involving the calculation of surface areas and
volumes of similar solids. (ACMGMO025) @

SCALES

Scale drawings are used in many areas of everyday life.
A scale drawing of an object is the same shape as the IMPORTANT
object but a different size. To read plans or maps or Scale = plan length : real length

photographs, we need to be able to understand scales. The
scale of a drawing is a comparison of the length used on a drawing to the length it represents in real
life. So a scale is written as a ratio.

The scale determines how close the drawing is to the size of the real life object. A scale of 1 : 100
means the real length is one hundred times the length on the drawing.

A scale can be written with units of measure included, for example 1 cm : 1 km. This same scale
could be written without units of measure included as 1 : 100 000 since there are 100 000
centimetres in one kilometre. A scale is usually written without units in simplest form. This form
shows the equivalence for one unit on the plan. A scale of 1 : 1000 indicates that, whatever unit you
use to measure a length on the drawing, the real object length is 1000 times larger. So 1 mm
represents 1000 mm, 1 cm represents 1000 cm and so on.

O Example 1

Copy and complete the following.

a 1:1000=1mm: m b 1:100=1cm: m
Solution
a Write the question using the same units of 1:1000=1mm: 1000 mm

measure for both parts.

Convert 1000 mm to 1 metre. 1:1000=1mm:1m
b Write the question using the same units of 1:100=1cm: 100 cm

measure for both parts.

Convert 100 cm to 1 m. 1:100=1cm:1m
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O Example 2

Write each of the scales below in simplest form without units.

a

a

0 5 10 15 20 km

Solution

Use a ruler to measure the scale given: 1 cm
represents 5 km. Write the scale.

Convert both to the same units. Change km to

b 10mmtol

d Icm=2m

Scale=1cm:

=1cm
=1cm

m

5km

: 5% 100000 cm
: 500 000 cm

cm by multiplying by 100 000.
Write the scale without units.
b Write the scale as a ratio.

Convert both to the same units.
Change m to mm by multiplying by 1000.

Then write the scale without units.
¢ This scale is already in ratio form.
d Write the scale as a ratio.

Convert to the same units.

Write your answer without units.

e Using a ruler to measure the scale gives 8 mm
represents 10 m. Write the ratio.

Convert to the same units.

Simplify by division and write without the
units.

Simplify by dividing both parts of the ratio by 10.

=1:500 000
Scale=10mm:1m

=10 mm : 1000 mm

=1:100

Scale=25:1

Scale=1cm:2m
=1cm:200 cm
=1:200

Scale=8 mm: 10 m

=8 mm: 10 000 mm

=1:1250

A scale can also be used to find unknown lengths on a scale drawing or on a real object.

9780170250252
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Western

Corbis/MAPS.com

O Example 3

The scale on a map was 1:100 000.
a What was the real distance between 2 shops which were 8 cm apart on the map?
b How long was the line on the map indicating a 6.8 km straight stretch of road?

Solution

a Write the scale. Scale=1:100 000
Write an equivalent ratio to the scale with a 1:100000=8 cm: x cm
pronumeral representing the unknown length.
Rewrite the ratios as fractions. Ensure that the 100000 _ x
pronumeral is on top. 1 8

100 000

Multiply both sides by 8. X= x 8
Simplify. x=2800 000 cm
The measurement was in cm so the answer is in cm.
Change to km by dividing by 100 000. x=8km
Interpret your answer. The shops are 8 km apart.
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b Write the scale.

Rewrite the ratios as fractions.

Write an equivalent ratio to the scale with a
pronumeral representing the unknown length.

Multiply by 680 000 to solve for x.

Interpret the result and write the answer.

Scale=1:100 000
1:100000=x:6.8 km

Change 6.8 km to centimetres by multiplying by 100 000. 1 : 100 000 = x : 680 000 cm

1 B X
100 000 680 000
x=06.8

The line on the map is 6.8 cm long.

Once you have written an equation using the scale, a CAS can be used to solve for the unknown.

QO Example 4

Solution
Write the scale.

representing the unknown length.

Rewrite the ratios as fractions.

Solve for x.

Write an equivalent ratio to the scale with a pronumeral

TI-Nspire CAS

Find the real height of a building represented by an 8 cm high drawing with a scale of 1:250.

Scale=1:250

1:250=8cm:x

25 _x
1 8
ClassPad

f O Edit Action Interactive
2000 & Loilorligaseleslv] o v]

250 _x
saive( 250=3.x)
{x=2000}
n
v
L] Matht |pine| ™= | /B | x ?
~ Moth2 | o | o | In |loged] VT
19| ===

Give an answer with units.

Interpret your answer.

Convert to an appropriate unit of measurement.

"3 | e gl solvel.
T8 00 obs, (= | (1] O
._wl_ —— + - - + y S——

_*; sin rmlar; | ;
.le—_ﬁhll'h_ms_EXE!
Alg Decimal Real Rad [ ]

x=2000 cm
x=2000+ 100 m
=20m
The building is 20 m high.
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UGN WM Scales

Concepts and techniques
1 Copy and complete each of the following.

a 1:10=1mm: cm b 1:1000000=1mm: km
c 1:1000=1m: km d 1:1000=1cm: m
e 1:100000=1m: km f 1:100=1mm: cm

2 Write each of these scales as a ratio in simplest form, without units.

2 — T ] ]
0 4 8 12 16 20 24 m

b 2mm:1cm

c 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 m

d 1I0cmtolm
e 5m:2cm

f L L L L L L I

0 10 20 30 40 50 60 m

3 Write as a ratio in simplest form, without units.

a lmm:1lm b 1mm:10m ¢ lcm:10km
d lcm:4m e 1m:7km f 4cm:1m
g 200mm:1m h 50cm:1km i 1m:0.68km
4 Find the real length of objects represented on a drawing, with a scale of 1 : 300.
a lcm b 1mm ¢ 3cm
d 28 mm e 9.7cm f 20cm
5 Find the real length of objects represented on a plan, with a scale of 1 cm to 5 m.
a 8cm b 25cm c 3.1cm
d 1 mm e 15mm f 0.6cm

6 What length of line would be used on a plan, with a scale of 1 cm : 2.5 m, to represent a real
distance of:
a 10m b 5m c 35m
d 7.5m e 1.25m f 13.75m

7 What length of line would be used on a map, with a scale of 1 : 10 000, to represent a real
distance of:
a lkm b 3.5km ¢ 49km
d 500 m e 730 m f 60m

8 The distance from Sydney to Penrith is 55 km. What scaled distance would this be on a map
with a scale of 1: 2 000 000?

Reasoning and communication

9 The first part of the ratio given for a scale is always the length on the drawing. The scale used
for a drawing was given as 10 : 1. Is it possible to have a scale drawing with this scale? Explain.
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READING SCALE DRAWINGS

A scale drawing is usually a reduction of a real object, but can be an enlargement of a very small
object, such as a computer chip. When using a scale drawing to find measurements, it is important
to measure lengths accurately.

QO Example 5

a By measurement and calculation, find the real

length (in centimetres) of this tennis racquet.

b This diagram of the front of a house is drawn

to a scale of 1 : 100.

Find the actual height of the door in

the drawing, in metres.

What is the scaled length, in millimetres,
of the house if it is actually 9.5 m long?

=
=

Tennis racquet 1: 12

Scale 1: 100

Solution 4
.

a Measure the length of the racquet. Drawing length =5.5 cm R
The scale is 1 : 12, so the real racquet is 12 Real length =12 x 5.5 cm
times larger than the scale drawing. So we =66 cm
multiply by 12.

b i Measure the height of the door. Drawing length = 16 mm
The scale is 1 : 100, so the real door is 100 Real length = 100 x 16 mm
times larger than the scale drawing. So we =1600 mm
multiply by 100.
Convert to an appropriate unit. =1.6m

i Write the real length. Real length=9.5m
The scale is 1 : 100 so the length in the scale Drawing length = 9.5 m + 100
drawing is 100 times smaller than the real
length. So we divide by 100.
Convert to a smaller unit of measure. =9500 mm =+ 100
Write the answer. =95 mm
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When working with scale drawings, you should check that answers seem reasonable.

QO Example 6

Natalie’s house.

$62.50 per m* laid?

Solution

a Measure the length of the porch.

times larger.
Convert to metres.

b Measure the width of the porch.

Convert to metres.
of a rectangle formula, A = Iw.

cost.

An architect drew this scale drawing of an extension to

a What is the length of the porch, in metres?
b What is the cost of tiling the porch if tiles are

The scale is 1:200 so the real length is 200

Multiply by 200 to find the real width.

Calculate the area of the porch using the area

Multiply by the cost per m? to find the total

New extension

Guest

bedroom R
Parents

retreat

Ensuite

Dressing

Main
bedroom

Scale 1: 200

Drawing length =27 mm

Real length =200 X 27 mm
= 5400 mm

=54m
Drawing width = 6 mm

Real width =200 X 6 mm
=1200 mm

=12m

Area=54x1.2
=6.48 m’

Cost = 6.48 X $62.50
= $405

An architect constructing diagrams for a new building includes

e aplan: a diagram of the floor

e the elevations: the views of the front, back and sides.

NELSON SENIOR MATHS General 11
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O Example 7

Here is a drawing of a garage, showing its plan, front and side elevations.

/\

| 3 EEE %

i Plan 3 DDD

| 3 0

Scale 1: 200

i i i i I roof
g R S

i i wall
B Frontelevation e o T

a What is the floor area of the garage in m*?

b What is the height of the highest point of the garage’s roof?

¢ The four inside walls of the garage need to be painted, including the doors but not the
window (of dimensions 2.4 m by 2 m). How many whole litres of paint would you need
to buy to put two coats of paint on the walls if 1 L covers 10m??

Solution
a Measure the length of the garage. Drawing length = 3.8 cm
The scale is 1 : 200. Multiply by 200 Real length =200 % 3.8 cm
to find the actual length. =760 cm
Then convert to metres. =7.6m
Measure the width of the garage. Drawing width =2.4 cm
Multiply by 200. Real width =200 X 2.4 cm
Then convert to metres. =480 cm
=48m
Calculate the area of the garage floor. Area=7.6 x4.8
=36.48 m’
b Measure the height from the floor to the Drawing height of highest point =2.3 cm
peak of the roof.
Multiply by 200. Then convert to metres. Real height of highest point =200 X 2.3 cm
=460 cm
=4.6m
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Measure the height of the wall.

Multiply by 200. Then convert to metres.

Calculate the area of the front and back walls

using the width of the garage found in part a.

Calculate the area of the side walls using the
length of the garage found in part a.

Calculate the area of the window from the
dimensions given.

Calculate the total wall area to be painted.

Calculate the total area to be painted for
2 coats.

Calculate the amount of paint needed, given
that 1 L covers 10 m”.

Answer the question. Remember that you
can only buy whol