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Guide to Edrolo Year 9 Mathematics

This resource deepens
students’ conceptual
understanding to develop
a strong foundation of
knowledge through print
and online video lessons.

Students
practice their
knowledge and skills
on a range of Fluency,
Problem solving,
and Reasoning
questions.

Problem solving

Question working paths

Mild 15 (a,b,e), 16 (a,b) J

Spot the
mistake targets
misconceptions and
provides non-examples

X asking students to locate
Spot the mistake which student is

9. Select whether Student A or Student B incorrect.
a. Round 0.20527 to 2 decimal places.
Student A Student B
0.20527 =~ 0.20 0.20527 =~ 0.21
.
U Visit Edrolo.com.au to access

all the digital materials.

VI GUIDE TO EDROLO YEAR 9 MATHEMATICS

Big ideas

Big ideas are
highlighted per
chapter to guide teaching
practice. Abstract math is
closely intertwined with
visual representations
throughout each lesson.

Number and financial mathematics is a topic that drar
Understanding these foundational concepts can be ¢
applying financial mathematics in real-world conte:
uncertainty and risk. Understanding structures, pa
informed financial decisions.

Quantity and place value
Financial mathematics involves dealing with numbei
Understz

oflarger  yfisual representations

Number line

A number line is a simple but effective tool for teaching students about intege
decimals, percentages, and negative numbers. It can also be used to visually de
addition, subtraction, and multiplication.

New price  Original price
$0 $100 $200 $300 $400
| | | | |
1 1 1 1 1
0% 25% 50% 75% 100%

—
A decrease of 25%

Understanding worksheet

1. Identify a or b for each difference of two squares.

Example
a2 - b? a b Each question
, PO I p—— section begins with
- 3 .
16x7 =9y SR an Understanding
worksheet to aid the
a? - b2 a b development of core
22— 25 . | maths skills.
4x? =9 L___1] 3
9t% — 4y? 3t r
(x-22-16 |1 1| 4
Exam-style
questions provide
students' practice to familarise
themselves with question
Exam-style formats they will encounter in senior

exams using the lesson content, and
Remember this? questions from

other lessons provide students with
spaced repetition that maintains

18. Which of the options s
9(a3b7)5
(3b%)?

students’ knowledge through

Remember this? interleaved practice.
21. Which of these is 718.839 rounded .
A. 718.80 B.

. wees?

718.83 C. 718

22. Leslie spent 80% of her money on a tablet.

The tablet cost $250.
How much money did Leslie have before buying the tablet?
A. $250.00 B. $302.50 C. $31
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Misconceptions

Misconception

~ubstitute the y-value
~ when finding

Calculate the x- and y-intercepts for
y =—2x — 2.
(—=2,0) and (0,—-1)

Calculate the x- and y-intercepts for
y=—2x—2.
(=1,—1) and (-2,-2)

ice versa.
Misconceptions are Jculated
actively highlighted, )rm one
uncovered and
addressed. )
nstant in

KEY TERMS AND DEFINITIONS

« The critical digit is the digit to the right of the decimal place or significant
figure that a number is being rounded to; it determines whether the number

is rounded up or down.

¢ A figure, when talking about numbers, is another term for a digit.

« Aleading zero is any zero digit that comes before the first non-zero digit

in a number.

Key ideas

1.  Rounding to decimal places involves
the decimal point.

Round to 4 decimal places:

Critical digit

78.39845 = 78.3985

t %

x=4

New ideas and
vocabulary used
are highlighted at the
beginning of each
lesson.

Understanding worksheet

1. a 1 b. 4

2. Significant: I; II; IV
Not significant: I1I

Problem solving

10. On a particular day, an exchange rate agency lists one Pound sterling

3. truncating; significant;

(the currency of the United Kingdom) as equal to $1.8849926 in
Australian dollars. How many Australian dollars is equivalent to
3 Pound sterling, rounded to the nearest cent?

Key points
¢ 1 Pound sterling equals 1.8849926 Australian dollars.

¢ How many Australian dollars is 3 Pound sterling, rounded to
the nearest cent?

GUIDE TO EDROLO YEAR 9 MATHEMATICS

Worked example 1

Rounding to decimal places

Round the following numbers to the specified numr

94.981 (2)

Working

second decimal place

94.981
T

critical digit
94.981 ~ 94.98
Worked examples
model the thinking and
working for specific skills
outlined in each lesson.

Answers
are given in the
back of the book. Full
worked problem solving
solutions are stepped out
in detail to understand the
why behind the answer.
Detailed solutions are
available online.

Vil
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Chapter 1 research summary

Number and financial mathematics

Number and financial mathematics is a topic that draws on several big ideas in mathematics.
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Understanding these foundational concepts can be crucial in effectively engaging with and
applying financial mathematics in real-world contexts. Financial decisions often involve
uncertainty and risk. Understanding structures, patterns, and relationships can help make
informed financial decisions.

Quantity and place value

Financial mathematics involves dealing with numbers that represent monetary values.
Understanding the place value system is crucial in this context, as it helps in making sense
of large numbers that are often encountered in financial transactions and calculations.

Structure and patterns

Recognising patterns and structures is important in financial mathematics. For example,
understanding interest rates, investment growth and the cost of a loan are all reliant on
recognising patterns of how interest rates affect growth and the cost of a loan. Spotting trends
and patterns can also help in making informed financial decisions.

Proportional reasoning

In financial mathematics, quantifying monetary values, costs, profits, and interest rates all
require the understanding and use of proportional relationships. Understanding the concept
of percentage as a proportion and ratio can help students to understand more difficult financial
concepts like simple and compound interest. Understanding how the quantities can change

in relation to each other is an important skill in understanding investments and life long skills.

Visual representations

Number line

A number line is a simple but effective tool for teaching students about integers, fractions,
decimals, percentages, and negative numbers. It can also be used to visually demonstrate
addition, subtraction, and multiplication.

New price  Original price

$0 $100 $200 $300 $400
| | | | s
I I I I I
0% 25% 50% 75% 100%
—
A decrease of 25%
Bar model

A bar model is a powerful visual tool that can be utilised to represent various mathematical and
financial concepts. A bar model can be drawn to represent to scale quantities and proportions

in financial mathematics. Using different colours helps students visually differentiate between
various parts of the data. Bar models can be used to teach students to understand percentages
and ratios. For instance, if a student saves 25% of their allowance, represent the total allowance
as a full bar and shade one-fourth of it to represent the savings. Bar models can also be used

to visualise how to calculate simple and compound interest.

P 5% 5%
$2000 | $100 | $100 |

2 CHAPTER 1: NUMBER AND FINANCIAL MATHEMATICS
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Misconceptions

Misconception

Students assume the number
of significant figures is the
same as the number of
decimal places in a number.

0.07302 5 significant figures

0.07302 4 significant figures 1A

Students identify the leading
zero after the decimal point
as significant.

0.07302

0.07302 1A

Students do not count the
zeros in between non-zero
digits as significant.

40.06

40.06 1A

Students find the proportion
of the wrong quantity when
calculating percentages.

Calculate the percentage profit or loss
on a car that cost $12 000 to make and
sold for $9750.

Loss = 12 000 — 9750

Calculate the percentage profit or loss 1B
on a car that cost $12 000 to make and
sold for $9750.

Loss = 12 000 — 9750

= 2250 = 2250
9 _ 2250 @ _ 2250
% loss = 9750 % 100 % loss = 13000 < 100
= 23.076... = 18.75
~ 23% =~ 19%
Students add and subtract 100% — 7% = 93% 100% — 7% = 93% 1B
percentage changes. New price = $325 — 93 New price = 93% of $325
= $232 = 0.93 x $325
= $302.25
Students apply identical Calculate the original price of a bicycle Calculate the original price of a bicycle 1B
but opposite percentage that had a mark-up of 20% and is now that had a mark-up of 20% and is now
changes to the new amount priced at $599.99. priced at $599.99.
to calculate the old amount. 100% — 20% = 80% Original price = 5‘;92.39
Original price = 80% of $599.99 = $499.99

= $479.99

Students apply an overtime
rate to a whole day’s hours
instead of just the hours
worked overtime.

A baker worked 11.04 hours, including
1.04 hours of overtime, at a base rate
of $27.54 per hour. How much income
was earned?

11.04 x 27.54 x 1.5 = $456.0624
~ $456.06

A baker worked 11.04 hours, including 1C
1.04 hours of overtime, at a base rate

of $27.54 per hour. How much income

was earned?

11.04 — 1.04 = 10

10 x 27.54 = $275.40

1.04 x 27.54 x 1.5 = $42.9624
~ $42.96

275.40 + 42.96 = $318.36

Students add to instead of
multiplying the base rate for
weekend and overtime pays.

Calculate the income earned for 7.56
hours worked on a Sunday at a base

rate of $30.24. Sunday pay is paid at

1.75 times the base rate.

7.56 x 30.24 + 1.75 = $230.3644
~ $230.36

Calculate the income earned for 7.56 1C
hours worked on a Sunday at a base

rate of $30.24. Sunday pay is paid at

1.75 times the base rate.

7.56 x 30.24 x 1.75 = $400.0752
~ $400.08

Continues >
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Students calculate income tax Reed’s gross income for a year is Reed’s gross income for a year is 1D
on the whole income instead of $42 053. How much income tax do $42 053. How much income tax do
the amount over the threshold. they owe? they owe?
Income tax = 42 053 x 0.19 42 053 — 18 200 = $23 853
= $7990.07 Income tax = 23 853 X 0.19
= $4532.07
Students subtract deductions Alex’s gross income for a year is Alex’s gross income for a year is 1D
from income tax instead of $63 500. He can claim $680 of his $63 500. He can claim $680 of his
taxable income. expenses as deductions. expenses as deductions.
How much income tax does he owe? How much income tax does he owe?
63500 — 45000 = $18 500 63500 — 680 = $62 820
5092 + 0.325 x 18500 = $11 104.50 62 820 — 45000 = $17 820
Income tax = 11 104.50 — 680 Income tax = 5092 + 0.325 x 17 820
= $10424.50 = $10883.50
Students confuse withheld tax Calculate the payable income tax on a Calculate the payable income tax on a 1D
with income tax. gross income of $123 234 with $5023 gross income of $123 234 with $5023
worth of deductions, rounded to the worth of deductions, rounded to the
nearest cent. nearest cent.
$33 176.00 $28 885.58
Students do not convert an P = 2500 P = 2500 1E
interest rate when calculating I =102.08 I =102.08
sllmple 11?terest for non-annual DY P DY S———
time periods. 2500 14 2500 14
— 2200 XrX 14 — 200 XrXxl14a
102.08 = 100 102.08 = 100
102.08 x 100 = 35 000r 102.08 x 100 = 35 000r
r = 0.29% per year r = 0.29% per month
r=0.29% x 12
= 3.48% per year
Students add the interest A =600+ 154 x 7 I= 600 X 15.4 X 7 1E
rate instead of finding the = $707.80 100
percentage of the principal. = $646.80
A = 600 + 646.80
= $1246.80
Students confuse simple A $20 000 investment attracts interest A $20 000 investment attracts interest 1F
interest with compound at 2.4% p.a. compounding monthly. at 2.4% p.a. compounding monthly.
interest. How much interest will there be after How much interest will there be after 8
8 months, rounded to the nearest cent? months, rounded to the nearest cent?
20000 x 22 x 8 ( 24 >8
[=—— =% _ 12
100 A=20000x\1+ 100
= $320 — 20 322.24898
~ $20322.25
20322.25 — 20 000 = $322.25
Continues >
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Students mistake the value P = 1500 P = 1500 1F
of the investment/loan for PV P DA
the interest. n=3 n=3
- 24y _ 24
4 =1500(1+ 2% 1=1500(1 + Z%)
~ $1610.61 ~ $1610.61
I=1610.61 — 1500
I=110.61
Students do not convert an $12 500 at 3.6% p.a. depreciating $12 500 at 3.6% p.a. depreciating 1F

interest rate when calculating
compound interest for
non-annual time periods.

monthly for 4.5 years.
P = 12500
r=3.6
n=45x 12 =54
54
4=12500(1-2£)
~ $1726.12

monthly for 4.5 years.
P =12500

—36
"T12

n=45x12 =54

3. 54
A=12 500(1 - ﬁ)

~ $10 627.93

CHAPTER 1 RESEARCH SUMMARY

5

>
o
<
=
=
2
7]
I
O
o
<
i
0
w
o




Back to contents

1A Decimals and significant figures

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
¢ round numbers to a specified number of decimal places

¢ identify the significant figures in a number

¢ round numbers to a specified number of significant figures.

Numbers are rounded so that they are easier to read and interpret. However,

rounded numbers are less accurate as rounding removes digits. Numbers can

be rounded to a specified number of decimal places or significant figures,

depending on the scenario. Image: Bankoo, Shutterstock com

In finance, currencies are usually
rounded to two decimal places.
In science, it is common to see
numbers rounded to three
significant figures.

KEY TERMS AND DEFINITIONS

¢ The critical digit is the digit to the right of the decimal place or significant
figure that a number is being rounded to; it determines whether the number
is rounded up or down.

¢ A figure, when talking about numbers, is another term for a digit.

¢ Aleading zero is any zero digit that comes before the first non-zero digit
in a number.

e Atrailing zero is any zero digit that comes after the last non-zero digit
in a number.

¢ Truncating means shortening a number, usually through rounding.

Key ideas

1. Rounding to decimal places involves truncating or approximating a number to a specified number
of digits after the decimal point.

Round to 4 decimal places: Round to 3 decimal places:

Criticil digit Criticil digit
78.39845 = 78.3985 78.39846 ~ 78.398

[ [
The digit is increased as the The digit is unchanged as the
critical digit is 5 or more. critical digit is 4 or less.

2. The significant figures (sig fig or s.f.) of a number contribute to the accuracy of a measured or calculated quantity.
There are rules for determining whether a figure is significant. Whole numbers and decimals can be rounded to a
specified number of significant figures.

All non-zero digits are significant. 923

Zeros between non-zero digits are significant. 201 or 40.06
Leading zeros are not significant. 0.07302

Zeros to the right of the last non-zero digit are 2400 or 2400.0

always significant if the number is a decimal.

Continues »>
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3. The results of multiplications and divisions involving values that have been measured are usually

rounded to the smallest number of significant figures.

4sf. 2s.f.

35.21x 2.7 = 95.067

= 95 <4+—— Rounded to 2 s.f.

Worked example 1

Rounding to decimal places

1A THEORY

Round the following numbers to the specified number of decimal places.

a. 94981 (2)

Working Thinking
second decimal place Step 1:  Identify the digit being rounded (in the second
decimal place) and the critical digit.
94.981
critical digit
94.981 ~ 94.98 Step 2: The critical digit is less than 5, so the digit being

rounded stays the same.

Visual support

digit to be rounded 2 decimal places

94.981 x94.98

critical digit

b. 32975 (3)

Working Thinking
third decimal place Step1: Identify the digit being rounded (in the third
decimal place) and the critical digit.
3.2975
critical digit
3.2975 = 3.298 Step 2: The critical digit is 5, so the digit being

rounded increases.

Student practice

Round the following numbers to the specified number of decimal places.

a. 70411 (1) b. 3882878 (2)

1A DECIMALS AND SIGNIFICANT FIGURES 7



Back to contents

1A THEORY

Identifying and rounding to significant figures

For the following:

a.  Determine the number of significant figures in 4.050.
Working
4.050

4.050

4.050

b.  Determine the number of significant figures in 140 500.

Working
140 500

140 500

c. Round 0.0708 to two significant figures.

Working
0.0708

digit to be rounded

0.070?

critical digit

0.0708 =~ 0.071

Student practice

For the following:
a. Determine the number of significant figures in 2.5510.
b.  Determine the number of significant figures in 5600.

c. Round 68.052 to two significant figures.

Worked example 2

Thinking
Step1: Identify any non-zero digits. They are significant.

Step 2: Identify any zeros between non-zero digits.
They are significant.

Step 3: Identify any trailing zeros after the decimal point.
They are significant.

Step 4: State the number of significant figures.

Visual support

non-zero digits

4.050

zero between | trailing zeros after
non-zero digits the decimal point

Thinking
Step 1:  Identify any non-zero digits. They are significant.

Step 2: Identify any zeros between non-zero digits.
They are significant.

Step 3: State the number of significant figures.

Thinking
Step 1:  Identify the significant figures.

Step 2: Identify the digit being rounded (the second
significant figure) and the critical digit.

Step 3: The critical digit is more than 5, so the digit being
rounded increases.
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Worked example 3

Rounding results of calculations

Complete the following calculations and round each result to the appropriate number of significant figures.

a. 51x6.90

Working Thinking

1A THEORY

5.1 has 2 significant figures. Step1: Identify the number of significant figures
6.90 has 3 significant figures. in each number.
5.1 x 6.90 = 35.19 Step 2: Complete the calculation.

35.19 = 35 (2s.f) Step 3: Round the result to the smallest number
of significant figures identified in Step 1.

Visual support

2s.f. 3s.f.

51x6.90 =35.19

I~ 35 <+—— Rounded to 2 s.f.

b. 1230 + 0.06327
Working Thinking
1230 has 3 significant figures. Step1: Identify the number of significant figures
0.06327 has 4 significant figures. in each number.
1230 + 0.06327 = 19440.493... Step 2: Complete the calculation.

19440.493... = 19 400 (3 s.f.) Step 3: Round the result to the smallest number
of significant figures identified in Step 1.
Student practice

Complete the following calculations and round each result to the appropriate number of significant figures.

a. 4.05x0.21 b. 501 + 1.4

1A DECIMALS AND SIGNIFICANT FIGURES 9
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1A Questions

1. In each of the following, the critical digit is highlighted. To how many decimal places will each
number be rounded?

Example

7.71171 will be rounded to [3] decimal places.

a. 3.25305 will be rounded to [:] decimal places. b. 5.04049 will be rounded to E:] decimal places.

c.  2094.285 will be rounded to [:] decimal places. d.  78.6015 will be rounded to 'L:] decimal places.

2. Determine whether the bold digit is significant or not significant.

Example

Number Significant Not significant

0.00456 |:|

(%2}
4
o
|—
w
w
2
o
<

Number Significant Not significant

.  1.403 |:|
Il. 357 I:'

. 0.0052 |:|

OO 00

IV. 5227 I:'

3. Fill in the blanks by using the words provided.

| leading | | significant | |notsignificant| | truncating |

Rounding numbers to a certain number of decimal places or significant figures involves

and they are always not significant.

Question working paths

Mild J  Medium JJS Spicy SIS
4 (a,b,c,d), 5(a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdef), 4 (e,f,g,h), 5 (e f.gh), 6 (efgh),
7 (a,b,c,d), 8 7 (c,d,ef), 8 7 (efgh), 8
4. Round the following numbers to the specified number of decimal places. m
a. 3.142 (2) b. 158.356 (1) c. 10.50437 (4) d. 35.7435 (3)
e. 0.04573 (1) f. 423.6666 (2) g. 1308.44642578 (5) h. 989.986 (1)
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5. Determine the number of significant digits in the following numbers.
a. 6.128 b. 6604.09 c. 34000 d. 0.630
e. 1800.0 f. 1.0000 g. 0.00502 h. 320001

6. Round the following numbers to the specified number of significant figures. M
a. 85.183 (3) b. 159.875 (4) c. 6.0103 (3) d. 83000 (1)
e. 0.004816 (2) f. 78530 (3) g. 13.42050 (1) h. 524005 (5)

7. Complete the following calculations and round each result to the appropriate number of WE3
significant figures.
a. 215x63 b. 12.44 x 0.31 c. 3.642 +0.17 d. 35.05 x 0.070
e. 51.835 x 82.3 f. 1270 + 4.002 g. 8400 x 2.05313 h. 74.234 + 3.17

8. Which of the following correctly shows 0.00706 rounded to 2 significant figures?

A. 0.0 B. 0.007 C. 0.0071 D. 0.01 E. 0.72

(%)
H Z
Spot the mistake 3
&
9. Select whether Student A or Student B is incorrect. '5"
o
a. Round 0.20527 to 2 decimal places. b. Round 2031.3526 to three significant figures. <
Student A Student B Student A Student B
0.20527 = 0.20 0.20527 = 0.21 2031.3526 = 2030 2031.3526 ~ 203

Problem solving

Question working paths

Mild 10, 11,12 J  Medium 1,12,13 FJS Spicy 12,13,14 SIS

10. On a particular day, an exchange rate agency lists one pound sterling (the currency of the United
Kingdom) as equal to $1.8849926 in Australian dollars. How many Australian dollars is equivalent
to 3 pound sterling, rounded to the nearest cent?

11. The distance between the Earth and the Sun is called 1 AU (astronomical unit). 1 AU is equal to
150 780 000 km. How many significant figures are there in this value?

12. Cecilia measured the length of a table using a metre ruler with centimetre markings. She measured
it to be 1.5 m. She then used a centimetre ruler with millimetre markings to measure the same table.
She measured it to be 154.3 cm.

Which ruler measures the length of the table to the greatest number of significant figures?

13. Jerone wants to figure out how much faster his new bike will be. He measured the diameter of one
wheel of his new bike as 41.2 cm.

What is the circumference of the wheels, given the circumference can be calculated using C = nd,
rounded to an appropriate number of significant figures?

1A DECIMALS AND SIGNIFICANT FIGURES 11
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1A QUESTIONS

14. The time (t, in hours) a car travels given particular speed (s, in km/h) and distance (d, in km) can

be calculated using t = g The speed of a car was recorded to be 50.3 km/h and the total distance

travelled was 206 km. What is the difference between the times calculated using speed rounded to
two and three significant figures? Round the answer to the nearest minute.

Reasoning

Question working paths

Mild 15 (a,b,c,e) J  Medium 15 (a,b,c,e), 16 (a,b) JJI Spicy All JIS

15. The following table shows the times it took to complete the race of four Formula 1 drivers at the

Australian Grand Prix in 2023. A time of 1:17.308 corresponds to 1 minute and 17.308 seconds
or 77.308 seconds. The order of the drivers represents the positions they started the race in
(the starting grid).

Starting position | Driver Finish time
1 Max Verstappen 1:16.732
3 Lewis Hamilton 1:17.104
6 Fernando Alonso 1:17.139
10 Nico Hulkenberg 1:17.675

a. State the number of significant figures and decimal places used to record the finish times after
the times have been converted to seconds.

b. Round Max Verstappen’s finish time to 1 decimal place.
c. Round Nico Hulkenberg’s finish time to 2 significant figures.

d. What is the minimum number of significant figures that Lewis Hamilton’s and Fernando
Alonso’s race times can be rounded to so that their finish order can be determined?

e. Compared to Formula 1 racing, give an example of a sport which measures finishing times with
fewer significant figures. Briefly explain your answer.

16. The length and width of a wall were measured to be 3.552 m and 1.342 m respectively.

a. Round both measurements to 2 significant figures and then calculate the area of the wall using
the rounded values. Round to an appropriate number of significant figures.

b. Round both measurements to 3 significant figures and then calculate the area of the wall using
the rounded values. Round to an appropriate number of significant figures.

c. Calculate the area of the wall using the unrounded measurements and compare this to the
answers to parts a and b. What can you conclude about what happens to the accuracy of a
number when it is rounded?

17. A graph was made that shows the relationship between average temperature (y) and latitude (x) (1 MARK)

recorded at seven different weather stations. The equation of the graph is shown below.
y = 42,9842 — 0.877447x

When the numbers in this equation are correctly rounded to three significant figures,
the equation will be

A. y=42984 — 0.877x

y = 42,984 — 0.878x

y = 43.0 — 0.878x

y =429 — 0.878x

y = 43.0 — 0.877x

moow
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18. The following equation is for a straight line graph. (2 MARKS)
y = 0.0391 + 5.2756x
a. Round the value for the intercept to two decimal places. TMARK
b. Round the value of the slope to two significant figures. 1 MARK
19. Leela measured the dimensions of a triangular shaped window to calculate the area of the fly screen (2 MARKS)

she requires. The formula to calculate the area of a triangle is 4 = %bh. She measures the base as
0.78 m and the height as 2.14 m.

Calculate the area of the fly screen required, rounded to an appropriate number of significant figures.

20. Grant needs to round the values 9.235946... and 1.002493 to four significant figures. (2 MARKS)

He obtains 9.235 and 1.0025. Did Grant round these values correctly? Justify your answer.

Remember this?

21. Which of these is 718.839 rounded to 2 decimal places?
?@ A. 718.80 B. 71883 C. 718.84 D. 718.89 E. 719.00

(%2}
Z
o
22. Leslie spent 80% of her money on a tablet. 5
wl
The tablet cost $250. 8
How much money did Leslie have before buying the tablet? Round to the nearest cent. <
A. $250.00 B. $302.50 C. $312.50 D. $313.00 E. $350.00

23. The following table shows attendance at a festival over three nights.

Night Number of people
Friday 31200
Saturday 32430
Sunday 29500

The cost of each ticket is $5.

What was the mean amount of money collected from ticket sales per night, rounded to the
nearest dollar.

A. $145265 B. $155215 C. $155216 D. $155217 E. $165245

1A DECIMALS AND SIGNIFICANT FIGURES 13
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1 B Profits and discounts

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Students will be able to:
e apply percentages to calculate mark-ups and discounts

o calculate the original price before a discount or mark-up

o calculate the percentage profit or loss made on a sale.

Percentages have many applications. They are particularly useful in financial

contexts for both consumers and businesses. This lesson will involve calculating

selling prices after mark-ups and discounts are applied, determining prices before

mark-ups and discounts, and calculating percentage profits made on sales. Image: Dmytro Ostapenkoy/Shutterstock. com

Percentages are used in financial
contexts to help make informed
decisions. Discounts and mark-ups

¢ The cost price is how much a product or service costs to produce or provide. encourage customers to buy more

e A profit occurs when a product or service is sold for more than it cost. products, or increase the profit earned
on products. Percentage profits and
losses allow a business to determine
how well they are performing.

KEY TERMS AND DEFINITIONS
e The sale price is how much a product or service is sold for.

e Aloss occurs when a product or service is sold for less than it cost.

Key ideas

1. Mark-ups and discounts are percentage increases and decreases respectively applied to the original sale price of
a product or service. The percentage mark-ups and discounts, and the original price after a mark-up or discount
can also be calculated.

Amount to mark-up or discount by = % Increase or decrease x Original price
Change in price

Original price X100

% mark-up or discount =

2. Profits and losses are usually reported as a percentage of the cost price of a product or service.
profit = selling price — cost
loss = cost — selling price

profit or loss
cost price

% profit or loss = 00

14 CHAPTER 1: NUMBER AND FINANCIAL MATHEMATICS
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Worked example 1

Calculating mark-ups and discounts

a.  $400 decreases by 25%

Method 1

Working
25% of $400 = 0.25 x 400
= $100
New price = $400 — $100
= $300

Method 2

Working

100% — 25% = 75%

New price = 75% of $400
= 0.75 x 400
= $300

b.  $80 increases by 33%

Method 1

Working
33% of $80 = 0.33 x 80
= $26.40
New price = $80 + $26.4
= $106.40

Method 2

Working

100% + 33% = 133%

New price = 133% of $80
=133 x 80
= $106.40

Student practice

a.  $200 decreases by 26%.

For each of the following, calculate the new price for the given mark-up or discount.

Thinking

Step1: Calculate the dollar amount of the decrease.

Step 2: Subtract the dollar amount from the
original amount.

Thinking
Step1:  Calculate the percentage decrease.

Step 2: Calculate the new price after the
percentage increase.

Visual support

New price Original price

$0 $100 $200 $300 $400

0% 25% 50% 75% 100%
‘—

A decrease of 25%

Thinking

Step1: Calculate the dollar amount of the increase.

Step 2: Add the dollar amount to the original amount.

Thinking
Step1:  Calculate the percentage increase.

Step 2: Calculate the new price after the
percentage increase.

For each of the following, calculate the new price for the given mark-up or discount.

b.  $50 increases by 40%.

1B PROFITS AND DISCOUNTS
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Worked example 2

= Calculating percentage changes and original prices
2
|:'_: For the following:
=
a. Calculate the percentage mark-up on an item whose price increased from $10.50 to $15.25.
Round to the nearest percent.
Working Thinking
15.25 — 10.50 = 4.75 Step1: Calculate the change in price.
Mark-up = 1467550 x 100 Step 2: Calculate the percentage mark-up.
= 45.238..%
~ 45%

Visual support

Change in price —;

Mark-up = 473 x100
10.50
L Original price

= 45%
b. Calculate the original price of an item if the new price is $75 after a 25% mark-up.
Working Thinking
100% + 25% = 125% Step1: Calculate the percentage increase.
=125
Original price = 17—255 Step 2: Calculate the original price before the mark-up.
= $60
c. Calculate the original price of an item if the new price is $53.50 after a 15% discount.
Round to the nearest cent.
Working Thinking
100% — 15% = 85% Step1: Calculate the percentage decrease.
=0.85
Original price = % Step 2: Calculate the original price before the discount.
= $62.941...
~ $62.94

Student practice

For the following:

a.  Calculate the discount percentage on an item whose price decreased from $150 to $110.
Round to the nearest percent.

b.  Calculate the original price of an item if the new price is $23.50 after a 20% mark-up.
Round to the nearest cent.

C. Calculate the original price of an item if the new price is $450 after a 32% discount.
Round to the nearest cent.
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Worked example 3

Calculating percentage profits and losses %
Calculate the percentage profit or loss for each of the following. Round to the nearest percent as needed. E
)
a.  Abook that cost $5 to make is sold for $13. -
Working Thinking
profit = selling price — cost price Step1:  Calculate the profit made.
=13-5
=8
% profit = % x 100 Step 2: Calculate the profit as a percentage of the
= 160% profit cost price.

Visual support

Profit —;
% profit = 8 x100
5
L Cost price
=160%
b. ATV that cost $3000 to make is sold for $2500.
Working Thinking
loss = cost price — selling price Step1:  Calculate the loss made.
= 3000 — 2500
=500
% loss = 350% X 100 Step 2: Calculate the loss as a percentage of the cost price.
= 16.6%

~ 17% loss

Student practice

Calculate the percentage profit or loss for each of the following. Round to the nearest percent as needed.

a. A water bottle that cost $2.50 to make is sold for $8. b. A phone that cost $350 to make is sold for $200.

1B PROFITS AND DISCOUNTS 17



Back to contents

1B Questions

Understanding worksheet

1. Calculate the profits and losses for each of the following.

Example
Cost: $350
Sale price: $299

-
Loss: 1
.

Cost: $820 c.
Sale price: $749

Cost: $899 d.
Sale price: $1999

a. Cost:$99 b.
Sale price: $120

2. Convert the following percentages increases and decreases to decimals by filling in the boxes.

Cost: $1502
Sale price: $1050

3. Fill in the blanks by using the words provided.

| mark-up cost price loss | | sale price |

a product.

(%]

z

©) Example

= F———x

] Increase by 15%: 100% + 15% = 1.'@ 15 |

2

(e

) f———a f———a

- a. Increase by 20%: 100% + 20% = 1.1 | b. Decrease by 30%: 100% — 30% = 0.1 __
c. Increase by 2%6:100% + 2% =1 | d. Decrease by 3%: 100% — 3% =1 __ |

Question working paths

SIS

Mild J  Medium S Spicy
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdeb, 4 (efgh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 7 (c,def), 8 7 (e,f,gh), 8

4. For each of the following, calculate the new price for the given mark-up or discount.
Round to the nearest cent as needed.

a. $100 increases by 15%. b. $250 decreases by 20%.
c.  $80 increases by 4%. d. $350 decreases by 8%.
$600 increases by 5.5%. f.  $45 decreases by 14.7%.
g. $1200 increases by 126%. h.  $9000 decreases by 42.52%.

18
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5. Calculate the percentage mark-ups and discounts for each of the following.
Round to the nearest percent as needed.
a. $200 increases to $230. b. $250 decreases to $150.
c. $382.50 increases to $450. d. $350 decreases to $245
$420 increases to $840. f. $437.90 decreases to $378.15.
g. $35 increases to $140. h. $902.10 decreases to $490.50.
6. Calculate the original price of each of the following. Round to the nearest cent as needed.
a. ATV that had a mark-up of 20% and is now priced at $1200.
b. Abook that had a discount of 15% and is now priced at $10.20.
c. Atennis racquet that had a mark-up of 5% and is now priced at $249.99.
d. A graphic novel that had a discount of 50% and is now priced at $12.
e. A pair of wireless headphones that had a mark-up of 8.5% and is now priced at $40.
f. A PS5 that had a discount of 27.75% and is now priced at $799.99.
g. A smartphone that had a mark-up of 10.5% and is now priced at $399.99.
h. Avacation package that had a discount of 15.75% and is now priced at $2000.
7. Calculate the percentage profit or loss for each of the following. Round to the nearest percent =]
as needed.

a. Aremote-controlled drone that cost $40 to make sells for $50.
b. An artwork that cost $200 to make is sold for $100.

A musical instrument that cost $50 to make sells for $70.

(%)}
z
o
-
(7
[
=)
o
m
]

A set of art pencils that cost $30 to make sells for $20.
A movie ticket that is worth $21.95 sells for $24.50

A sports watch that cost $350 to make sells for $299.
A chess board that cost $499 to make sells for $542.95
A laptop that cost $2442.02 to make sells for $1099.95

TSm0 o0

8. Calculate the original price of a bicycle that had a mark-up of 20% and is now priced at $599.99,
rounded to the nearest cent.

A. $120.00 B. $479.99 C. $499.99 D. $579.99 E. $719.99

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Calculate the new price of a $325 item that is discounted by 7%. Round to the nearest dollar

as needed.
Student A Student B
Method 1 Method 1
100% — 7% = 93% 100% — 7% = 93%
New price = $325 — 93 New price = 93% of $325
= $232 = 0.93 x $325
= $302.25
~ $302
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b. Calculate the percentage profit or loss on a car that cost $12 000 to make and sold for $9750.

Round to the nearest percent as needed.
‘
=

Student A Student B
Loss = 12 000 — 9750 Loss = 12 000 — 9750
= 2250 = 2250
% loss = 2220 x 100 % loss = 52205 X 100
= 23.076... = 18.75
~ 23% ~ 19%

Problem solving

Question working paths

Mild 10, 11,12 J Medium 1,12,13 JI spicy 12,13,14 SIS

10. M&H, a clothing store, offers a 15% birthday discount on the price of any single item. It is Quinn’s
birthday and she is considering buying a shirt that costs $35.45. After the discount, how much would
Quinn pay?

(%)
z
o
-
(7
L
=)
o
[}
e

11. Patrick is shopping for dress shoes and sees a pair of Julius Marlow shoes on sale. He looks at the
sticker and sees that the shoes have been reduced from $159.99 to $100. Calculate the percentage
discount on the shoes, rounded to the nearest percent.

12. Sam and Alex bought a house in 2018 for $650 000 and sold it three years later for $796 278.
What was the percentage profit made on the sale of the house, rounded to the nearest percent?

13. Olivia saw on social media that her favourite bubble tea shop is increasing the prices of their bubble
teas by 8%. When she next visits the shop, the new price is $5.20. Determine the original price of the
bubble tea before the increase in price, to the nearest cent.

14. Gareth is analysing the profits and costs of his video game business over the last three weeks.
The following table shows the amounts, in dollars, of sales and costs in each week.

Week 1 2 3
Sales $13 032 $8571 $20 102
Costs $10023 $7053 $18 281

In which week did Gareth achieve the highest percentage profit?

Reasoning

Question working paths

Mild 15 (a,b,c.e) J Medium 15 (a,b,c,e), 16 (a,b) JJS Spicy All SIS

15. Salima runs a specialty bakery. Her most popular item is a gluten-free croissant, which she sells
300 of per week for $7.50. She also sells vegan pain-au-chocolates. However, her operating costs
have increased recently and she needs to increase her prices to keep the business profitable.
She decides to apply a store-wide mark-up of 12%.

a. How much will the gluten-free croissant cost after the mark-up?

b. If the new price of her vegan pain-au-chocolates is $6.50, what was the original price?
Round the answer to the nearest cent.
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c. What percentage profit does she expect to make on the gluten-free croissants after the price
increase, given they cost $4.85 to make? Round the answer to the nearest percent.

d. One week after increasing her prices, she sells 250 gluten-free croissants. What is the difference
in profit compared to the week before the mark-up? Assume the cost of making croissants
before the mark-up was $4.33.

e. Apart from increasing her prices, what are two other changes Salima could do to reduce her
operating costs?

16. An item at a supermarket costs $10.

The item is marked-up by 20% then discounted by 20%. What is the new price?

The original price of the item is multiplied by the product of 1.2 X 0.8. What is the result of
this calculation?

c. Using your answers from parts a and b, explain how the results of repeated percentage
increases and decreases can be calculated in one step.

17. Justin makes and sells electrical circuit boards. (1 MARK)
He has one fixed cost of $420 each week.
Each circuit board costs $15 to make.

The selling price of each circuit board is $27.

%)
z
o
-
0
[
=)
o
m
]

The weekly profit if Justin makes and sells 200 circuit boards per week is
A. $1980 B. $2400 C. $2820 D. $4980 E. $5400

18. Amy makes and sells quilts. (2 MARKS)
Each quilt sells for $60 and costs $36 to make.

a. Calculate the percentage profit, rounded to the nearest percent. 1 MARK
b. If Amy discounts the price of the quilt by 10%, how much is the new price of the quilt? 1 MARK
19. A manufacturer makes and sells heaters. (2 MARKS)

The fixed cost to manufacture the heaters is $16 000 per month.
Each heater costs $52 to produce.
The selling price of each heater is $280.

What is the minimum number of heaters needed to be sold per month in order to make a profit?

20. In 2021, it cost $2.45 for a car to travel on a toll road. Due to inflation, this amount increased to (3 MARKS)
$2.52in 2022.

If the price of fuel increases by the same percentage amount, calculate the price of fuel in 2022 if it
costs $1.56 per litre in 2021. Round to the nearest cent.

Remember this?

21. 2.3 X % = 1.38
What value of * makes this number sentence correct?
A. —06 B. —0.4 C. 04 D. 0.6 E. 13
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22. James and Tamara saved money for a new Xbox game over a month.

If Tamara had collected $20 more, she would have collected exactly twice as much as James.

Which row in the table shows how much money they both could have collected?

23. Agroup of 115 people were asked if they need to wear glasses or not.

o 0 ® »

James Tamara
$15 $35
$24 $28
$36 $72
$49 $94
$50 $101

This table shows the results.

Need glasses Do not need glasses Total
Men 10 45 55
Women 25 35 60
Total 35 80 115

1B QUESTIONS

A woman was selected at random.

What is the probability she does not need glasses, rounded to two decimal places
A. 0.30

22 CHAPTER1: NUMBER AND FINANCIAL MATHEMATICS
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1C icome

LEARNING INTENTIONS

Students will be able to:
¢ calculate wages with and without overtime and weekend pay

o convert salaries between weeKkly, fortnightly, monthly and annual rates

e understand and calculate income from commissions, piece work
and royalties.

This lesson will involve calculating wages for hours worked during a week,
including any overtime pay accrued. For workers on salaries, they are paid fixed
amounts each paycheck. It is possible to calculate how much income is earned
daily, fortnightly and monthly to assist with budgeting. Some jobs also involve
being paid on commission, piece work or royalties.

KEY TERMS AND DEFINITIONS
e Overtime is any time worked in excess of reasonable work hours and usually
attracts time-and-a-half or double pay.

¢ Hours worked at time-and-a-half pay is equal to 1.5 times the hourly rate.

¢ Hours worked at double pay is equal to 2 times the hourly rate.

Key ideas

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Image: Grusho Anna/Shutterstock.com

If you have a job, you will likely receive
a pay slip. It shows you how much you
earned as a salary or wage, including
any overtime and weekend pay.
Knowing how to calculate your wages
yourself can help you budget your
spending and living costs.

1. Salaries are fixed yearly amounts, usually paid to full or part-time employees monthly or fortnightly.
Wages are incomes earned from fixed hourly rates for hours worked, usually paid to casual or contractor

workers. Casual and weekend work may attract pay at increased rates.

2. There are alternative forms of incomes that apply to certain types of employment.

Commission payments  Payments based Flat fee or percentage of each sale

on how much an
employee sells.

Piece work Payments made Pay = piece rate X number of pieces

based on the amount
an employee picks,
packs or makes.

Royalty payments Payments made Rate or percentage of ongoing sales

(or royalties) to a person for the
rights to use another
person’s work.

3. Salaries and wages can be converted between annual (yearly), monthly, fortnightly, weekly and daily rates.

Tyear = 12 months = 26 fortnights

1fortnight = 2 weeks

1 week

52 weeks

365/366 days

14 days

7 days
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1C THEORY

Worked example 1

Calculating wages

Calculate the income earned in the following scenarios. Round to the nearest cent as needed.

Assume overtime and Saturday pay are paid at time-and-a-half, and Sunday pay is 1.75 times the base rate.

a. 5.5 hours worked at a rate of $21.38 per hour.
Working Thinking
5.5 x 21.38 = $117.59 Multiply the hours worked by the rate.

Visual support

~ $273.81

Student practice

For each of the following, calculate the income earned. Round to the nearest cent as needed.
Assume overtime and Saturday pay are paid at time-and-a-half, and Sunday pay is 1.75 times the base rate.

a. 8.35 hours worked at a rate of $27.43 per hour.
b.  4.25 hours worked on a Saturday at a base rate of $29.42.

c. 12.53 hours, including 0.53 hours of overtime, at a rate of $24.63 per hour.

$21.38 per hour
I '
5.5 hours $117.59
b.  6.89 hours worked on a Sunday at a base rate of $27.42.
Working Thinking
6.89 x 27.42 x 1.75 = $330.616... Multiply the hours worked by the base rate and the
= $330.62 Sunday rate.
c. 10.45 hours, including 0.45 hours of overtime, worked at a base rate of $25.65 per hour.
Working Thinking
10.45 — 0.45 =10 Step1: Calculate the normal working hours.
10 x 25.65 = $256.50 Step 2: Multiply the normal working hours by the
base rate.
0.45 x 25.65 x 1.5 = $17.313... Step 3: Multiply the overtime hours by base the rate
and 1.5.
256.50 + 17.313... = $273.813... Step 4: Calculate the total wage earned.
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Worked example 2

Calculating wages from alternative sources of income %
For each of the following, calculate the income earned. Round to the nearest cent as needed. I,i_:J
S)
a.  Atravel agent earns 7% commission on a $2300 sale. -
Working Thinking
7% of $2300 = W70 X 2300 Calculate the dollar amount of the commission.
= $161
b. A fruit picker picks 20 kg of fruit and is paid $13 per kg.
Working Thinking
13 x 20 = $260 Multiply the picking rate by the amount picked.
C. A YouTuber has 54 232 views on a video and receives royalties of $0.00418 per view.
Working Thinking
54 232 x 0.00418 = $226.689... Multiply the number of views by the amount of dollars
~ $226.69 per view.

Student practice

For each of the following, calculate the income earned. Round to the nearest cent as needed.
a.  Abook seller earns 5% commission on a $40 sale.
b. A photographer takes 40 photos and is paid $0.50 per photo.

c.  Avideo presenter receives royalties at a rate of $0.05 per subscriber, and has 500 subscribers.

Z

Worked example 3

Converting rates

Convert the following salaries to the given rates. Round to the nearest cent as needed.

a.  $1754 per fortnight (annual)

Working Thinking
1754 x 26 = $45 604 Multiply the fortnightly salary by the number of fortnights
in a year (26).

Visual support

x 26 fortnights in a year

I '
$1754 per fortnight $45 604 per year

Continues »>
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b.  $64 032 per year (weekly) ﬁ

= Working Thinking
% 64 032 =~ 52 = 1231.384... Divide the yearly salary by the number of weeks
: ~ $1231.38 in a year (52).
c. $900 over 5 days, 7.5 hours worked per day (hourly)
Working Thinking
900 + 5 = $180 per day Step1:  Divide the weekly salary by the number
of days worked.
$180 + 7.5 = $24 per hour Step 2: Divide the daily salary by the hours worked
each day.

Student practice

Convert the following salaries to the given rates. Round to the nearest cent as needed.
a.  $1342 per fortnight (annual)
b.  $76 324 per year (weekly)

c. $1025 over 4 days, 8 hours worked per day (hourly)
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1C Questions

Understanding worksheet

1

For each of the following rates and calculations, write in the box what new rate is being calculated

(weekly, fortnightly, monthly or annual).

2. Match the following scenarios to the type of income earned.

Example
Rate Calculation New rate
$200 per day X 7 [ Weekly
Rate Calculation New rate
$1000 per week x 52 Tttt N
$3000 per month +2 Tttt N
___________ (%)
$4500 per month x 12 Tttt K cz>
e 2 =
(7]
$45 000 per year + 26 Tt N )
e 2 S
=)

Scenario Type of income
Spotify pays a musician $0.003 per song streamed. @ Commission
A real estate agent earns 2% of the sale price of a property. @ Wage
A barista earns $23.63 per hour. @ ® Piece work
A pear picker earns $35 per bin of fruit picked @ ® Royalty

3. Fill in the blanks by using the words provided.

| royalty | | salary | | piece work | | percentage |

There are many different ways to earn income. When a worker earns a fixed amount of pay
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Question working paths

Mild J  Medium JJS spicy SIS
4 (a,b,c,d), 5(a,b,c,d), 6 (a,b), 7 (ab,c,d), 8 4 (cdef),5(cdef), 6(cd),7(def),8 4 (ef,gh), 5(efgh), 6 (M), 7(fgh), 8
4. Calculate the income earned in the following scenarios. Round to the nearest cent as needed.

4 hours worked at a rate of $21.50 per hour.
2.5 hours worked at a rate of $22.75 per hour.
c. 5.75hours worked at a rate of $26.90 per hour.

d. 6% hours worked at $43.54 per hour.

e. 7.83 hours worked at $29.44 per hour.
f.  8hours and 20 minutes worked at a rate of $32.42 per hour.
g. 6hours and 45 minutes worked at a rate of $27.25 per hour.
h. 7 hours and 23 minutes worked at a rate of $38.34 per hour.
5. Calculate the income earned in the following scenarios. Round to the nearest cent as needed. m

Assume overtime and Saturday pay are paid at time-and-a-half, and Sunday pay is 1.75 times
the base rate.

8 hours worked on a Saturday with a base rate of $24.50 per hour.

(%)
z
o
-
(7
wl
2
o
()
=

a
b. 4.5 hours worked on a Sunday at a base rate of $23.25 per hour.

o

11 hours worked, including 1 hour of overtime, at a base rate of $26.30 per hour.

d. 6.32 hours worked on a Saturday at a base rate of $25.74 per hour.
3
4
f. 9 hours and 35 minutes worked on a Saturday at a base rate of $23.42 per hour.

e. 3= hours worked on a Sunday at a base rate of $32.52 per hour.

3 hours and 54 minutes worked on a Sunday at a base rate of $36.42 per hour.

h. 12.54 hours worked, including 2.54 hours of overtime, on a Sunday at a base rate of $24.63

per hour.
6. Calculate the income earned in the following scenarios. Round to the nearest cent as needed. m
a. A shoe store clerk receives 10% commission on $450 worth of sales.
b. A supermarket store picker packs 5 bags and is paid $5 per bag.
c. Asound effects artist receives 2% royalties on the sale of a $40 sound effects package.
d. A mortgage broker receives 0.70% commission on a $500 000 home loan.
e. A newspaper delivery person receives $20 for every 40 newspapers delivered, and delivers 160.
f.  Ananimator receives 5% royalties on the first 1000 views of their work, and 8% thereafter.
They had 1680 views and each view is worth $0.50.
7. Convert the following salaries to the given rates. Round to the nearest cent as needed. WE3
a. $120 per day (weekly)
b. $50 000 per year (monthly)
c.  $1500 per fortnight (yearly)
d. $2753 over 12 days, 6 hours worked per day (hourly)
e. $264 per day (yearly (365 days))
f.  $65 230 per year, 7 hours worked per day 5 days per week (hourly)
g. $1032 per week (half-yearly)
h. $10 985 per quarter (weekly)
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8. Calculate the income earned for 7.56 hours worked on a Sunday at a base rate of $30.24. Sunday pay
is paid at 1.75 times the base rate.

A. $228.61 B. $230.36 C. $241.84 D. $281.53 E. $400.08

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Abaker worked 11.04 hours, including 1.04 hours of overtime, at a base rate of $27.54 per hour.
How much income was earned?

{07

Student A Student B
11.04 — 10 = 10 11.04 x 27.54 = $304.041...
10 x 27.54 = $270.54 1.04 x 27.54 x 1.5 = $42.962...
1.04 x 27.54 x 1.5 = $42.962... 304.041... + 42.962... = $347.004
270.54 + 42.962... = $313.502... ~ $347.00
~ $313.50

b. A delivery driver who earns $30 for every 10 packages delivered. Calculate how much income
he earns delivering 85 packages.

)
z
o
-
0
w
2
o
O
=

OO,
Student A Student B
1 package = 30 $30 x 85 = $2550
=33
$3 x 85 = $255

Problem solving

Question working paths

Mild 10, 11,12 J  Medium 1,12,13 JJS Spicy 12,13,14 SIS

10. Maddie picked up a Saturday shift at the cafe she works at. She will work from 10 am until 4 pm.
Her base rate is $26.72 per hour, but she gets time-and-a-half pay on Saturdays. Determine the amount
of money she expects to earn for this shift.

11. Calis a retail worker who earns $27.91 per hour, as well as 5% commission on any sales made. On a
particular day, he worked 6.54 hours and sold $680 worth of goods. How much did he make on this day?

12. Jane has a side-gig at an e-commerce warehouse as a picker and packer. She earns a packing rate
for each item she picks and packs for delivery. The packing rate is $1.25 per item. She usually packs
105 items per day. If she works 3 times a week, calculate how much she expects to earn in one week.

13. Salima is an author of two best selling books. She receives royalties of 7.5% for her first book,
and 10% for her second book. Both books retail at $19.95. In one year, 1500 copies of her first book
and 3400 copies of her second book were sold. How much income from royalties will she earn?

14. Alex works as a hotel receptionist. In one week, they worked 20 hours, which included 7 hours
on a public holiday and 5 hours on Sunday. They received $1263.52 in their bank account.

What is their hourly wage? Assume they earn 1.75 times their base rate for Sunday work,
and double-pay for public holiday work.
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Reasoning

Question working paths

Mild 15 (a,b,c,e) J Medium 15 (ab,c,e), 16 (a,b) FJS Spicy All SIS

15. Tobi just finished his first week at a new casual job at a computer hardware store. His hourly rate
is $19.76 and he receives overtime pay at a time-and-a-half rate for hours worked above 10 in a single
shift. If he works on a weekend, he is paid 1.75 times his hourly rate for the whole shift. He also earns
8% commission on any sales made. The table below shows the hours he worked during the week:

Mon Tue Wed Thu Fri Sat Sun
Hours 5:00 pm 7:00 am 7:30 am 7:30 am
worked -11:00 pm -12:15pm - 6:30 pm -3:30 pm

How much did Tobi earn working on Wednesday?

On average, he sells $850 worth of hardware each day he works. How much commission income
did he earn for the week?

c. Calculate Tobi’s total earnings from his wages for the whole week.

d. Tobi is saving up to go on holiday. He estimates he’ll need $6000. He is able to put 20%
of his earnings per week into savings. Assuming he works the same hours and earns the same
commission each week, after how many weeks will he be able to afford his holiday?

e. What are two ways that Tobi could reduce the amount of time he needs to spend saving?

(%)
z
o
-
(7
wl
2
o
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=

16. A worker whose base hourly rate is $35.83 can choose to work on one of the days described in parts
a and b. Calculate their total pay for each given option.

6 hours of work at 1.5 times the base hourly rate.
4 hours of work at 1.75 times the base hourly rate.

c. Compare the two results from parts a and b and decide which of the given days results in better
pay. How can this be determined by comparing the reduction in hours and the increase in pay
rates only?

17. The income earned in 7.5 hours, including 2 hours of overtime at time-and-a-half rate, when the (1 MARK)
base hourly pay is $27.85, is closest to
A. $212 B. $220 C. $237 D. $282 E. $313
18. A computer store clerk’s hourly base pay rate is $30 and a normal work day is 7 hours long. (3 MARKS)
Pay is doubled on a public holiday.
Calculate the store clerk’s income after a normal work day. 1T MARK
Calculate the store clerk’s income after a work day that falls on a public holiday. 1TMARK
c. Calculate the clerk’s income after a work day that falls on a public holiday on which they also
make 10% commission from a computer that sold for $1300. 1 MARK
19. The given table shows Darryl’s roster for the week. On Sundays, he gets paid 1.75 times his base (3 MARKS)
hourly pay rate of $22.45, while on Saturdays he gets 1.5 times his base hourly pay rate.
Sunday Tuesday Thursday Friday Saturday
11amto 4 pm 9am to 4 pm 9 am to 4 pm 12 pmto 8 pm 10 am to 4 pm

Calculate Darryl’s total income for the week shown in the roster. Round to the nearest cent.
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20. A newly appointed doctor has a yearly salary of $122 508. They work an average of 40 hours every (3 MARKS)
week for 47 weeks of the year. After all the tax margins have been applied, around 27% of their total
earnings are taxed. Calculate the hourly take home pay of a doctor working under the described
conditions.

Remember this?

21. Preston has a LEGO scale model of a castle that is 30 cm wide and 20 cm high. He wants to enlarge
it so that it has a width of 60 cm.
What will be the new height of the model?
A. 10cm B. 20cm C. 40cm D. 50cm E. 80cm

22. Yindi is buying a fitness watch. Some of the watches are on sale.
Which fitness watch will be the cheapest?
A. $150

$160, take 5% off

$180, take 10% off

$200, take 30% off

$325, take 50% off

moow

23. Atthe dessert store, a jumbo cookie and a deluxe donut each cost $5.

(%]
z
=
-
(%]
w
2
o
O
-

The store owner uses a formula to determine the amount of money collected from the sale of x
jumbo cookies and y deluxe donuts daily.

Which formula could the store owner use to determine the correct amount of money collected daily,
in dollars.

A. 5xy B. 10xy C. 5x+y D. 10(x +y) E. 5(x+1y)
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1 D Taxation

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
¢ calculate withheld tax using an online tax calculator

e understand and calculate net income

¢ understand and calculate taxable income, income tax and simple
tax returns.

Income tax is a crucial aspect of personal finance that affects everyone who earns
an income. Every pay cycle, employees have tax withheld from their gross earnings.
At the end of the year, the total income tax owed is calculated and compared to the Image: Andrey._Popow/Shutterstock.com

tax already paid. Understanding how this process occurs will allow you to estimate .
Some people and businesses employ

accountants to assist them with their
finances. Part of an accountant’s job
may be to submit tax returns. They
need to understand the taxation

how much tax you may owe or be owed.

KEY TERMS AND DEFINITIONS
e Gross income is the money earned from a salary or wage before tax.

e The Australian Taxation Office (ATO) manages taxation on behalf system to ensure their clients are
of the government. paying their fair share of tax.

¢ Withheld tax is money taken from gross income by an employer and
paid to the ATO.

o Tax deductions are certain expenses that reduce taxable income,
and therefore the amount of income tax paid.

» PAYG stands for Pay-As-You-Go and means that tax is withheld each pay
cycle rather than paid at the end of the financial year.
In Australia, the financial year is between July of one year to June of the
next year.

Key ideas

1. Inapay cycle, net income is the money received after withholding tax from the gross income.
The amount of withheld tax depends on the weekly earnings.

Net income = gross income — withheld tax

2. Taxable income is the difference between gross income for a whole year and any tax deductions.
This is used to calculate the income tax owed.

Taxable income = gross income — tax deductions

Taxable income range | Income tax

$0-$18 200 Nil

$18 201-$45 000 19 cents for each $1 over $18 200
$45001-$120 000 $5092 plus 32.5 cents for each $1 over $45 000
$120001-$180 000 $29 467 plus 37 cents for each $1 over $120 000
$180 001 and over $51 667 plus 45 cents for each $1 over $180 000

Resident tax rates for 2022-2023, excluding the Medicare levy. (https.//www.ato.gov.au/rates/individual-income-tax-rates/)
Continues »>
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3. The amount of tax owed to or owed by the ATO is the difference between the calculated income tax,

and the sum of all PAYG tax withheld every pay cycle.

Tax refund or tax owed = income tax — total withheld tax

Worked example 1

Calculating withheld tax

1D THEORY

For each of the following earnings, calculate the amount of withheld tax using the online tax calculator.
(https:/www.ato.gov.au/Calculators-and-tools/Host/?anchor=TWC&anchor=TWC/questions#TWC/questions)

a.  $942 per week
Working Thinking
Step1:  Select ‘Weekly'.

Step 2: Enter the gross weekly earnings.

Withheld tax = $142 Step 3: Press ‘Calculate’.
b.  $2452 per fortnight
Working Thinking

Step1:  Select ‘Fortnightly’.

Step 2: Enter the gross fortnightly earnings.

Withheld tax = $480 Step 3: Press ‘Calculate’.

Student practice

For each of the following earnings, calculate the amount of withheld tax using the online tax calculator.

a.  $1504 per week b.  $4635 per fortnight
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1D THEORY

Worked example 2

Calculating income tax

Consider the following scenarios.

a.  Aworker’s taxable income is $54 035. Calculate the income tax owed, rounded to the nearest cent.
Working Thinking
$5092 plus 32.5 cents for each $1 over $45 000 Step1: Identify the tax rate for this income.
54 035 — 45000 = $9035 Step 2: Calculate the portion of the taxable income above
the threshold.
Income tax = 5092 + 0.325 x 9035 Step 3: Calculate the income tax.
= $8029.38
b. A worker’s income is $46 032. They can claim $3521 worth of tax deductions.
Calculate the income tax owed. Rounded to the nearest cent.
Working Thinking
46 032 — 3521 = $42 511 Step1: Subtract the tax deductions from the income.
19 cents for each $1 over $18 200 Step 2: Identify the tax rate for this income.
42511 — 18200 = $24 311 Step 3: Calculate the portion of the taxable income above
the threshold.
Income tax = 24 311 X 0.19 Step 4: Calculate the income tax.
= $4519.09
Student practice

Consider the following scenarios.
a. A worker’s taxable income is $36 974. Calculate the income tax owed, rounded to the nearest cent.

b. A worker’s income is $125 531. They can claim $7832 worth of tax deductions.
Calculate the income tax owed. Rounded to the nearest cent.
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1D Questions

1. For each of the following, calculate the missing values.

Example
Gross earnings | Withheld tax Net income
$5923 I $1252 1 $4671
Gross earnings | Withheld tax Net income
$850 $112 T N
T i $136 $1164
$3750 N N $3252 "
P s %
T i $1182 $3300 =
e - (%]
w
>
o
2. Match each given taxable income to the corresponding row in the tax table. a
Taxable income Taxable income range | Tax on this income
$54000 @ @ | $0-$18 200 Nil
$12500 @ ® | $18201-$45000 19 cents for each $1 over $18 200
$93200 @ ®  $45001-$120 000 $5092 plus 32.5 cents for each $1 over $45 000
$123800 @ ® | $120001-$180 000 $29 467 plus 37 cents for each $1 over $120 000
® | $180 001 and over $51 667 plus 45 cents for each $1 over $180 000

3. Fill in the blanks by using the words provided.

| withheld tax | |taxable income| | income tax | | deductions

Question working paths

Mild J  Medium JJS Spicy SIS
4 (a,b,c,d), 5(a,b,c,d), 6 (ab,c), 7 4 (c,def), 5(cdef), 6(cde)7 4 (ef,gh), 5(efgh), 6(def),7
4. For each of the following earnings, calculate the amount of withheld tax using the online tax m
calculator from the ATO.gov.au website.
a. $680 per week b. $1450 per fortnight c.  $6500 per month d. $1220 per fortnight
e. $852 per week f. $9124.53 per month g.  $1795 per fortnight h. $2430.51 per month
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5. For each of the following gross incomes, calculate the payable income tax. Where necessary,
rounded to the nearest cent.
a. $40000 b. $54500 c. $132300 d. $16520
e. $86923 f. $93685 g. $10853 h. $236821

6. For each of the following gross incomes with deductions, calculate the payable income tax. m
a. Grossincome: $38 000, deductions: $200 b. Grossincome: $67 500, deductions: $350
c. Grossincome: $125 490, deductions: $1532 d. Grossincome: $45 320, deductions: $450
e. Grossincome: $18 632, deductions: $325 f.  Grossincome: $243 024, deductions: $10 402

7. Calculate the payable income tax on a gross income of $123 234 with $5023 worth of deductions,
rounded to the nearest cent.

A. $25640.58 B. $28885.58 C. $30663.58 D. $33176.00 E. $38415.65

Spot the mistake

2 8. Select whether Student A or Student B is incorrect.
8 a. Reed’s gross income for a year is $42 053. How much income tax do they owe?
o
=)
o
a
Student A Student B
Income tax = 42 053 x 0.19 42 053 — 18200 = $23 853
= $7990.07 Income tax = 23853 X 0.19

= $4532.07

b. Alex’s gross income for a year is $63 500. He can claim $680 of his expenses as deductions.
How much income tax does he owe?

Student A Student B

63500 — 45000 = $18 500 63500 — 680 = $62 820

5092 + 0.325 x 18500 = $11 104.50 62820 — 45000 = $17 820

Income tax = 11 104.50 — 680 Income tax = 5092 + 0.325 x 17 820
= $10424.50 = $10883.50

Problem solving

Question working paths

Mild 9,10, 11 J  Medium 10,11, 12 JJS Spicy 11,12,13 SIS

9. Bonnie checks her fortnightly pay slip and sees that $398 in tax is withheld from her gross pay
of $2352. Determine her net income over a month.

10. Lincoln earns a $5000 pay rise after a performance review. Before the review, his gross salary was
$43 550. Calculate the difference in income tax he owes after the pay rise.

11. Surae’s net income each fortnightly pay cycle is $1840. Her gross income is $58 500 per year.
Calculate how much tax she owes or is owed at the end of the year.
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12. Mako’s annual gross income is $56 505. After she submitted her tax return, she discovered she
could claim $600 worth of deductions. How much less income tax would she pay if she claimed
those deductions?

13. The total amount of income tax Makhim owes is $11 982. What is his gross income? Assume he has
no deductions.

Reasoning

Question working paths

Mild 14 (a,b,c.e) J Medium 14 (a,b,ce), 15 (a,b) JJI spicy All SIS

14. Nick has finished his first year as an English teacher. His gross pay each fortnight has been $2923.
There are a number of deductions he can claim: donations ($50), teacher registration fees ($170)
and cost for a first aid course ($200).

a. What s his annual gross income?
b. By first calculating his withheld tax, calculate his annual net income.

c. Determine his taxable income, given his gross income and deductions.

&

By first calculating his income tax, determine how much money he will owe or be owed by the
tax office at the end of the year.

e. Nick could hire an accountant to help with his taxes. List at least one advantage and one
disadvantage of doing this.

(%2}
4
o
'—
(%]
w
2
o
=

15. In 2019, the income tax ranges were as shown in the table.

Taxable income range | Income tax

$0-$18 200 Nil

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

$37 001-$90 000 $3572 plus 32.5 cents for each $1 over $37 000

$90 001-$180 000 $20 797 plus 37 cents for each $1 over $90 000

$180 001 and over $54 097 plus 45 cents for each $1 over $180 000

Calculate the income tax on a gross income of $54 000 using the table in Key Idea 2.
Calculate the income tax on a gross income of $54 000 using the table from 2019.

c. Compare your answers in parts a and b and the two tables, and comment on the effect of
changing the income tax ranges.

16. The amount of withheld tax on Sally’s fortnightly salary is $168. (1 MARK)
If this represents 12% of her gross income, what is her gross income?
A. $180
B. $188
C. $1400
D. $1568
E. $2016
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17. Last year, Luke’s taxable income was $87 000 and the tax payable on this income was $19 822. (3 MARKS)

This year, Luke’s taxable income has increased by $16 800. The following table shows the income tax
rates for these years.

Taxable income range | Tax on this income

$0-$18 200 Nil

$18 201-$37 000 19 cents for each $1 over 18 200

$37 001-$87 000 $3572 plus 32.5 cents for each $1 over $37 000

$87 001-$180 000 $19 822 plus 37 cents for each $1 over $87 000

$180 001 and over $54 232 plus 45 cents for each $1 over $180 000
a. Use the table to calculate the tax payable by Luke this year. 2 MARKS
b. How much extra tax will Luke have to pay as a result of the increase in his taxable income? 1 MARK
18. Peter wants to know whether more or less tax is being withheld each pay cycle compared to how (2 MARKS)

much income tax he actually owes at the end of the year. Calculate the difference between tax
withheld and income tax each month. His gross annual income is $75 350, and each monthly pay

cycle his net pay is $4905.17.

19. The table shows the income tax rates for the 2017-2018 financial year.

1D QUESTIONS

Taxable income range

Tax on this income

$0-$18 200

Nil

$18201-$37 000

19 cents for each $1 over 18 200

$37 001-$87 000

$3572 plus 32.5 cents for each $1 over $37 000

$87 001-$180 000

$19 822 plus 37 cents for each $1 over $87 000

$180 001 and over

$54 232 plus 45 cents for each $1 over $180 000

(3 MARKS)

A Medicare levy is also added and is calculated as 2% of taxable income.
For the 2017-2018 financial year, Charlie pays a Medicare levy of $1934.80.

Calculate the tax payable on Charlie’s taxable income.

Remember this?

20. One night playing 2K23, Sam won 16 games and lost 5 games. Approximately what percentage
of the games were lost?

A. 5%

B. 24%
C. 31%
D. 69%
E. 76%
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21. Nina wants to find the number of students who use either Instagram Reels or TikTok but not both.

Which shaded region in the Venn diagrams represents the information Nina is looking for?

A. B.
Instagram
Reels
C. D.
Instagram
Reels

(%)
5

E. s
0
w
2
o
=

22. Tao makes a rectangular prism from cardboard.
He cuts out 6 rectangles and joins them together as shown.
32cm?
24 cm? 48 cm? 24 cm? 48 cm?
32cm?
What is the volume of the rectangular prism?
A. 18cm3 B. 96cm? C. 144 cm? D. 192 cm3 E. 208 cm3
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1 E Simple interest

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
o calculate simple interest

¢ determine the value of a loan or investment
e calculate simple interest for different time periods

o calculate the principal, rate or time period of a loan or investment.

Simple interest is the most basic form of interest. Interest is calculated as a

percentage of an amount of money that is invested or borrowed. This lesson will

introduce calculating interest for different time periods, as well as calculating Image: Westlight/Shutterstock.com

the principal, interest rate or time period in different scenarios. When a loan is taken out from a bank

or other lender, it will attract interest.
KEY TERMS AND DEFINITIONS Interest represents the cost to borrow

¢ Aloan is a sum of money borrowed and paid back with interest. other people's money. Money that

¢ Aninvestment is a sum of money that generates income through interest. is stored in savings accounts as
investments are paid interest so that

e The principal is the initial amount loaned out or invested.
the bank can use that money for loans.

¢ Per annum (or p.a.) means every year, and is commonly used to refer to
interest rates.

¢ Alender is a financial institution that loans money.

Key ideas

1. Simple interest is calculated as a percentage (the interest rate) of the initial value of a loan or investment.
This is multiplied by the number of time periods.

_ Prt
I = 100 where

e [isthe amount of interest earned or paid, in dollars
e Pis the principal amount, in dollars

¢ risthe interest rate, as a percentage

e tisthe number of time periods

Principal (P) | Interestrate p.a (r) | Time (t) | Interest = %
$2500 3% 1 year 2500 X 3 X1 _
L 2= = $75

100

$2500 3% 2 years 2500 x 3 X 2 _ $150
100

$2500 3% 3 years 2500 x 3 X 3 _ $225
100

$2500 3% 4 years 25001>(<)03 X4 _ 4300

Continues »>
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2. The value, or amount, of an investment or loan is the sum of the principal and interest accrued.

A = P + I where

>
&
e Ais the total value of the loan or investment 2
e Pis the principal amount |:|_:
e [isthe simple interest accrued w
Principal (P) | Interestrate p.a (r) | Time (t) | Interest = % Amount =P + ]
$2500 3% 1year 2500 X3 X1 _ ¢75 | A=2500+75
100 = $2575
$2500 3% 2 years 2500 X 3 X 2 _ ¢150 | A=2575+75
1
00 = $2650
$2500 3% 3 years 2500 X 3 X 3 _ $225 A = 2650 + 75
100 -
= $2725
$2500 3% 4 years 2500 X 3 X 4 _ ¢309 | A= 2725 4+ 75
100
= $2800

Worked example 1

Calculating simple interest

For each of the following loans and investments, calculate the simple interest earned. Round to the nearest
cent as needed.

a.  $2000 at 5% p.a. for 2 years.
Working Thinking
P = 2000 Step 1:  Identify the principal, interest rate and
F=5 time period.
t=2
I= W Step 2:  Substitute the values into the simple
— $200 interest formula.
Visual support
P 5% 5%
b.  $500 at 4.5% p.a. for 8 months.
Working Thinking
P =500 Step 1:  Identify the principal and time period.
t=38
r= % per month Step 2: Convert the interest rate to match the time period.
500 x 22 x 8
I= 7100 Step 3: Substitute the values into the simple
—$15 interest formula.

Continues »>
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c.  $1532 at 3.4% p.a. for 85 weeks. ﬁ

Working Thinking
P = 1532 Step 1:  Identify the principal and interest rate.
t =85
r= % per week Step 2: Convert the interest rate to match the time period.
1532 x 32 x 85
I= o0 Step 3: Substitute the values into the simple
— $85.143.. interest formula.
~ $85.14

Student practice

For each of the following loans and investments, calculate the simple interest earned. Round to the nearest
cent as needed.

a.  $300at 5% p.a. for 3 years. b.  $1200 at 3.5% p.a. for 6 months.
c.  $864 at 6.8% p.a. for 73 weeks.

Z

Worked example 2

Calculating the rate, principal and time for simple interest

For each of the following loans and investments, calculate the missing value (principal, interest rate or time period).
Round to two decimal places as needed.

a.  $250 interest earned at 3% p.a. over 4 years.
Working Thinking
I =250 Step 1:  Identify the known information.
r=3
t=4
250 = % Step 2: Substitute the known values into the simple
interest formula.
250 x 100 =12 x P Step 3: Solve for the missing value.
2510200 -p
P = $2083.333...
~ $2083.33

Continues »>
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b.  $600 interest earned on a $4000 loan at 6% p.a. ﬁ

Working Thinking &
(@)
I =600 Step 1:  Identify the known information. T
-
P = 4000 -
r==6
600 = W Step 2: Substitute the known values into the simple
interest formula.
600 x 100 = 24 000 X ¢t Step 3: Solve for the missing value.
60000 _
24000
t = 2.5 years
c.  $150 interest earned at 7.5% p.a. over 18 months.
Working Thinking
I =150 Step 1:  Identify the known information, and convert the

= % per month rate to match the time period.

t=18
PxZ2x18
150 = 100 Step 2:  Substitute the known values into the simple
interest formula.
15000 = P x 11.25 Step 3:  Solve for the missing value.
15000 _
1125 — P
P = $1333.333...

P ~ $1333.33

Student practice

For each of the following loans and investments, calculate the missing value (principal, interest rate or time period).
Round to two decimal places as needed.

a.  $150 interest earned at 4% p.a. over 2 years. b.  $660 interest earned on $5500 investment at 2% p.a.

C. $150 interest earned at 7.5% p.a. over 9 months.
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1E Questions

Understanding worksheet

1. Match the interest rates to the corresponding principal and annual interest amounts
(assume only one year of interest).

Interest rate Principal Interest
1% @ e | $80 $4
5% @ e | $100 $10
10% @ ® | $40 $6
15% @ ® | $200 $2

2. Fill in the blanks for each of the following.

(%]
% Example
5
IS Principal Interest Amount
¥ $1000 s60 | (1040
Principal Interest Amount
$500 $15 I
IR $6 $306
$120 P i $124.80
P i $20 $810

3. Fill in the blanks by using the words provided.

| interest rate | | principal | | investment | | loan |

When money is borrowed from a lender, this is called a [

. . P r
to a bank in a savings account, it is called an 1

calculated as a percentage of the [

is determined by the [ I

Question working paths

Mild J  Medium S Spicy SIS
4(ab,cd), 5(@bcd), 6(bcd),7 4(cdef),5(cdef) 6(cdef), 7 4 (efgh), 5 (efgh), 6 (efgh),7
4. For each of the following loans and investments, calculate the simple interest earned. Round to the m

nearest cent as needed.

a. $1000 at 3% p.a. for 1 year.

c. $2500 at 6% p.a. for 5 years.

e. $15842at7.25% p.a. for 2 years.

g. $1205.67 at 5.57% p.a. for 12 years.

$5000 at 4.5% p.a. for 3 years.

$3750 at 2.75% p.a. for 4 years.
$8421.42 at 4.21% p.a. for 1 year.
$6934.52 at 3.892% p.a. for 15 years.

T~ Ay
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5. For each of the following loans and investments, calculate the simple interest earned. Round to the
nearest cent as needed.

a. $2000 at 4.5% p.a. for 6 months. b. $1500 at 6% p.a. for 26 weeks.
c. $30at2.75% p.a. for 3 months. d. $540 at7.25% p.a. for 14 weeks.
$2520.50 at 4.2% p.a. for 14 months. f. $1504.50 at 7.64% p.a. for 4 fortnights.
g. $6734.64 at 3.81% p.a. for 1 year and 6 months. h. $46 053 at 5.502% p.a. for 3 years and 4 weeks.
6. For each of the following loans and investments, calculate the missing value (principal, annual WE2

interest rate or time period in years). Round to two decimal places as needed.
a. $125interest earned at 2% p.a. over 3 years.

b. $800 earns $96 in interest over 5 years.

$500 earns $75 in interest at 7.5% p.a.

$240 in interest earned over 6 years with an interest rate of 5% p.a.
Aloan of $600 earns $105 in interest at a rate of 4.375%.

Over 15 months, $563 is earned with an initial investment of $7035.

Aloan earns $160 in interest over 38 weeks with an interest rate of 6.42% p.a.

F®r ™0 o0

$80 in interest is earned on a $1245 investment over 2 years and 5 months.

7. Calculate the value of an investment with a principal of $4500 that attracts simple interest at
4.23% p.a. for 11 months.

A. $174.49 B. $432551 C. $4546.53 D. $4674.49 E. $6593.85

Spot the mistake

8. Select whether Student A or Student B is incorrect.

(%)
z
o
-
(7
e}
=)
o
wl
=

a. $600 is borrowed at a rate of 15.4% p.a. What is the value of the loan after 7 years?

Student A Student B
/600 x 15.4 x 7 A =600+ 154 x 7
100
= $646.80 = $707.8
A = 600 + 646.80
= $1246.80

b. Aninvestment of $2500 earns $102.08 interest over 14 months. What is the interest rate per annum?

Student A Student B

P = 2500 P = 2500

I =102.08 I =102.08

t = 14 months t = 14 months

102.08 = 2500 1X06 x 14 102.08 = 2500 1><06 x 14
102.08 x 100 = 35 000r 102.08 x 100 = 35 000r
r = 0.29% per month r = 0.29% per year

r=0.29% x 12
= 3.48% per year
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Problem solving

Question working paths

Mild 9,10, 11 J  Medium 10,11, 12 FJJS Spicy 11,12,13 SIS

9. Ryan receives $200 for his birthday. He decides to invest it in a bond that offers an annual interest
rate of 4%. Determine the amount of interest he will earn after 2 years.

10. Alex is looking at buying a $1200 electric guitar. He currently has $1000 and he decides to put it in
a savings account that will accrue simple interest. He sets a goal of buying the guitar in 16 months.
What is the minimum annual interest rate required to afford the guitar in this time?

11. Emily wants to start her own small business in 6 months time. She decides to open a simple interest
savings account that offers an annual interest rate of 6%. If she needs $600 more, calculate the
amount she will need to invest initially.

12. MakKi is planning to buy his first car. The car he has set his sights on costs $10 000, but he only
has $3000 saved up. He decides to borrow the remaining amount as a personal loan, and pay it off
when its value reaches $9000. If the bank charges simple interest at 7.16% p.a., how long, to the
nearest year, will he wait to pay off the loan?

13. Shari is a student who wants to travel abroad for her studies. She borrows $2500 from a lender.
The lender states that the amount will attract interest for 16 months at a rate of 8.33% p.a. in which
time no repayments can be made by the borrower. After this, the loan stops attracting interest and
she’ll need to start paying off the value of the loan, including interest. If she wants to pay off her loan
in 3 years, how much will her monthly repayments be?

Reasoning

Question working paths

(%)
z
o
-
(7
]
=
(e
w
=

Mild 14 (a,b,d) J Medium 14 (a,b,d), 15 (a,b) JJS spicy All SIS

14. Paulo receives some money from selling his vintage Nintendo 64. He wants to invest the money in
a savings account to earn interest. After some research, he finds two banks who offer the following
savings options:

e Account 1: a maximum of $2000 invested at 2.5% p.a.
e Account 2: a maximum of $1500 invested at 5.5% p.a.
Assume Paulo invests the maximum amount into his accounts.

How much interest is earned on account 1 after 5 years?

a
b. What is the value of his investment using account 2 after 8 years?

o

After how many years does account 2 become the best value savings account?

d. List one thing that Paulo should consider when deciding which bank to choose.

15. Consider a loan with a principal of $500 and an interest rate of 5% p.a.
Calculate the value of the loan after one year.
Calculate the value of the loan the second year using the value from part a as the principal.

c. By comparing how much interest is earned in part a to part b, explain which method earns the
greater amount of interest.
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16. The value of a simple interest loan, in dollars, after 2 years was $102 000. The principal of the (1 MARK)
investment was $100 000.
The interest rate, per annum, of this investment is

A. 0.01% B. 0.98% C. 1.00% D. 1.96% E. 2.00%

17. Alex sends a bill to his customers after repairs are completed. If a customer does not pay the bill (3 MARKS)
by the due date, interest is charged. Alex charges simple interest after the due date at the rate of
1.5% per month on the amount of the original bill.

a. Alex sent Marcus a bill of $200 for repairs to his car. Marcus paid the full amount one month

after the due date. Calculate how much Marcus paid. 1 MARK

b. Alex was paid $318 for repairs that originally cost $300. How many months late was the bill for
these repairs? 2 MARKS
18. Julie deposits $12 000 into a savings account that will pay simple interest every month. The interest (2 MARKS)

rate is 6.2% p.a. After how many months would the value of the savings first exceed $16 000?
19. Samuel opens a savings account with $5000 that earns simple interest on the original deposit amount (3 MARKS)

each month at a rate of 3.6% p.a. He decides to deposit an additional $50 at the end of each month.
How much extra money would be in the savings account after one year, on top of his original deposit?

Remember this?

20. This two-dimensional shape is made from

(%)
z
o
-
(7
e}
=)
o
wl
=

% A. acylinder and a cube.
B. acircle and a rectangle.

a sphere and a rectangle.

(o
D. asphere and a rectangular prism.
E

a cylinder and a rectangular prism.

21. Delilah has 32 cousins. There are 8 more male cousins than female cousins. How many female
cousins does Delilah have?

A. 8 B. 10 C. 12 D. 14 E. 16

22. The given table shows how the volume of barley relates to the mass of barley.

Volume (m3) | Mass (tonnes)
50 30
100 60
150 90
200 120

A farmer has three trailers that can each contain 85 m?3 of barley. How many tonnes of barley can
their trailers contain all together?

A. 51 tonnes
B. 85 tonnes
C. 95 tonnes
D. 120 tonnes
E. 153 tonnes
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Compound interest

and depreciation

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to: COm pound |nterest

¢ understand how compound interest works Value
. . . $1,000
¢ calculate compound interest using the compound interest formula

e calculate the principal using the compound interest formula.

Compound interest and depreciation are both special applications of simple

interest. Instead of interest or depreciation being calculated only on the $0 Time
principal of a loan, investment, or value of an asset, it is calculated on the Image: Kanin_a/Shutterstock.com
accumulated amount, which includes both the principal and the interest When money is deposited into a
earned/charged or depreciation incurred, in the previous time period. While savings account, the interest earned
compound interest results in the growth of savings or investments, compound on the initial deposit compounds
depreciation refers to the diminishing value of an asset over time. over time, allowing the savings to
grow faster than if the money was
KEY TERMS AND DEFINITIONS held as cash. The interest is usually
e The compound period of a loan or investment is how often interest calculated at the end of each month
is calculated. (compounded monthly), and the

interest rate can also change over time.

Key ideas

1. Compound interest and depreciation can be calculated using the compound interest and
depreciation formulas, which take into account the principal, interest rate, and time period.

Interest

Total rate (%)
amount Prmcnpal[ ] n

—

Percentage increase/decrease

2. The principal amount can be calculated using the compound interest or depreciation formula
by rearranging the formula to solve for the principal.

Total amount

100 Interest

rate (%)

Percentage increase/decrease

Principal

Pl =

3. Compound interest and depreciation can be calculated for . . . .
) ] i ] ) Compounding periods Time periods
different time periods. The compounding periods (n) and the
rate (r) are adjusted accordingly. Compounding annually 1
Compounding semi-annually 2
Compounding quarterly 4
Compounding monthly 12
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Worked example 1

Calculating total amounts with compound interest z
o
(1]
For each of the following, calculate the value of the investment. Round to the nearest cent as needed. |:E
=
a.  $5000 at 4% p.a. compounded annually for 3 years.
Working Thinking
P = 5000 Step 1:  Identify the principal, interest rate, and number
r=4 of compounding periods.
n=3
4 N3
A = 5000 x (1 + m) Step 2: Substitute the values into the compound
interest formula.
= $5624.32
Visual support
Interest
Total rate (%)
amount Principal E 3
[A]=[5000]x 1+ =
100
P
Percentage increase
b.  $400 at 5% p.a. compounded monthly for 2 years.
Working Thinking
P =400 Step 1:  Identify the principal and number of
n=12x12 = 24 compounding periods.
r= % per month Step 2: Convert the interest rate to match the
compounding period.
5 \24
A =400 x (1 + %) Step 3: Substitute the values into the compound
interest formula.
~ $441.98

Student practice

For each of the following, calculate the value of the investment. Round to the nearest cent as needed.

a.  $1000 at 8% p.a. compounded annually for 2 years. b.  $800 at 9% p.a. compounded monthly for 9 months.

.
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Worked example 2

Calculating total amounts using depreciation

a.  $9500 at 20% p.a. depreciating annually for 8 years.

Working
P = 9500
r=20
n=2=8

A = 9500 x (1 —%)8

= $1593.84

b.  $1000 at 3% p.a. depreciating quarterly for 3 years.

Working
P = 1000
n=3XxX4=12

r= %per month

3 12
4
1000 x <1 - 100)

$913.62

S
I

Q

Student practice

a. $7500 at 4% p.a. depreciated annually for 3 years.

For each of the following, calculate the depreciated value of the asset. Round to the nearest cent as needed.

For each of the following, calculate the depreciated value of the asset. Round to the nearest cent as needed.

Thinking
Step 1: Identify the principal, interest rate, and number
of compounding periods.

Step 2: Substitute the values into the compound
depreciation formula.

Visual support

Interest
Total rate (%)

amount Principal m 8
= (9500 | [1 - 100
P

Percentage decrease

Thinking

Step 1:  Identify the principal and number of

compounding periods.

Step 2: Convert the interest rate to match the
compounding period.

Step 3: Substitute the values into the compound
depreciation formula.

b. $700 at 2% p.a. depreciated monthly for 2 years.
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1F Questions

Understanding worksheet

1. Fill in the blanks in the following table.

Example
Total amount (4) Principal (P) Interest = (Total amount - principal)
[___$2160 ] $2000 $160
Total amount (4) Principal (P) Interest = (Total amount - principal)
] $5000 $100
$5202 ] $102
$5306.04 $5202 o ____l
SRR, $5306.04 $106.12

2. Fillin the blanks.

(%)
Z
o
-
n
L
2
(o}
—]

Example

A $500 loan attracts 10% interest compounded annually for 10 years.

(101

10 )19

A =500 x {1 + —
100

-

.

a. A $1000 investment earns interest at 7% p.a. b. An asset depreciates by 15% p.a. annually
compounded annually for 3 years. for 7 years.

o . 7 )3 [ A ‘.]7
=! X + — = _—
S ! [1 100J A =8000 x |1

c. A savings account worth $6500 has an interest rate d. A $20000 car loan compounds monthly for
of 5.4% p.a. with interest compounding monthly for 1yearat12% p.a.
2 years. A ]
24 12 )0

o —— E
] ] A=20000x% 1+ ——
A=6500 % |1+ —=——= 100

3. Fill in the blanks by using the words provided.

| percentage | | sum | | simple | | compound |
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Question working paths

Mild J  Medium JJS spicy SIS
4 (ab,c,d), 5 (a,b,c,d), 6 (ab,cd), 7 4 (cdef), 5(cdef), 6(cdef, 7 4 (ef,gh), 5 (efgh), 6(efgh) 7
4. For each of the following, calculate the value of the investment. Round to the nearest cent as needed. WE1

a. $10000 at 5% p.a. compounded annually for 1 year.

b. $130 at 10% p.a. compounded annually for 3 years.

c.  $2500 at 4.5% p.a. compounded annually for 2 years.

d. $10502.50 at 9.23% p.a. compounded annually for 8 years.

e. $6000 at 7% p.a. compounded monthly for 2 months.

f. $570 at 14% p.a. compounded monthly for 3 years.

g. $5025.35 at 24.3% p.a. compounded monthly for 3 years.

h. $2044.75 at 0.76% p.a. compounded monthly for 4 years and 9 months.

5. For each of the following, calculate the depreciated value of the asset. Round to the nearest cent as needed. M

2 a. $5000 at 10% p.a. depreciating annually for 2 years.
8 b. $6000 at 12% p.a. depreciating annually for 3 years.
g c. $700 at 14% p.a. depreciating annually for 4 years.
S d. $1000 at 3% p.a. depreciating annually for 2 years.

e. $1200 at 4% p.a. depreciating monthly for 3 years.

f. $800 at 2% p.a. depreciating quarterly for 1 year.

g. $2245.25 at 5% p.a. depreciating quarterly for 2 years.

h. $1545.70 at 6% p.a. depreciating monthly for 3 years.

6. For each of the following investment values, calculate the principal. Round to the nearest cent as needed.

$14 131 at 4% p.a. compounded annually for 3 years.

L

$9030 at 6.5% p.a. compounded annually for 8 years.
$3053.50 at 3.48% p.a. compounded annually for 9 years.
$5211.65 at 1.42% p.a. compounded monthly for 10 months.
$20 242.81 at 10.2% p.a. compounded monthly for 14 years.
$45 764.44 at 10.23% p.a. compounded weekly for 94 weeks.
$605.32 at 4.97% p.a. compounded annually for 4 years.

@ ™ p oo

$3704.24 at 0.58% p.a. compounded weekly for 7 years and 21 weeks.

7. A $20 000 loan attracts interest at 2.4% p.a. compounding monthly. How much interest will there
be after 8 months, rounded to the nearest cent?

A. $320

B. $322.25

C. $4228.76
D. $20322.25
E. $65997.34
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Spot the mistake

8. Select whether Student A or Student B is incorrect.

a. Calculate the total amount of an investment if the initial amount of $34 832 compounds
monthly for 3 years at 4.2% p.a.

Student A Student B
P = 34832 P = 34832
—42 _42
"T12 "T12
n=3 n=3x12=236
( 42 )3 < 42 >36
— 12 _ 12
A=34832\1+ 100 A=34832\1+ 100
~ $39407.74 ~ $39500.63
b. Calculate the total amount of an asset if the initial amount of $12 500 depreciates monthly E
for 4 years and 6 months at 3.6% p.a. o
0
w
2
o
=
Student A Student B
P = 12500 P = 12500
_36 _
r=97 r=3.6
n=45x 12 n=45x12
54
3.6 \** 4=12500(1-25)
( 36 ) 100
A= 1250011 = 45 ~ $1726.12

~ $10 627.93

Problem solving

Question working paths

Mild 9,10, 11 J  Medium 10,11, 12 JJS Spicy 11,12,13 SIS

9. John has purchased a new photocopier for $3500, which depreciates by 25% p.a. Calculate the value
of the photocopier after 5 years. Round to the nearest cent.

10. Jenny invested some money in a savings account that offers a yearly interest rate of 2.7%. After 4 years,
the balance in her account has grown to $12 300. If the interest is compounded annually, what was the
initial amount of money she invested in the account?

11.  Elon’s electric car has a value of $50 607.68, rounded to the nearest cent, after 5 years. The car’s
value depreciated by 3.4% p.a. during that time. Calculate the initial value (P) of Elon’s car.

12. The interest in Liam’s savings account compounds monthly. He receives a notification that the interest
rate on his savings account will rise from 3.45% to 3.70% p.a. If his current balance is $4560,
calculate the difference in interest accrued between the two interest rates over three months.

13. The balance on credit cards typically attracts interest that compounds daily after a certain number
of days, known as the interest-free period. Shak’s credit card has an interest-free period of 25 days
and the interest rate is 9.95% p.a. If the balance of Shak’s card is $583, how much more does he pay
if he pays the balance after 40 days?
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Reasoning

Question working paths

Mild 14 (a,b,c.e) J Medium 14 (a,b,ce), 15 (a,b) FJS Spicy All SIS

14. Kahreem has $50 000 and decides to invest this in a term deposit. A term deposit earns interest
at a fixed interest rate for a certain period of time (the term). The value of the investment cannot
be withdrawn until the end of the term.

e Option 1: 5.1% p.a. compounding annually with a term of 24 months.
Option 2: 2.35% p.a. compounding monthly with a term of 27 months.

What is the value of option 1 at the end of the term?

b. Calculate the difference in interest accrued between option 1 and option 2 at the end of the term
and identify the investment option with the best value.

c. If Kahreem wants to use option 1 to have an investment value of $150 000 at the end of the
term, how much more will he need to invest initially?

d. Ifthere were no restrictions on the term Kahreem could deposit the money, calculate how long
it would take to double his investment using option 1. Round to the nearest number of years.

e. Whatis an advantage or disadvantage of using a term deposit compared to a savings account?

15. For the principal amount of $5000:
a. Calculate the new amount if it accrues monthly compound interest at 10% p.a. for 5 years.
b. Calculate the new amount if it accrues annual compound interest at 10% p.a. for 5 years.

c. Compare how much the amount increased by in parts a to b. Comment on the amount of money
earned using monthly or annual compounding periods.

16. Peter currently earns $21.50 per hour. His hourly wage will increase by 2.1% compounded each year (1 MARK)
for the next four years.

What will his hourly wage be after four years?

A. 2150 x 2L

100
21*
B. 2150 x &L
21y
C. 2150 x (1 n 100)

D. 21.50 + 21.50 x 0.21 X 4
E. 2150 + 21.50 x 0.021 x 4

17. Julie invests $12 500 in a compound interest savings account. Interest is calculated using a fixed (3 MARKS)
monthly rate on the amount in the account at the beginning of the month. The annual interest rate
is 1.8%. Julie has created a spreadsheet to show the activity in her savings account. The details for
the first month are shown.

Month | Total amount in the account | Monthly interest | Total amount in the
at the beginning of month account at end of month

1 $12500.00 $18.75 $12518.75

2

3

4
a. Determine the total amount in the account at the beginning of the second month. 1 MARK
b. Determine the total amount in the account at the end of the fourth month. 2 MARKS
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18. Daniel borrows $5000, which he intends to repay fully in a lump sum after one year. (2 MARKS)
The annual interest rate and compounding period for two different loans are given below:

¢ Loan 1: 12.6% per annum, compounding annually
¢ Loan 2: 12.6% per annum, compounding monthly

When fully repaid, explain which loan will cost Daniel the least amount of money?

19. Nisa has a credit card on which interest at 17% per annum, compounded daily, is charged on the (3 MARKS)
amount owing. At the beginning of the month, Nisa owes $500 on her credit card. She makes no
other purchases using the credit card.

Assuming that interest is charged for 15 days and there are 365 days in a year, calculate the amount
owing on the credit card.

Remember this?

20. Sara wants to buy 8 packets of chips. One packet of chips is $3.75. How much is 8 packets of chips?
& A $24 B. $24.75 C. $26.25 D. $26.75 E. $30

21. The distance between Jupiter and Neptune is 3 722 670 000 km. What is the distance in
scientific notation?
A. 372267 x 10?
B. 372267 x 10*
C. 372267 x 10°
D
E

(%)
Z
o
-
n
L
2
(o}
—]

3.72267 x 10°
3.72267 x 1010

2_9_53
22.E+3§—2 X

What does x represent?
A. x=16 B. x=32 C. x=380 D. x=82 E. x =160
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Chapter 1 extended application

1. Billy owns a food truck out of which he sells ice creams and pies 280 days out
of the year. During the summer season, Billy parks his truck near the beach,
which makes up 30% of the total time he stays open.

a. On one day Billy sold 102 ice creams, 35 pies, and 150 bottles of water.
What was Billy’s gross profit for the day?

b. Atthe start of the summer season Billy employs a part time adult worker
for 16 hours per week at an hourly rate of $23.45. Use an online tax
calculator from the ATO.gov.au website to calculate the employee’s
net pay for a week to the nearest dollar.

c. Calculate Billy’s employee’s total net pay for the entire summer season.
d. Over the summer season, Billy sold 6000 ice creams, 550 pies, and 8050
bottles of water. After he paid his part time employee’s gross wages,

the remaining amount was taxed at 25%. Calculate Billy’s total net
profit amount for the summer season to the nearest dollar.

e. Identify an advantage or a disadvantage of having a summer job while
you are still at school.

2. Kyle is a mechanic who is calculating the total cost of a job for their friend, John.
They have listed each item on an invoice which is to be given to the customer.
a. Calculate the total cost of all parts listed in the invoice, rounded to the

nearest cent.

4
o
s
<
@]
=
o
o
<
[a]
w
[a]
4
w
-
x
)

b. Kyle’s shop is offering a 15% discount on John'’s service. Calculate the R

discounted cost of the full service, rounded to the nearest cent. Parts:
= Spark plugs x4 @$13.95 each
= Brake pads x2 @$51 each

Full service $190
Labour x6 hours @$57.55 per hour

c. The hourly rate of labour listed on John'’s invoice was paid as overtime
at 1.5 times the regular hourly rate. What is the regular hourly rate of
the mechanic who completed the job, rounded to the nearest cent?

d. Kyle mustadd 10% GST to the total cost of John’s job. Using Kyle’s discount,
calculate the total cost, including GST, as payable by the customer, rounded @ @

to the nearest cent.

e. Identify an advantage or a disadvantage of working overtime.

3. Lynfield High School has been gifted $1 000 000 by an anonymous donor.
The donor has only asked that the given conditions are met.

a. Calculate the maximum amount the school can withdraw before
investing the money.

TERMS AND CONDITIONS

1. The money must be
invested for 10 years.

b. The school’s financial adviser proposed that the whole amount should
be invested at a simple interest rate of 1.5% p.a. for 10 years.
Calculate the value of the investment after 10 years using this option.

. The school is able to

withdraw a maximum

c. The student committee wants to withdraw the maximum allowable
amount for school improvements first, then invest the money at
an interest rate of 1.5% p.a. compounding annually for 10 years.
Calculate the value of the investment after 10 years using this option,
rounded to the nearest dollar.

d. Identify which of the investment options from parts b and ¢ has a greater \
value after 10 years and express the total return amount as a percentage

of the principal investment to the nearest percent.

of 0.2% of the total
prior to investment.

e. Whatkind of improvements would you want to see at your school
if a large amount of money was donated to them?
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Chapter 1review

Multiple choice

1. Which of the bolded digits is not significant? 1A
A. 0.983 B. 0.938474 C. 42.00092 D. 91.745

What is the new price in the percentage decrease shown on the given number line?
$320
| | | | | | | | | | | .
I I I I I I I I I I I
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

A decrease of 40%
A. $60 B. $160 C. $192 D.

Which of the options shows an incorrect rate conversion?

Rate Calculation New rate

$1200 per week X 52 Annual or yearly

$4500 per month | x 12 Annual or yearly

$5350 per month | + 12 Weekly

CHAPTER 1 REVIEW

$45 890 peryear | + 26 Fortnightly

$67 280 peryear | =+ 26 Fortnightly

Which of the options shows the correct net income?

Gross earnings Withheld tax Net income

$4500 $120 $4620

$8900 $350 $8505

$10300 $568 $10868

$13580 $603 $12977

$15800 $732 $15074

Which of the options depicts an incorrect calculation of interest and the subsequent final amount
rounded to the nearest dollar?

Principal (P) | Interestrate p.a (r) | Time (f) | Interest = Prt Amount = P + I

100
$3350 2% 1 year 3350 X 2 X 1 _ ¢4

A = 3350 + 67

100

A = $3417

100

$4802 4% 2years | 4802 X 4 X2 _ ¢3g4

A = 4802 + 384
A = $5186

100

$4678 3% 2years | 4678 X 3 X 2 _ ¢4

A = 4678 + 281
A = $4959

$5025 0.5% 5 years 5025 X 5 X5 _
100

= $1256

A = 5025 + 1256
A = $6281

$5342 1.2% 3 years 5342 x 1.2 x 3
100

= $192

A =5342 + 192
A = $5534
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6. Complete the following calculations and round each result to the appropriate number of significant figures. 1A

a. 17.1 x 49 b. 11.189 + 0.23 c. 172.236 x 0.019 d. 53.414 =+ 6.14572

Calculate the original price of each of the following. Round to the nearest cent as needed.
Alaptop that had a discount of 50% and is now priced at $850.
An iPhone that had a mark-up of 7% and is now priced at $1799.99.
A croissant that had a discount of 9.25% and is now priced at $3.79.
A plane ticket that had a mark-up of 37.75% and is now priced at $2159.99.

Calculate the income earned in the following scenarios. Round to the nearest cent as needed.
Assume overtime and Saturday pay are paid at time-and-a-half, and Sunday pay is 1.75 times the base rate.

6.5 hours worked on a Sunday with a base rate of $23.23 per hour.

4 hours worked, including 0.3 hours of overtime, at a base rate of $28.46 per hour.
7% hours worked on a Sunday at a base rate of $31.25 per hour.

12.54 hours worked, including 2.54 hours worked on a Sunday, at a base rate of $24.63 per hour.

For each of the following earnings, calculate the amount of withheld tax using the online tax
calculator from the ATO.gov.au website.

a. $880 per week b. $5400 per month
c.  $475.25 per week d. $3191.75 per fortnight

CHAPTER 1 REVIEW

. For each of the following gross incomes with deductions, calculate the payable income tax.
a. Grossincome: $18 000; deductions: $500 b. Grossincome: $39 700; deductions: $750
c. Grossincome: $85 470; deductions: $660 d. Grossincome: $117 320; deductions: $912

For each of the following loans and investments, calculate the simple interest earned. Round to the
nearest cent as needed.

a. $5000 at 5% p.a. for 1 year. b. $470.50 at 4.15% p.a. for 5 months.
c.  $2971.55 at 4.65% p.a. for 11 fortnights. d. $216 479 at 6.015% p.a. for 2 years and 18 weeks.

. For each of the following loans and investments, calculate the missing value (principal, annual
interest rate or time period in years). Round to two decimal places as needed.

a. $520 interest earned at 4% p.a. over 7 years.

b. $1942 interest earned over 6 years with an interest rate of 5% p.a.

c. Over 18 months, $1206 is earned from an initial investment of $15 730.
d. Aloan of $119 780 earns $10 486 in interest at a rate of 8.025% p.a.

. For each of the following, calculate the value of the investment. Round to the nearest cent as needed.
a. $40 000 at 9% p.a. compounded annually for 1 year.
b. $5072.25 at 4.13% p.a. compounded annually for 11 years.
$100 031.45 at 6.105% p.a. compounded monthly for 2.5 years.
$5.76 at 1.27% p.a. compounded monthly for 80 years and 11 months.
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14. For each of the following, calculate the depreciated value of the asset. Round to the nearest cent
as needed.

$6000 at 10% p.a. depreciating annually for 3 years.

a
b. $700 at 12% p.a. depreciating annually for 4 years.

$920 at 3% p.a. depreciating quarterly for 1 year.
$2654.90 at 5.5% p.a. depreciating monthly for 5 years.

Problem solving

15. Beccy is running a marathon in the United States, where they express distance using miles. Given 1A
that one mile is 1.60934 km, how far did Beccy run in kilometres if the marathon was 26.2188 miles?
Round the answer to three decimal places.

. OSPM is a retailer for eyewear. The cost price is $102 for a pair of prescription glasses and $85 for a
pair of sunglasses. OSPM sells a pair of prescription glasses and a pair of sunglasses for $495, making a
105% profit on the pair of prescription glasses. What is the percentage profit for the pair of sunglasses,
correct to two decimal places?

. Alexis has been paid $975.95 for her work during the past two weeks. She knows that she has worked
21.25 regular hours and 4.35 hours overtime. Given that her overtime pay is 150% of her normal pay,
calculate Alexis’ regular pay rate per hour.

CHAPTER 1 REVIEW

. Victoria works for a charity where she is offered a $15 590 tax deduction per year. She also purchases
a private insurance policy which is equivalent to an additional $1218.40 tax deduction per year. In the
end, Victoria’s income is within the range of $45 001-$120 000. Calculate the possible minimum and
maximum of Victoria’s gross income prior to tax deductions.

. Dhanya opened a Goalsaver account at the start of April. The Goalsaver account pays Dhanya 4.65%
simple interest monthly given that the account balance at the end of month is higher than at the
beginning of the month; otherwise the interest paid monthly will only be 0.02%. The below table
shows Dhanya’s account balance over three months. The simple interest is paid on the first day
of each month.

_ Prt

Month | Balance on first day of the month | Balance on the last day of month | I = 100

April | $1278.90 $1525.15 159515 x 465 o 1
I= 12 ~ 591
100 :

May 1525.15 + 591 = $1531.06 $1448.03

June $1918.28

Using the filled-in example from the table, complete the rest of the table. Calculate and round
to the nearest cent.

. Kashifa wants to invest $49 750.15 for one year, where she has a choice of whether interest is
compounded weekly, monthly or yearly. If the interest compounds weekly, the interest rate offered
will be 2.4935% p.a. If the interest compounds monthly, the interest rate offered will be 2.5635% p.a.
If the interest compounds yearly, the interest rate offered will be 2.7901% p.a. Which product should
Kashifa choose to maximise her earnings?
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21. Jess is the accountant for a small business called Candle & Co. Jess charges $250 per hour for
her services.

a. Candle & Co increase the price of their $35 candle bundles by 30%. What is the new price
of the bundles?

b. By the end of the financial year, Jess spent a total of 90 regular hours and 6 overtime hours
doing Candle & Co’s accounts. Assuming that overtime is paid at 1.75 times the base pay rate,
calculate Jess’ gross income from doing these accounts.

c. Atthe end of the financial year, Jess’ total gross income comes to $191 500. There are a number
of deductions Jess can claim: stationery ($80), office furniture ($485) and utilities ($650).
Calculate the income tax on Jess’ taxable annual income.

d. Candle & Co took out a loan when they first started their business. In January 2018, they
borrowed $6500 compounding monthly at an interest rate of 4.5% p.a. Assuming that no
repayments were made until March 2021, calculate the value of the loan when repayments began.

e. Identify a way that Candle & Co can improve their profits without increasing prices and potentially
losing customers.

. For a principal amount of $11 000:

Calculate the amount after 3 years if it compounds annually at an interest rate of 5% p.a.
Calculate the amount after 3 years if it compounds monthly at an interest rate of 5% p.a.

Comparing the new amounts calculated in parts a and b, comment on the amount of money
earned using monthly or annual compounding periods.

CHAPTER 1 REVIEW
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Calculator skills

See online in additional materials for using CAS calculator guides.
2C Negative indices

2D Scientific notation

2E Fractional indices
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Chapter 2 research summary

Indices and surds

Indices, also known as exponents or powers, are a way of expressing repeated multiplication.
The exact value of surds can only be expressed in square root, cube root or other root forms;
therefore, they are irrational numbers. The big ideas proportional reasoning, generalising and
patterning, spatial awareness, interconnectedness, reasoning and proof underpin the concept
of indices and surds.
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Proportional reasoning

When we increase the power by one, we are multiplying the base by itself one more time.
This is an application of multiplicative thinking which is a key aspect of proportional reasoning.

Generalising

Indices and surds involve patterns and generalisation. For example the index laws such as
a" x a™ = a"™™ are general rules that apply to all indices. The process of simplifying surds
also involves identifying and applying patterns.

Spatial awareness

Understanding the geometric representation of squares, cubes and their inverses of square
roots, cube roots and other roots can help connect surds to spatial concepts. For example,
in order to determine the length of the side of a square with a given area, a student would
understand that the square root of the area is equal to a side length.

Interconnectedness

Indices and surds are interconnected with many other areas of mathematics. For example, they
are used in algebra for solving equations, geometry in the Pythagorean theorem, and further into
calculus in determining derivatives of power functions.

Reasoning

Understanding and using indices and surds involves mathematical reasoning. For example,
to simplify a surd students must identify the largest perfect square factor of the number under
the root. This requires logical thinking and problem-solving skills.

Visual representations

Repeated multiplication

While not a traditional visual, repeated multiplication is a good way to visually explain the
concept of indices.

I T v v
43x47=(4x4x4)x(AxAxAxA4xA4x4x%x4)

s 1 1

x °= =
XXXXxXxX
| S XXXXXXXxXX " 45

|
The negative power of 5 shows there
is a repeated division by x five times

The number must be multiplied by 10 eight times
| v

327X108=327&10X1OX10X1OX1OX1OX1OX1d
=327 000 000
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Misconceptions

Misconception

Students apply index laws
to terms with different bases.

Incorrect X

xP % yq = xPtq

Correct v

xP X x1 = xPtq

Lesson

2A

Students multiply or divide
bases when applying the first
two index laws.

xP _ 1p—4
x4

2A

Students multiply or divide
exponents when applying the
first two index laws.

xP x x1 = xP*1

xP x x4 = xPta

2A

The coefficient inside brackets
is not raised to a power on the
outside of the brackets.

(3x2)5 = 3 x x2%5 = 3x10

(3x2)5 = 35 x x2%5 = 35410

2B

The coefficient on the outside
of brackets is raised to a power
on the outside of the brackets.

5(x2)10 = 510,20

5(x2)10 = 5x20

2B

The student adds the powers
together when raising powers.

(x2)10 = x12

(x2)10 = x20

2B

Rules for the addition or
subtraction of negative
numbers are not followed
when simplifying negative
indices using index laws.

a—8+2 = g-10

a—8+2 = g6

2C

A negative index is treated as
a factor affecting the direction
of the term.

Zx—7y—1

— _gy8.2
l6xy 8x%y

Zx—7y—1

— gy—8y-2
16xy =827y

2C

Miscounting the number of
place values when converting
to or from scientific notation.

68100 000 -» a = 6.8 100 000
n=>5
68 075 000 ~ 68 100 000

= 6.81 x 105

68100 000 —» a = 6.8100 000
n=7
68 075 000 ~ 68100 000

= 6.81 x 107

2D

Leaving more or less than
one significant figure to

the left of the decimal point
when converting to
scientific notation.

0.00293 — a = 0.293
n=-2

0.00293 = 0.293 x 1072

0.00293 —» a = 2.93
n=-3

0.00293 = 2.93 x 1073

2D

Using positive powers of
10 for very small numbers
and negative powers of

10 for very large numbers
when converting to or from
scientific notation.

0.00293 = 2.93 x 10 x 10 x 10
=293 x 103

0.00293 = 293 + 10 + 10 + 10

_ 293
103

=293 x 1073

2D

Using the numerator of the
fractional index to represent
the root and the denominator
to represent the power.

2E

Continues >
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Dividing the radicand by the 1 1 2E
s 8 y 5 _ 100000 5 _ 5/maoaan
g order of the root to evaluate LRINEEES 5 LR = At Tt
2 the root. = 20000 =10
O
& Adding or subtracting V2 +3V5+2V2 V2 +3V5 +2V2 2F
L .
@ unlike surds. = VI+2VI+3VE = VI+2VI+3VE
=(1+2+3)vV2+ V5 =(1+2)V2+3V5
=6V2 + V5 =3v2 +3V5
Ignoring the sign of the surd 5V7 — V6 —3V7 5V7 — V6 —3V7 2F
when simplifying. =5V7 —3V7 - V6 =5vV7 —3V7 — V6
=(5+3)V7 -Veé =(5-3)V7 - V6
=8V7 — V6 =2V7 - V6
Thinking that a non-whole —1/0.2916 = —0.54 is a decimal —1v0.2916 = —0.54 is not an 2F
number radicand will always 5 —+/02916 is a surd. irrational number
produce a surd. ~» —+/0.2916 is not a surd.
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The First and Second

index laws

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Students will be able to:
¢ multiply and divide terms with the same base in index form

¢ simplify expressions using the First and Second index laws

e simplify expressions involving the zero index.

jury
o
o

% of substance remaining
[0
o

25 f—————=
Indices are used to represent repeated factors. These factors can be numeric 12.5 ::::‘::: :E_—_—_—_' ——
or algebraic terms or expressions. The First and Second index laws are applied 0 1 2 3 4 >
when multiplying and dividing indices, whereas the zero index is a special Number of half lives
property of all non-zero bases, including those that are algebraic. Image: zizou7/Shutterstock com

KEY TERMS AND DEFINITIONS
» Index notation (or form) is a way of representing repeated factors of the
same number.

Radioactive substances decay at an
exponential rate, halving in amount
after periods of time specific to
individual elements. This is called
the half life of an element, with some
taking much longer to decay than
others. These kinds of relationships
are exponential due to the repeated
multiplication or division in the
formulas that describe them.

Key ideas

1.

The First Index Law states that when multiplying terms with the same base in index form their indices
are added.

xP xx1= xP+q

The Second Index Law states that when dividing terms with the same base in index form the index of the
divisor (or denominator) is subtracted from the index of the dividend (or numerator).

xP _

Any non-zero number raised to the power of zero has the value 1.

x" -
F:x" r=x0=1
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Worked example 1

= Using the First and Second index laws on numeric expressions
2
|:E Simplify the following.
N
a 44
Working Thinking
43 x 47 = 4347 = 410 Identify the common base of the terms being multiplied.
Add the indices of the terms to calculate the index of
the product.
Visual support
- - ¥ v
ABl x 47l =(Ax4xQ)x (U x4xAx4%x4x4x%4)
= 43+7
= 410
58
-
Working Thinking
8
% = 58~4 = 54 Identify the common base of the terms being divided.
Subtract the indices of the terms to calculate the index
of the quotient.
Student practice
Simplify the following.
9
a. 23x28 b. 3—4
3

Z

Worked example 2

Using the First and Second index laws on algebraic expressions

Simplify the following.
Working Thinking
x% X x5 = x25 = x7 Identify the common base of the terms being multiplied.

Add the indices of the terms to get the index of the product.

Continues »>
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Working Thinking S

v’ T

— = yo73 = yb Identify the common base of the terms being divided. =

y Subtract the indices of the terms to calculate the index ﬁ
of the quotient.

Visual support

Y _yryryXyxyxyxyxyxy

¥’ YA LD4

= 49-3

=Y

= 46
Student practice
Simplify the following.

10

a. t’'xt° b. I;—4

.

Worked example 3

Simplifying expressions using the First and Second index laws

Simplify the following.
a.  2x10 x 4xy*t
Working Thinking
2x10 x 4xy* = 2 x 4 x x10+1 x y4 Step1: Multiply the coefficients together. Identify the
terms with common bases and add their indices.
= 8xlly4 Step 2:  Fully simplify the expression.

Visual support
2x'10 x 4xy? =2 x 4 x x10*T x 4

8x11y4

7+8
b L6t

4t2r6
Working Thinking
7:8
146;;:6 = (16 + Hr7-6¢8-2 Step1: Divide the coefficients. Identify the terms with

common bases and subtract their indices.

= 4rlt6 = 4rt® Step 2:  Fully simplify the expression.

Continues »>
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c 6a2b5 x 2b%a" ﬁ
3ab’

Working Thinking
6a2b® x 2b%a% = 6 x 2 X a?*t0 x p>+2 Step1:  Simplify the numerator.

= 12a2b7

2A THEORY

25 2,0 237
6a‘h> X 2b*a” _ 12a°h Step 2: Rewrite the fraction with the numerator simplified.

3ab” 3ab’
= (12 + 3)a?"1p7-7 Step 3: Identify the terms with common bases, subtract
= 4q1p0 their indices and fully simplify the expression.
=4a X 1
= 4a

Student practice

Simplify the following.
12x5y10 2697 x 4r4t8

7 3,6
a. 3p’ X 2r°p 1y C. 263,11
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2A Questions

1. Fill in the blanks.

Example

2y7 X y5 = 2y7+5 = 2y[12:]

* x3x%3x6=3x3*6 =3x.__. “ Byxyl =5y1*7 =5yl __|
© 615 x 7t0= 42150 = 42¢1 ! “ 10p? x p* x 2p8 = 20p?*4*8 = 20p. -
2. Fillin the blanks.
Example wn
Z
186% _ 19-5 = g2 2
— =6t = 6t.%. E
3t° =)
S
a. _ b. 7 _
3x° = 8a =
——=3x>3=3x!! —=4a’ 1= 4q!-:
x3 2a
“ 16b8 _ 4b83 _ 4b- “ 25cMx ¢ _ 5cM1-8 5l
20b3 5 5 10c8 2 2
3. Fill in the blanks by using the words provided.
| one | | form | | identical | | laws |

Multiplication and division of numbers in index [ ] requires the application of the

First and Second index laws. These laws may only be applied to indices with [ ] bases.

. . r a . . . . . . . .
A combination of both 1 I is used to simplify expressions involving mixed operations.

. . . r
Any non-zero number or variable with a power of zero is always equal to | I

Question working paths

Mild J  Medium JJS spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (ab,c,d), 4 (cdef), 5(cdef), 6(def), 4 (e,f.gh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 7 (cdef), 8 7 (efgh), 8
4. Simplify the following. WE1
11 14
a. 5x5° b. - c. 312x34 d. &~
7 g6
2 8 15
e. 2x2%x25 f. 67 x 62 x 6 g x4 h 10
4 10° x 10
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5. Simplify the following. WE2
8 10
a. yZxy° b. % c. ¢Ox¢? d. %
e. t X t7 e t6 pro g. M h. y—21
e 14 v x y6 x y*
6. Simplify the following.
a. yxx2y3 b. 3p*x t’p3
c. 6vwd x w2y d. 4a5b8 x 2b%a’
e. 2c%13 x 7¢6d0 f.  7pq X 8q%p° X q
2. 2x%y* X xy x 3xy° h.  4t%r9 x 2t2r# x tor>
7. Simplify the following.
xBy’ 4a2p10 12p°q!! 3xy? x xty?
a. b. ——— € —— d ————
yx5 2ab* 3¢8p* x2y*
e 2v2w7 x 3wdy ¢ 4m®n* x 5n3m’ g DLyl x6tly? p Pr® x prx 8rop?
w 2viws 10m13n2 25t%y0 x y 6pr x r’
4
o
5 8. Which of the options shows the given expression fully simplified?
w
=) 15,,9
o - 3 y5
< yox
~N
A. x3y3 B. xyl6 C. x10y6 D. x1%y* E. x75y%7

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Simplify the following.
2a°b® x 7b%a8

O

Student A Student B
2a°h3 x 7b2a8 = 2 x 7 x a5*t8 x p3+2 2a%h3 x 7b2a® =2 x 7 x a®*? x p3*8

= 14q13p° = 14a7p?

b.  Simplify the following.
21x14-y9
7x2y9

¢

Student A Student B
21x!ty? . 14+2,,9+9 21x!*y? . 14-2,,9-9
= 3x7y = 3x12y0

= 3x12
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Problem solving

Question working paths

Mild 10, 11,12 J Medium 11,12, 13 JJS spicy 12,1314 SIS

10. In aracing computer game, a player can double their score every five seconds if they continuously
avoid any obstacles. What is the final score of a player with 7200 points who continuously avoids
obstacles for the last 35 seconds of a race?

11. Every day for a week, the number of people who have seen a video online increases by a factor
of four. If initially, only 300 people saw the video, how many saw it by the end of that week?

12. The height of a 2 m tall bamboo plant increases by a factor of four every week. How many days will
it take the bamboo to grow to 32 m?

13. Each person at a wedding can choose a combination of dishes from a set menu to make up their
own five-course meal. A guest can choose one of three types of dishes for each course. How many
different combinations of five-course meals are available?

14. Garth wants to crochet a quilt made of identical squares with a total area of 1.44 m2. If Garth wants

the quilt to consist of exactly 62 squares, how long should he make one side of each individual
square, in cm?

Reasoning

Question working paths

(%)
4
=
-
(7
i
2
o
<
N

Mild 15 (a,b,d) J Medium 15 (a,b,d), 16 (a,b) JJI spicy All SIS

15. Random access memory (or RAM) is a measure, in memory units, of the memory capacity of a computer
chip. It can affect the speed at which a computer processes information, as well as the amount of data
that can be stored. Gaming consoles are specially designed computers that are affected by RAM.

Memory units
1 kilobyte (KB) = 2'0 bytes (B)

1 megabyte (MB) = 210 KB

1gigabyte (GB) = 2'° MB

a. An early gaming console from the 1990s had 2 MB of RAM. How many KB does this equal?
Express the answer in index form using powers of 2.

b. Convert 1 GB to KB and express the answer in index form using powers of 2.

c. A modern console comes with at least 1 terabyte (TB) of RAM. If 1 TB = 210 GB, how many
times has the memory capacity of a gaming console doubled since the 1990s?

d. Name a device or object that you find useful which requires the use of a computer chip.

16. Consider the following expression where n can be any integer.
2n
Substitute n = 3 into the expression and evaluate.
Substitute n = 4 into the expression and evaluate.

c. Use the values from parts a and b, together with the First Index Law, to evaluate 27. How can the
law for multiplying numbers in index form help with the calculation of larger indices?
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17. Determine which option is equivalent to the given expression.

x7y x 4y3x4

12x8y4
A 3 B, X ¢ XY D. 3x3
. 3 - - )

18. Consider the given equation.
% 96 = 3 x 2%
a. What is the value of 2*?
b. Whatis the value of x?

19. When the radius of a sphere is doubled, its volume increases by a factor of 2 three times. If the volume
of a sphere with a radius of 10 cm is 4189 cm?3, what is the volume of a sphere with a radius of 40 cm?

20. Consider the given formula modelling the growth of cells in a sample.
P =257 x 3t
where P is the number of cells and t is time in hours since the initial observation.

What time and day did observation of the sample begin if the number of cells is 187 353
at 3:37 am on Friday?

%)
z
=)
-
(7
w
2
(e
<
~

21. This list shows the time taken, in minutes, by ten students to complete a puzzle.
?@ 31,18,42,43,37,49, 32,31, 34,44
What is the range?

A. 18 minutes B. 26 minutes C. 31 minutes D. 36 minutes

22. The given diagram is a drawing of a milk carton. It has the shape of a prism.

The shaded side has an area of 129 square centimetres.

20cm

8cm 6cm

The capacity of one cubic centimetre is 1 millilitre.
What is the capacity of the carton in millilitres?

A. 774 mL B. 960 mL C. 1000 mL D. 1032mL

23. Chelsea is shading squares in a grid to make a pattern.

“ERR

7/
7

She needs to shade extra squares so that the dotted line will be a line of symmetry.
What is the smallest number of extra squares she needs to shade?
A1 B. 2 C. 3 D. 4

(1 MARK)

3x3y

(2 MARKS)

1TMARK
1TMARK

(2 MARKS)

(3 MARKS)

Remember this?

49 minutes

2580 mL
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ZB The Third, Fourth and

Fifth index laws

LEARNING INTENTIONS

Students will be able to:
e raise a term in index form to a power

¢ raise a product or quotient to a power

o simplify expressions using the index laws.

The Third Index Law is used for raising values in index form to a power.

The Fourth and Fifth index laws are applied to powers of products and quotients
respectively. These last two laws can be derived by using a combination of the
first three laws together with knowledge of index notation.

KEY TERMS AND DEFINITIONS
e The product is the result when two or more values are multiplied together.

¢ The quotient is the result when a value (dividend or numerator) is divided
by another value (divisor or denominator).

Key ideas

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

- k=) t/
H ft\}t/\\? \fﬁ

Image: VectorMine/Shutterstock.com

Many companies use viral marketing to
spread knowledge about their products
or services. This type of advertising
targets the whole population and relies
on people sharing information with
each other at an exponential rate. In
other words, getting the word out to
any group of people will ultimately
lead to more exposure and sales. With
the invention of social media this has
become a cheap and effective way for
companies to advertise.

1.  The Third Index Law states that when raising a term in index form to another power the indices are multiplied.

(xP)? = xP*d = xP4

2. The Fourth Index Law states that a power of a product is equivalent to the product of the powers.

[xy p =xP Xypzxpyp

3. The Fifth Index Law states that a power of a quotient is equivalent to the quotient of the powers.

xXP . _xP
5) =xrey=5
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2B THEORY

Worked example 1

Using the Third and Fourth index laws

Simplify the following.
a.  (a¥)°
Working

(a3)6 = a3%6 = 18

b.  (2¢5)3
Working

(2x5)3 = 21x3,5x3

213 =23=2x2x%x2=8

23x5%3 = gy 15

c.  (=5t4r9)?
Working

(—5t4r9)2 — (_5) 244%2,9%2

(=5)2 = (=5) x (~5) = 25

(_5)2t4x2r9x2 = 25¢8,18

Student practice

Simplify the following.
a.  (¥%° b. (3r%3

Thinking

Multiply the index of the pronumeral inside the brackets
by the index on the outside of the brackets.

Visual support

Multiply the term inside the brackets by itself six times

[ v
6 | 1
@) =@ xaB3xaBxa®xadxad
= g3+3+3+3+3+3

- a3x6

Thinking

Step1:  Multiply the indices of the coefficient and
pronumeral inside the brackets by the index
on the outside of the brackets.

Step 2: Evaluate the coefficient.

Step 3: Fully simplify the expression.

Thinking

Step1:  Multiply the indices of the coefficient and
pronumerals inside the brackets by the index
on the outside of the brackets.

Step 2: Evaluate the coefficient.

Step 3: Fully simplify the expression.

¢ (—4p¥)?
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Worked example 2

Using the Fifth Index law =
2
Simplify the following. |:|_:
[}
~
4 WE2
()
Working Thinking
2y - @* Stepl: Raise th d denomi h
7)) SO ep1: Raise the numerator and denominator to the
power on the outside of the brackets.
_ 21><4— . )
= Step 2: Apply the Third Index Law to the numerator
and denominator.
_2*_16 Step3: Evaluate th tor and fully simplify
== 1 p3: Evaluate the numerator and fully simpli

the expression.

Visual support

2. 2_.2_2_2
t3

o 2x2x2x2 _ 21+
T B xt3xi3xg3  (3+3+3+3

21x4 _ 24
$3%4 - (t3)4

o (22

4y7
Working Thinking
2. 6\3 3256)3
(34 x7 ) = ((4 7))3 Step1: Raise the numerator and denominator to the
y Y power on the outside of the brackets.
32><3x6><3
= WO Step 2: Apply the Fourth Index Law to the numerator
Y and denominator.
36418
T 432
= 729x 7 Step3: Evaluate the coefficients and fully simpli
= T4y ep 3: Evaluate the coefficients and fully simplify

the expression.

Student practice

Simplify the following.

a (%)3 b. (%)2
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2B THEORY

Worked example 3

Simplifying expressions using index laws
Simplify the following.
a.  (3%7)?x2(y)?

Working

(32y7)2 X 2(y6)3 — 32X2y7>(2 X 2 X y6><3

=34X2Xy14xy18

=81 X 2 X y14+18

= 162y32

(4asb7)3
L
2b5
Working
(4ab7)3  4346x3},7x3
205 2p°
_ 43g18p21
o 2b5
_ 64a18b21—5
=

= (64 + 2)a'®p1®

= 32q18p16

2 3
7x° y
« (3J’> x(x‘*)

Working
(7x9>2 W (YN Tx)E Y
3y (x4) T (By)2 T (b3

3

7292y
322 " 43

49x18  y®
9y2 x12

_ 49x18y3
T 9y 212

49x 18—12y3—2

9

_ 49x5y

-9
Student practice
Simplify the following.

3m*n7)5
a. 23x0)2 x 7(x%)8 b. (7
(2297 x 7(x") L

Thinking
Step 1:

Step 2:

Step 3:

Thinking

Step 1:

Step 2:

Step 3:

Thinking

Step 1:

Step 2:

Step 3:

Step 4:

o (3) x (8
: 4t k2

Apply the Third Index Law to each of the terms
in brackets.

Evaluate the coefficient and apply the First
Index Law.

Fully simplify the expression.

Apply the Fourth Index Law to the term in the
numerator.

Evaluate the coefficient and apply the Second
Index Law.

Fully simplify the expression.

Apply the Fifth Index Law to each of the terms
in the expression.

Evaluate the coefficients and simplify each of
the terms.

Multiply the terms and apply the Second
Index Law.

Fully simplify the expression.

76
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2B Questions

Understanding worksheet

1. Determine which index law applies to each expression.

Example

Expression Third Index Law Fourth Index Law Fifth Index Law

(x7y5)8 ] []

Expression Third Index Law Fourth Index Law Fifth Index Law

L ()12 ] ] []
. (%59)2 n n n
. (2p®)10 |:| |:| |:|

[] L] []

4
tZ
\"A —7(3)

(%)}
z
o
-
(7
[
=)
o
m
N

2. Fillin the blanks.

Example

r——=n"

1
(a*p3) 0 _ 44%1013%10 = ;{401}30

L— =1

a. [5]3= 5[___! _ 12_5

c® c6%3 cl8

" (22x7)% = 2244x7*4 = 2L [x28 = 256x28

“ (A > 45 420
p’) p>® p-
“ (-8yR2w13)* = (-8)412%44,13%4 = 40961484yl __|

3. Fill in the blanks by using the words provided.

| same | | multiplied | | expanded | | quotients |

Powers must be [ ] together when applying the Third Index Law. The Fourth and

Fifth index laws are used for raising products and [ ] to a power respectively.

They state that the power of a product or quotient is the [ ] as the product or

quotient of the powers. The last three index laws can all be derived by writing indices in

I ] form and applying the first two index laws for multiplication and division.
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Question working paths

Mild J Medium JJI spicy SIS
4 (ab,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdef, 4 (ef,gh), 5 (efigh), 6 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 7(cdef), 8(cdef, 9 7 (efgh), 8 (efgh), 9
4. Simplify the following.
a. (y3)* (£10)5 . (3k%):? d. (22253
e. (4ph)* (10x9)2 g. (—6n13)2 h. 5(2m8)10
5. Simplify the following. m
a. (xy®)* (p3r®)3 c. (2m7n?)* d. (—2a®b)?
e. (7c°d10)3 (122% 12y %)8 g (—3y2x15)3 h. 3(=2tbr)7
6. Simplify the following. Y WE2 |
2 6\3 2\3 2
a. (%) (V—9> c 2—8 d. 4_x4
x w y 3y

wn
é (ﬂ)z <1Op6r3> . (22m11n5>5 (M)‘*
a 23710 3q 3412 3273
3
= 7. Simplify the following.
a. (x%2y%)3 x x7 b. (m°n?)* x (n*)?
c. ()5 x (rét?)3 d. (2a°h*)3 x (b7a?)5
e. 4(y2x%)* x (2x*y®)s f. (Buv®)* x 3(v8uS)7
g (23p%q®)3 x 3%(q"p10)5 h. (7¢3d9)2 x 2(d7)6 x (3¢8)3
8. Simplify the following.
(xty©)? (3t3r5)2 (2ba”)3 (2p*r9)5
5 2t C Tt (rp3)*
) (Y CEDN (2 )2 . ( n?® )5 o Tmon9t <6d5c10)3 8 <2_c3)4
s e (xy)? y m2) ” (6m*n)? 23 a2

9. Once the given expression has been fully simplified, what is the final value of the coefficient?

3(y6)2 X (22x8)3

A. 12 B.

C. 96

D. 192 E.

576

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Simplify the following.

(25x7y)?

Student A

(25x7y)2 = 25%2x7x2y2
= 210514y2
= 1024x 14y?
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b.

O

Student B
(2 Sy 7y) 2

= 25x7%x2)2

= 32x14y2

Simplify the following.

Student A

Student B

5p103
(t9 ) a

53p10x3 5p10 3 53p10+3
CTE ( £9 > T o3
_ 125p30 _ 125p13
27 12
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Problem solving

Question working paths

Mild 11,12, 13 J Medium 12,13, 14 JJS Sspicy 13,14,15 SIS

11. At 7 am, the number of people who have read an article online was 32. This number then increased

by a factor of% every 15 minutes. How many people read the article by 8 am?

12. Dominick’s computer had 43 GB of available storage space. When he upgraded it, the amount
of available storage space doubled a number of times. If the amount of available storage space
on Dominick’s computer is now 2048 GB, how many times did it double?

13. Each side length of a rectangular digital image, measuring 3600 by 2800 pixels, was resized

by a factor of%. What is the area of the resized image, in pixels?

14. Ahole appears in a tank containing 4096 m3 of water. The amount of water reduces by a factor of
four every second. After how many seconds will the volume of water in the tank be less than 1 m3?

2

15. Abiased coin has been designed so that the probability of landing tails is 3

. What is the probability

of landing tails on every throw for three throws?

Reasoning

Question working paths

)
z
o
-
0
[
=)
o
m
N

Mild 16 (a,b,d) J Medium 16 (a,b,d), 17 (a,b) JJS spicy All SIS

16. All moving particles and objects have kinetic energy. The kinetic energy of any object can be
calculated using the given formula.

2
_mv
k= 2

where m is mass in kg, v is velocity in m/s and K is kinetic energy in Joules (J).

a. Substitute m = 24 into the equation and simplify.

b. Calculate the kinetic energy of a 24 kg object with a velocity of% m/s.

c. The object from part b speeds up so that its velocity increases by a factor of 3. What is the
kinetic energy of the object now?

d. Kinetic energy is always converted from other types of energy. For living things, this is often
chemical energy produced by the body after consuming nutrients. Where does the kinetic
energy of machines come from?

17. Consider the following equation.
y=(-2)*
a. Substitute x = 4 and determine the value of y by writing the calculation in expanded form.
b. Substitute x = 5 and determine the value of y by writing the calculation in expanded form.

c. Analyse the answers from parts a and b. What is the pattern followed by negative values
raised to a power?

18. Which of the options shows the given expression when fully simplified? (1 MARK)
9(a3b7)5
(3p%)?
A. a'®p?? B. al°p* C. 3a'5p® D. 3alp* E. 6561a'5p%°
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2B QUESTIONS

80 CHAPTER 2: INDICES AND SURDS

19. Consider the given equation. (3 MARKS)
16% = 212
a. Write 16 as a power of 2 and substitute it into the equation. 1 MARK
b. Determine the value of x. 2 MARKS
20. Write an expression for the ratio of area (4) to the perimeter (P) of the given rectangle and use (3 MARKS)

it to calculate the value of x when the ratio is equal to 1.

2x

X
21. Fully simplify the given expression, showing all necessary working steps. (3 MARKS)
o\ 2yy’
=) x
y4 x5
Remember this?

22. Rodney has spent 65% of his money on a new PS4 game.

The game cost $25.
How much money did Rodney have left after he bought the surfboard?
A. $12.25 B. $13.46 C. $16.25 D. $19.46 E. $25

23. Alarge block of chocolate is split up in 12 equal-sized blocks as shown. The grey shaded blocks have
already been eaten.

What percentage of the chocolate still needs to be eaten?
A. 15% B. 20% C. 25% D. 40% E. 75%

24, Mitchell walks along the path from x to y.

:[100 metres

o |
100 metres

How far does he walk in kilometres?
A. 0.13km B. 1.3km C. 13km D. 130km E. 1300 km
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zc Negative indices

LEARNING INTENTIONS

Students will be able to:
¢ evaluate negative indices

e express negative indices as positive

e apply index laws to simplify expressions involving negative indices.

While positive indices allow us to represent repeated multiplication, negative
indices do the same for repeated division. Using a combination of index laws
while applying conceptual understanding of negative indices allows us to
simplify and manipulate algebraic expressions and formulas.

KEY TERMS AND DEFINITIONS
» The reciprocal of a fraction can be obtained by swapping the values
or expressions in the numerator with those in the denominator.

Key ideas

1.  Negative indices can be expressed as positive indices using division when x # 0.

P I

P = —
X xp(:)xp

2. Indexlaws apply to negative indices.

Multiplication
- 1

- ~ - 1 1
xP X x9=xP 9= — x —
xP  x9  xptq

Division
x_‘P = x P~ 9 = x1™P = x_q
x 9 xP

Power of a power

(xP) 1 = (xP)1 = xP9 = —

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

{

Visible

Ultraviolet Infrared
uvc |uve|uva

280 315 400 700 wavelength (nm)

100
Image: Fouad A. Saad/Shutterstock.com

Negative indices allow us to describe
inversely proportional relationships
mathematically. For example, the
frequency of a light wave is inversely
proportional to its wavelength.

Longer waves have lower frequencies,
whereas shorter waves have higher
frequencies. These aspects of light
waves specifically determine whether
they are detectable by the human eye.
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2C THEORY

Worked example 1

Evaluating negative indices

Evaluate the following.

a. 372

Working

=L
=3

1
9

. @)

Working

_ (2T (2 22
- 5l - 51x(-2) _5—2

(2]
()

N
[}

_25
4

c. (23 x42)-1

Working

— 23)((—1) X 42)((—1) — 2—3 X 4_—2

_1 1
T3y
1,1 _ 1
~8%16 128
Student practice
Evaluate the following.
-3
2 §
a. 8 b. <4>

Thinking

Step 1:

Step 2:

Visual support

372 =

Thinking

Step 1:

Step 2:

Step 3:

Thinking
Step 1:

Step 2:

Step 3:

c.  (32x23)71

Express the negative index as a fraction with
a positive index.

Evaluate.

1 1

3T 3x3

Diving by 3 twice
is equivalent to
dividing by 9 once.

L o=

Multiply the indices of the terms inside the
brackets by the negative index on the outside
of the brackets.

Write a reciprocal of the fraction with
positive indices.

Evaluate.

Multiply the indices of the terms inside the
brackets by the negative index on the outside
of the brackets.

Express the negative indices as fractions with
positive indices.

Simplify and evaluate.

82 CHAPTER 2: INDICES AND SURDS



Back to contents

Worked example 2

Writing negative indices as positive

Write using positive indices only.

Working Thinking

_1
xS

2C THEORY

Express the negative index as a fraction with a positive index.
Visual support
- 1 _ 1
IxXxXxXxXxl x5

t

The negative power of 5 shows there
is a repeated division by x five times.

b 3y

Working Thinking
y~ 7= % Step1: Express the negative index as a fraction with

a positive index.

3y77=3x yl =3 Step2: Multiply the fraction by the coefficient and simplify.

y=6
Working Thinking
6
= y_3 Write a reciprocal of the fraction with positive indices.
x

Student practice

Write using positive indices only.

a. x78 b. 5r2 c. ¥

Z

Worked example 3

Simplifying expressions with negative indices

Simplify and write using positive indices only.

Working Thinking
=a8+*2=q" Step1:  Apply the First Index Law.
= is Step 2: Convert negative indices to positive.
a

Continues »>
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Visual support

2

ud

2 X

1
us

c. 2t 6% x 5tr2

Working
= (2 x5t ) (r—*+2) = 10¢75r 2

s _ 1 2 _ 1
t> == andr—¢ = _rz
. —5.-2 _ 1 1 _ 10
<~ 10t™>r—= =10 X _t5 X 2= —t5r2

Student practice

Simplify and write using positive indices only.

b 12x3

a. c¢9xc3 7
3x

L *
Il:.i-:J a®xa?= : m
9 a axaxaxaxaxaxaxa
i)
_ 1 _ 1
~axaxaxaxaxa 6]
| |
4
b. %
Working Thinking
=(6+3)(u*"?) =2u"" Step 1:

Step 2:

Thinking
Step 1:

Step 2:

Step 3:

c. 3¢ % *x5rg

Divide the coefficients and apply the Second
Index Law.

Convert negative indices to positive and simplify
the expression.

Multiply the coefficients and apply the First
Index Law to terms with the same bases.

Convert negative indices to positive.

Simplify the expression.
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2C Questions

Understanding worksheet

1. Complete each of the following by filling in the blanks.

Example
6_3=%
6IL__J
SR L 7 S U s B | SR
4l L] 72 y

2. Complete each of the following by filling in the blanks.

Example

(%)
r—-" Z
- . —0+6 _ - 2
59 x56=5"9+6=5!-3] c
w
G}
A& 53,92 _~9-3+2_~! | b. 4-2 o :
27°%x24=2 =2--- - =42 1=4:—-: 9
4
“ péx p13 = pot(-13) = b[:] L R
— — ? = a = aL__J
a
3. Fill in the blanks by using the words provided.
| reciprocal | | proportional | | division | | laws |

relationship in equations and formulas.

Question working paths

Mild J  Medium JJS spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdeb, 4 (efgh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10 7 (c,d,ef), 8 (c,def), 9 (cdef),10 7 (ef.gh), 8 (efgh), 9 (efgh) 10
4. Evaluate the following.
a. 472 b. 573 c. 371 d. 10~¢
e. 1272 f. 22371 g. 1078 h. 2710
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5. Evaluate the following.
1\7? 4 2\-1 2\73 2 -2
a (3) b. (2% x 32) « (%) d. (42 x3)
-2 2\"3 (24— X 7)—3
e. (%) f. (63 X 30)_1 g. <%> h. ?
6. Write using positive indices only.
a. x4 b. y? c. rt d. 2y3
-3 3 -5
e. 5t77 £ 107712 g - h 2E—
7. Write using positive indices only.
1 x=* p~3 ¢~
a. F b. F C. F d. P
3u~’ a~* 4¢ct 2p3
e. f. . h.
v 2b~2 & 5g-6 7t8
8. Simplify and write using positive indices only. WE3
2 10 4
o a. x %xx b. 4t77 x ¢° c _p; d. 3x77 x 6x?
= 5p
o
3 326 f. 2a°b75 x 3ab g 42x75 h. 5m3n~% x 6m~2n
11 : ) 5 :
¥ 6t 3x

9. Simplify and write using positive indices only.

—3\73
a. (x*xx1)72 b. (%) c. (p3q 91 d. (2x%y~1)2
4r=3p . x7y=5;-3 —~1,-8 ) (v1ub)~*
& 16p~1 ’ xyz & (7t=2r)? ’ utv?

10. Simplify and write using positive indices only.

Zx—7y—1

8xy
A 4 B _4_x8 2 L D x8y2 E L
" xBy2 . y 4x5y2 T " ax6

Spot the mistake

11. Select whether Student A or Student B is incorrect.

a. Simplify and write using positive indices only. b. Simplify and write using positive indices only.
t* 6x°y~3

13

@) O

=
Student A Student B Student A Student B
- 413 = 9 1 = t4-(=13) = p4+13 = 417 _ 6x5 _ —6x°
9 - y3 - y3
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Problem solving

Question working paths

Mild 12,13, 14 J Medium 13,4,15 JJS Spicy 14,15,16 SIS

12. One carat of gold is equivalent to 5~1 grams. What fraction of one gram is one carat of gold?

13. Sienna is looking at a small insect through a microscope. The length of the insect is 1.5 mm, as seen
through the eyepiece of the microscope, which has been set to magnify objects by a factor of 102,
Calculate the actual length of the insect and give your answer in mm.

14. Frank is uploading a 2° GB file to an online shared drive. Every 15 minutes, the amount of data
yet to be uploaded decreases by a factor of 2. Evaluate how many GB are yet to be uploaded after
three hours, leaving your answer as a fraction.

15. Dougie is practising for a mathematics test by completing past exam questions. He can currently
complete 10 multiple choice questions in half an hour. If Dougie wants to be able to finish 20 multiple
choice questions in half an hour, then by what factor should he reduce the amount of time he spends
on each question?

16. The mass of a newborn joey kangaroo is approximately 2~° kg. What is the mass of a newborn joey,
to the nearest gram?

Reasoning

Question working paths

(%)
z
o
-
0
w
2
o
O
N

Mild 17 (a,b,c,e) J Medium 17 (a,b,c.e), 18 (a,b) JJI spicy All SIS

17. The length of time a musical note is played is called note duration. Types of notes show note duration,
for example, a whole note has the standardised length of 1, while a half note has half of the duration

of the whole note, which is given by % This relationship can be shown by the following formula:
[=27"

where [ is note duration and n can be any integer 0 or greater.

SEERRY

11
2 4 8 16 32 64

a. Write the formula for note duration using positive indices only.

b. What type of note is played when n = 0?
c. Determine the value of n when an eighth note (when ! = %) is played.

d. How many sixteenths notes equal the duration of a half note?

e. Intheory, any number can be halved any number of times. Give a reason why in practice,

it is virtually impossible to play or hear a note with a duration of less than é

18. Simplify the following using the First and Second index laws respectively.

a. x76x«x*

b X
%6

c. Compare your answers to parts a and b. How can the commutative law for the addition
of numbers be used to convert negative indices to positive?
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2C QUESTIONS

88 CHAPTER 2: INDICES AND SURDS

19. Which of the options is equivalent to the given expression? (1 MARK)
x~2y5 i
2
A x%yS B. X . Lxyx2 p. E L x1
5 S X2 x2 " yS
20. Consider the number sequence given below. (2 MARKS)
#1111 1
111 L
a. Determine and evaluate the next (sixth) value in the sequence. 1T MARK
b. Write the seventh value in the sequence expressed in negative indices. 1T MARK
21. When an area of mould is treated, the decrease in its size can be modelled by the equation: (2 MARKS)

A = 2300 x 37t
where A is the area of mould in cm? and ¢ is the number of days since treatment.

Calculate the area of mould on the fifth day of treatment, correct to 2 decimal places.

22. Asquare piece of paper, pictured, has been folded over diagonally into a right-angled triangle with (3 MARKS)
half of the area of the square. It was then folded over repeatedly into smaller similar triangles,
thus halving the area each time.

-
N
N
N

Y
N
16 cm . l o
N ’
N 4
N 4

First fold Second fold

Calculate the area of the paper after five folds.

23. Marcus’ water bottle can hold up to 1 L of water. He drinks three-quarters of a full bottle. How much

water is left in it?
A. 0.25L B. 05L C. 0.7L D. 0.75L E. 1L

24. Letitia buys a laptop online that costs $525.
With the packaging, it weighs 2.1 kg.

Postage costs are presented in the given table.

Total mass Upto500g 500guptolkg | 1kguptol.5kg | 1.5kgupto2kg | 2kgupto2.5kg
of package
Postage cost $12.70 $16.75 $20.65 $27.05 $35.40

In total, how much does Letitia pay for her laptop and postage?
A. $537.70 B. $541.75 C. $545.65 D. $552.05 E. $560.40

25. The mean height of students in a classroom is 1.65 m.
The median height of the students in the same class is 1.70 m.
A new student transfers into the class and has a height of 1.92 m.
Which of these is possible?
A. The mean increases and the median decreases. B. Both the mean and the median decrease.
C. The mean stays the same and the median increases. D. The median stays the same and the mean increases.

E. Both the mean and the median stay the same.
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ZD Scientific notation

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
e write very large numbers using scientific notation

e write very small numbers using scientific notation

e convert numbers written in scientific notation to decimal notation.

Scientific notation uses positive or negative powers of 10 to represent large and
small numbers in a readable form. As place values in decimal numbers differ by
a factor of 10, this means that any decimal number can be written using powers
of 10. It is an application of existing number theory and index laws knowledge. Image: Sergey Nivens/Shutterstock.com

One area of study where scientific
notation is applied regularly is
astronomy. For example, 1 astronomical
unit (AU) is the distance between the
Earth and the Sun. It is a standardised
unit, approximately equal to

1.496 x 10" m, used primarily

to express and compare distances
within our Solar System.

KEY TERMS AND DEFINITIONS
e A number written in decimal notation can be expressed using digits
separated by a decimal point.

Key idea

1.  Numbers written in scientific notation (or standard form) are expressed in the form

a x 10"

where 1 < a < 10 and n can be any integer.

x can be any number
nis a negative integer when 0 <x <1

l — [n]e— n=0when1sx<10
- @ x 10 nis a positive integer when x =10

a can be any number such that1<a <10
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2D THEORY

Writing numbers in scientific notation

Write the following in scientific notation.

a. 784.1
Working
784.1 » a = 7.841

784.1 = 7.841 x 102

b.  0.00293

Working
0.00293 - a = 2.93

0.00293 = 2.93 x 1073

Thinking
Step 1:

Step 2:

Step 3:

Visual support

7841

Thinking
Step 1:

Step 2:

Step 3:

Visual support

0.00293=293+10+10+10

must be divided by 10.
=2.93x1073
Student practice
Write the following in scientific notation.
a. 6273 b.  0.00062
y

Worked example 1

Determine the value of a by moving the first
non-zero digit (or significant figure) to the ones
place value position.

Determine the value of n by counting the number
of places the digit was moved to the right
(positive direction).

Write the number in scientific notation by
substituting the values of a and n into the
expressiona X 10"

- 7.841 X -IO X -IO Each time the leading

non-zero digit is moved
to the right, the number
= 7.841 x 102

must be multiplied by 10.

Determine the value of a by moving the first
non-zero digit (or significant figure) to the ones
place value position.

Determine the value of n by counting the number
of places the digit was moved to the left (negative
direction).

Write the number in scientific notation by
substituting the values of a and n into the
expressiona x 10"

293
“10%x10%10
_293

~ 103

Each time the leading
non-zero digit is moved
to the left, the number
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Worked example 2

Writing numbers in scientific notation using significant figures %
o
Ll
Write the following in scientific notation, correct to 3 significant figures. |:E
Q
a. 68075000
Working Thinking
68075000 =~ 68100 000 Step1: Round the given number to the specified number

of significant figures.

68100 000 - a = 6.8100 000 Step 2: Determine the value of a by moving the first
significant figure to the ones place value position.

n=7 Step 3: Determine the value of n by counting the number
of places the digit was moved to the right
(positive direction).

68075000 ~ 68100 000 = 6.81 x 107 Step 4: Write the number in scientific notation by
substituting the values of a and n into the
expressiona x 10"

b.  0.00030641
Working Thinking

0.00030641 =~ 0.000306 Step1: Round the given number to the specified number
of significant figures.

0.000306 - a = 3.06 Step 2: Determine the value of a by moving the first
significant figure to the ones place value position.

n=-—4 Step 3: Determine the value of n by counting the
number of places the digit was moved to
the left (negative direction).

0.0030641 ~ 0.000306 = 3.06 x 10~* Step 4: Write the number in scientific notation by
substituting the values of a and n into the
expressiona X 10"

Student practice

Write the following in scientific notation, correct to 3 significant figures.

a. 78270000000 b. 0.0020192
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Worked example 3

g Converting numbers in scientific notation to decimal notation
w
|:|—: Write the following in decimal notation.
[a]
N
a. 327 x108
Working Thinking
a=3.27 Step 1:  Identify the values of @ and n.
n=38
3.27 —» 327 000 000 Step 2: For a, move the digit in the ones place value
- 327 x 108 = 327 000 000 position n places to the left. Write the number
in decimal notation.
Visual support
The number must be multiplied by 10 eight times
| I L 1
3.27x108=3.27x10x10 %10 x 10 x 10 x 10 x 10 x 10
=327 000 000
b. 9.05x 107
Working Thinking
a = 9.05 Step 1:  Identify the values of @ and n.
n=-6
9.05 - 0.00000905 Step 2: For a, move the digit in the ones place value
- 9.05 x 10-6 = 0.00000905 position n places to the right. Write the number
in decimal notation.
Student practice
Write the following in decimal notation.
a. 832x10° b. 475x107*
v

92 CHAPTER 2: INDICES AND SURDS



Back to contents

2D Questions

Understanding worksheet

1. Fill in the blanks.

Example
( 350 =3.5%10 x 10 = 3.5 x 102 J

> 2800=2.8x10x10x10=2.8x 10\

® 507.8 =5.078 x 10 x 10 = 5.078 x 10\

“ 12700 =1.27 x 10 x 10 x 10 x 10 = 1.27 x 10\

“ 7030000 =7.03 %10 x10 x 10 x 10 x 10 x 10 = 7.903 x 10\-

z
2. Fill in the blanks. g
Example §
— 5 _ 22 Q
0.0005 = 10%x10x10x10 5x10:-==.
a. _ i _ [——:
0.3—10 =3x10---
bl - 7 - [__:
0.007 = 10x10 x10 =7x10.--
“ 0.00052 = 2.2 =52x10__]
] 10x10%x10%x10 =
d- _ 6.109 _ r==n
0.000006109 = I0%x10x10 x 10 x10 %10 - 6.109 x 10---:

3. Fill in the blanks by using the words provided.

| decimal | | negative | | zZero | | extremely |

———————————

___________

———————————

___________

———————————

___________

———————————

___________
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Question working paths

Mild J  Medium JJS spicy SIS
4 (ab,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdef, 4 (efgh), 5 (efgh), 6 (efgh),
7 (ab,c,d), 8 (ab,cd), 9 7(cdef), 8(cdef, 9 7 (efgh), 8 (efgh), 9
4. Write the following in scientific notation.
a. 500 b. 46000 c. 691.2 10 400
e. 27038 f. 96000000 g. 10206000 h. 650050000000 000
5. Write the following in scientific notation. m
a. 0.06 b. 0.0068 c. 0.104 0.000745
e. 0.03901 f.  0.0004903 g. 0.00000001 0.00000000000208
6. Write the following in scientific notation, correct to 3 significant figures. ﬂ
a. 54.21 b. 2513 c. 0.06754 0.005459
2 e. 95213000 f.  0.000035856 g. 849680000000 h. 0.09996
o
E
= 7. Write the following in decimal notation.
Z a. 2x10* b. 4.2 x 102 c. 343 x 103 1.05 x 102
o e. 9.4 x10° f.  1.08 x 10° g 8.06 x 10° 9.304 x 1011
8. Write the following in decimal notation.
a. 1.2x 1071 b. 3.4 x 1072 c. 43x107*4 5.01 x 1073
e. 1.089 x 1072 f. 236 x 107% g. 54023 x 107 h. 6.006 x 10710
9. Which of the options shows the given number in scientific notation?
0.0000054
A. 54 x 1077 B. 54 x107° C. 054x107° D. 54x107° E. 54 x10°

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Write the following in scientific notation. b. Write the following in decimal notation.
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0.000078 8.5 x 107

O =
Student A Student B Student A Student B
0.000078 - a = 78 0.000078 - a =7.8 a=8.5 a =85
n=-=6 n=-5 n=7 n=7
~0.000078 -~ 0.000078 8.5 = 85000000 8.5 - 8500000

=78 x107° =78x107° 8.5 x 107 85 x 107
= 85000000 = 8500000
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Problem solving

Question working paths

Mild 11,12, 13 J Medium 12,13, 14 JJS Sspicy 13,14,15 SIS
1. There are 5.078 X 100 people in Melbourne. How many people live in Melbourne, in decimal notation?
12. Determine the number of seconds in one day and write it using scientific notation.

13. The mass of an animal cell is around 3 x 10~? g. Write the mass of an animal cell in kg using
decimal notation.

14. A grain of sand is 0.8 mm in diameter. What is the diameter of a grain of sand in metres using
scientific notation?

15. Usain Bolt and Yohan Blake are two of the fastest humans in the world. Bolt can run 100 m in
9.58 seconds, whereas Blake can run it in 9.69 seconds. Using scientific notation, calculate the
difference between the two runners’ 100 m times in seconds.

Reasoning

Question working paths

Mild 16 (a,b,c,e) J Medium 16 (a,b,c.e), 17 (a,b) JJI spicy All SIS

(%)
Z
o
-
n
Ll
2
o
[a)]
N

16. Prefixes are used in mathematics and science to represent powers of 10. Used together with metric

units, they indicate the magnitude of a measurement or value. The given table shows commonly
used prefixes for powers of 10.

Prefixes | Value Scientific notation | Symbol
Tera 1000 000 000 000 | 1012 T
Giga 1000 000 000 10° G
Mega 1000 000 106 M
Kilo 1000 103 k
Deci 0.1 1071 d
Centi 0.01 102 c
Milli 0.001 1073 m
Micro 0.000001 10-° il
Nano 0.000000001 10~° n
Pico 0.000000000001 10-12 p

a. Asheet of paper is approximately 1 micrometre (um) thick. Convert the thickness of a sheet
of paper to metres and express it using scientific notation.

b. An average human hair is around 60 000 nanometers (nm) thick. Convert the thickness of human
hair to metres and express it using scientific notation.

c. The Great Wall of China is 21 196 km long. Write the length of the Great Wall of China in scientific
notation using metres, correct to 4 significant figures.

d. Convert 2 terabytes to kilobytes using the given table and write it using scientific notation.

e. Name a measurement unit that uses a prefix from the table in its name.

2D SCIENTIFIC NOTATION 95



Back to contents

17. Convert the numbers in parts a and b to scientific notation.
a. 15000000
b. 0.000000004

c. Using the First Index Law, multiply the values from parts a and b without a calculator and
write the product in decimal notation. Explain how it is possible to multiply or divide numbers
written in scientific notation using the index laws.

18. Which of the options shows the given number in scientific notation? (1 MARK)
89 050 000 000
A. 8905 x 10710 B. 89.05 x 10° C. 8905 x 1010 D. 0.8905 x 101 E. 8.905 x 10!
19. Consider the following calculation. (3 MARKS)

48500 000 000 x 4 x 10711

a. Rewrite the multiplication so that both factors are expressed in scientific notation. 1 MARK
4 b. Simplify the calculation using the index laws and write the product in decimal notation. 2 MARKS
o
7 20. Calculate the area of the given rectangle in cm? and write the answer using decimal notation. (3 MARKS)
w
3 52x10"'m
21. 1 astronomical unit (AU) approximately equals 1.496 X 101! m. The distance from the Sun to (3 MARKS)

Neptune is 30 AU. Determine the distance from the Sun to Neptune in kilometres and write the
answer in scientific notation.

Remember this?

22. Arectangular prism is made by stacking four identical smaller rectangular prisms,
shown in the diagram.

Using the dimensions labelled on the diagram, what is the volume of the larger

1
rectangular prism? i .

A. 12.25cm? 35 cm:l: /’:

B. 1575cm®* == ’ I‘A':cm
C. 55.125cm?

D. 110.25cm3 —

E. 220.5cm3 3.5cm

23. Duyen spends 15 minutes on the tram when she travels to work in the morning with an average
% speed of 30 km/hr. She took another route in the afternoon and spent 12 minutes on a train with
an average speed of 50 km/hr. What is the total distance that Duyen travelled?

A. 7.5km B. 10km C. 15km D. 17.5km E. 30km
24. To solve the linear equation % — 4(x + 3) = 1, which of the following operations is a correct first
step to be applied on both sides of the equation?
_5 3 _ +
A. 3 B. X < C. 3 D. +4 E. +4
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ZE Fractional indices

LEARNING INTENTIONS

Students will be able to:
e use aroot sign to rewrite numbers with a fractional index

e evaluate numbers with a fractional index

o use index laws with fractional indices.

Indices can be any numbers including those that are not integers. Fractional
indices are used for roots of numbers, where the denominator represents
the order of the root. As index laws allow us to add, subtract, multiply and
divide indices in order to simplify expressions, the same can be applied to
fractional indices.

KEY TERMS AND DEFINITIONS
e Aradical symbol V' is used to denote the root of a number.

¢ The radicand is the number or expression under the radical.

Key ideas

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Image: stockfour/Shutterstock.com

The square root function is used for
scaling the uncertainty or variability of
data. In finance, returns on investments
(ROI), such as stocks, may show a lot of
variability day to day but are consistent
over longer periods of time. To get a
realistic picture of ROI, an economist
will use a square root function to scale
the variation and work out the volatility
of the data. This shows how risky the
investment is and can help decide
whether it is worth investing in.

1. The n™ (order of a) root of a number (radicand) is a value that equals the number when it is multiplied

by itself n times.

Note: A square root occurs when n = 2 and is usually denoted by the radical symbol Vv only.

x equals y multiplied by itself n times
[ : |
Nx =y=>x=y>(yx___><y=y”

2. For anumber with a fractional index, the numerator represents the power and the denominator represents

the order of the root.

p

x = U

2E FRACTIONAL INDICES 97



Back to contents

2E THEORY

Worked example 1

Writing fractional indices using a root sign

Write the following using a root sign.

:
a 4
Working Thinking
% % Step1: Identify the order of the root (n) by looking
an=2 at the denominator of the fractional index.
I 2
4*=V4 =2 Step 2: Rewrite the number using an n™ root sign.

b 21
Working Thinking
% = % Step1: Identify the power (p) of the number and order

of the root (n) by looking at the numerator and
denominator of the fractional index.

3
21° = V212 Step 2: Rewrite the number using the power (p) and
an n™ root sign.

Visual support

The Third Index Law applies

2 1
h —_—=2 X =
ereas3 3

iz
21= (2123=3212

W=

Student practice

Write the following using a root sign.

1
a. 8° b. 12

Z

Worked example 2

Evaluating numbers with a fractional index

Evaluate the following.

:
a. 16
Working Thinking
12
16% = V16 = V16 Step1: Rewrite the number using a root sign and
n=2 determine the order of the root (n).

Continues >
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1
a. 92 b. 216

1
b. 625%

Working

=

625* = V625
“n=4
5xXx5x5x5=625
~ V625 =5

Student practice

Evaluate the following.

Step 2: Evaluate by identifying which number, multiplied
by itself n times, results in the radicand.

Visual support

4x4=4°=16

1 1,1
-'-162 x(4|2)2 =4 2 =4 =@

The Third Index Law can be used

1
here to show that 162 = 4

Thinking

Step1: Rewrite the number using a root sign and

determine the order of the root (n).

Step 2: Evaluate by identifying which number, multiplied
by itself n times, results in the radicand.

Z

Worked example 3

Using index laws with fractional indices

Simplify the following.
1 1
a. x%xx°
Working
1 1

Thinking

Step1:  Apply the First Index Law to the terms with
common bases.

Step 2: Convert the indices to equivalent fractions with
equal denominators and add them to simplify
the expression.

Visual support

Continues »>
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b b2 ﬁ

> 1
o b
w
I . S
= Working Thinking
N 1
,z 1 1 11
== =0b Zopt=p2* Step1: Apply the Second Index Law to the terms with
b* common bases.
2.1
=p** Step 2: Convert the indices to equivalent fractions
% with equal denominators and subtract them
=b to simplify the expression.

21
(53

Working Thinking

2\L 21
(t 3> S = £3° Step1:  Apply the Third Index Law to the expression
in brackets.
2x1
=35 Step 2: Multiply the fractional indices to simplify
% the expression.

=t

Student practice

Simplify the following.
11 3 ( ;)%
a. y>xy? b. a_l c. x*
4
a
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2E Questions

Understanding worksheet

1. Match the following roots to the index form of their radicands.

Example
nt root Radicand
4
vie e e 2%
nt" root Radicand
V25 @ ® 6*
5
V32 e ® 45
4
ViZo6 e ° 52 9
o
5 =
V1024 @ ® 2° @
>
(o)
wl
2. Fillin the blanks. O
Example
3 (45

4 . . 3
—_ = o Z 8 = 2 gl
5 2

47 = \F 25 = A2 128 = 12 92 = ol

3. Fill in the blanks by using the words provided.

| power | | laws | | radical | | order | | cube |
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(%2}
4
o
-
w
wl
2
o
w
(o]

Question working paths

Mild J Medium JJI spicy SIS
4 (a,b,c,d), 5(a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdef), 7 (cdef), 4 (e/f,gh), 5 (efgh), 6 (efgh), 7 (efgh),
7 (ab,c,d), 8 (ab,c,d), 9 (ab,c,d), 10 8 (c,def), 9 (cdef), 10 8 (e/fig,h), 9 (efigh), 10
4. Write the following using a root sign. WE1
1 1 1 2
a. 5° b. 10* c 26° d. 43
2 3 5 1
e. 7° f. 118 g 274 h. 13°°
5. Evaluate the following. WE2
1 1 1 1
a. 4* b. 252 c 27° d. 16*
1 1 1 10
e. 64° f.  1000000° g 243° h. 22
6. Simplify the following.
11 12 101 2 1
a. x3xxd b. y° xy® e xtxx? d t3x¢®
11 2 2 3 g1 11 2
e. p2xp’ f. a’ xa® g b*xp® h x3 xx? xx°
7. Simplify the following.
5 3 1 4
7 5 2 3
x b a u
a = b. z C 1 d 1
X7 hS a3 u?
11 1 2
2 13 3
y p r z
e. _l f —z 8. _l h —z
y2 pl F3 44
8. Simplify the following.
1)1 1\2 3\1 1\
a. (xz) b. (p3)5 c. <y5>4 d. <r2)
; (3B () (G
e. (3 £ k7 g 5\x!? h. \g3p 1

9. Write the following in index form.

3 9 4
a. V10 b. V5 c V12 d. V23
5 2 7 6
e. Voll f. Vet g. V132 h. V103
10. Which of the options is equivalent to the given expression?
7
3
7 3
Ux B. Vx3 C. Vx7 D. x* E. x10
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Spot the mistake

11. Select whether Student A or Student B is incorrect.

a. Evaluate the following. b. Simplify and write using positive indices only.

1
= 5

100 000° V74

Student A Student B Student A Student B
1 1 5 104 5 1o

100 0005 =m 100 0005 = V100 000 V7t = (795 = 75 V7% = (79)% = 74

= 20000 =10

Problem solving

Question working paths

Mild 12,13, 14 J Medium 13,14,15 JJS Spicy 14,1516 SIS

12. A square painting has a total area of 6400 cm?. Express one side length of the painting in centimetres,
using a fractional index and evaluate it.

w)
Z
9]
|—
w)
wl
2
o
[¥7]
(o]

13. Mr Steinberg thinks of a number x. He tells his class that when he multiplies the number by itself
five times, the result is 32. Express Mr Steinberg’s number using a root sign and evaluate it.

14. Sully is building a fish tank that will be placed inside an aquarium. The client has asked for it to be
a perfect cube with a total volume of 216 m3 to house the animals comfortably. Express the height
of the fish tank using a fractional index and evaluate it.

15. Cindy and Emily both walk away from their campsite. Cindy walks north and stops after travelling
6 km and Emily walks east and also stops after travelling some distance. The direct distance between
them is now 10 km. How far east did Emily walk from the campsite?

16. Duyen is playing a building video game where her mission is to construct a room with a minimum
total volume of 100 blocks. If Duyen wants to ensure that the height of the room is four blocks,
and that the floor is a square, how many blocks should she make each side length?

Reasoning

Question working paths

Mild 17 (a,b,d) J Medium 17 (a,b,d), 18 (a,b) JJI spicy All SIS

17. Dr Lovecraft is monitoring the volume of clean water in a lake contaminated with algae. After adding
some chemicals to a small sample of distilled water, she pours it into the lake. She models the volume
of clean water in the lake by using the given formula.

t
V=12x09°

where V is the volume of clean water in cm3 and t is the number of weeks since treatment started.
a. Calculate the initial volume of clean water when t = 0.
b. Calculate the volume of clean water after one week of treatment.

c. If1L = 1000 cm3, how many weeks will it take for the volume of clean water in the lake
to reach 8.748 L?

d. Lakes and rivers can become contaminated or polluted due to human activities. Identify one
simple rule to follow in the outdoors to help reduce any negative effects on the environment.

2E FRACTIONAL INDICES 103



Back to contents

18. Write the expressions in parts a and b using fractional indices.

a. Vab
b. V510

c. Analyse the simplified indices from parts a and b and explain the effect of a square root on the
power of a number.

19. Which of the options correctly identifies the order of the root given by the fractional index? (1 MARK)
14
x 2
4 4

A. 9 B. 1 C. 19 D. 4 E. 9
20. Consider the given expression. (3 MARKS)
V23 x V27

a. Rewrite the expression using fractional indices. 1 MARK

b. Fully simplify and evaluate. 2 MARKS
21. The given cuboid has a total volume of 192 m3. Determine the length of x using the information (3 MARKS)

given in the diagram.

(%2}
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22. Fully simplify the given expression, showing all necessary working steps. (3 MARKS)
2 1

3<a %>§ x (a5)®

Remember this?

23. Belais planning to enter a reading competition. She started to read a 240-page book on Monday.
? On Monday she read 59 pages, on Tuesday she read 43 pages, and on Wednesday she read 78 pages.
%)
What percentage of the book has Bela not read yet by the end of Wednesday?

A. 17% B. 25% C. 32.5% D. 45% E. 75%

24. Rajani is participating in a push-up challenge to fundraise for a charity. For every 15 push-ups,
Rajani will raise $2.50 dollars. Within a week, Rajani has completed 80 push-ups. Rajani’s sister
has completed 60 push-ups, and Rajani’s friends have completed 100 push-ups in total. How much
money will Rajani raise in total?

A. $37.5 B. $200 C. $24250 D. $250 E. $600

25. What is the sum of all of the internal angles of this pentagon?

B. 270° C. 360° D. 450° E. 540°

104 CHAPTER 2: INDICES AND SURDS



Back to contents

2F Simple operations with surds

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Students will be able to:
¢ identify and understand surds

e add and subtract surds

e multiply and divide surds.

Surds are values that cannot be expressed exactly using decimal notation.

For this reason, when we perform calculations with surds, the root symbol is

used to represent them instead. This is particularly important for calculations

that require a number of steps, where rounding can severely affect the accuracy Image: Africa Studio/Shutterstock.com

of the outcome. The golden ratio, also known as the

divine proportion, is a ratio between
two numbers that equals approximately
1.618. Usually denoted by the Greek

letter phi (¢), the exact value of the

e Surds are roots that are irrational numbers.
golden ratio is given by ¢ = L +2\/§.

When the proportions of an image
follow the golden ratio, it is considered
aesthetically pleasing. The golden
ratio occurs in nature in the form of a
Fibonacci spiral that can be seen in the
proportions of plants and seashells.

KEY TERMS AND DEFINITIONS

e Irrational numbers cannot be written as a simple fraction and contain
an infinite number of non-recurring decimal digits.

¢ A quadratic surd has the order n = 2.

Key ideas

1. Only like surds of the same order (n) can be added and subtracted.

Like surds Unlike surds

-'\/3,'\/3, 3'\/3, etc. —\/E, '\/E, \/E, etc.
-Vx, Vx, 4Vx,etc.  Nx, <[y, 2V/z, etc.

2. The product of surds equals the root of the product of their radicands.

Vx xAfy =4fxxy =[xy

3. The quotient of surds equals the root of the quotient of their radicands.
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Worked example 1

2F THEORY

Identifying surds

Determine if the following are surds.

V27

Working

V27 =3

3 is not an irrational number

\/3 27 is not a surd.

V30
Working
V30 = 5.4772255750...

5.4772255750... is an irrational number
~ V30 is a surd.

-V 0.16
Working
-V 0.16 = —-0.4

—0.4 is not an irrational number

~ —+/0.16 is not a surd.

Student practice

Determine if the following are surds.

Y16 b. V46

Thinking
Step1: Evaluate the root.

Step 2: Determine if the root is irrational and hence
decide if it is a surd.

Thinking
Step 1: Evaluate the root.

Step 2: Determine if the root is irrational and hence
decide if it is a surd.

Thinking

Step1: Evaluate the root.

Step 2: Determine if the root is irrational and hence
decide if it is a surd.

C. -+ 0.09

.

Worked example 2

Adding and subtracting surds

Simplify the following.

V2 +3V5 +2V2

Working

V2 +3V5 +2V2

=V2+2V2+3V5
=(1+2)V2+3V5
=3v2 +3V5

Thinking
Step 1:  Identify the like surds in the expression.

Step 2: Add the coefficients of the like surds to simplify
the expression.

Continues >
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b. 5V7-+V6-3V7 ﬁ

Working Thinking 23
5V7 = vV6 —3V7 Step1: Identify the like surds in the expression. %
=5vV7 —3V7 — V6 Step 2: Subtract the coefficients of the like surds ;
=(5-3)v7 -6 to simplify the expression.

=2V7 - V6

Student practice

Simplify the following.
a. 3V5+2vV3+ V5 b. 4v2-2V6-2V2

Z

Worked example 3

Multiplying and dividing surds
Simplify the following.
a.  2vZx3VE
Working Thinking
2V2 x3V5=2x3%x V2 x V5 Step1: Multiply the coefficients of the surds.
=6xV2xV5
=6X V2Xx5 Step 2: Multiply the values (radicands) under the root
signs together to determine the product of
the surds.
=6V10 Step 3: Simplify the expression.
Visual support
22 %345 =2x3x2x5
=610
b VI8
3v3
Working Thinking
9VI8 _ (g . 3 ( V18 ) Step1: Divide the coefficients of the surds.
3V3 ' V3
()
V3
_ ( ﬁ) Step 2: Divide the values (radicands) under the root
3 signs to determine the quotient of the surds.
=3v18 + 3
=3V6 Step 3: Simplify the expression.
Student practice
Simplify the following.
6V42
a.  4V3x2V7 b
2vV6
y
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2F Questions

Understanding worksheet

1. Identify the like surds in each list.

Example

-27/3 /2,3 |53

= 2,3v2,43,\6 b —7,56,57,7\7
“ -6/8,10,6\10,7+10 ¢ -f5,-24/3,42,8+/3

2. Fill in the blanks.

wn Example
Z -
< 5vV3-VZ+V3=161V3-V2
&
=)
2 a 3VE+2VE+ VT = V5 + VT b. V3+2V6+3V3=2V6+i V3
[T
2 r=n .
C. 7\/_—4\/5—3\/—=L_J 2_3\/§ d. 9\/§+5\/7_2\/—=L_J\/§+5\/7

3. Fill in the blanks by using the words provided.

| like | | radicands | | infinite | | irrational |

Question working paths

Mild J  Medium JS Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (ab,c,d), 4 (cdef),5(cdef),6(del), 4 (efgh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 7 (c,d,ef), 8 (c,d,ef), 9 7 (e,f,gh), 8 (e,fgh), 9
4. Determine if the following are surds. m
a. V4 b. V8 c. V5 d V2
e. V8 f. V27 2. —V36 h. —v0.64
5. Simplify the following. M
a. 4v3 +2V3 b. V6 +2V6
¢ 3V7+4+2V7+ V3 d. 5vV3+4v6 +3V3
e. 7V7+6V11 +3V7 f. V3 + V10 +4V3 + V3
2. 2V12 +3V12 + V6 + V12 h. 3v13 +2v14 + 2V13 + V14
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6. Simplify the following.
a. 9v2 -3V2 b. 4V5 -5
¢ V7-5V3-2V3 d. 10v6 — V5 —4V6
e. 12v8 —4V5 - V8 f. V10 — 11V3 + 4V10
g 8V23 +7V15 —3v23 - V15 h. —2V5 —4V5+7V6 +5V5
7. Simplify the following.
a. VAxvV2 b. 2v3 x3V2
e TV2xV7 d. 6V5 x2V3
e. 5V6 x4v2 f. V2 xV5x6V7
g 3V10 x V5 x 2V3 h. 2v9 x 4v2 x 3V5
8. Simplify the following.
a. V21 b 3V10 C. 8130 d. 242
V3 V2 2V5 5vV7
o 3V20 f 6V35 e 2456 b, 28V120
6V10 8V'5 8V7 35V/15 2
o
9.  Which of the options shows the given expression once fully simplified? E
10vV3 - V2 + V3 3
A 9V3 - V2 B. 10vV3 — V2 C. 9vV3+ V2 D. 11vV3 - V2 E. 10V18 &

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Determine if the following is a surd.

—10.2916

Student A Student B

—v0.2916 = —0.54 is a decimal —Vv0.2916 = —0.54 is not an irrational number
~ —1/0.2916 is a surd. ~ —41/0.2916 is not a surd.

b. Simplify the following.

2v6 +3V5 - V6
Student A Student B
2V6 +3V5 — V6 =2vV6 + V6 —3V5 2v6 +3V5 — V6 =2vV6 — V6 4+ 3V5

=3v6 — 3V5 =v6 +3V5
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Problem solving

Question working paths

Mild 11,12, 13 J Medium 12,13, 14 JJS Sspicy 13,14,15 SIS

11. The ratio of lengths of the shorter to the longer side of an A4 piece of paperis 1 : V2. If the shorter
side is 21 cm long, what is the length of the longer side, to the nearest mm?

12. The volume of a fish tank with a square base is 6000 cm3. If each side of the base is /120 cm long,
determine the height of the tank.

13. Sally is choosing an outfit for her computer game character. There are five categories: a hat, shirt,
pants, boots, and accessories. Each category contains an equal number of items. If there are a total
of 7776 combinations of outfits available, how many items are there in each category?

14. A bathroom wall has been tiled with 216 square tiles. There are 1.5 times as many tiles along the
height of the wall as there are along the length of the wall. What is the height of the wall in metres

if each side of one tile is 15 cm long?

15. An electrician wants to run an underground cable between opposite corners of a square room.
The floor area of the room is 50 m2. Calculate the length of the cable.

Reasoning

Question working paths

(%2}
4
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w
w
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o

Mild 16 (a,b,d) J Medium 16 (a,b,d), 17 (a,b) JJS spicy All SIS

16. Louise is a botanist who is closely monitoring the growth of a plant. She has found that under the
current conditions the plant’s height can be modelled by the given equation.

h=02+ VvVt

where h is the height of the plant, in cm, and ¢t is the number of days since sprouting.
a. Determine the initial height of the plant.

b. What was the height of the plant on the fourth day?

c. This type of plant has a maximum height of 5 cm when fully grown. Approximately how many
days will it take the plant to fully grow?

d. State a reason for studying the behaviour of plants and animals.

17. Write the expressions in parts a and b using fractional indices and simplify by applying index laws.

a. V3 xV3
b. vx X VX

c. Analyse your answers for parts a and b. Explain the effect of multiplying a quadratic surd by itself.

18. Which of the options shows the given expression once fully simplified? (1 MARK)
8v21
4V3
2 V7
A. == B. 2V7 C. 55— D. 2V18 E. 2v63
V7 2
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19. Consider the given expression. (2 MARKS)
4V8 +6v8
2V2
a. Simplify the numerator of the expression. 1TMARK
b. Fully simplify and evaluate the expression. 1 MARK
20. The area of the pictured rectangle equals 9 cm?. Use the given information to determine the value of x. (3 MARKS)
'\/E cm

Vxcm

21. Solve for x, showing all necessary working steps. (3 MARKS)
2vx x V3 =12

Remember this?

22. Courtney drove to a beach that was 58 km from her house. Her average speed throughout the trip
was 64 km/h. How long did the trip take, to the nearest minute?

(%]
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A. 50 minutes B. 54 minutes C. 58 minutes D. 62 minutes E. 66 minutes

23. Farmer Henley records the types and sexes of his animals in the given table.

Male Female
Cows 16 25
Sheep 8 4
Pigs 23 21

What percentage of the female animals are female pigs?

A. 20% B. 21% C. 40% D. 42% E. 50%

24. Poppy and Summer are in a tall building that has multiple levels, some of which go underground.
Poppy is on the lowest level which is 14 metres below ground. Summer is on the highest level which
is 165 metres above ground. What is the distance between Poppy and Summer, in metres?

A. 14m B. 144 m C. 151m D. 165m E. 179m
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Chapter 2 extended application

1. Inarchitectural design and construction, surds find valuable application in representing precise
measurements and dimensions of structures. Architects and engineers rely on these mathematical
expressions to ensure accuracy and efficiency in creating buildings.

a. The side of a building with a square floor plan is vV 50 m long. Given that V50 = V25 X 2,
fully simplify the product.

b. The building is a rectangular prism. Architects can calculate the buildings’ volume by
multiplying the area of its base by its height. If the building’s height is represented by 3v2m,
what is the volume of the building?

c. The volume of a different building is given as 5v/200 m3. Fully simplify the surd as in part a.

d. What is the simplified ratio of the volumes of the smaller building to the larger building from
parts b and ¢?

e. When designing large residential buildings for university students, what factors should an
architect consider to enhance the livability of the building.

2. Ineveryday life, electrical devices consume power that affects energy usage. Prefixes are used
in mathematics and science to represent powers of 10. Used together with watts, they indicate
the magnitude of the electrical power.

The most common units of power are watt (W), kilowatt (kW) and megawatt (MW). Converting
between different units of power, such as watt (W), kilowatt (kW), and megawatt (MW), involves
changing the magnitude of the measurement while keeping the same value.

1MW = 1000 kW = 1 000 000 W
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Prefixes Value (watts) Scientific notation | Symbol
Milliwatt (mW) 0.001 1% 1073W mW
Watt (W) 1 1x 100w w
Kilowatt (kW) 1000 1x 103W kW
Megawatt (MW) 1000 000 1x100W MW
Gigawatt (GW) 1000000 000 1x 10°W GW
Terawatt (TW) 1000 000000000 | 1 x 1012W T™W
a. Convert 2.5 MW to watts and express the result in scientific notation.
b. Convert6.74 x 10° W to gigawatts.
c.  Write 4 850 000 000 000 W using scientific notation and state its value in terawatts.
d. Explain the relationship between kilowatts and megawatts.
e. Calculate the total power usage of three devices, each consuming 5200 W, and express
it in kilowatts.
f.  Provide a real-life example of a device or system where understanding power and energy
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3. Biologists use population growth formulas to study the growth of bacterial colonies,
and plant populations. They investigate how factors such as birth rates, death rates,
migration, and environmental conditions affect population sizes over time.
Different populations can be modelled using the equation:

P(t) = Py x 2kt
where:

e P(®) is the population of bacteria at time ¢
e P, is the initial population att = 0
e kis aconstant that represents the growth rate of the bacteria.

Use a CAS calculator as required to complete the following. Round the populations to the nearest
whole number.

a. If the initial bacterial population is 1000 and the growth rate of the bacteria is 0.05, what is the
number of bacteria after 4 hours? Round to the nearest whole number.

b. Using the equation and growth rate from part a, copy and complete the table to show the
population of bacteria in the first 10 hours.

Time (hours) 1 2 3 4 5 6 7 8 9 10

Bacteria population | 1035 | 1072 | 1110

c.  When antibiotics are administered the population of bacteria begins to decay and k = —0.3.
Write the equation modelling the decay rate of bacteria growth using positive indices only.

d. Using the equation from part c calculate the difference between the population of bacteria
with an initial population of 1000 after 4 hours when the antibiotic is administered compared
to when it is not.
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e. Scientists have found a super bacteria that grows faster than what they had previously
calculated. They represent its growth with the equation P(t) = P, X (2593, If this strain
of bacteria has a growth rate of 0.08 and an initial population of 1000, what is its population
after 4 hours?

f.  Other than studying bacteria growth and decay, scientists use formulas to study and predict
human populations. List two factors scientists should consider when trying to understand
population changes in Australia.
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Chapter 2 review

Multiple choice

1. Which of the options correctly fills in the blank? 2A

] =c27043-1_!=¢2x(d

c2xd3
c9x d2

A. 0 B. 1

Which of the options correctly fills in the blank?

_3 r—a
= x_3_(_3) = x'L_J

A. -6 B. -3

Which of the options correctly fills in the blank?

_ 1.6 _ T
0.00016 = 10 x10 x 10 x 10 =1.6x10.---

—4 B. -3 C. -1

CHAPTER 2 REVIEW

Which of the options correctly fills in the blank?
: s
46 ="/45

A. 2

Which of the options correctly fills in the blank?

73 +3vV7+17+/3={""1\/3+37

A. 3 B. 7 C. 13

Simplify the following. 2A
3f0t11 X 15f14't3

. d? x d1?
a atf13 x t

Simplify the following.
a. (3utw®)s

2(d5C2)4

C. (Zazbg)s X 2(a3b2)7 d4’ X W

Evaluate the following.

a. 374 . . (22 x 3)72

Simplify and write using positive indices only.

_ 5h—2 2
a. 6d 5 b. F . 4de Zf 17 % 11fe
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. Write the following in scientific notation, correct to 3 significant figures.

a. 8250 b. 0.06375 c. 411.428 . 0.0999998

Simplify the following.

<16 t

. Write the following in index form.

a. V21 b.

. Simplify the following.

a. 4V3 -3V3 . 3-3-3V3
c. V7 —-13V7 +V10 d. —3V12 — 2V14 — V14 + 13V12

. Simplify the following.

5vV26 24455
a. V3 x+5 . V7 x V6 x 22 - d. N

Problem solving

15.

Chidi is doing an experiment in his chemistry class. There are originally 30 bacteria in a petri dish, 2A
and every five seconds the number of bacteria triple. What is the final number of bacteria in the
petri dish after 15 seconds?

. Chi rolls a biased die with seven faces, from one to seven. The probability of landing a two is =.

2
5
What's the probability of not landing a two for three consecutive rolls?

. Rag is studying biology. He discovered that an average ant weighs 273 g. There are approximately

101* ants in the world. How much do all ants weigh when combined? Express your answer in the
simplest index form.

. Mr Babu is going on a holiday to Iceland. Iceland is approximately 15 186 km from Australia.

How far is this distance in metres, in scientific notation, correct to 3 significant figures?

. Bela has a large cube with identical numbers of small cubes for length, width, and height, where each

cube has a volume of 1 cm3. Given that the total volume of the large cube is 343 cm3, express one
side length of the cube using a fractional index and evaluate.

. Catherine is looking to buy a frame for a photo. The ratio of the shorter to the longer side of this

photois 1 : V3. If the shorter side of the photo is 9 cm long, what is the diagonal length of the photo?

21.

The International Space Station has discovered a new planet in another solar system and has
gathered information about it.

a. The light intensity of the star as observed from Earth is expressed as 5 X 10~* lumens.
Express this light intensity as a fraction.

The new planet is 2.062 x 108 km away from the star that it orbits. What is this distance
in decimal notation?
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The draft reporting information about the new planet states that the radius of its moon is

6v10 + 2v10
1

2 x 47
could be simplified. Determine the simplified expression of the radius.

km. When reviewing the report, one astronaut notices that this expression

A space probe is sent to the new planet to collect samples of its surface. After being launched
from Earth at an initial velocity of 2000 m/s, the space probe continuously doubles in velocity
every 20 seconds for 1 minute until it reaches its maximum speed. Calculate the maximum
speed of the space probe, in km/h.

Other than discovering new planets, suggest two other possible projects of the International
Space Station.

22. Evaluate:

CHAPTER 2 REVIEW

(3v3)?2
3
&7
V3
Compare the expressions in parts a and b. Comment on how the differences between the
expressions influence the answers.
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Equations

Number and algebra
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See online in additional materials for using CAS calculator guides.
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Chapter 3 research summary

Equations

An equation is a mathematical statement that asserts the equality of two expressions. In simple
terms, it means that what is on the left side of the equals sign should be equal to what is on the
right side. For example, 2x + 3 = 7 is an equation. In Year 9, the concept of equations plays a
significant role. Students will understand the balance of equations in order to solve for variables
represented in coordinate systems. The big ideas of number sense, operations, algebraic thinking,
mathematical reasoning, mathematical representation, and proportional reasoning all underpin
the concept of equations.
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Number sense

Equations often involve numbers and their relationships. A strong sense of numbers helps
students to understand and solve equations effectively.

Operations

To solve equations, students need to be proficient in various mathematical operations. They should
understand how to manipulate equations using addition, subtraction, multiplication, and division.

Algebraic thinking

This is perhaps the most directly relevant big idea. Algebraic thinking encompasses the

use of symbols, variables, and expressions to represent and solve mathematical problems.

In Year 9, students delve deeper into algebra, including the use of equations to represent and
solve problems.

Mathematical reasoning
Solving equations requires logical thinking and reasoning. Students need to decide on a strategy

to solve an equation and then apply that strategy systematically.

Mathematical representation

Equations are a form of mathematical representation. Understanding how equations represent
relationships and quantities is crucial to understanding algebra and other Year 9 topics.

Proportional reasoning

While this might not be directly related to every equation, many real-world problems in Year 9
involve proportions, rates, and ratios, which can be represented and solved using equations.

Visual representations

Area model or open array

Area models, also known as open arrays, can be used to represent equations particularly those
involving multiplication or division. For example an equation 2(2x + 3) = 4x + 6 can be
represented as a rectangle with one side length of 2 and an unknown side length of 2x + 3.

2(2x + 3)

+2x +3
+2 4x 6
%
22x+3)=2x2x+2x3

L4

4x + 6
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Balance scale

In Year 9, the idea of a balance scale can be represented in a more abstract manner where arrows

are used to represent the operations that are applied to balance both sides of the equation.

N C|4x|+5 =|2x|-3 ) N

‘5C 2x+5 = -3
2x = -8
zC =4

Number lines

A number line can be used to solve simple equations including inequalities and represent solutions.

25 -4<x<7
° a > ° a o)
| | | | 1, N [N N [N N (NN AN (NN SN (N A N N
] I T I ] I ™ | N SN N IR N BN I RN N N N N I
4 5 6 7 8 9 10 -5-4-3-2-10 1 2 3 45 6 7 8
Misconceptions
Students multiply the first 22x+3)=4x+ 3 22x+3)=4x+ 6 3A
term inside the brackets,
but disregard any further
terms in the brackets.
Students add or subtract 22x +3)=4x+ 5 22x+3)=4x+ 6 3A
when expanding, instead
of multiplying.
Students ignore negative signs 1.5(4 — 3a) =15 x4+ 1.5 X (3a) 1.5(4 — 3a) = 1.5 x4 + 1.5 X (—3a) 3A
when expanding brackets. =6 + 45a =6 — 45a
Students only apply the 5x —4 =46 5x —4 =46 3B
inverse operation to one Sx — 4 + 4 = 46 Sx — 4 + 4 = 46 + 4
side of the equation. Sx — 46 Sx = 50
= 45_6 x =10
Students assume that the 6x + 4 =12 6x+4—-4=12 — 4 3B
unknown value is the next 70 = 4 6x = 8
subsequential value followed 6x 8
after itself. 6 6
el
Students don’t apply the 7x—2—-2=61-2 7x—2+2=61+2 3B, 3C
inverse operation when 7x = 59 7x = 63
isolating the unknown variable.
Tx X7 =59 x7 7x _ 63
7 7
x = 413 x=9
Students expand brackets by 3p+4)=4p+7 3(p+4) =3p + 12 3C

adding the term outside of the
brackets with the terms inside
of the brackets.

2(3p—6)=5p— 4

2(3p — 6) = 6p — 12

Continues >
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Students don’t understand the —-2<x<3 —2<x<3 3D
notation using opened and
closed circles on a number line. o ® e O
| | | | | | | 1y x | | | | | | | 1y x
L | | | | | | g DL | | | | | | g
-3 -2 -1 0 1 2 3 4 -3 -2 -1 0 1 2 3 4
Students don’t understand the 2x —3>7 2x —3>7 3D
different symbols. 2x—3+32=27+3 2x—3+3>7+3
2x = 10 2x > 10
x =5 x>5
Students don’t know when _% =TS =BT _% =TS =BT 3D
to reverse the inequality sign. e e
-3 X (-3)=22x (=3 -3 X (-3)<2x (=3
x=—6 x < —6
Students try to solve a formula Simplify V = %(12 + a)2, when Simplify V = %(12 + a)2, when 3E
for a value when it contains a = 0.75. a = 0.75.
more than one variable.
v="273(12 4 0.75)2 v="275(12 4 0.75)2
0.75 b
— 075 2 _ 075 2
V= 0'75(12.75) V= Y (12.75)
_ 0.75 _ 0.75
V= o078 % 162.5625 V= =% 162.5625
V = 162.5625
Students use the wrong bx = % +c bx = % +c 3E
inverse operations when v v
transposing a formula. bz < 0= ztete S G 1zte ¢
bx+c _ v . 12(bx — ¢) = 2% x 12
12 ~12° 2 =
bx + ¢ ) 12(bx — ) =v
iV
Students try to eliminate x+2y=8 [1] x+2y=8 [1] 3F
variables with their 3x—2y=4 [2] 3x —2y=4 [2]
fficients bei 1.
coefficients being equa 2] - 1] 1] + [2]
3x —2y=4 x+2y=28
= x+2y=28 - 3x—-2y=4
2x = —4 4x =12
Students incorrectly substitute y=x+1 [1] y=x+1 [1] 3F
an expression or term when x+3y=15 [2] x+3y=15 [2]
solving an equation. x+3+x+1=15 x+30x+1) =15
2x + 4 =15 x+3x+3=15
2x =11 4x +3 =15
x=31 4x = 12
=3
y= 12—1 +1 x
y=3+1
_13
y==2 7=
_11 . _13 Lx=3y=4
xX=50y =5 y
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3A Expanding algebraic expressions

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
o use the distributive law to expand brackets

¢ simplify expressions by expanding brackets and collecting like terms.

Brackets are used to group expressions that are being multiplied or divided by

a common factor. When simplifying expressions that involve multiple terms and
expressions inside brackets, it is helpful to expand or remove the brackets first.
This process involves applying the distributive law to distribute the value outside

of the brackets to each term inside the brackets.
Image: prapann/Shutterstock.com

KEY TERMS AND DEFINITIONS Algebraic expressions can be used to
* The distributive law for multiplication means that multiplying a number by help calculate scenarios in our everyday

a group of numbers is the same as multiplying the number by the sum of the life. For example when calculating the
other numbers. total cost of buying a bag of oranges

and apples at a grocery store, we can
create an algebraic expression to help
determine the total cost.

e An expression is a number of terms grouped together by operations.

Key idea
1.  Expanding brackets involves applying the distributive law to find an equivalent expression
without brackets.
2(2x + 3)
+2x +3
+2 4x 6
22x+3)=2x2x+2x3
L4
=4x+ 6
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Worked example 1

Expanding expressions with brackets

Expand the brackets in each expression.

3A THEORY

a. 1.5(4 — 3a)
Working
1.5(4 — 3a) = 1.5 x4 + 1.5 X (=3a)

=6 — 4.5a

b.  2b(—4 + 2b)
Working
2b(—4 + 2b)

2b X (—4) + 2b X 2b

—8b + 4b2

Student practice

Expand the brackets in each expression.

a. 2506 —-2w) b.

3v(=5 + 2v)

Thinking
Step 1:

Step 2:

Visual support

Multiply each term inside the brackets by the
coefficient of the bracket.

Simplify.

+4 -3a

1.5 6 -4.5a

1.5(4 - 3a) = 6 — 4.5a

L4
Thinking
Step1: Multiply each term inside the brackets by the
coefficient of the bracket.

Step 2:  Simplify.
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Worked example 2

Expanding and simplifying expressions with brackets E
Expand the brackets in each expression and simplify. E
-
a. 2Bq+4)+5¢q
Working Thinking
23 +4)+5q=2%x3q+2x%x4+5q Step1: Expand the brackets and simplify.
=6q + 8+ 5¢q
=6q+5q+8 Step 2:  Simplify by collecting like terms.
=11q + 8

Visual support

+3q +4
2 6q 8 + 5q

¥

2(3q +4)+5q = 6g + 8 +5¢q

L+

=1q + 8
b.  4(2x—-3)-2(x+5)

Working Thinking
4(2x —3) — 2(x + 5) Step1: Multiply each term inside the brackets by the

— A X204 4% (=3) 4+ (=2) X x + (=2) X 5 coefficient of the bracket.

=8x —12 — 2x — 10
=8x—2x—12-10 Step 2:  Simplify by collecting like terms.
= 6x — 22

Student practice

Expand the brackets in each expression and simplify.

a.  3(2h + 5) + 4h b. 53x—4)—22x +3)
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3A Questions

1. Fill in the blanks.

Example

+3

+a

J
a +x +5 b. +2b -3¢
3(x+5)=3x+15 3(2b - 3¢) = 6b-9c¢

%) c. +h -6 d. -w +7u

8

(7]

| IT]

3 h(h - 6) = h2 - 6h 2w(-w + 7w) = -2w2 + 14uw

<

m

2. Fill in the blanks to make each equation true.

Example

4-<x + 5:6:3y) = 4x + 6y

a. 2<x+€::1|>=2x+2 b. 3(f__]—y)=3x—3y

a

[

c. | 1(3a+2b)=—6a—4b d. | (2x+4y —32z) =3x + 6y — 4.5z

3. Fill in the blanks by using the words provided.

| expressions | | like | | multiplying | | distributive |

Question working paths

Mild J  Medium S Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (c,def), 5(cdef), 6(cde, 4 (e/f,g,h), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 7 (c,def), 8 7 (e,fgh), 8
4. Expand the brackets in each expression.
a. 2(x+ 3 b. —52y—-1) c. 3.5(a+2) d. 6.25(b — 20)
e. —%(3x — 4y) f. %(Za —3b + 50) g. —-8(x+y-—2) h. 3(2x + 4y — 52)
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5. Expand the brackets in each expression.
a. 2x(x —3) b. —4y(2y +5) c. 6x(x+2) d. —-2z(3z -4
e. 6xQx—1 f. 7w(4w? = 2) g. —2a*(3a +5) h. 2a%(3a — 24 + 4a)

6. Expand the brackets in each expression and simplify. M
a. 32x -5 +4 b. 5By+1)—-2 c. —5Qk+ 3) + 4k d. 5a+3Qa+2)
e. 4v—-70v—-298) f. 9—-(+5 g. 5+ (9°2-2) h. —=3b2b+ 7) + 8b

7. Expand the brackets in each expression and simplify. @

a. 6(a+4d +4@+2)

c. —40r+2)+6Mr—2)
e. =2(5b-3)+4@b+7)
g. 3v2v—1) —2v3v—-1)

8(x — 1) + 2(x — 2)
5(2h +5) —3@Bh + 2)
y(y +5) —4(y - 5)
s(s + 3t) — t(s — 30

T~ ac

8. Expand and simplify the following expression.
2(4x —3) = 3(x + 2)
A. 5x+1 B. 2x -2 C. 5x—12 D. 11x + 10 E. 11x+ 12

Spot the mistake

9. Select whether Student A or Student B is incorrect.

(%)
Zz
o
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<
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a. Expand the following expression.

—-1.5(2 + 3b)

@

Student A Student B

—1.52 +3b) = —-15%x2 + (—1.5) x 3b —15Q2 +3b)=15%x2+15x%x3b
= -3 —4.5b =3+ 4.5b

b. Expand and simplify the following expression.
2(3b — 4) — 1.5(2 — 3b)

(%)

Student A Student B

2(3b — 4) — 1.5(2 — 3b) 2(3b — 4) — 1.5(2 — 3b)
=6b—8—3+45b =6b—4—-3+3b
=10.5p — 11 =3b—-7

Problem solving

Question working paths

Mild 10, 11,12 J Medium 1,12,13 JJS spicy 12,13,14 SIS

10. Xavier has purchased a new iPad. The iPad has a length of 2x — 7 cm and a width of x cm. Write an
expanded and simplified expression for the area of the iPad.
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11. Johnny is considering taking a certain number of additional hours of driving lessons from Drive4Life.
The total cost of the lessons can be represented by the algebraic expression C = (2.5 + h)(30).
Expand and simplify the expression to find the total cost (C) for each additional hour in a lesson.

12. Village Cinemas charges $a for each adult ticket and $b for each child ticket. A family package
consists of two adult tickets and two children tickets. The cost of the family package is $7 less than
if the tickets are purchased individually. Three families purchase the family package and three
additional children tickets. Construct an expression that represents the total cost of all the tickets.

13. A tennis court’s perimeter has an expanded expression equal to 6x + 18. It has a length of x + 3.
Calculate the width of the tennis court.

14. Write an expression for the cost of a fence and gate, in terms of x, around Chirag’s pool. The length
of the fence is 2x — 3 metres and the width is 3x 4+ 4 metres. A contractor charges $12 per metre
for the fence, and an additional $100 to install the gate.

Reasoning

Question working paths

Mild 15 (a,b,d) J Medium 15 (a,b,d), 16 (a,b) FJF spicy All SIS

15. A school is planning to update the rectangular gardens in the junior school campus and senior
school campus. The current gardens have a length of (4x + 3) metres and a width of (2x + 1) metres.
The dimensions of the rectangular garden will be doubled in length and tripled in width for the senior
school campus. The length of the garden in the junior school will be halved and the width will be
divided by four.

(%)
z
o
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w
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<
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a. Use the distributive law to expand the expression to calculate the new length and width of the
garden for the senior school campus.

b. Use the distributive law to expand the expression to calculate the new length and width of the
garden for the junior school campus.

c. Calculate the difference in the lengths and the difference in the widths between the senior and
junior school campus garden.

d. Listtwo factors the school should consider if they were to lay a path around the garden.

16. Expand and simplify the following expressions:
a. 5(x+3)—-2(x-5)
b. 1.25(2.4x + 20)

c. Comment on a similarity and difference for both expressions in parts a and b.

17. Expand and simplify 2x(x + 2y) + 3x(2x — 3y). (1 MARK)
A. 3y —2y B. 8x — 5xy C. —3y+2y D. 8x* — 5xy E. 8x*+ 10xy
18. A triangle has side lengths of 4x cm, 2x cm and 6x — 3 cm and a square has four side lengths of 3x cm. (2 MARKS)
a. Write an expression each for the perimeter of both shapes. 1TMARK
b. If the side lengths of both shapes were halved, write an expression each for the perimeters
of these shapes. 1 MARK
19. For the expression 4(x — 2) — 3(x + 2), determine the simplified expression and explain how (2 MARKS)

a student would incorrectly simplify the expression to 7x + 14.
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20. Using the following information, construct two expressions in expanded form. Compare the constant (3 MARKS)
and coefficient of t values of both expressions.

o Irene receives a $30 bonus for every TV she sells above her quota of 20 units per week. If she
sells t TVs in a week and t > 20, write an expression for Irene’s bonus in that week.

e Sophie receives a $20 bonus for every TV she sells above her quota of 30 units per week. If she
sells t TVs in a week and ¢t > 30, write an expression for Sophie’s bonus in that week.

Remember this?

21. The speed of light is 299 792 458 metres per second.
What is the speed of light in metres per minute?

A. 2997924.6

B. 4996540.9

C. 499654 096.7
D. 17987 547 480
E. 29979245800

22. A cube of side length 1 cm is glued onto the top corner of a cube of side length 3 cm, which is then
glued onto the top corner of a cube of side length 7 cm.

(%)
Zz
o
-
(7
Ll
=]
o
<
)

What is the surface area of the new object?
A. 334 cm? B. 336cm? C. 340 cm? D. 344 cm? E. 354 cm?

23. The bus on route 709 usually runs late.
The following formula can be used to estimate the number of minutes that the bus will be late by:
t=2+0.7r
where t is the number of minutes the bus is late and r is the amount of rainfall in millimetres.
Which statement is false?
A. The bus always runs at least 2 minutes late.

When there is 3 mm of rainfall, the bus is 4.1 minutes late.

When there is 5 mm of rainfall, the bus is 5.5 minutes late.

Every extra millimetre of rainfall delays the bus by 0.7 minutes.

mpopow

If the bus was 10 minutes late, there must have been 13 mm of rainfall.
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3B Solving linear equations

LEARNING INTENTIONS

Students will be able to:
¢ solve linear equations using inverse operations

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

¢ check solutions using substitution.

To solve an equation, inverse operations are used to find the value of the
variable that makes the equation true. Equations may contain fractions and
brackets. Fractions in an equation are used to indicate division, while brackets
clarify the order of operations.

KEY TERMS AND DEFINITIONS
¢ Solving equations is a process to find the value of the unknown by
performing a series of inverse operations.

Image: Standret Natalia/Shutterstock.com

Solving linear equations can be used

to understand relationships and make
predictions in real-life scenarios.

For example a basketball player can
analyse the relationship between the
number of shots taken in practice to
their overall shooting percentage by
creating a linear equation. Solving this
equation can help them make informed
decisions about their practice sessions.

* A one-step equation is an equation that can be solved by applying a single
inverse operation.

¢ Atwo-step equation is an equation that can be solved by applying two
inverse operations.

¢ A multi-step equation is an equation that can be solved by applying more
than two inverse operations.

e Avariable is a letter used to represent a value that is unknown or may vary.
This is also known as a pronumeral or an unknown.

Key ideas
1. Toisolate and find the value of the unknown in an equation, use the inverse operation.
Addition Subtraction
«—>
+ =
Multiplication Division
X =
Square Square root

x2 x

2. When solving equations, it is important to understand the order of operations involved in constructing
the equation.

x2 +5 3
s N N R}

5 2¢x=10 2x+5=15 2X*¥5 _g
IR IR J

X

(V
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Worked example 1

Solving equations

as needed.

a. 5x — 4 =46

Working
X 5and — 4
+4and=+ 5

5x —4 +4 =46 + 4

5x =50

5x _ 50
5 5

x =10

Check:
5Xx10 -4 =46V

b. —-6t+1=55

Working
X —6and + 1
—land + -6

—-6t+1—-1=55-1

—6t = 54

=6t _ 54
—6 -6

t=-9

Check:
—-6X(—-9)+1=55v

Student practice

a. 3a+5 =44

Solve each of the following equations for the unknown values. Provide the answer in exact form

Solve each of the following equations for the unknown values. Provide the answer in exact form as needed.

Thinking

Step1: Identify the operations being applied to the
unknown value.

Step 2: The last operation used to construct the equation
is the first inverse operation.

Step 3: Isolate the unknown variable by applying the
inverse operations. To keep the equation true,
apply the same operations on both sides of the
equal sign.

Step 4: Simplify both sides of the equation to find the
solution for the unknown variable.

Step 5: Substitute the solution in the original equation

and check to see if the LHS equals the RHS.

Visual support
Sx-4=46
+4( }4

5x =50

+5( x=10 )+5

Thinking

Step 1:  Identify the operations being applied to the
unknown value.

Step 2: The last operation used to construct the equation
is the first inverse operation.

Step 3: Isolate the unknown variable by applying the
inverse operations. To keep the equation true,
apply the same operations on both sides of the
equal sign.

Step 4: Simplify both sides of the equation to find the
solution for the unknown variable.

Step 5: Substitute the solution in the original equation
and check to see if the LHS equals the RHS.

b. —3x + 10 = 22
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Worked example 2

g Solving equations with fractions
w
E Solve each of the following equations for the unknown values. Provide the answer in exact form
= as needed.
Working Thinking
X 10,+ 8and + 5 Step1: Identify the operations being applied to the
unknown value.
—5,Xx 8and = 10 Step 2: The last operation used to construct the equation
is the first inverse operation.
10f +5_-5-15_5 Step 3: Isolate the unknown variable by applying the
8 inverse operations. To keep the equation true,
10f _ 10 apply the same operations on both sides of the
8 equal sign.
107 x 8=10x 8
8
10f = 80
10f _ 80
10 10
f=8 Step 4: Simplify both sides of the equation to find the
solution for the unknown variable.
Check: Step 5: Substitute the solution in the original equation
10 E;( 8 +5=15v and check to see if the LHS equals the RHS

Visual support

10f

g * 5=15
-5 -5
10f _
8
x8 x8

10f = 80
ﬂo( s }m

—21a +12 _ WE2b
b Rer12_ g ez |

Working Thinking

X =21, + 12 and = 2 Step 1:  Identify the operations being applied to the
unknown value.

X 2, — 12 and + —21 Step 2: The last operation used to construct the equation
is the first inverse operation.

Continues >
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w X2 =13 X 2
—21a + 12 = 26
—2la+ 12 — 12 =26 — 12
—21a = 14

—2la _ 14

21 21

a=—=

Check:

—21 x (—%) + 12

> =13v

Student practice

a. %+6=30

Step 3: Isolate the unknown variable by applying the
inverse operations. To keep the equation true,
apply the same operations on both sides of the
equal sign.

Step 4: Simplify both sides of the equation to find the
solution for the unknown variable.

Step 5: Substitute the solution in the original equation
and check to see if the LHS equals the RHS

Solve each of the following equations for the unknown values. Provide the answer in exact form as needed.

—15a + 10 _
b. —¢ — =5

.

Worked example 3

Solving equations with brackets

a. 5(a—-3) =25
Working
—3and X 5

+5and+ 3

5(a—-3) _ 25

5 5
a—3=5
a—3+3=5+3

a=8

Check:
58 —-3)=25v

Solve each of the following equations for the unknown values. Provide the answer in exact form as needed.

Thinking

Step 1:  Identify the operations being applied to the
unknown value.

Step 2: Isolate the unknown variable by applying the
inverse operations. To keep the equation true,
apply the same operations on both sides of the
equal sign.

Step 3: The last operation used to construct the equation
will be its inverse.

Step 4: Simplify both sides of the equation to find the
solution for the unknown variable.

Step 5: Substitute the solution in the original equation
and check to see if the LHS equals the RHS

Visual support
5(a-3)=25
{2

a-3=5

a=8

Continues »>
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b. 3@2x-4) =16
Working
32x — 4 =6x — 12
X 6and — 12

+ 12and + 6

6x —12 + 12 =16 + 12

6x = 28

6x _ 28

6 _ 6

_28 _ 14

*=%6 773

Check:

14 _

3(2x?+4>—16~/

Student practice

a. 6(0b -8 =24

Thinking
Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Solve each of the following equations for the unknown values. Provide the answer in exact form as needed.

b. 2(6x + 12) = 27

=

Expand the brackets.

Identify the operations being applied to the
unknown value.

The last operation used to construct the equation
will be its inverse.

Isolate the unknown variable by applying the
inverse operations. To keep the equation true,
apply the same operations on both sides of the
equal sign.

Simplify both sides of the equation to find the
solution for the unknown variable.

Substitute the solution in the original equation
and check to see if the LHS equals the RHS
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3B Questions

Understanding worksheet

1.

State the inverse operation required to solve for the unknown value.

Example
a+7=15

. e
Inverse operation: 1 —7 1

a. a+4=17 b.

.
Inverse operation: | I

c. 5a=20 d.

_———n

Inverse operation: [ I

Complete the missing step to show how each equation is solved.

-7+ b=15

Inverse operation: | i
a _

Inverse operation: | i

fExampIe
4(5b +8) =72
4( :)4
[ _5b+8=18_]
-8 ]—8
5b=10
L
b=10
J
a. am-3- b. 2(3c+4)=20
x5 x5 +2 +2
([::::::]) ([:::::])
I )
4m =48 3c=6
LT !
m=12 c=2
c. 4Q2r-1=20 d. 5"3" 724
() (¥
2r-1=5 5k+7=12
+1C :)+1 -7[ )—7
] ]
+2C :)+2 +5[ )+5
r=3 k=1
Fill in the blanks by using the words provided.
| solution | | isolate | | inverse | | substitution |
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Question working paths

Mild J Medium JJI spicy SIS
4 (ab,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdef), 7 (cdef), 4 (efgh), 5(efgh), 6 (efgh), 7 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c), 10 8 (c,def), 9 (bcd), 10 8 (efgh), 9 (cde), 10
4. Solve each of the following equations for the unknown values. Provide the answer in exact form WE1
as needed.
a. 2s+3=9 b. 4a-5=11 c. 8t—3=62 d. 5+ 6g9=18
e. —2h+5=19 f. —4z+2=-10 g. 3—2x=10 h. -5 -3y=17
5. Solve each of the following equations for the unknown values. Provide the answer in exact form M
as needed.
49 _ 7x _ 3v, 5 _ 7x _
7—3—11 b. 9+?—16 c. 7+7——14- d. —9+?——16
=7y 5 -9z _ =5y, _ -9 _
T 2=6 f. 2+T—7 8. T 2=10 h. 5+T— 15
%)
5 6. Solve each of the following equations for the unknown values. Provide the answer in exact form
~ as needed.
o
2 — —
o Z+8=12 b. 16+82=18 c. 2x+6=8 d. 18 9s=21
- 3 4 3 9
Q 3y+6 _ 10 + 5w _ —6p + 12 14 —-7q
e S =38 f. T—9 g. f—lo h. f—3
7. Solve each of the following equations for the unknown values. Provide the answer in exact form
as needed.
a. 2b+3)=10 b. 4(c—3) =28 c. —6(p+8)=12 d. —4x—4) =128
e. 5(—=d+6)=25 f. 3(-a+4 =21 g 3x+4) =31 h. 4(-k+5) =21
8. Solve each of the following equations for the unknown values. Provide the answer in exact form
as needed.
a. 5(x+3)=55 b. —-6Q2w + 9) = -18 c. 63t—9) =66 d —-205y+1)=22
e. 2(=3x+5)=4 f. -2(3-3f)=-12 g. 8(9 —5h) =16 h. —=3(-2 + 4b) =15

9. Solve for the following unknown values. Where necessary, provide your answer in exact form.
a. 3d+2)-5=10 b. 42x —-3)+5=33
c. 6(2a+ 3)—5a=22 d. —6h+ 4(8 — 4h) = 14
e. —5¢—4(-8—-30c) =17

10. Solve
6(—y —20) _
— g = 20
A. y=-80 B. y=-20 C. y=-1333 D. y=280 E. y=20
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Spot the mistake

11. Select whether Student A or Student B is incorrect.
a. Solve7x — 2 =61

\
Student A Student B
7x — 2+ 2=61+2 7x —2—-2=61-2
7x = 63 7x =59
7x _ 63 7x X 7=59 x 7
/ 7 =413
x=9 =
b. Solve5Q2x + 7) = -5
) 2
Z
)
Student A Student B =
52x +7) = -5 52x + 7) = =5 §
10x + 35 = =5 10x + 35 = =5 P
m
10x , 35 _ ¢ 10x + 35 — 35 = =5 — 35
10 10
1 10x = —40
x+35=—§ mz_‘}o
1 10 10
X +35-35=—2 35 y=—4

x = —35.5

Problem solving

Question working paths

Mild 12,13, 14 J Medium 13,4,15 JJF Sspicy 14,15,16 SIS

12. Ken buys a new packet of tennis balls with w balls in each packet. On the following day, he purchases
another two packets and four tennis balls separately. He now has a total of 13 tennis balls. Ken's
number of tennis balls can be represented using the following equation 3w + 4 = 13. Solve for w to
determine the number of tennis balls in each packet.

13. Billo’s savings can be represented using the following equation, 8w + 65 = 250. Where Billo needs
$250 to attend his soccer camp, he already has $65, and he will earn an additional $8 allowance each
week. Solve the following equations to determine how many full weeks it will take Billo to save up
enough money for his soccer camp.

14. Andrew has j number of fidget spinners. He divides the fidget spinners amongst 6 people, including
himself. His friend gives him an additional 8. Andrew was left with 10 fidget spinners. Calculate the

initial number of fidget spinners Andrew had. The following equation can be used Jg + 8 =10.

15. Maria hires a Neuron scooter. It costs $1 to get started and then an additional 45 cents per minute.
Maria was charged $11.80. Maria’s trip can be represented as as an equation, where m represents
minutes. Write an equation and solve for the number of minutes (m) Maria was on the bike.

16. How old is Peter, in years and months, if he is five times as old as Jenny and the sum of their ages is
twenty one? Jenny’s age is represented as r and Peter’s age is represented as 5r. Determine Peter’s age.
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Reasoning

Question working paths

Mild 17 (a,b,d) J Medium 17 (a,b,d), 18 (a,b) FI spicy All SIS

17. Miss Jeggy is organising a bus for interschool sports day. She requires a bus to travel 50 km and has
a total budget of $1300.

Miss Jeggy has found the following companies and the equations used to calculate the hiring cost:

No1l. Coaches: C = 25d + 300

120d + 3
5

Coach Heroes: C = 3(9d + 3)

C represents the cost and d represents distance, in km.

a.  When $1300 is substituted for C, the cost of No1. Coaches can be expressed as 1300 = 25d + 300.
Determine whether she will have enough money to hire No1. Coaches.

Coach4you: C =

b. When $1300 is substituted for C, the cost of Coach4you can be expressed as 1300 = %
Determine whether she will have enough money to hire Coach4you.
c.  Whatis the maximum distance Miss Jeggy could use Coach Heroes with her budget?

d.  What are two things Miss Jeggy could consider when choosing to hire a coach?

18. For each of the following:
a. Solve 2(3x + 4) = 26 by expanding the brackets first.
b. Solve 2(3x + 4) = 26 by dividing by 2 on both sides first.

c. Compare and contrast the steps used to solve for x in both parts a and b. Suggest when it is
easier to use the method in part a compared to partb.

19. Solve 3(—9d — 3) = 45 (1 MARK)
A. d=-1218 B. d=-3 C. d=-2 D. d=-13 E. d=2
20. Use2a — 4 + 3a + 1 = 13 for partsaand b. (3 MARKS)
% a. Simplify the expression and solve for a. Provide the answer in exact form. 1T MARK
b. Insert brackets into the equation in order to make the value of a equal —16. Prove that it is true
by solving the equation for a. 2 MARKS
21. A school class is selling boxes of chocolates to raise money for an end-of-year field trip. Each box (3 MARKS)

of chocolates costs them $5 to purchase from the supplier. They sell each box for $11 to customers.

a. Write an expression showing the profit made by the class. Use b to represent the number

of boxes sold. 1 MARK

b. How many boxes of chocolates does the class need to sell in order to raise $105 of profit. 2 MARKS
22. The following equation has been incorrectly solved. Identify and explain the error(s) made and (3 MARKS)

show the correct steps to solve for x.

4x+4) _

1z = 24

4x +4) _ N

7 12 =24 + 12

4x+4) =2

4dx+ ) x4=2x%x4

x+4=28

x+4+4=72+4

x =76
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Remember this?

23. Three years ago, Xaden was 150 cm tall.

He is now 16% taller than he was then.
How tall is Xaden now?

A. 126 cm B. 152cm C. 166cm D. 174 cm E. 222cm

24. The following table shows the number of people who entered the dragon racing tournament
at Navarre each day.

Monday Tuesday Wednesday Thursday Friday

Number of entrants 11 400 8600 3400 9300 10200

To the nearest thousand, what was the total number of entrants for the tournament?
A. 41000 B. 42000 C. 43000 D. 44000 E. 45000

25. Which of the following stories best fits the graph?

r N
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Distance from home

Time
A. Violet sprinted to the park, had a rest, then jogged a bit more, and had another rest before
walking home.

B. Violet walked up a steep hill, had a rest before walking up another hill, then rested again
and walked downhill.

C. Violetran to the shops, did some shopping, walked to another shop to do some shopping,
and then drove home.

D. Violet walked north-east, turned right, walked further north-east, turned right again,
and walked back home.

E. Violet drove north-east, ate lunch, drove at the same speed and did some shopping,
and then drove back home.
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Equations with pronumerals

on both sides

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:

¢ solve equations with pronumerals on both sides by collecting like terms

¢ expand brackets with pronumerals on both sides to solve equations. x
F
(>

This lesson navigates through solving equations featuring pronumerals
on both sides. The emphasis is on the key skills of expanding brackets

and collecting like terms on each side of the equation. By applying inverse
operations, like terms are grouped and unknown variables are isolated.

Image: Julia Tim/Shutterstock.com

KEY TERMS AND DEFINITIONS

¢ To equate expressions is to make them equal to each other. Equations with pronumerals on both

sides can apply to situations like
planning an event. For instance, if an
event coordinator needs to determine
the price of tickets to a music concert
based on the total number of tickets
sold and the total money collected,
they can use these equations to find
the solution.

Key idea

1. Solving equations with pronumerals on both sides involves expanding brackets, grouping like terms,
and applying inverse operations to isolate the unknown variable.

3(2a-3) = 5(a+2)

Expand Expand
6a|-9|=5a|+10
Group like terms Group like terms
Apply inverse operations Apply inverse operations
6a-5a =10+9
Solve C ) Solve
a=19
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Worked example 1

Solving equations with pronumerals on both sides

Solve each equation for the given variable. Provide your answer in exact form where required.

a.  4x=2x+10

3C THEORY

Working Thinking

4x — 2x = 2x + 10 — 2x Step1: Simplify the equation by collecting like terms.

2% = 10 When collecting like terms, apply the inverse
operation where necessary.

22_x = 12—0 Step 2:  Solve and simplify for the unknown value.

x=75

Check: Step 3: Check to see if the LHS equals the RHS.

4XxX5=2x5+10

20=20v

Visual support

210+
C2x 10 )x
Cx=5 )2

b —2y+7=5y

-2x
+2

Working Thinking
—2y+2y+7=5y+ 2y Step 1:  Simplify the equation by collecting like terms.
7=7y When collecting like terms, apply the inverse

operation where necessary.

% = 7_7y Step 2:  Solve for the unknown value.

1=y

Check: Step 3: Check to see if the LHS equals the RHS.
—-2x1+7=5x1

5=5v

Student practice

Solve each equation for the given variable. Provide your answer in exact form where required.

a. 7a=5a+8 b. -2s+10=3s
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Worked example 2

3C THEORY

4x +5=2x—3

Working

4x +5—2x=2x —3 — 2x
2x +5=-3
2x+5—-5=-3-5

Check:
4X(—4)+5=2x(-4) -3
-1 =-11v

7 — 3k =6k + 4

Working

7 — 3k + 3k =6k + 4 + 3k
7 =9k + 4
7—-—4=9%+4—-4

3 =09k

3 _ 9%

9 9

1=k

Check:
7-3x3=6x3+4
6=6V

Student practice

3b+6=2b—4 b.

6 —2v=4v + 4

Solving equations with pronumerals and numerals on both sides

Thinking

Step1: Simplify the equation by collecting like terms.
When collecting like terms, apply the inverse
operation where necessary.

Step 2:  Solve and simplify for the unknown value.

Step 3: Check to see if the LHS equals the RHS.

Visual support

Solve each equation for the given variable. Provide your answer in exact form where required.

N C|4x|+5 =|2x|-3

‘SC 2x+5 = -3
2x = -8

+2C =2

Thinking

Step1: Simplify the equation by collecting like terms.
When collecting like terms, apply the inverse
operation where necessary.

Step 2:  Solve and simplify for the unknown value.

Step 3: Check to see if the LHS equals the RHS.

Solve each equation for the given variable. Provide your answer in exact form where required.
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Worked example 3

Solving equations with brackets and pronumerals on both sides =
o
wl

Solve each equation involving brackets for the given variable. ,J_:
@

a. 5(+2)=4+3

Working Thinking
5(+2)=41+3 Step1: Expand the brackets.

~51+10=41+3

514+ 10 — 4l =41+ 3 — 4] Step 2: Simplify the equation by collecting like terms.

[+10=3 When collecting like terms, apply the inverse
operation where necessary.

[+ 10 -10=3 - 10 Step 3: Solve for the unknown value.

[==7

Check: Step 4: Check to see if the LHS equals the RHS.

S5(7+2)=4x(-7)+3

—25=-25v

Visual support

B C|51|+1o =|4l|+3 ) »

[+10 =3
-10 -10
C [l = -7 )
b. 63Bp+5) =-32p+6)
Working Thinking
6(3p +5) = 18p + 30 Step1: Expand the brackets.
-3(2p + 6) = —6p — 18
«~ 18p + 30 = —6p — 18 Step 2: Simplify the equation by collecting like terms.
18p + 30 — 30 = —6p — 18 — 30 When collecting like terms, apply the inverse

operation where necessary.
18p = —6p — 48

18p + 6p = —6p — 48 + 6p

24p = —48

% = % Step 3: Solve for the unknown value.

p=-2

Check: Step 4: Check to see if the LHS equals the RHS.
32 X (=2)+6)=-6x(-2) — 18

—-6=-6V

Student practice

Solve each equation involving brackets for the given variable.

a. 4t +3)=5h+2 b. 4Ga+2)=-44a+7)
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3C Questions

Understanding worksheet

1. Circle the like terms for the following equations.

Example
[ 3x]= 12— 2]
a. —5p=2p+2 b. 3k—-3=15 c. 99+3=59-28 d -3x—-1=3+x

2. Match the given equations with its subsequent step.

Equation Step
15=7+8a @ ® Add 3n to both sides
5n=-3n—-16 @ ® Group like terms, if required apply the inverse operation
7k — 54 =4k —-3) @ ® Subtract 7 from both sides
5n —9=3n+17 @ ® Expand brackets

(%]
4
o
s
(%]
L
=)
o
|9
(12}

3. Fill in the blanks by using the words provided.

| same | | substituting | | inverse | | isolate

. . . s . r l .
To solve equations with unknowns on both sides, it is essential to use 1 I operations.
L 4

These operations involve performing the [ ] operation on both sides of the equation

to maintain equality. By carefully applying inverse operations, one can simplify the equation

Question working paths

Mild J Medium S Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (ab,c,d), 4 (cdef), 5(cdef), 6(cdef), 4 (e,f,gh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 (ab,cd),9 7 (cdef), 8(cdef),9 7 (e,f,gh), 8 (efgh), 9
4. Solve each equation for the given variable. Provide your answer in exact form where required. m
a. 2m=m+6 b. 3n=n+28 c. 5p=2p+15 d. 4q9=q-9
e. 6r=2r—18 f. 5s=2s—12 g. Tt=4t— 22 h. 8u=5u— 25
5. Solve each equation for the given variable. Provide your answer in exact form where required.
a. 2a=a+3 b. 2b=b-5 c. —3c=c—4 d. 7-59=g
e.. —6h—8=h f. -6-4f=f g —-2d—4=d h. 2—-3e=e
6. Solve each equation for the given variable. Provide your answer in exact form where required. M
a. 2m—-3=m+1 b. 2p+5=p-3 c. 3n—4=n+?2 d 4q—-2=2q+ 4
e. 7u—5=—-4u+6 f. 8p+6=3p+7 g 5Sr+1=-3r+3 h. —6t+4=-3t—-5
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7. Solve each equation involving brackets for the given variable. Provide your answer in exact form
where required.

a. 5z—-1=z+7 b. 2x+5=3(x—-1)
c. 4(y+3)=2y-2 d a—-6=3@+2)
4p—-3)=2p+7 f. b+4=20b+3)
g —4(c+2)=c-5 h. —d—-7=-5d-2)
8. Solve each equation involving brackets for the given variable. Provide your answer in exact form
where required.
a. 3z—-4H=2z+D b. 4(x +3) =5x—-2)
c. 2v+5) =-3v—-5) d. —-3Q2r—-5 =20r+4)
e. 9Cw + 3) =-6CBw + 2) f. -5(4b+7)=-82b+5)
g. 25(4y+6)=—-4(5y +2) h. —15@2r+ 8) = —-3.5(4r + 5)
9. Solve
3x —2) =2(x+ 4D
A x=£% B. x=1 C x=6 D. x=11 E. x=14

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. 5—2k=6k+5

O

Student A Student B
5—2k+ 2k=6k+ 5+ 2k 5—2k—2k=6k+5 — 2k
5=8k+5 5=4k+5
5-5=8k+5—-5 54+5=8k+5+5
0 = 8k 10 = 8k
0 _ 8k 10 _ 8k
8 8 8 8
0=k 5 _
4—k

b. 3(p+4)=203p—6)

S

Student A Student B
3p+4)=4p+7 3(p+4)=3p+ 12
2B3p—6)=5p—4 23p—6) =6p — 12
~4p+7=5p—4 ~3p+12=6p — 12
4p+7—-7=5p—4-7 3p+12—-12=6p — 12 — 12
4p = 5p — 11 3p=6p — 24
4p — 5p =5p — 11 — 5p 3p —6p=6p— 24— 6p
—p=-11 —3p _ —24
p=11 -3 -~ =3

p=28
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3C QUESTIONS

Problem solving

Question working paths

1.

12.

13.

14.

15.

Mild 1, 12,13 J Medium 12,13,14 JJS Spicy 13,14,15 SIS

Alex and Bella are saving money for a summer trip. They both started saving at the same time.

Alex saves $15 every week, while Bella saves $10 every week. However, Bella had a head start and
had already saved $50 before they started saving together. The following equation 15x = 10x + 50,
represents Alex and Bella’s savings after x weeks. After how many weeks (x) will Alex and Bella have
saved the same amount of money?

The equation b = 2(b — 6) represents the total number of boys at Gary’s soccer club. The soccer
club originally contained an equal number of boys and girls. Six boys left to play tennis, leaving twice
as many girls as boys at the club. Use the equation given to calculate the original total number of
people at Gary’s soccer club?

Calculate the width of the rectangular play area at Kerry’s childcare centre. The length is four times
the width, and the perimeter is 120 metres.

Jenny has a part time job at a rental car company where they charge $25 per day and 10 cents per
kilometre travelled. Rachel has a part time job at another rental car company where they charge
$30 per day and 7 cents per kilometre. Calculate the number of kilometres you would need to travel
for the cost of Jenny’s company to be equal to Rachel’s company, rounded to two decimal places.

George Green is planning to buy the newest iPhone, which is priced at $500. He has already saved
up $80. He can accumulate an additional $30 every month, but the iPhone’s price increases on
average by $2 each month. Can he gather sufficient funds to purchase his iPhone in 16 months?

Reasoning

Question working paths

16.

17.

144 CHAPTER 3: EQUATIONS

Mild 16 (a,b,c,e) J Medium 16 (a,b,c,e), 17 (a,b) JJS spicy All SIS

The table compares the cost of using two different Internet Service Providers (ISPs) in New York
and Los Angeles. The fixed monthly fee is the cost of the subscription and is the same regardless
of data used. The cost per gigabyte is the additional cost for each gigabyte of data used.

Fixed monthly fee ($) Cost per gigabyte ($)
New York 30 0.50
Los Angeles 20 0.75

a. Formulate an expression that computes the cost of utilising the internet in New York based on
the data usage (d) measured in gigabytes.

b. Formulate an expression that computes the cost of utilising the internet in Los Angeles based on
the data usage (d) measured in gigabytes.

c. Setthe expressions in part a and b equal to each other. Determine the solution to this equation
in order to identify the data usage where the internet cost is equal in both cities.

d. How much does it cost to use the internet for the data usage found in part c in New York and
Los Angeles?

e. Some ISPs also charge per hour of internet usage. Discuss the benefits of cost per hour or cost
per gigabyte.

With reference to 4a + 2 = 9a — 3.
a. Solve the equation by subtracting 4a first from both sides.

b. Solve the equation by subtracting 9a first from both sides.

c. Explain two differences in the methods used in parts a and b.
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18. Consider the following equation: 3(x — 2) = 2(x + 3). (1 MARK)
Which of the following steps is the best way to start solving this equation using the key skills outlined?
A. Expand brackets on both sides of the equation
B. Group like terms on the same side of the equation
C. Apply inverse operations to isolate the unknown variable
D. Divide the left-hand side by 3 and the right-hand side by 2
E. Apply inverse operations to group like terms on either side of the equation
19. Use the following equation: 4(y + 3) = —=5(y — 2) (3 MARKS)
a. Perform the first step to solving the equation and write the new form of the equation. 1T MARK
b. Explain and perform the next step to further simplify the equation. 2 MARKS
20. Beanica and Paulie are planning their birthday parties and they need to calculate the number of (3 MARKS)

children that are attending. The following equation shows the total number of people attending
their party, 3(6 + b) = 2(3 + 2b). Calculate and solve for the number of children attending their
party (b).

21. Consider the equation: —2a + 6 = —3(a + 2) (3 MARKS)

To solve for a, you will need to:

U

Expand the brackets
Group like terms and apply inverse operations, where necessary to isolate the unknown variable

sing these steps, outline and show each step required to solve for a.

Remember this?

22. 0

livia has 480 stickers to distribute equally among her 12 friends. How many stickers will each

friend receive?
%)

A. 20 B. 30 C. 40 D. 50 E. 60

23. Inapopulation of 250 birds in a sanctuary, different species were observed. The table shows the
distribution of the species:

Species Number of birds
Eagle 60
Parrot 75
Owl 45
Sparrow 45
Others 25

0

ne bird is chosen at random. What is the probability that the bird is an Owl?

A. 0.15 B. 0.18 C. 0.20 D. 0.22 E. 0.25

24. John scored 92 in a mathematics test out of 100. Other students, Lisa, Mark, Jenna, and Bill also took
the same test. Their scores are:

Lisa’s score: 45
Mark’s score: 46
Jenna’s score: 47
Bill's score: 50

Whose score is exactly half that of John’s?
A. Bill B. Jenna C. Lisa D. Mark E. Lisaand Mark
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3D Inequalities

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
o work with the symbols >, >, <, <

¢ understand that an inequality represents an infinite set of values

e illustrate an inequality on a number line using known conventions 820/1400

¢ understand when an inequality sign needs to be reversed

¢ solve alinear inequality.

Inequalities, represented by the symbols >, >, <, < denote a range of values rather
than a single value. Understanding this concept is crucial in various mathematical
and real-life scenarios. It’s also important to know when to reverse an inequality

Image: Freepik/freepik.com
Inequalities are used in health and
fitness. For instance, when monitoring
calorie intake or the number of steps
walked in a day, inequalities can help
KEY TERMS AND DEFINITIONS establish if personal health goals are

¢ Exclusive is excluding the value(s). being met or exceeded.

sign and how to represent an inequality on a number line using open and closed
circles. The ability to solve linear inequalities forms a key part of this skill set.

¢ Inclusive is including the value(s).

¢ Inequality is a statement when one value or algebraic expression is less
than or greater than another.

Key ideas

1. Understanding inequality symbols (>, =, <, <) is fundamental to interpreting and solving inequalities.

Greater than x> 4 x is greater than four
= Greater than or equal to x =12 x is greater than or equal to twelve
< Less than x<5 x is less than five
< Less than or equal to x <11 x is less than or equal to eleven

2. Aninequality represents an infinite set of values, which can be illustrated on a number line using
known conventions.

Symbol | Symbol to word Number line diagram

O Greater than, > Open circle indicates that 5 is not included.
Less than, < i x>5
O >
| | | | |
] I ] I ™
4 5 6 7 8
() Greater than or equal to, > Closed circle indicates that 4 is included.
Less than or equal to, < x<4 i
| | | L
“I I | ™
2 3 4 5

Continues »>
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3. Solving alinear inequality involves understanding X
when to reverse the inequality sign. When we zx 6 3
Reverse Reverse

multiply or divide both sides of an inequality by o2 inequality |+ —2  x -4 inequality | x -4
a negative number, the direction of the inequality sign sign

sign is reversed. x—3 x12

Worked example 1

Representing inequalities on a number line

3D THEORY

Represent the inequalities on a number line.

o x=s
Working Thinking

x25 Step1: To show the solution on a number line, use a
| | | | N closed circle to indicate the number given is also
! included in the set.

Step 2: Generate a number line that includes the
given number.

Step 3: Draw an arrow pointing to the right to all numbers
greater than or equal to the given number.

b. —4<x<7

Working Thinking
° -4<x<7 o Step1: To show the solution on a number line, use an
AN T T T R T T B B open circle to indicate the number(s) given is
“rrrrrrrrrrr T T 11T 11" i i ;
5-4-3-2-101 2 3 4506 7 8 not included in the set and use a closed circle to
indicate the number(s) given is also included in
the set.
Step 2: Generate a number line that includes the
given numbers.
Step 3: Draw a line between the two circles.
Student practice
Represent the inequalities on a number line.
a. x=7 b. -2<x<5

.

Worked example 2

Solving inequalities

Solve for x.

a x-1<6
Working Thinking
—4 Step 1:  Identify the operations being applied to the

unknown variable.
Continues »>
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+ 4

x—4+4<6+4

x <10

94 3x> -6
Working
X 3and + 9

—9and+ 3

9-9+3x>-6-9

3x > —15
3 3
x> =5

Student practice

Solve for x.

x—3<5

b.

8 + 4x > —4

Step 2:

Step 3:

Step 4:

Visual support

x—-4<6

+4 +4

x<10

Thinking

Step 1:  Identify the operations being applied to the
unknown variable.

Step 2: The last operation used to construct the
inequality is the first inverse operation.

Step 3: Isolate the unknown variable by applying the
inverse operations. To keep the inequality true,
apply the same operations on both sides of the
inequality sign.

Step 4: Simplify both sides of the inequality to find the

The last operation used to construct the
inequality is the first inverse operation.

Isolate the unknown variable by applying the
inverse operations. To keep the inequality true,
apply the same operations on both sides of the
inequality sign.

Simplify both sides of the inequality to find the
solution for the unknown variable.

solution for the unknown variable.

Z

Worked example 3

Solve for x.
_X _ _
a. S 2>-10
Working
+ —5and - 2
+ 2and X =5

Solving inequalities and reversing inequality signs

Thinking

Step 1:

Step 2:

Identify the operations being applied to the
unknown variable.

The last operation used to construct the
inequality is the first inverse operation.

Continues »>
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—% —-2+2>2-10+2 Step 3: Isolate the unknown variable by applying the

inverse operations. To keep the inequality true, E

apply the same operations on both sides of the 8

inequality sign. |:I_:
—% X =5<-8x -5 Step 4: When multiplying or dividing by a negative value, 9,
v < 40 reverse the inequality sign and simplify both

sides of the inequality to find the solution for the
unknown variable.

Visual support

X
-£—-22-10
+2 +2
X
-=> _8
5 —_—

x =5 x =5
Reverse Reverse
inequality x< 40 inequality
sign sign

b. 3x+4<5r+1
Working Thinking

3x and 5x are like terms Step1:  Simplify the equation by collecting like terms.
When collecting like terms, apply the inverse
operation where necessary.

4 and 1 are like terms

3x - 5x+4<5x—-5x+1
—2x+4<1
—2x+4-4<1-4

—2x < -3

X =2 Step 2: Identify the operation being applied to the
unknown value.

+ =2 Step 3: The last operation used to construct the
inequality is the first inverse operation.

—2x > -3 Step 4: Isolate the unknown variable by applying the

- -2 inverse operations. To keep the inequality true,
apply the same operations on both sides of the
inequality sign.

x> % Step5: When multiplying or dividing by a negative value,

reverse the inequality sign and simplify both
sides of the inequality to find the solution for the
unknown variable.

Student practice

Solve for x.

a. —%—22—8 b. 3x+2>7x+3
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3D Questions

Understanding worksheet

1. State whether the given inequalities will have an open or closed circle when represented on a number line.

Example

Inequality Open circle Closed circle

x> 2 I:‘

Inequality Open circle Closed circle

. x<4 I:' I:'
. x=3 I:' I:'
. x>5 I:' |:|

(%2}
z
o V. x<1
5 ] ]
w
w
=)
g 2. Represent the inequality on the incomplete number line.
)
(Example
1<x<3
([ L
] ] ] ] L,
“1 I I I ™
0 1 2 3 4
J
a. 2<x<5 b. 3<x<6
| | | | 1, | | | | | 1,
] ] ] ] ™ ] ] ] ] ] ™
. —4<x<1 d -2<x<3
] ] ] ] ] ] ] L, ] ] ] ] ] ] ] L,
“I I I I I I I ™ x “I I I I I I I ™
3. Fill in the blanks by using the words provided.
| number line | | symbols | | inequalities | | linear | | set

negative number reverses the inequality sign.
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Question working paths

Mild J Medium JJI spicy SIS
4 (ab,c,d), 5 (a,b,c,d), 6 (ab,c,d), 4 (cdef), 5(cdef), 6(cdef), 4 (ef,gh), 5 (efigh), 6 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 (ab,c,d), 10 7 (c,def), 8 (cdef), 9 (cdef, 10 7 (efigh), 8 (efigh), 9 (efgh), 10
4. Represent the inequalities on a number line.
a. x>7 b. x<10 c. x<8 d. x>95
e. 11>« f. 85<«x g. x<-—65 h. > -0.5
5. Represent the inequalities on a number line.
a. 5<x<7 b. 3<x<8 c. 10<x<13 d -6=<x<11
e. —6<x<2 f. -35<x<3 g. —-25<x<85 h. -35<x<-25
6. Solve for x. W
a. x+4<10 b. 34x>7 c. x—2=2-8 d —44+x<8
: : - . X< .- Z
e. 3x<21 f. 6x>-18 g 5_8 h 7> 9 %
=
o
7. Solve for x. X" WE2b | 3
a. 6x—3>21 b. 2x—3>-17 « 2+2<6 d £-7>5 a
3 8 ™
e. tdoy . 2853 g 13(x+5) <39 h. 7(x +9) < —49
8. Solve for x. Provide your answer in exact form where required.
a. —3x>-9 b. —§=>-2 ¢ —2x-4<8 d -3-423
e -X4+3<-2 (. =2t 55 .3 g —2(x+6)=3 h. —3(x+4) < -5
9. Solve for x. Provide your answer in exact form where required.
a. 4x <6+ 6x b. —-8x>-9 — 5x ¢ 3-2x<7x d. =5 —4x > 6x
e. 3x+10<7x—-2 f. 3x+3>4x+6 g x+5<8+ 3x h. 5x —11<9x -3

10. Solve the inequality 2x — 3 > 7
A. x>5 B. x<5 C. x<-8 D. x>-5 E. x<-5

Spot the mistake

11. Select whether Student A or Student B is incorrect.

a. Solve the inequality —% -7=-=5

@

Student A Student B
—%—7+7z—5+7 —%—7+7z—5+7
—g X (=3) =22 x (=3) —% x (=3) €2 x (=3)
x> —6 x < —6
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b. Represent —2 < x < 3 on a number line.

(%)

Student A Student B
O @ @ O
| | | | | | R | | | | | | R
I I I I I I I X I I I I I I I X
-3 -2 -1 o 2 3 4 -3 -2 -1 o 2 3 4

Problem solving

Question working paths

12.

Mild 12,13, 14 J Medium 13,14,15 JJS Spicy 14,1516 SIS

Generate an inequality that describes the temperature (¢) of boiling water that is greater than
or equal to 120°C.

Christopher has $200 in his savings. He visits an online store and buys three video games and
a headset. The headset costs $60. Each video game costs $m. Formulate an inequality in terms
of m to represent Christopher’s purchase.

. Generate and solve, how many weeks (w) will Susan need to save in order to have at least $150?

She puts away $10 each week. She also makes an additional $20 by babysitting her cousin.

. Daphne needs to buy some pencils and an eraser. She can spend no more than $5. The eraser costs

$1 and the pencils cost $0.25 each. Solve for the number of pencils (p) Daphne can purchase.

. George has a pool that has a leak and is losing 2 L of water per minute. The pool currently has a

volume of 4000 L. Using inequalities, calculate when the pool reaches less than 1500 L, in minutes.

Reasoning

Question working paths

17.
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Mild 17 (a,b.c.e) J Medium 17 (a,b,c.e), 18 (a,b) JJS Spicy All SIS

Eastdale College is having their annual end of year biathlon where students cycle 10 km for C units
of time and run 5 km for R units of time. Peter completes the race in less than 1 hour. Peter has
completed the biathlon every year since Year 7. This year in Year 9 he wants to compare his average
speed to see his improvements over the last two years.

a. Write an inequality to represent the time it took Peter to finish the race.

Distance
Time
be represented by S. Formulate an expression for Peter’s running speed using the given

information and rearrange it to make R the subject.

b. Speed is calculated by the formula § = and Peter’s average running speed can

c. Peter’s average cycling speed is double his running speed. Write an expression for € using the
method from part b and substitute both expressions (for C and R) in the inequality from part a.

d. Solve the inequality to find Peter’s average speed s for running and for cycling.

e. When performing any forms of physical activity, it is important to consider some sort of
active recovery. Provide an active recovery activity.

. Solve:

a. 3x+1<10
b. -3x+1<10

c. Explain how and why the answers differ in parts a and b.
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19. The inequality 50 > 12x + 2 is equivalent to (1 MARK)
A. x<4
X
B. 48 > 2
C. x+12>36
D. 4x 4+ 80 > 96
E. —-50>12x+ 2
20. With referenceto —4x + 2 > 3x — 1 (2 MARKS)
% a. State the like terms for this inequality. 1TMARK
b. With reference to part a, solve for x. 1 MARK
21. Plot —8.25 < x < 2.75 on a number line. (2 MARKS)
22. Asoccer field has a perimeter that is greater than 389 metres and less than or equal to 394 metres. (2 MARKS)
This has been displayed on a number line. Explain why this is not a correct representation and then
provide the correct number line.
389<P<394
[ 0]

Tt
388 389 390 391 392 393 394 395

Remember this?

23. Inacertain town, 2 ofthe population are registered voters. There are 900 people living in the town.

(%)
Zz
o
-
(7
Ll
2
o
[a)
)

How many people are registered voters?
A. 300 B. 400 C. 450 D. 600 E. 750

24. Cassie has $200 saved for her upcoming school trip. She spends $46.50 on a new backpack and buys
3 guidebooks, each costing $18.75. How much money does Cassie have left?

A. $87.25 B. $89.25 C. $90.75 D. $97.25 E. $100.50

25. Atthe start of her journey, Emily’s odometer read 45.6 km. During her trip, she checked her
odometer 20 times, each time having travelled an additional 260 m. After the 20th check,
Emily stopped looking at her odometer for a while. When she reached her destination,
the odometer read 52.0 km.

1km= 1000 m

How far, in kilometres, did Emily travel during the part of the journey when she didn’t check
the odometer? Give your answer as a decimal, to two decimal places.

A. 1.20 km B. 2.20km C. 3.20km D. 4.20km E. 520km
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3E Using formulas

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Students will be able to:

¢ use formulas to represent scenarios and identify the subject of a formula
¢ find unknowns in a formula by evaluating or solving an equation

e transpose a formula.

Formulas are used to represent scenarios and relate two or more variables.
Unknowns in a formula can be found by evaluating or solving an equation.
Transposing a formula involves rearranging it to change the subject of the
equation. This process requires the ability to construct an equation from a

scenario and to substitute and solve for a specified pronumeral. I

KEY TERMS AND DEFINITIONS
¢ A formula is a rule written using mathematical symbols and pronumerals
that are connected using an equals sign.

Image: Klaus Kunstler/Shutterstock.com

In music, the relationship between
the length of a guitar string and its
pitch can be represented with a

¢ The subject of a formula is the variable isolated on one side of the equal sign. formula. By identifying the subject,

e An equation can be transposed to make any variable the subject. substituting known values, and

transposing the formula, one can
calculate how changing the string's
length will affect the pitch it produces.

Key ideas
1.  Aformula is an equation that describes the relationship between two or more variables.
Perimeter of a rectangle Converting between Celsius and Fahrenheit
_ _9
perimeter length width Temperature in Fahrenheit Temperature in Celsius
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Transposing a formula involves rearranging the equation to change the subject, allowing for the calculation of
different variables based on the given values.

Perimeter of a rectangle when w is the unknown Converting between Fahrenheit to Celsius

- P=2l+2w-~ F= 9C+32\

-2l =21 4 E
> P-21=2w X ‘32 o e
=2 R 22 > F-32= ¢ 24
>§_ﬁ=w < x5 x5

simplify simplify >5(F - 32) =9C <

{
N|
I
1l

3
A
&
&

L 5(F-32) _

4
) C
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Worked example 1

Substituting values in a formula

a. V=b@3 + a),whenb = 2anda = 0.75
Working
V=23 + 0.75)
V =2(3.75)
V=75

b. R=ew+ 02+ cwhenc=6e=2andw =4

Working
R=2(4+6)>+6

R=2(10)2+6
R =2(100) + 6
R=200+6

R =206

Student practice

a. y=c(2+d),whenc=3andd =15

Calculate the value of the subject by substituting the given values into the formula.

Calculate the value of the subject by substituting its given values into the formula.

Thinking
Step1: Substitute the given values into the formula.

Step 2:  Simplify the expression inside the brackets.

Step 3: Evaluate the expression to find the value of
the subject.

Visual support

v
v=|$|(3 +@) v=[2l3 +

Thinking
Step1:  Substitute the given values into the formula.

Step 2: Perform and evaluate the operations in the correct
order according to the order of operations.

b. P=a(b+c)?+cwhenc=4,a=3andb=5

Z

Worked example 2

Finding the unknown value in a formula
Solve for the unknown variable.

2

Working

_4Xxh
10——2

4 Xh

10 x 2 = 2

20 _ 4 xh

4 4

5cm =h

The area of a triangle is given by A = m. Substitute A = 10 cm and b = 4 cm to solve for the value of h.

Thinking

Step1: Substitute the given values into the formula.

Step 2: Apply the inverse operation to isolate the
unknown variable.

Step 3: Solve for the unknown value.

Continues »>
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Student practice
Solve for the unknown variable.

The area of a triangle is given by A =

Visual support

X
- a=b > h
Substitute Substitute
4%xh
»10=42h
x2 x2
>20=4xh¥
+4 +4
N 5=h ¢

b)2<—h. Substitute A = 15 cm and b = 3 c¢m to solve for the value of h.

.

Worked example 3

Transposing formulas

y=mx+c (m)
Working
y—c=mx+c—c
y—c=mx

Yy —C¢_ mx

Transpose the following equations to make the pronumeral shown in brackets the subject.

Thinking

Step1: Apply the inverse operation to both sides
of the equation to isolate the variable needed

as the subject.

Step 2: Write the equation in the standard form with

the new variable as the subject.
Visual support

y=mx+c
=C =C
y-c=mx

X X

Continues »>
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b. z=dx?2+e (x>0) ﬁ

Working Thinking %
z—e=dx’+e—ce Step1: Apply the inverse operation to both sides %
7 — e = dx? of the equation to isolate the variable needed ~

as the subject. =

z—e _ dx?*

d ~— d
Z—€e _ 2
g =X
Z—€ _ /2 Step 2: Write the equation in the standard form with the
d new variable as the subject. Take the square root of
x = 4+/% ; e both sides, as the unknown variable is a positive.
Student practice

Transpose the following equations to make the pronumeral shown in brackets the subject.

a. y=mx+c @ b. p=vwv?+a (>0 (n
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3E Questions

1. Fill in the first inverse operation that needs to be applied on both sides of the equation to make x the subject.

Example

V=x— p[_-l—_p_ﬂl

_——a

—_———n X Ye———x -———a —_———n

a. Z=y+x[___: b. =7 ___! . x—y=51 d. y=3(x—z)[_ I

—_—

2. Match the equation with its correct transposed equation.

Equations Transposed equations
_a-5
2a+b=5 @ ® bH= >
a+2b=5 ® o p=2_2
%) 2 4
z
o
z a—-2b=5 @ ® bh=5-2a
w
=)
= 5
w 2a—4b=5 @ ® h=>7

3. Fill in the blanks by using the words provided.

| equations | | subject | | transposed | | pronumeral | | substituted |

Question working paths

Mild J Medium JJ Spicy SIS
4(ab,c,d), 5(@bcd), 6(bcd),7 4(cdef),5(cdef) 6(cdef, 7 4 (efgh) 5(efgh), 6 (efgh) 7
4. Calculate the value of the subject by substituting the given values into the formula. Round to two m

decimal places where required.

a. P=2a+ b,whena=2andb =3

b. Q=a?+ b,whena=1andb =4

c¢. R=al+ c),whena=0.5b=2andc=35

d. S=a?+ b%whena=45andb =3

e. T=a(b+ c?),whena=6.75b=25andc=4

f. U= +Vabc,whena =25b=37andc =4

g V=Va?+ (b+c?), whena=225b=32andc=475

h. W=+Va?+d+ b?—cwhena=23b=03,c=42andd =54
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5. Solve for the unknown variable. Round to three decimal places where required. WE2
a. The perimeter of a square is given by P = 4s. Substitute P = 20 to solve for the value of s.
b. The area if a rectangle is given by A = Iw. Substitute A = 24 and [ = 6 to solve for the value of w.
c. The circumference of a circle is given by C = 2mr. Substitute C = 31.4 to solve for the value of r.
d. The area of a triangle is given by A = bz—h Substitute A = 15 and b = 5 to solve for the value of h.
C _(G@+b : _ 2
e. The area of a trapezium is givenby 4 = Th' Substitute A = 30, a = 3,b = 6 to solve for h.
f.  The volume of a cylinder is given by V = mr2h. Substitute V = 324 and r = 5 to solve for the value of h.
g. The surface area of a sphere is given by A = 4mr2. Substitute A = 251 to solve for the value of .
h. The volume of a cone is given by V = %nrzh. Substitute V = 122 and r = 7 to solve for the value of h.
6. Transpose the following equations to make the pronumeral shown in brackets the subject. WE3
a. a=qgb+c (o b. p=qr+s (q
¢ y=%+w @ d v="+z @
2
ee m=n’+p (n>0) (n) f. r=%+u >0 ®
=y >0 h. 3f=Vi+g (i) Z
g a=-r+e ( © - 3f=vVi+g ( o
-
a
7. Transpose r = 4(s — p) to make p the subject. 8
L LA I _g—_ _rys= Ips=— ™
A. gts=p B. F=5-0D C. F=S="p D. zts=p E. g ts=-r O

Spot the mistake

8. Select whether Student A or Student B is incorrect.

a. Simplify the given equation by substituting a with a b. Transpose the following equation to make the
value of 0.75. pronumeral shown in brackets the subject.
—a 2 =V
V—b(12+a) bx 7t ¢ w
& 0
Student A Student B Student A Student B
-V = _
V= 0.l'775(12 + 0.75)2 V= 8.32(12 +0.75)2 bx +c=q5+c+tc bx —c=q5+c—c
bx+c_ v . 12(bx — ¢) = 2% x 12
== +12
v="075a275) v="373x275 20 712 12
: bx + ¢ 12(bx —c) = v
_0.75 _0.75 12 -V
V= X 162.5625 V= 0.75 X 162.5625
V =162.5625

Problem solving

Question working paths

Mild 9,10, 11 J Medium 10,11, 12 JJS spicy 11,12,13 SIS

9. Jillis travelling to the United States and is needing to calculate what the weather in degrees

9¢ + 32 to help Jill

Fahrenheit is equal to in degrees Celsius. Transpose the formula F = <

calculate this conversion.
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10. Alarge helium balloon is losing air over time. The volume of air (1), in litres, remaining in the balloon
is given by the equation V' = 100 — 10.5¢, where t represents the time in hours since the balloon was
filled. Calculate the volume, in litres, of air remaining in the balloon after an hour and a half.

11. Tori is competing in the Run Melbourne 10 km run. The formula s = %represents the speed (s) at
which she travels, where d is the distance and t is the time. Calculate the speed in kilometres per
minute, to three decimal places, if Tori completed the 10 km run in 53 minutes.

12. Jade wants to rent a car for her weekend getaway. The cost to rent a car is given by the formula
C = 40d + 0.25k + 250, where d represents the number of days rented and k represents the
number of kilometres driven. Rearrange the formula to make k the subject.

13. Abakery produces specialty cakes. The cost of producing each cake is $15, plus a fixed setup cost of
$500 for each new cake design. The bakery has a budget of $3000 allocated for three different cake
designs. If they want to produce an equal number of cakes for each design, write a formula for this
scenario and solve to find what is the maximum number of cakes that can be produced for each design.

Reasoning

Question working paths

Mild 14 (a,b,c.e) J Medium 14 (a,b,ce), 15 (a,b) JJS Spicy All SIS

14. A cyclist is participating in a straight line race. The formulav = % represents the velocity (v) in

wv)
4
o
-
(%]
w
2
o
w
m

metres per second of a cyclist who has travelled a distance of (d) metres in (¢) seconds.

a. Calculate the velocity of a cyclist who has travelled 800 metres in 40 seconds.

b. Transpose the formulav = %to make d the subject.

c. Determine the distance covered if a cyclist maintains a velocity of 12 metres per second for 25 seconds.

d. Usingtherulev = %
metres per second who has travelled a distance of 0.7 km.

calculate the expected time of a cyclist who has maintained a velocity of 14

e. Provide an item a cyclist would consider taking with them for a long-distance race.

15. Rearrange the following equations to make the pronumeral shown in brackets the subject.
a. g=ab+ % @
b. g=ab+ 1 (@
hv

c. Compare the transposed equations generated in parts a and b.

16. The expected height of a plant, P, in centimetres, n months after it was planted in a garden (1 MARK)
is modelled by the equation

P =30+ 0.10n

The expected height of the plant, in centimetres, seven months after it was planted is

A. 0.7cm B. 30.7cm C. 30.8cm D. 36.1cm E. 37cm
17. In the annual school fair, Samantha runs a baking contest. Nine participants pay an entry fee of $75 each. (3 MARKS)
Fourteen spectators pay $10 each to taste the baked goods and vote for their favourites.
How much money in total is raised from participants and spectators at the baking contest? 1T MARK
The following equation represents the total money raised
T=5c+7a
Rearrange the equation to make a the subject. 1T MARK

c. Using your answer from part b, calculate how many adults (a) attended the fair if there were 75
children (¢) and a total of $1635 was raised. 1 MARK
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18. The area of a trapezium is calculated using 4 = (a+b)

parallel sides and a and b are the lengths of the two parallel sides.

—

Transpose and calculate the value of b when A = 16, a = 2and h = 4.

h, where h is the distance between the two (3 MARKS)

19. The total surface area of a cylinder is calculated using T = 2nr? + 2mrh, where r = radius (3 MARKS)

and h = height. A cylinder has a radius of 5 cm and a total surface area of 300 cm?. Show that the
height of the cylinder is approximately 4.549 cm, rounded to three decimal places.

Remember this?

20. Daniel is planning to lay a new rectangular pool that measures 4.8 metres long and 3.6 metres wide.
He’s chosen square paving stones to outline the perimeter of the pool including each corner (shaded
in grey). Each stone measures 60 cm X 60 cm. How many paving stones will Daniel need to purchase?

A. 30 B. 32 C. 34 D. 36 E. 38

21. Jack has started running and is tracking the total number of kilometres he has completed each week.
He has created a table to keep a record.

Number of weeks (x) 1 3 5 7

Total number of kilometres (y) 10 20 30 40

Complete the rule for the linear relationship between total number of kilometres and the number
of weeks for his running journey.

y=[lx+5
A. -5 B. 0 C. 1 D. 5 E. 10

22. The gourmet chocolate mix is composed of dark chocolate, milk chocolate, and white chocolate
in the ratio 5 : 3 : 2. What is the mass, in grams, of dark chocolate in a gourmet chocolate bar that
weighs 10 grams?

A. 20 B. 3.0 C. 40 D. 5.0 E. 6.0

3E USING FORMULAS

161

(%]
Z
o
-
wv
(71
2
o
w
m




Back to contents

Simultaneous equations using

substitution and elimination

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:

¢ know when the method of substitution or elimination can be used to solve
simultaneous equations

o use substitution techniques to solve simultaneous equations Break even point @ Profit

e use elimination techniques to solve simultaneous equations.

)

Simultaneous equations are a set of equations with multiple unknown variables.
They can be solved using either substitution or elimination methods. The choice
of method depends on the specific characteristics of the equations. Substitution
involves solving one equation for one variable and then substituting this expression
into the other equation. Elimination involves adding or subtracting the equations to
eliminate one variable, making it possible to solve for the remaining variable.

Image: Freepik.com

Simultaneous equations are often
used in business to determine the
optimal production levels that will
maximise profit. Both substitution
and elimination methods can be

applied to these equations to find

the most cost-effective production
» Simultaneous equations is a set of two or more equations, each containing quantities for multiple products.

two or more variables whose values can simultaneously satisfy both or all of
the equations in the set.

KEY TERMS AND DEFINITIONS

¢ The elimination method is the process of eliminating one of the variables
by adding the two equations.

¢ The substitution method is the process of adjusting one equation so that
the value of one variable is defined in terms of the other.

Key ideas

1.  The substitution method involves solving one equation for one variable and then substituting that
expression into the other equation.

Substitute the equation Where necessary, Substitute the solved
that has the variable as expand, simplify — variable into one of the
the subject into the and solve for the equations to solve for

s el other equation. unknown variable. the other variable.

the equations

have one of the

variables as

the subject? Rearrange one of the

N equations to make
N° one of the variables
the subject.

2. The elimination method involves adding or subtracting the equations to eliminate one variable,
making it possible to solve for the other variable.

Eliminate x Yes —» Subtract
Are the signs of
Yes the coefficients
the same?
I Eliminate y No —» Add

Both equations Are the

in the form of coefficients

ax+by=dor of xandy

ax+by+c=0 the same? .

Multiply the equation(s) so that the
No —>» coefficients of a matching pair are both
the LCM of their original coefficients.
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Worked example 1

Solving simultaneous equations using substitution

2x +y=12andy = 4x

Solve the following pairs of simultaneous equations using substitution.

Working Thinking
2x +y =12 [1] Step1:  Recognise the structure of the equations and
y=4x [2] identify which equation can be substituted into
the other.
2x + 4x =12 Step 2: Substitute the second equation into the
first equation.
6x = 12 Step 3: Simplify the equation by collecting like terms
x=2 and solve.
y=4x2 Step 4: Substitute the value of the known variable into
y=8 one of the original equations to solve for the
value of the unknown variable.
~x=2,y=8
Visual support
Substitute the equation Where necessary, Substitute the solved

that has the variable as
the subject into the
other equation.

A

Does one of
the equations

expand, simplify
and solve for the
unknown variable.

variable into one of the
equations to solve for
the other variable.

have one of the
variables as

the subject? Rearrange one of the

equations to make
one of the variables
the subject.

y=3x+ 4and 4x — 2y = 20
Working

y=3x+4 [1]

4x — 2y =20 [2]

4x — 2(Bx + 4) =20
4x — 6x — 8 =20
—2x —8=20
x=— 14

y=3(-14) + 4
y = —38
wx=-—14, y = —-38

Student practice

4x +y =14andy = 3x

Thinking
Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Solve the following pairs of simultaneous equations using substitution.

Recognise the structure of the equations and
identify which equation can be substituted into
the other.

Substitute the first equation into the
second equation.

Expand the brackets.

Simplify the equation by collecting like terms
and solve.

Substitute the value of the known variable into
one of the original equations to solve for the
value of the unknown variable.

b. y=4x+ 5and5x — 5y =20

3F SIMULTANEOUS EQUATIONS USING SUBSTITUTION AND ELIMINATION
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Worked example 2

3F THEORY

a. x+y=9andx—-y=7

Working
x+y=9 [1]
x—-y=7 [2]
[11 + [2]
x+y=9
+ x—y=7
2x =16
x=8
8—y=7
y=1
~x=8 y=1

Visual support

Are the
coefficients
of xand y
the same?

Both equations
in the form of
ax+by=dor
ax+by+c=0

b. 5x+4+y=9and3x+y=-1

Working

S5x+y=9 [1]

3x+y=-1 1[2]

(1] — [2]
5x+y=9

- 3x+y=-1

2x = 10

2x =10

x=5

55 +y=9

25+y=9

y=-16

x=5 y=-16

Solving simultaneous equations using elimination

Solve the following pairs of simultaneous equations using elimination.

Thinking

Step1: Recognise the structure of the equations and use

the elimination method by adding.

Step 2: Add the two equations together to eliminate

one variable.

Step 3: Solve.

Step 4: Substitute the value of the known variable into
one of the original equations to solve for the

value of the unknown variable.

Yes —>»

Eliminate x Subtract

Eliminate y
|

Multiply the equation(s) so that the
No —> coefficients of a matching pair are both
the LCM of their original coefficients.

Are the signs of
the coefficients
the same?

Thinking

Step1:  Recognise the structure of the equations and use

the elimination method by subtracting.

Step 2: Subtract the second equation from the first

equation to eliminate y.

Step 3: Solve.

Step 4: Substitute the value of the known variable into
one of the original equations to solve for the

value of the unknown variable.

Continues >
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Student practice

a. x+y=12andx -y =4

Solve the following pairs of simultaneous equations using elimination.

b. 7x+y=1land2x +y=—4

Z

Worked example 3

a. 7y+3x=23andy+x=5

Working
7y + 3x = 23 [1]
y+x=5 [2]
Multiply [2] by 3
3y + 3x =15 [3]
[11 - [3]

7y + 3x = 23
— 3y+3x=15

4y =8

4y =8
y=2
2+x=5
x=3
wx=3,y=2

Visual support

Both equations Are the
in the form of coefficients
ax+by=dor of xandy

ax+by+c=0

Solving simultaneous equations using a matching pair

Solve the following pairs of simultaneous equations using elimination.

the same? c

Thinking

Step1:  Recognize the structure of the equations and
identify a matching pair.

Step 2: Manipulate the equations to create a matching pair.

Step 3: Apply the elimination method by subtracting the
third equation from the first equation.

Step 4: Solve.

Step 5: Substitute the value of the known variable into

one of the original equations to solve for the
value of the unknown variable.

Yes Subtract
Are the signs of
the coefficients
the same?

Eliminate y No —» Add

Multiply the equation(s) so that the
coefficients of a matching pair are both
the LCM of their original coefficients.

Continues »>
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3F THEORY

7x — 6y = 61 and 4x + 9y = 10

Working

7x — 6y = 61 [1]

4x + 9y =10 [2]
Multiply [1] by 9

63x — 54y = 549 [3]
Multiply [2] by 6

24x + 54y = 60 [4]
[3]1 + [4]

63x — 54y = 549
+ 24x + 54y = 60

87x = 609
87x = 609
x=7

4(7) + 9y =10

28+ 9y =10
9y = —18
y=-=2
wx=7 y=-2

Student practice

6x + 2y =32and5x + y = 10

Thinking

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Solve the following pairs of simultaneous equations using elimination.

b. 2x—-5y=-2and -5x + 6y = —8

=

Recognize the structure of the equations and
identify a matching pair.

Multiply the equation so that the coefficients
of a matching pair are both the LCM of their
original coefficients

Apply the elimination method by adding the two
equations together.

Solve.

Substitute the value of the known variable into
one of the original equations to solve for the
value of the unknown variable.
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3F Questions

Understanding worksheet

1. State the value of x or y by substituting the given value.

Example

y=3x+2 (x=4) .y=i1i]

a. y=>5x x=6) ~y=1_ 1 b. y=2x-4 (x=3) «~y=1_
¢ x=2y+3 =4 ~x=1__ d 3y+4x=26 (y=2) «~x=1__ |
2. Placea‘+’ or ‘'~ to make the equations true.
Example
4a[%}4a=0
a. 3pi 13p=0 b. —4xi 14x=0 ¢ 7ki 1(=7k) =0 d. —5ri 1(=5r) =0

3. Fill in the blanks by using the words provided.

(%)
Zz
o
-
(7
]
2
o
L
)

| elimination | |simultaneous| | substitution | | variables | | solve

The first method, [ ] , involves replacing one variable in one equation with the corresponding

expression from the other equation. The second method, [ ] , involves adding or subtracting

the equations to eliminate one variable, making it possible to solve for the remaining variable.

Question working paths

Mild J  Medium JJS Spicy SIS
4 (a,b,c,d), 5(a,b,c,d), 6 (a,b,c,d), 4 (c,def), 5(cdef), 6(cde, 4 (efgh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 7 (c,d,ef), 8 7 (efgh), 8
4. Solve the following pairs of simultaneous equations using substitution. Provide the answer in exact form. m
a. x+y=12andx = 3y b. y=4xandx +y =10
c. y+5x=8andx =3y d. 5x+ 2y =13andy = 4x
y=6xand2x —y+ 2=-6 f. 2x+y—2=7andx =4y
g. y+ 2x=15andx = -3y h. y=2xand3x + 2y = 20
5. Solve the following pairs of simultaneous equations using substitution. Provide the answer in exact form. m
a. y=4x—3andy + 4x =13 b. y=6x+5andy — 5x = —4
c. 4x+2y=16andy =2x—4 d. 4x —3y=10andx =3y — 2
e. 2x+ 2y =12and4x — 3y =10 f. 2x—4y=12and2x -3y =38
g 7x+3y—2=0andx—-y=26 h. 4x+y+1=0and3x—-2y+20=0
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6. Solve the following pairs of simultaneous equations using elimination. Provide the answer in exact form. WE2
a. x+y=5andx—y=1 b. x—y=3andx+y=>5
c¢. 2x+y=9andx—-y=3 d. 3x—2y=1landx + 2y =1
e. 2x+2y=12and-2x -y =4 f. 2x+3y=10and3x — 3y = -5
g. 4x+ 5y =20and -5y + 3x =8 h. 3x+4y=14and -4y — 2x =7
7. Solve the following pairs of simultaneous equations using elimination. WE3
a. 3x+y=2and5x —4y =9 b. y 4+ 6x =25and3y + 2x = 43
c. 2x+2y=-landx+4y=-75 d. 8x — 3y =40and5x — 2y = 26
4x — 4y = 2and 3x + 2y = 10 f. 4y +4x=20and3y —5x=3
g 7x+4y=-3and—4x +3y =7 h. 5x—2y—-1=0and3x + 5y —44=0

8. Solve the following pairs of simultaneous equations using substitution.

x+ 4y =21landx =12 — y

A. x=12 -y

B. x=9,y=3

C. x=3,y=9

D. x=12, y=9

E. x=12—-y, y=3

3F QUESTIONS

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Solve the following pair of simultaneous equations b. Solve the following pairs of simultaneous equations
using substitution. using elimination. Provide the answer in exact form.
y=x+ landx + 3y = 15 x+ 2y =8and3x — 2y = 4

,.,, ( ‘
Student A Student B Student A Student B
y=x+1 [1] y=x+1 [1] x+2y=8 [1] x+2y=8 [1]
x+3y=15 [2] x+3y=15 [2] 3x — 2y =4 [2] 3x —2y =4 [2]
x+3(x+1) =15 x+3+x+1=15 [11 + [2] (2] —[1]
x+3x+3=15 2x +4 =15 x+2y=8 3x -2y =4
4x+3 =15 2x =11 + 3x—-2y=4 - x+2y=38
4x = 12 x=311 4x = 12 2x = —4
x=3 = [

y= % i1 4x = 12 2x 4
y=3+1 x = x = -2

_ 13
y=4 y=5 3+2y=28 —2+2y=8
cx=3,y=4 .11 13 -5 y=-5

TXEYEY y=2
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Problem solving

Question working paths

Mild 10, 11,12 J Medium 11,12, 13 JJS spicy 12,1314 SIS

10. g + b = 540 and g = b + 80 represents the number of boys (b) and girls (g) at Kingston College.
There are a total of 540 students. If there are 80 more girls than boys, how many boys and girls
are there?

11. Heath got 30 more marks in his Science test than in Maths. The total of his marks was 120.
Calculate his marks in each test.

12. Mia has purchased a new rectangular dining table and the difference between the length and the width
of the table is 1.8 m and the perimeter of the table is 8.4 m. Calculate the length () and width (w) of the
table in cm.

13. Two complementary angles differ by 18°. Write two equations and calculate the two angles.

14. Jonathan purchased three bags of coffee and five bars of dark chocolate for a total of $30. At the same

market, Katherine bought two bags of the same coffee and five bars of the same dark chocolate for $25.
Using the elimination method, calculate how much each bag of coffee and each bar of dark chocolate cost.

Reasoning

Question working paths

(%)
Zz
o
-
(7
i
2
o
L
)

Mild 15 (a,b,c,e) J  Medium 15 (a,b,c,e), 16 (a,b) JSI Spicy All JIS

15. Lennox browses the used record stand at the Cherry Lake market and observes that all pop albums
are $7 each and jazz albums are $12 each. Lenox purchases a total of 50 albums. Lennox spends a
total of $400.

a. Generate two equations to display Lennox’s scenario, where x represents the number of pop
albums and y represents the number of jazz albums.

b. Using the elimination method, solve for the number of pop and jazz albums that Lennox purchased.
Transpose a rule in terms of x.
d. Using the substitution method, solve for the number of pop and jazz albums that Lennox purchased.

e. Outline a reason why someone would rather purchase a physical album instead of streaming
music online.

16. Consider the two simultaneous equations.
5x +2y =4 [1]
-3x+2y=4 [2]
a. Solve the equations using the elimination method and subtracting [2] from [1].
b. Solve the equations using the elimination method and subtracting [1] from [2].

c. Comment on the differences and similarities between the steps in part a compared to part b.

17. Atalocal amusement park, ticket prices vary for adults and children: (1 MARK)

e The Anderson family bought three adult tickets and two child tickets for $85.00.
e The Lee family bought two adult tickets and four child tickets for $94.00.

o The Gonzalez family bought four adult tickets and three child tickets.

What is the total amount spent by the Gonzalez family?

A. A.$98.00 B. $108.00 C. $118.00 D. $122.00 E. $127.00
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3F QUESTIONS
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18. Samuel organises charity football matches at the community centre.

?&, Entry fees for the match are $4 per adult and $1 per child. $1278 was raised from the 453 people
who attended the most recent match.

a. Generate two equations to represent this situation, where a represents the number of adults
and c represents the number of children.

b. Solve for the number of children who attended this football match.

19. Solve the pair of simultaneous equations using substitution.

2a + 5k = 10 and a = 20k

20. Natalie hosts charity book fairs at her company. The following system of simultaneous linear
equations represents two university clubs who have rented projectors and laptops, where x
represents the hourly cost, in dollars, of renting one projector and y represents the hourly cost,
in dollars, of renting one laptop.

Solve the set of simultaneous equations using the process of elimination.
15x + 25y = 2000
35x + 50y = 4200

Remember this?

(3 MARKS)

2 MARKS
1TMARK

(3 MARKS)

(3 MARKS)

21. At Lilli’s school, g of the students own a pet.
There are 548 students at Lilli’s school.
How many students own a pet?

A. 68 B. 137 C. 274 D. 411 E. 548

22. Sarah is watching the sunset, the sun sets in the west. She turns 120° clockwise.
Sarah then turns anticlockwise until she faces North.
How many degrees did Sarah turn anticlockwise?

N

A. 15° B. 30° C. 80° D. 120° E. 240°

10300
17 500°

What percentage of butterfly species are not considered to be under the threat of extinction?
Rounded to the nearest whole number.

A. 17% B. 27% C. 41% D. 50% E. 68%

23. The fraction of butterfly species that are considered to be under the threat of extinction is
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Chapter 3 extended application

1. A new custom-made aquarium in the shape of the trapezoidal prism shown is being constructed.
Currently, the dimensions are set such thata = 15m, h = 10 mand / = 30 m. The volume of a
a+b
> hl.

trapezoidal prism is given by V =

a. Using CAS or by hand, for what values of b would the aquarium’s volume be equal to or less
than 13 500 m3?

b. Using CAS or by hand, rearrange the volume formula to make b the subject.

c. With reference to part b, calculate the length of b, in metres, that is required for the aquarium
to have a volume of 15 000m3, correct to 2 decimal places.

d. Rearrange the volume formula to make h the subject.
e. Ifbissetas 16 m, calculate the height (h) if the aquarium’s volume is 9300 m3?

f.  What factors may an aquarium need to consider before installing a new fish tank?

Zz
=
fum
<
o
|
o
o
<
[a)]
L
[a]
Zz
L
-
x
()

2. Bart (b) is currently eight years older than his sister Lisa (). In six years time Bart will be twice
as old as Lisa.

a. Generate a system of linear equations that represents this situation.
Using elimination, calculate the current ages of both Bart and Lisa.

c¢. b—1=8andb = 2] + 6 are a pair of simultaneous equations that have been transposed.
Using CAS or by hand, transpose the equation(s) to make [ the subject.

d. Usingthe equations b — [ = 8 and b = 2] — 6 show and calculate Bart and Lisa’s age, using the
substitution method.

e. Provide an engaging activity that an older sibling or babysitter could do with a young child.

3. Joeruns a small business where he sells handmade bracelets. Each bracelet costs him m dollars
to manufacture and he manufactures b bracelets per month. He also has fixed costs, such as rent
and utilities, which is represented as f dollars per month. He sells each bracelet for s dollars.

Joe’s total cost can be represented using the following rule C = bm + f.

a. A 50% mark down on the manufacture and fixed costs can be represented as C = 0.5(bm + f).
Generate an expanded equation in the same form that represents a 75% mark up on the
manufacture and fixed costs, then expand the brackets.

b. Joe’s brother, Marlon, runs the same business, but the monthly cost to manufacture the bracelets
and the fixed costs are double to Joe’s monthly and fixed costs. Write a factorised equation to
represent the monthly cost of Marlon’s business if he also manufactures b bracelets per month.

c. Generate an algebraic equation to represent the monthly profit, P, of Joe’s business if he also
sells b bracelets in a month.

d. Given the cost of manufacturing each bracelet is $10, the fixed costs are $2000 per month,
and Joe sells each bracelet for $25. If Joe wants to make a profit of $3000 in a month, how many
bracelets must he manufacture and sell? Generate and solve the equation, using CAS.

e. Inthe context of Joe and Marlon’s business, outline how the changes in fixed costs and selling
price can affect their decision to expand their business.
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Chapter 3 review

Multiple choice

1. Identify the missing value. 3A
a 4

Identify the next inverse operation in the diagram.
O9x+7 =3x+2
-3x C )
6x+7 =2
7( )
6x

A. +5 R C. x5 D. =6

Select the correct representation of the inequality —3 < x < 4 on the number line.

o B.
> <« |

| |
! !
4 5 -5 -4

CHAPTER 3 REVIEW

What is the next operation required to make x the subject in the equation y = mx + ¢?

-ccy_izx”)-c

=X B. +¢

Substitute the given value into the following equation to solve for the unknown variable.
7y +3x=33 (y=3) x=1 |

I
[Rp—

A. 3 B. 4 . D. 6

6. Expand the brackets in each expression and simplify. 3A
a. 3.5(8 —2w) b. 7v(—6+ 3v)
c. 2(4q + 3) + 10q d 10Bx -4 -7+ 7D

7. Solve each of the following equations for the unknown values. Provide the answer in exact form as needed. 3B

a. 2x—3=7 b. —4y +5=13 ¢ 52z-3)=17 d 3Ux+2)-5=11
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Solve each of the following equations for the unknown values. Provide the answer in exact form
where required.

—2x _
a. = +3=1

Solve each equation for the given variable. Provide your answer in exact form where required.
a. —5w+ 10 = 3w b. 10 — 6w =4w + 2
¢ S5(w+3)=4w+ 2 d. 7Gw+ 1 = -24w + 3)

. Represent the inequalities on a number line.

a. x>3 b. x<7

Solve for x.

a x+3>7 b. 6 —-2x<10 . 4dx—2<3x+1

. Solve for the unknown variable. Round to three decimal places where required.

The perimeter of an equilateral triangle is given by P = 3s. Substitute P = 21 to solve for the value of s.

The perimeter of a rectangle is given by P = 2] + 2w. Substitute [ = 5 and w = 3 to solve for
the value of P.

The area of a circle is given by A = mr2. Substitute r = 3 to solve for the value of A.

The volume of a cylinder is given by V = mr? h. Substitute V = 100 and r = 3 to solve for the
value of h.

. Transpose the following equations to make the pronumeral shown in brackets the subject.

a. ax+b=c (@ b. y=§+z )

c. ut+ 05at:i=x @ d 2m=va+x

. Solve the following pairs of simultaneous equations. Provide the answer in exact form.

a. 2x—y=9andx =5y b. 3x+y=1landy =2x+1
c. x+y=10andx —y =2 d. 2x+y=7and3x + 2y =10

Problem solving

15.

Alex is a party planner and is currently planning 6 different birthday parties for his clients. Each of
the clients want to hire a clown for the event. Alex was told that the clown charges a flat fee of $30
to come to the party and a further $20 per hour. What is an expanded and simplified expression that
can be used to represent the total cost of hiring a clown for all six parties?

3A

. Sarah is a basketball player who is trying to improve her shot success rate. Sarah knows that the

number of shots she can expect to make can be represented by the equation 3(—=18 + m) = 9,
where m represents the number of successfully made shots. How many shots should Sarah expect
to successfully make that day?

. John is an event coordinator planning a music concert. He knows that the total money collected from

ticket sales is represented by the equation 7t + 150 = 5t + 250, where t represents the price of each
ticket in dollars. Solve the equation to find the price of one ticket.

. Alice is a fitness enthusiast who tracks her daily steps. She aims to walk at least 13 204 steps a

day. One day, she walks x steps in the morning and 7259 steps in the afternoon. If the inequality
x 4+ 7259 > 13 204 represents her step count for the day, solve for x to find out the minimum
number of steps Alice needs to walk in the morning to meet her daily goal.

CHAPTER 3 REVIEW
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CHAPTER 3 REVIEW

19. A company uses the formula € = %(P — 3R) to calculate the expected per unit profit (C) from selling

a certain product. P is the price they sell each unit for and R is the cost of raw materials per unit. If the
company sells each unit for $20 and the cost of raw materials per unit is $2, what is the expected per
unit profit of the product?

20. A company is planning to produce two types of products: A and B. The profit they make from each
unit of product A is $7, and from each unit of product B is $5. The company has a target to make a
total profit of $3500. They also know that the number of units of product A they will sell is 200 more
than the number of units of product B. How many units of each product does the company need to
sell to meet their profit target?

21. Sam is a young entrepreneur who runs a small lemonade stand. He uses a formula to calculate
his daily profit: profit = price per glass X number of glasses sold — expenses. In order to make
his business sustainable, he also has to consider other factors like the weather, competition,
and customer demand.

a. Sam sells each glass of lemonade for $2.50 and he manages to sell 200 glasses. His expenses for
that day, including lemons, sugar, and ice, were $70. Use the formula to calculate Sam’s profit for
that day.

Sam noticed that if he increases the price per glass by $0.50, his customer demand decreases
and he only manages to sell 200 — 20x glasses, where x is the number of times he increases
the price by $0.50. His expenses remain constant at $70. If Sam increases his price on Tuesday
to $3.00 per glass, how many glasses does he sell and what is his profit?

On Wednesday, it rained and Sam couldn’t sell as many glasses. His sales dropped to 150 — 30y
glasses, where y is the number of hours it rained. If it rained for 2 hours, Sam sold each glass for
$2.50 and his expenses were still $70, how much less profit did he make on this day compared
to the day before?

Sam is looking to expand his business by also selling orange juice. The profit from the orange
juice sales is determined by the equation p = 3.3q — 12, where q represents the number

of orange juice sales and p represents the profit in dollars. Determine the minimum number
of orange juices Sam would have to sell in order to make a profit.

What other factors should Sam consider before increasing his prices?

22. Consider the following:
Solve for x in the equation 4x + 1 < 5.
Solve for x in the equation —4x + 1 < 5.

Comparing your answers from parts a and b, discuss the differences and similarities in the
methods you used to solve each equation. How did the presence or absence of the negative
sign affect the direction of the inequality?
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Chapter 4 research summary

Algebraic techniques

The big ideas that underpin the concept of algebraic techniques in Year 9 Mathematics include
the understanding of variables and expressions, equations and inequalities, functions and
relationships, patterns and generalisations, symbolic representation, and problem-solving.
These big ideas provide a conceptual framework that helps students make sense of the various
techniques and concepts they encounter in algebra and are essential for developing a deep
understanding of algebra.
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Variables and expressions

One of the foundational big ideas in algebra is the concept of variables and expressions.
Variables are symbols that represent unknown values, and expressions are combinations of
variables, numbers, and operations. Understanding the role of variables and how to manipulate
expressions is crucial for solving algebraic problems. This includes simplifying expressions,
expanding brackets, and factorising expressions.

Equations and inequalities

Another key big idea is the understanding of equations and inequalities. An equation is a
mathematical statement that two expressions are equal, while an inequality is a statement that
one expression is greater than or less than another. Solving equations and inequalities involves
finding the values of the variables that make the statement true. This is a fundamental skill in
algebra and is essential for solving a wide range of problems.

Functions and relationships

Functions describe the relationship between two variables. Understanding the concept of functions
and how to represent them graphically, algebraically, and in tables is a crucial big idea in algebra.
This includes understanding the concept of linear and non-linear functions, and how to work
with them.

Patterns and generalisations

Algebra involves recognising patterns and making generalisations. This is a key big idea that
underpins many algebraic techniques. For example, recognising the pattern in a sequence
of numbers can lead to a formula that describes the nth term of the sequence. Similarly,
recognising the pattern in the way that two variables are related can lead to a formula that
describes the relationship.

Symbolic representation

Algebra involves working with symbols to represent mathematical ideas. This big idea

is fundamental to all of algebra and underpins many algebraic techniques. For example,
using symbols to represent unknown values, using letters to represent variables, and using
equations to represent relationships.

Problem solving

Algebra is a powerful tool for solving problems. This big idea involves using algebraic techniques
to model and solve real-world problems. This includes translating word problems into algebraic
expressions or equations, solving the equations, and interpreting the results.
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Visual representations

Area models

Area models are useful for visually representing the multiplication of binomials and the
factorisation of quadratic expressions. They help students to understand the concept of
distributive property and the process of multiplying and factorising expressions.

. = (a+b)a-b)=a?-ab+ab - b?
_b2

>
o
<
=
=
2
7))
I
O
o
<
i
7]
w
o

. a+b

Q
(S

T s
_ ]
d === :
a : This portion can be
— H H T rearranged to show
2 ! I B2 b that the area a? - b2
(x + 3)(x + 2) =xc+ + +6 1 1 1 is equivalent to the
2 - R "|_|_ ] area given by
— | =x“+5x+6 b (a+b)a-b).
Misconceptions
Students disregard the signs x+Dx -7 (x + Hlx —7)
of the common terms when = x2 4 3x — 28 = x2 — 3x — 28

expanding and simplifying
binomial products.

Students disregard the signs of b-2)y-7)=y*-7y-2y—-14 (-2 -7)=y*—7y—2y+ 14 4A

the constants when multiplying =y2—9y— 14 =y2— 9y + 14

to expand binomial products.

Students sum the common (y-8)?2=(y—-8)(y-18) y-8)?2=(y—-8)(y-28) 4B
terms of expanded perfect =y2 — 8y — 8y + 64 =y2 — 8y — 8y + 64

squares to zero. — 2 + 64 — 32 — 16y + 64

Students make the constant (x —7)% =x%+ 14x — 49 (x —7)% = x? — 14x + 49 4B
negative when expanding

a perfect square involving

subtraction.

Students expand to form the (x — 10)(x + 10) (x — 10)(x + 10) 4B
sum of two squares instead = x2 + 10x — 10x + 100 = x2 + 10x — 10x — 100

of difference. = x2 4+ 100 =x%-100

Students find a common —9x + 27x% = —9(x — 3%) —9x + 27x% = —9x(1 — 3x%) 4C
factor, but not the highest

common factor.

Students do not divide the —9x + 27x% = —9x(1 — 27x) —9x + 27x% = —9x(1 — 3x) 4C
HCF out of every term in

an expression.

Students disregard the signs —9x + 27x% = —9x(1 + 3x) —9x + 27x% = —9x(1 — 3x) 4C
of the terms when factorising.

Students factorise a 16m? — 9 = (4m — 3)(4m — 3) 16m? — 9 = (4m + 3)(4m — 3) 4D

difference of two squares
to a perfect square.

Continues »>
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>
x
g Students halve the coefficients ~ 16m? — 9 = (8m + 3)(8m — 3) 16m? — 9 = (4m + 3)(4m — 3) 4D
g of square terms when taking
n the square root.
S
2:‘ Students only take the square 16m? — 9 = (16m + 3)(16m — 3) 16m? — 9 = (4m + 3)(4m — 3) 4D
7 root of pronumerals in
§ square terms.
Students factorise so that the 2x% + 20 — 8x — 5x 2x% + 20 — 8x — 5x 4E
binomial factors are different. = 2x2 — 8x — 5x + 20 = 2%2 — 8x — 5x + 20
=2x(x —4) — 5(x + 4) =2x(x —4) — 5(x — 4)
=Q2x -5 -4+ 4 =Q2x -5k +4
Students group like terms in 2x% + 20 — 8x — 5x 2x% + 20 — 8x — 5x 4E
a pair when rearranging to — 2(x2 + 10) — 13x = Q2x — 5 + 4)
factorise.
Students square the binomial 2x2% + 20 — 8x — 5x 2x2% + 20 — 8x — 5x 4E
factor in fully factorised — (Zx _ 5)(x _ 4)2 = Qx — 5 + 4)
expression.
Students simplify the terms in ‘ZLx = %8 =4+ Dx — (20 = 10) 4x — 20 _ 4&x = 5) 4F
an algebraic fraction without x 5 P 2x =10 2(x = 5)
factorising. s _ 4x—75)
=2(x -1 2(x—75)
_4_
=5=2
When dividing, students do not Ix+D . 3x+ D+ 3) Ix+ D . 3x+ D+ 3) 4F
reciprocate the divisor before 6(x — D 4 - D 6(x — D 4 -1
multiplication, i.e. multiplication 9(x + 1)?%(x + 3) =_2
. . = = N % 3
is performed instead. 8(x — 1)
When dividing, students 5x% . 15x 5x% . 15x 4F
reciprocate the dividend 3 =1 T (x— DK+ 5) 3 =1 " (x — DK+ 5)
before multiplication. _3&=-D 15x —_5x* G =-D&+5
5x? x—Dkx+5) 3(x — 1) 15x
= 36—D 15x _5x2+5x  Ge= D& +5)
5x2 Ge—D(x + 5) 3 — D 15x + 5x
3« 15x __ x (x — D +5)
= = X
5¢2 x+5 3(x — D 3
= 3 x 15X = 5x _ x ><(Jr/"f)(x+5)
5x2 + 5x x+5 = 3G—D 3
-3 3 x ,x+5
XX x+5 =3X 3
= 9 _x(x+5)
x(x + 5) = 9
Students do not adjust the 5 _3_2 5 _3_5_9__4 4G
3x X 3x 3x X 3x 3x 3x

numerator(s) when converting
fractions to equivalent with a
common denominator.

Students incorrectly adjust the 5 _3_5_5x3 5 _3_5_3x3 4G
value(s) of the numerator(s) 3x X 35x 35X 25 3x X 35" 3xx
- - =5 _15 -5 _9
when converting fractions to =35 3y =5 3y
equivalent with a common 10 4
denominator. = T3y = o
Students combine the 5 _3_2 5 _3_5_9__4 4G
3x X 2x 3x X 3x 3x 3x

denominators of fractions by
adding or subtracting them.
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4A Expanding binomial products

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:

o apply the distributive law to expand binomial products

o simplify expressions with binomial products.

Binomial expressions contain two terms, at least one of which must be a
variable with a positive integer exponent and the other may be a constant value.
A binomial expression represents a sum or difference of two values, and so it

is possible to apply the distributive law to simplify the products of binomial

expressions.
Image: VectorMine/Shutterstock.com
KEY TERMS AND DEFINITIONS Binomial products are often used
 Abinomial expression is a polynomial expression which contains two terms. by economists when predicting the

best selling price for an item. Using
a combination of research and

probability skills, they are able to

¢ The distributive law for multiplication states that multiplying a number by theorise about the optimal price for
a group of numbers is the same as multiplying the number by the sum of the a product, so that as many items can
other numbers.

* A polynomial expression must contain variables with positive integer
exponents and may contain a constant.

be sold as possible. They take into
consideration data on past similar
product sales, production costs, and
the number of items available for sale.

Key idea
1. The distributive law can be applied to expanding products of binomial expressions.
a + b
General formula:
c bc —

+ (a+b)(c+d)=ac+bc+ad+bd
d| ad bd = |
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4A THEORY

Worked example 1

Expanding binomial products

Expand and simplify the following.

a. w+3D+2)
Working
+3DEx+2D)=xXxx+3xx+2xx+2x3
=x2+3x+2x+6

=x2+5x+6

Visual support

b. ¢-2-5
Working
-2t -5 =txt—5xt—2xt—2x (=5
=t —-5t—-2t+ 10

=t2—-7t+ 10

. -5 +4
Working
-5 +4)=yxy+4xy—-5xy—-5x4
=y2+ 4y — 5y —20

=y2—y-20

d Qx+7Dkx-2)
Working
Qx+7Dc—2)=2xxx—2X2x+7xx+7%x(=2)
=2x2—4x+7x— 14

=2x%+3x— 14

Student practice

Expand and simplify the following.

a (+4Hy+3) b. (®»-3)-2)

Thinking
Step 1:

Step 2:

1
(x+3)(x+2)=x?+ 3+

| I :x2+

Thinking
Step 1:

Step 2: Simplify the expression by collecting like terms.
Thinking

Step1: Expand the brackets using the distributive law.
Step 2: Simplify the expression by collecting like terms.
Thinking

Step1: Expand the brackets using the distributive law.
Step 2:  Simplify the expression by collecting like terms.
. G-Dk+2 d QGt+5¢-D

Expand the brackets by using the distributive law.

Simplify the expression by collecting like terms.

+6
+6

Expand the brackets using the distributive law.
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4A Questions

Understanding worksheet

1. Fill in the blanks.

KExampIe
x
3
J
a. b x 7 c 2x 5 d
x x
; . 1 s |
7 5
: 35 =

2. Fillin the blanks.

Example

(%)
4
Q
-
(7
o}
2
o
<
<

(n+ 2+ 4 =n?+6n+i8i

a. G+DE+D=x2+1 Ix+4 b. -+ 1) =y"-3y-i ]

C. (a+2)(a—5)=az—[_.ja—10 d. (x—8)(x—3)=x2[:] 11x + 24

3. Fill in the blanks by using the words provided.

| two | | distributive | | sums | | polynomial |

. . . . r
A binomial expressionisa 1
5

terms, including variables and constants. The [

. . . r
of binomial expressions because they can be expressed as |

of two values.

Question working paths

Mild J Medium JJI spicy SIS
4 (ab,c,d), 5 (a,b,c,d), 6 (ab,c,d), 4 (cdef), 5(cdef), 6(cdef), 4 (e f,gh), 5 (efigh), 6 (efgh),
7 (ab,c,d), 8 7 (c,def), 8 7 (efgh), 8
4. Expand and simplify the following.
a (+1D+2) b. r+2Ur+4 c (+5&+3) d. d+6)d+4d
e. (n+10)n + 6) f. @+ 1D@+ 3) g. (m+ 7)(m+6) h. &+ 12)(x + 8)
5. Expand and simplify the following. m
a. -Dw-3 b. c—2Cc—-4 ¢ (x-5k&-2) d -3y -4
e. (m—9lm-3) . w—"7w-6) g (p—-8)(p-5) he x—1D&x -9
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6. Expand and simplify the following.
a @+dHkx-2) b. (p+5(@p-23) c. (e+PNe-D d. x—-6x+3)
e. Z-HDz+5 f. y—-6)(y+5) g O+ 7Dx—-9 h. r—13)0¢+ 8

7. Expand and simplify the following. m
a. Qx+3dx+2) b. By+2)(y+1) ¢ Qrx+dHDx-1D d. Qt-5C—-1)
e. 2z—Dz+3) f. (x+4Q2x-15) g. Qr+7DQ2r-1 h. Bp—2)(2p —5)

8. Which of the options shows the given expression in expanded and simplified form?
x+DHx -7
A. x%—3x—28

x? + 3x — 28

x% — 3x + 28

x% + 11x — 28

x? — 11x — 28

Spot the mistake

9. Select whether Student A or Student B is incorrect.

moow

(%)
z
o
-
(7
[}
2
o
<
<

a. Expand and simplify the given expression.
x+3Dx-D

Student A Student B
x+3D&x-1D=x2+x-3x—-3 x+3Dx-1D=x2-x+3x—-3
=x2—-2x -3 =x242x-3

b. Expand and simplify the given expression.

=-20-7)
(o,
<
Student A Student B
-2 -7 =y*-T7y—2y+14 -2 -7 =y*-T7y—2y—14
=y2 -9y + 14 =y2 -9y — 14

Problem solving

Question working paths

Mild 10, 11,12 J Medium 1,12,13 JJS Spicy 12,13,14 SIS

10. Sam wants to extend her square living room. She will be able to add two and three metres to the length
and width respectively. Using x m to represent the current length and width, formulate a binomial
product expression for the area of the new extended living room.
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11. Duyen is changing the layout of her farm in a computer game. She wants to alter the square cabbage
patch so that one side is three blocks longer and the other is one block shorter. Using p to represent
the number of blocks along one side of the current cabbage patch, write an expanded expression for
the area of the cabbage patch after Duyen changes it.

12. Two high school football teams have an equal number of players (n) each, including substitutes.
On the day of a match three people from one team and two from the other were absent. Write an
expanded expression for the number of handshakes that occurred at the end of the game if each
present member of one team shook hands with each present member of the other team exactly once.

13. The city council is extending the boundaries of a rectangular suburb which is currently x km long
and y km wide. An additional 3 km will be added to the length and 4 km will be added to the width
of the area. Express the new area of the suburb in expanded form.

14. Salma wants to frame her 25 cm by 20 cm diploma certificate and display it on the wall. The wooden
border of the frame she chose is y cm wide. Write an expanded expression showing the total area
of the entire picture including the frame.

Reasoning

Question working paths

Mild 15 (a,b,d) J Medium 15 (a,b,d), 16 (a,b) FJF spicy All SIS

(%)
Zz
o
-
(7
[
2
o
<
<

15. Graham is an architect who is using a formula to calculate the area of a room on a blueprint for
a new house.

A=+ ax + b)

where x is the length of one side of the largest square that fits inside the floor plan of the room in
mm, and a and b represent the number of mm by which the dimensions of the room exceed this area.

a. Expand the formula for A.

Write an expanded and simplified expression for the area of the room (A) ifa = 15 mm
and b = 20 mm.

c. Graham realises that the total area of the room will not fit inside the allowable space. He reduces
the side lengths of its floor plan from part b by 16 mm each. Write an expanded and simplified
expression for the area of this room’s plan.

d. Ifyou were given the opportunity to design your dream home, describe a feature that
you would include.

16. Expand and simplify the given expressions.
(x + 5+ 2)
2+ 006 +x

c. Analyse the simplified expressions from parts a and b. Does the order in which the terms are
added inside binomial expressions affect their product?

17. What is the coefficient of x in the expanded and simplified form of the given expression? (1 MARK)
=D+ 3
A. —21 B. —10 C. -4 D. 4 E. 10
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18. Consider the given expression. (3 MARKS)
B Gx- D+ 3
a. Expand and simplify. 2 MARKS
b. Evaluate forx = 1. T MARK
19. Show that the area of the inner rectangle in the diagram is given by A = 3x2 — 32x + 64. (3 MARKS)
4m :
= -=4xm
4m|
3xm
20. A square pool with an area of y2 m? is being remodelled. The length of the pool will be increased (3 MARKS)

by 5 m whereas the width will be reduced by 2 m. Write an expanded and simplified expression for
the new area of the pool.

21. Tom and Jerry both take taxis during their holidays. They travelled with the same taxi company with
the same starting rate and rate per kilometre.

4A QUESTIONS

Tom travelled 3 km in a taxi and was charged $17. Jerry travelled 12 km in a taxi and was charged $35.
Gianmarco also wants to travel with the same taxi. How much would Gianmarco pay if he travels 6 km?
A. $11 B. $17.5 C. $23 D. $34 E. $45

22. Joanna spent $34.50 during her winter holiday.

During her summer holiday, Joanna spent three times as much as she did in her winter holiday,
plus $10 more.

How much did Joanna spend during her summer holiday?
A. $11.50 B. $21.50 C. $102 D. $103.50 E. $113.50

23. Which of the following is the correct solution for a?

a
4 2?+1 =7.2

AL a=1 B. a=2 C. a=3 D. a=4 E. a=5
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4B Perfect squares and the

difference of two squares

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
¢ identify and expand a perfect square

» identify and expand expressions that form a difference of two squares.

The concept of perfect squares can be extended to binomial products because
binomial expressions represent sums and differences of values. Binomial
products possess the distributive property and further patterns can be
established for those that are perfect squares. A difference of two squares is

a binomial expression that contains two square values subtracted from one
another and is the result of a binomial product of the form (a + b)(a — b).

Image: Marina9/Shutterstock.com

Square numbers are the basis for the

KEY TERMS AND DEFINITIONS game of chess. The chessboard itself
A perfect square, also known as a square number, in a given number system isa perfgct square Wi'fh exa.1ct|y eight
is the product of a number multiplied by itself. alternating dark and light tiles along

each side. Each of the pieces has
different allowable movements based
around the geometric properties of
the board. Due to these mathematical
consistencies, chess is a game that
can be played by anyone in the world,
provided they are following the rules.

Key ideas

1.  Abinomial expression multiplied by itself forms a perfect square that can be expanded using the
distributive law.

(a+b)?=(a+b)a+Db) (a-b)?=(a-b)a-b)
= a2+ ab + ab + b? =a? - ab - ab + b2
= a? + 2ab + b? = a? - 2ab + b?

2. Expanding a binomial product of the form (a + b)(a — b) results in a difference of two squares.
(a+b)a-b)=a?-ab+ab-b?
=a2- B2

a+b

This portion can be rearranged
to show that the area a® - b2is
equivalent to the area given by
(a +b)(a-Db).
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Worked example 1

Expanding perfect squares

Expand and simplify the following.

a.  (x+4)?
Working
(x + 4)?

(x+4)(x+4)
x% 4 4x + 4x + 16

=x24+2 X 4x + 16
=x248x+ 16

Visual support

b. (y-2)?
Working
G-22=0-20-2)
=y2 -2y —2y+4
=y?—-2x2y+4
=y2 -4y +4

c. (2x+3)?
Working
(2x + 3)2 = (2x + 3)(2x + 3)
=4x%+ 6x+ 6x+9

=4x24+2x6x+9
=4x2 +12x + 9

Student practice

Expand and simplify the following.
a. (y+2)? b.

(v - 2

(x+4)2=(x+4)(x+4)

Thinking

Step1: Expand the binomial product.

Step 2:  Simplify the expression by collecting like terms.

=x2+4x + 4x +16
=x2+2x4x+16
=x2+8x+16

Thinking

Step1: Expand the binomial product.

Step 2:  Simplify the expression by collecting like terms.
Thinking

Step1: Expand the binomial product.

Step 2:  Simplify the expression by collecting like terms.

c. (2r+5)?
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Worked example 2

Expanding to form a difference of two squares %
Expand and simplify the following. E
o
a. (43N -3) .
Working Thinking
(x+3)(x—3)=x?>—-3x+3x—-9 Step1: Expand the binomial product.
=x%2-9 Step 2:  Simplify the expression by collecting like terms.

Visual support

T (x+3)(x-3)=x2-3x+3x—32
=x2-132
x = xz -9
b. (2y-5Q@y+5)
Working Thinking
(2y —5)(2y + 5) = 4y% + 10y — 10y — 25 Step1: Expand the binomial product.
= 4y2 — 25 Step 2: Simplify the expression by collecting like terms.

Student practice

Expand and simplify the following.
a +4906-4) b. Qt-3Qt+3)
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4B Questions

Understanding worksheet

1. Match the expressions to their expanded simplified forms.

Factorised form Expanded form
(x+1)?2 e ® x?+ 12x + 36
(x+6)? @ ® x?2+2x+1
(x—3)? e ® x2-—14x + 49
x=7)?2 e ® x2—6x+9

2. Fillin the blanks.

17 Example

Z —_—

2 G+DE-D=x2—1 4

= 4

=) e f——n

54 a. D+ -D=y>-1__1 b (x+ D& -5 =x2—-1 |

o

) ¢« P-Hp+4=p*-1_ ] d. Gx—7NDBx+7=9x2—1 |

3. Fill in the blanks by using the words provided.

| binomial | | squares | | difference | | expanded |

products of the form (a + b)(a — b) are expanded and simplified.

Question working paths

Mild J Medium JI spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (ab,c,d), 4 (cdef), 5(cdef), 6(def, 4 (efgh), 5 (efgh), 6 (efgh),
7 (abc,d), 8 (ab,c,d), 9 7 (cdef), 8 (cdef, 9 7 (efgh), 8 (efgh), 9
4. Expand and simplify the following.
a. (v +3)2 b. (x+5)2 c. (a+10)2 d. (t-3)2
e. (x—16)2 f. (b—7)? g. (11 + m)? h. (8 —n)?

5. Expand and simplify the following.

a. (2c+1)? b. (3x + 4)2 c. (4t + 3)? d. 2y — 7)?
e. (4r-3)? f. (5d — 8)? g (10 + 3x)? h. (9 - 7p)?
6. Expand and simplify the following. W
a. (y+5(@-5) b. (x+6)(x—6) ¢ (c+8C-8 d. (d-3)d+ 3
e. (n—1D0 + 1D f. (m+14Hm - 14 g O-0+x h. (12 —y)(12 + y)

188 CHAPTER 4: ALGEBRAIC TECHNIQUES



Back to contents

7. Expand and simplify the following.
a. 2y-1DC2y+1 b. Qx+3HC2x—-3) ¢ @Gt+2)@Et—-2) d. (4a — 3)¢4a+ 3
e. (5p+6)(5p —6) f. (7b—-8)(7b + 8) g. (546005 - 6x) h. (15 = 8d)(15 + 8d)

8. Expand and simplify the following.
aa (p+ol-1t b. (x+y)?2 ¢ Qc—dD2c+d d. (2a+ b)?
e. (3r—g)? f. (2m + 3n)? g. (5x — 9y)(5x + 9y) h. (4k — 5m)?

9. Which of the options shows the given expression in expanded form?

(x—=7)?

A. x2-—49

B. x2+ 49

C. x%— 14x + 49
D. x2+ 14x — 49
E. x2+ 14x + 49

Spot the mistake

10. Select whether Student A or Student B is incorrect.

(%)
Zz
o
-
(7
e}
=]
o
[}
<

a. Expand and simplify.
(x = 10)(x + 10)

Student A Student B
(x — 10)(x + 10) = x% 4+ 10x — 10x — 100 (x = 10)(x + 10) = x% + 10x — 10x + 100
=x2 - 100 =x% + 100
b. Expand and simplify.
(y - 8)?
T
<
Student A Student B
y-8?2=0-8(-8) v-8)2=@-8)(-8)
=y2 -8y —8y+ 64 =y2 -8y —8y+ 64
=y2+ 64 =y? — 16y + 64

Problem solving

Question working paths

Mild 1,12,13 J Medium 12,13, 14 JJS Spicy 13,14,15 SIS

11. Asquare room has been extended, so that exactly 2 m is added to the length and width. Write a
binomial product expression for the new area of the room, using x to represent the length and width
of the room prior to extension.

12. Alarge square park is surrounded by a 1 m wide footpath on all sides. Write an expanded simplified
expression for the total area of the park and footpath, using p to represent the length and width of
the park.
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13. Charlie is building a house in a simulation computer game. He uses the square room template to
place a room inside the house. Charlie decides to add five units to the length and reduce the width
by five units. Write an expanded simplified expression for the area of Charlie’s room after alterations.

14. Dawn is putting a completed cross-stitch in a square frame that has a border that is 3 cm wide.
Write an expanded simplified expression for the visible part of the picture, using f to represent
the length and width of the entire frame.

15. Anairport in the shape of a square is extending their runway to accommodate larger planes. They are
planning on adding to the overall length of the airport in the direction of the runway, but reducing the
width by an equal amount due to council regulations. Write an expanded simplified expression for the
new area of the airport if they were to add 650 m to the length of the airport while reducing the width
by the same amount.

Reasoning

Question working paths

Mild 16 (a,b,c,e) J Medium 16 (ab,c,e), 17 (a,b) FI spicy All SIS

(%)
% 16. Mazzy and Chris are making a box for their mother’s birthday gift. They are using Tx 1 T
E a piece of cardboard 30 cm by 30 cm for the bottom part of the box. To fold it up they EH T
=l cut squares out of each corner. | |
Z a. Write an expression for one side length of the base. E Base E 30cm
N b. Write an expression for the total area of the base. : :

c. Expand and simplify the expression from part b. X i-x- ——————— -x.i X

d. Calculate the area of the base when x = 4 cm. — —

e. Identify an advantage or disadvantage of giving people homemade gifts.

17. Expand and simplify the expressions given in parts a and b.
(x +5)2
(2x + 5)2

c. Compare the answers from parts a and b and comment on whether changing the coefficient
of x affects the constant value of an expanded binomial product.

18. Which of the binomial products will result in a difference of two squares? (1 MARK)
A (x - 2)?
B. (x + 3)2
C x—-2D&x+3
D. x—-3)(x+3
E. 2x—-3)&x+3)
19. Consider the given expression. (3 MARKS)
(v - 4)?
a. Expand and simplify the expression. 2 MARKS
b. Evaluate fory = 5. 1 MARK

190 CHAPTER 4: ALGEBRAIC TECHNIQUES



Back to contents

20. Show that the shaded area in the picture is givenby A = x? — 12x + 36. (3 MARKS)
1 1
1 1
3
X
1 1
1 1
I " |
21. Asquare area with sides 9 m long has been altered so that the length is x m shorter and the width is (3 MARKS)

x m longer. Write an expanded simplified expression for the reduced area.

Remember this?

22. Consider the given shape.

(%)
Zz
o
-
(7
wl
2
o
[}
<

This 3D shape is comprised of

A. acylinder and cone.

a hemisphere and cylinder.
arectangular prism and cone.

arectangular prism and cylinder.

moow®

a cube and square-based pyramid.

23. How many metres are in 6.2 km?
A. 620 B. 602 C. 6020 D. 6200 E. 6220

24. The diagram shows a water bottle as a prism.

B

14 cm

1 \
The bottom side is a hexagon with an area of 15 cm?.
The capacity of one cubic centimetre is one millilitre.
What is the capacity of the water bottle in millilitres?
A. 15mL B. 60mL C. 196 mL D. 200 mL E. 210 mL
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4c Factorising algebraic expressions

LEARNING INTENTIONS WHEREDO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
¢ determine the highest common factor of a group of terms

o factorise expressions involving a common factor.

Factorising is the reverse process of expanding expressions with brackets.

To factorise an expression, the highest common factor (HCF) should be divided
out of the terms and the remaining factors written in a pair of brackets. The HCF
can be a number only or an entire algebraic term or expression.

Image: NicoEINino/Shutterstock.com

KEY TERMS AND DEFINITIONS
¢ The highest common factor (HCF) is the largest number, term or expression
that is a common factor of two or more terms or expressions.

Data online is encrypted, which means
that it is stored as a series of numbers
called a cipher. Encryption keys are
used to encrypt and decrypt data.

A good online security system ensures
that if a hacking attack occurs, the
numbers making up the encryption
keys are very difficult to determine.
As most attacks rely on a computer's
ability to calculate an encryption key
by factorising the number, choosing
numbers with large prime factors
makes the process significantly more
difficult for the attacker.

Key ideas

1.  Factorising expressions involves dividing out the highest common factor from its terms.

The HCF has been di\iided out of each term
ab+ac=ab+c)
1

T— Each term has been divided by the HCF

2. Factorising is the reverse process of expanding.

Factorising

R
ab+ac=ab+c)
L U
Expanding
axb+axc

3. When factorising expressions, the leading term inside the brackets needs to be positive.

Negative HCF

ﬂw+ac=—aXb+—ax—c=iKb—d

Positive leading term

Multiplying two negatives produce a positive
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Worked example 1

Finding the highest common factor

Determine the highest common factor of the following.

a. 4x and 2xy
Working
4x=2X2Xx
2xXy =2Xx XYy

The HCF of 4x and 2xy is 2 X x = 2x.

b.  15x2%yand 10xy

Working
15x2y =3 X 5XxXx Xy

10xy =5X2Xx Xy
The HCF of 15x2y and 10xy is 5 X x X y = 5xy.

Student practice

Determine the highest common factor of the following.

a. 6aand3ab b.  12a?b and 8ab

Thinking
Step 1:

Step 2:

Visual support

4x =
2xy =

~ HCF is 2x

Thinking
Step 1:

Step 2:

Determine the factors of each term.

Determine the HCF by identifying the largest
value or term that is in both lists of factors.

2x2x%xx
ZXny

Determine the factors of each term.

Determine the HCF by identifying the largest
value or term that is in both lists of factors.

Z

Worked example 2

Factorising expressions

Factorise the following.

a. 3x + 12
Working
3x + 12 = 3( )

=3+ 4)

Visual support
Factorising
4 N
3x+12=3xx+3%x4=3(x+4)
1

The HCF is 3 4 )
Expanding

Thinking
Step 1:

Step 2: Divide each term by the HCF and write the
remaining factors in the brackets.
The factors of the

<— terms after they have
been divided by the HCF

Identify the HCF of the terms that make up the
expression and write it on the outside of a pair
of brackets.

Continues >
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=
(@)
w
I
s
O
<

b. —6x%— 15x
Working
—6x% — 15x = —3x( )

= —-3x(2x + 5)

Student practice

Factorise the following.

a. 2x+ 10 b. —8x2-12x

=

Step 1:  Identify the HCF of the terms that make up the
expression and write it on the outside of a pair
of brackets, including the negative sign.

Thinking

Step 2: Divide each term by the HCF and write the
remaining factors in the brackets.

Z

Worked example 3

Factorising expressions using binomial factors

Factorise the following.

a. 2(a+ b) +ala + b)
Working
2(a + b) + ala + b)

2@+ b) +aa+b)=(@+ b2 + a)

b. 2(5x —3) — x(5x — 3)
Working
2(5x — 3) — x(5x — 3)

26x —3) —xGx—3)=0GBx—-3)2 —x)

Student practice

Factorise the following.

a. 4x+y)+x(x+y)

Thinking

Step1:  Identify the common binomial factor of the parts
making up the expression.

Step 2: Divide the binomial HCF out of every part
to factorise.

Visual support

Factors left over after the HCF has been divided out

v v v
2(a+b)+ala+b)=(a+b)2+a)
f f f
HCF
Thinking

Step1:  Identify the common binomial factor of the parts
making up the expression.

Step 2: Divide the binomial factor out of every part
to factorise.

b. 6Ba-1—-aBa-1D
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4C Questions

Understanding worksheet

1. Fill in the blanks.

Example

6x+21=1 3 1Qx+7)

a. 4x+24=[:::](x+6) b. 2x+8x2=[:::](1+4x)

€ 6c2—10cd=1 (3¢ — 5d) d. —12a2+15a=1_ _ 1(4a —5)

2. Match the factorised expressions to their expanded forms.

Factorised form Expanded form
72x+3) @ ® —2x — 8x2

w

4x(3x —5) @ ® 14x + 21 g

E

—2x(1 + 4x) @ ® —15x2 4+ 24x g

(o)

—3x(5x —8) @ ® 12x% — 20x Q

3. Fill in the blanks by using the words provided.

| common | | leading | | reverse | | HCF |

Question working paths

Mild J  Medium JJS Spicy SIS
4 (a,b,c,d), 5(a,b,c,d), 6 (a,b,c,d), 4 (c,def), 5(cdef), 6(cde, 4 (efgh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 7 (c,d,ef), 8 7 (efgh), 8
4. Determine the highest common factor of the following. m
a. 2aand8 b. 5t%?and 15t c. 18a%and 12a d. 6xand 12xy
e. 3xy2and12y f. 6x2%yand 4xy g. 10a2b?and 25ab h. 8prq?and36p2q

5. Factorise the following. X" WE2a |

a. 6x+ 12 b. 3y + 24y? c¢. 7a-21a? d. 4ab —5b
e. 10x% + 4xy f. 12yz + 4y? g. 5tr— 35r? h. 14abc — 28b?
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6. Factorise the following.
a. —5a—15 b. —4x + 16 c. —3x%—6x d. —12¢t + 3t?
e. —7xy%—xy f. —13ab + 39a? g, —12t% + 24tr h. —21xy — 3xy?

7. Factorise the following. =]

a. 5¢+n+tt+n

c. 9@a + 3) —a(8a + 3)
e. 2x(7 —4x) + 5(7 — 4%)
g. 7t(5 —3t) — 6(5 - 30

3(x —4) + x(x — 4)
x(6x + 1) —2(6x + 1
4x(x +y) —y(x +y)
2y +5) — x(2y + 5)

F Ay

8. Which of the options shows the given expression in factorised form?
—9x + 27x2
A. —9x(1 — 27x%) B. —-9x(1 - 3x) C. —-9(x — 3% D. 9x(1 + 3x) E. 9x(1 - 3x)

Spot the mistake

% 9. Select whether Student A or Student B is incorrect.
E a. Determine the highest common factor of the following.
8 8x2% and 24x
S
Student A Student B
8x2=2X2X2XxXXx 8x2=2x2x2X x?
2dx =2 X 2X2X3Xx 24 =2 X 2X2X3Xx
The HCF of 8x2 and 24xis2 X 2 X 2 X x = 8x The HCF of 8x2 and 24xis2 X 2 X 2 = 8.

b. Factorise the following.

—4x — 12x2
<
Student A Student B
—4x — 12x% = —4x(1 — 3x) —4x — 12x?% = —4x(1 + 3x)

Problem solving

Question working paths

Mild 10, 11,12 J  Medium 1,12,13 JJS Spicy 12,13,14 SIS

10. A number of adults and children attended a school production, with tickets costing $5 per person.
Using a to represent the number of adults and c to represent the number of children, write a
factorised expression showing the total cost for the whole group.

11. Junji is planning a concert for his band and is charging $7 pre-sale and $10 on the door for the tickets.
Junji’s band played two shows and sold out of every ticket on both nights. Write a factorised expression
showing the total profits made by Junji’s band over the two nights.

12. Tony is a fruit picker at an orchard where apples and pears grow. Every day, he picks exactly
the same amount of each type of fruit and is paid $3 for a kg of apples and $5 for a kg of pears.
Write a factorised expression showing Tony’s total pay over a four-day work week.
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13. A number of students from five classes and three teachers participated in an origami crane making
competition. There is an equal number of students in each class and each person who participated
made an average of 10 cranes. Write a factorised expression showing the total number of origami
cranes made by the students and teachers.

14. Atan all ages music festival there were 50 children under 12 and twice as many teenagers as there
were adults. Write a factorised equation showing total ticket sales of $41 800 if each person paid
$95 to be there.

Reasoning

Question working paths

Mild 15 (a,b,c,e) J Medium 15 (a,b.c,e), 16 (a,b) JJI spicy All SIS

15. A store is offering discounts on all items, including those that have already been discounted. The price
of any item can be modelled by the given equation.

p = 0.6x — 0.3y
where p is the new price, x is the original price, and y is the existing discount, in dollars.
Factorise the formula given for p.
Write a factorised expression for the new price of a couch that has already been discounted by $50.

c.  Write a factorised expression for the new price of a computer that has already been discounted
by $129.

d. Amber buys a TV for the new price of $699. Write a factorised equation showing the new price
of the TV in terms of the original price and existing discount of $99.95.

e. Identify an advantage or disadvantage of waiting for sales in order to purchase an item.

16. Factorise the expressions given in parts a and b.
a. —2x+8
—2x — 8

c. Compare your answers for parts a and b and comment on the effect of a negative HCF on the
remaining factors of positive and negative terms.

17. The HCF of the terms in the expression 12x% — 3xy is (1 MARK)
A. 3 B. 4 C. «x D. 3x E. 3x?
18. Consider the given expression. (2 MARKS)
5(x +3) — x(x + 3)
a. Identify the common binomial factor in the expression. 1 MARK
b. Factorise the expression. 1 MARK
19. Determine the length of [ in terms of x using the information given in the diagram. (3 MARKS)
L l ]
TH G O
]
]
]
I
2x A,=10x : A,= 6x2
I
I
1
|
10 il [
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20.

Each student in year 9 is asked to take one chair from the hall to the gym, while the teachers are (2 MARKS)
asked to take two chairs each. A total of 432 chairs were moved by the students and teachers over

three trips. Write a factorised equation showing the total number of chairs that were moved by the

students and teachers.

Remember this?

21.

4C QUESTIONS

22,

Point O is translated up 5 units and left 2 units.

y

Iy

A
v
=

v

What are the coordinates of the new position of point 0?

A. (1,6) B. 31 C. (6,5 D. (6,1) E. (83)
The given table presents data on how long five students spent on homework one evening after school.

Student Jimmy Tessa Seamus Zoe Thomas

Time (minutes) 68 71 15 80 84

If Seamus’ time is removed from the data, what will happen to the mean time spent on homework that evening?

A. Itwill increase.
It will decrease.
It is impossible to tell.

It will remain the same.

mpow

It will increase and then decrease.

23. Joey and Sophie both order small pizzas for dinner. Joey eats % of his pizza. Sophie eats less of her

pizza than Joey eats of his pizza. What is a fraction of her pizza that Sophie could have eaten?

198
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A 2 B. 3 C 10 D. 3 E 3
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Factorising the difference

of two squares

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Students will be able to: Pythagorean Theorem
¢ identify a difference of two squares
o factorise a difference of two squares C2
o factorise expressions involving a difference of two squares. az

b2
A difference of two squares of the form a? — b? can be factorised to a binomial
product of the form (a + b)(a — b), where the pronumerals a and b can represent 2
values, terms or whole expressions. This means that any binomial expression that ¢

is a difference of two squares can be factorised using a general formula. Image: Dream01,/Shutterstock com

The Pythagorean Theorem for
calculating the side lengths of a
right-angled triangle can be derived

by applying an area model. In order

to calculate the length of one of the
shorter sides of a right-angled triangle,
a difference of two squares must

be evaluated.

KEY TERMS AND DEFINITIONS

¢ A general formula is a rule or mathematical relationship between values
that is expressed using symbols or pronumerals.

Key idea

1. The difference of two squares can be factorised using a general formula.

Values, terms
or expressions
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4D THEORY

Worked example 1

Factorising a difference of two squares

Factorise the following.

a. x*-9
Working
a? = x2
b2 =9
a=VxZ=x
b=+v9 =3
wx2=9=(x+3)(x-3)

b. 4t -25
Working
a? = 4t?
b? =25
a=VarZ = 2t
b=V25=5

~ 4t2— 25 = (2t + 5)(2t - 5)

€.  36x2% — 25y?

Working
a’ = 36x?
b2 = 25y?2

a=V36x% = 6x

b = /25y% = 5y

=~ 36x% — 25y% = (6x + 5y)(6x — 5Y)

Student practice

Factorise the following.

a. x*—-4 b. 9t -16

Thinking
Step 1:

Step 2:

Visual support

General formula: a2 - b2 = (a + b)(a - b)

x2 -

Thinking
Step 1:

Step 2:

Thinking
Step 1:

Step 2:

c.  16x2 — 49y2

Identify a? and b? in the given expression of the
form a? — b2.

Determine the values of a and b and substitute

them into the general formula (@ + b)(a — b)
to factorise the difference of two squares.

9=x2-32=(x+3)(x-3)

Identify a? and b? in the given expression of the
form a? — b2.

Determine the values of a and b and substitute
them into the general formula (a + b)(a — b)
to factorise the difference of two squares.

Identify a2 and b? in the given expression of the
form a% — b2.

Determine the values of a and b and substitute
them into the general formula (a + b)(a — b)
to factorise the difference of two squares.

200 CHAPTER 4: ALGEBRAIC TECHNIQUES



Back to contents

Worked example 2

Simplifying expressions involving a difference of two squares =
2
Factorise and simplify the following. ,J_:
S
a -
Working Thinking
2x2 —8=2(x2-4) Step1: Factorise the given binomial expression by

dividing the HCF out of each term.

a? = x? Step2: Identify a? and b? in the expression a? — b?

b2 = 4 inside the brackets.

a=Vx%=x Step 3: Determine the values of a and b and substitute
bh=vi=2 them into the general formula (a + b)(a — b) to

factorise the difference of two squares. Include the

L 92 g — —
- 2x 8 =2(x+2)(x-2) HCF in the final factorised expression.

Visual support
2x2-8=2(x%2-4)=2(x?-2%) =2(x+ 2)(x - 2)
General formula: a2 - b2 = (a + b)(d - b)

b. (x+3)?-16

Working Thinking

a? = (x + 3)? Step1: Identify a? and b? in the given expression of the
b2 = 16 form a? — b2.

a=y(x+3)2=x+3 Step 2: Determine the values of a and b, substitute them
bh=+i6 = 4 into the general formula (a + b)(a — b), and

collect like terms to factorise the difference
2(x+3)2—-16=(x+3)+4)((x +3)—4)

=x+7NDx-1D

of two squares.

Student practice

Factorise and simplify the following.

a. 2x*?-18 b. (x+2)2-9
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4D Questions

1. Identify a or b for each difference of two squares.

(Example
a? - b2 a b
16x2 — 9y2 4x [ 3y 1
a? - b? a b
ERpE x0T
w9 |71 3
o w4 | o3 1707
5
= (x—-2)2-16 |1 1 4
B s
w
2
o
g 2. Match each difference of two squares to its factorised form.
a? - b? (a + b)(a - b)
x> -16 @ ® x+7N2x—-17)
x2—64 @ ® (2x +9y)(2x — 9y)
4x2-49 © & (x+dHlx—4d
4x2 — 81y> @ ® (x+8x-28)

3. Fill in the blanks by using the words provided.

| terms | | subtracted | | formula | | binomial |

A . . .
I 1 or whole expressions. To factorise a difference of two squares, a general

I ] can be applied.

Question working paths

Mild J Medium JJS Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (ab,cd), 4 (cdef),5(cdef),6(del, 4 (e,f,g,h), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 7 (c,def), 8 (cdef), 9 7 (ef,gh), 8 (ef.gh), 9
4. Factorise the following. m
a. x2-1 b. x*-16 c. a’-36 d. y%2-81
e. p%-—144 f. 49 —r2 g. 100 — c? h. k% — 2500
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5. Factorise the following.
a. 4x? -1 b. 4t2-9 c. 9y?2-25 d. 16y -9
e. 25x2-81 f. 144n2% -1 g. 100 — 49m? h. 400 — 81x?

6. Factorise the following. m
a. 4a? — b? b. 4x? — 9y? c.  9x? — 16y? d. m? — 4n?
e. 49p2 — 9q? f. 81k% — 16m? 2. 64t% — 81r? h. 9b2% — 100a?

7. Factorise and simplify the following. W
a. 3p?-3 b. 2y% - 32 ¢ 3x2-12 d. 2t2-50
e. 5x2-—180 f. 147 — 3r? g. 7m? — 28n? h. 3x2y? — 27

8. Factorise and simplify the following.
a (x+1)2-4 b. (y+4)?-9 c. (r+5)2-16 d. (t-6)2-1
e. (p—2)2-25 f. (y+7)2-25 g 81— (x+2)? h. 100 — (x — 8)?

9. Which of the options shows the given expression in factorised form?
16m?2 — 9
A. (4m —3)(dm — 3)

(4m + 3)(4m — 3)

(4m + 3)4m + 3)

(8m + 3)(8m — 3)

(16m + 3)(16m — 3)

Spot the mistake

10. Select whether Student A or Student B is incorrect.

(%)
Z
o
[
n
[
2
o
[a)]
<

mopow

a. Factorise x2 — 81

Student A Student B

a?=x2anda = Vx? = x a?=x2anda =Vx? = x
b?=8landb=+V81 =9 b?=8landb =81 =9
2x2=81=(x+9)(x—-9) wx2=81=(x-9)(x-9)

b. Factorise and simplify 8x2 — 32y?2

s
Student A Student B
a’ =8x?anda = V8x? = 4x 8x2 — 32y% = 8(x? — 4y?)
b? = 32y%and b = y/32y* = 16y a?=x2anda = Vx? = x
~ 8x% — 32x% = (4x + 16y)(4x — 16y) b2 = 4y2and b = \/4y? = 2y

~ 8x% — 32x% = 8(x + 2y)(x — 2y)
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Problem solving

Question working paths

Mild 11,12, 13 J Medium 12,13, 14 JJS Sspicy 13,14,15 SIS

11. Cindy has added a garage to her square yard. The sides of the yard are y metres long while the
length and width of the garage are both 6 metres long. Express the new area of Cindy’s yard,
excluding the garage, as a difference of two squares.

12. Kevin has a square section in his backyard covered in grass. He redesigns it into a rectangle and now
the total area of grass in his yard is given by g2 — 16, where g is one side length of the old square
patch of grass in metres. Determine how many metres were taken off the length and added to the
width of the grass patch by factorising the given expression.

13. Two table tennis teams, A and B, have exactly t members each. One day, some players from the A
team joined the players on the B team for a practice round robin tournament, where each member
of one team plays against each member of the other team exactly once. If the total number of games
that were played during the tournament is t> — 9, then how many players from the A team played for
the B team?

14. An art gallery in the shape of a square has side lengths 2h metres long and contains an open
courtyard directly in the centre of the building, accessible only from the gallery. Write a factorised
expression for the total interior area of the gallery, excluding the open courtyard, if the area of the
courtyard is 49 m?2.

(%)
z
o
-
(7
[}
2
o
[a]
<

15. Nancy is redeveloping a square area into a playground. She initially adds two metres to both the length
and width, then decides to allocate 9 m? of this new larger area to a public bathroom. Express the
total area of the planned playground, excluding the bathroom, as a fully factorised and simplified
binomial product, using x to represent one side length of the original square area.

Reasoning

Question working paths

Mild 16 (a,b,c,e) J Medium 16 (a,b,c.e), 17 (a,b) JJI spicy All SIS

16. Donnie is programming a machine at his factory so that it can produce similar frames I xom |

of various sizes. The given picture shows the general dimensions of a wooden frame
produced by Donnie’s factory.

a. Express the total area of the frame as a difference of two squares.

b. Express the total area of the frame as a difference of two squares when y = 5 cm.
c. Factorise the expression from partb.

d. What is the length of x if the total area of the frame from part c is 96 cm??

e. Identify an advantage or disadvantage of having machines produce items that
can be made by people.

17. Consider the given expression.
x(x+3) -3+ 3)
a. ldentify the common binomial factor.
b. Factorise the expression using the common binomial factor.

c. Analyse the answer to part b and comment on its nature.
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Exam-style

18. In the given expression of the form a? — b2, what is the value of b? (1 MARK)
4x% — 49y?
A. 2x B. 2x2 C. 7y D. 7y? E. 49y
19. Consider the given expression. (2 MARKS)
3x2 — 108
a. Factorise the expression by dividing out the HCE. 1 MARK
b. Simplify by factorising the difference of two squares. 1 MARK
20. A wooden deck 6 m long on each side surrounds a square spa pool with an area of s% square metres. (2 MARKS)

Express the area of the deck as a binomial product of the form (a + b)(a — o).

6m
L ]l
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21. Factorise and simplify the given expression. (3 MARKS)
(x +4)?-81

Remember this?

22. Aparticular trail in the Dandenong Ranges is 11.9 kilometres.

If a hiker decides to walk this trail 9 times, how many kilometres would they have travelled?
A. 87 B. 99 C. 107 D. 107.1 E. 1071

23. The given table shows the number of students enrolled in all school in Victoria.

Number of students

Year 10 73797
Year 11 69 478
Year 12 62 339

What is the total number of students enrolled in Year 10 to 12, to the nearest hundred?

A. 205000 B. 205600 C. 205614 D. 205700 E. 206000
24. Given that% equals to 0.2 as a decimal, what does 2—15 equal to as a decimal?
A. 0.04 B. 0.05 C. 0.40 D. 045 E. 1
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4E Factorising by grouping

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Students will be able to: '
. . . . g =
e factorise expressions using the grouping method ’ .
\
e rearrange expressions to factorise by grouping. ‘

Factorising by grouping is used for expressions with four terms and a common
binomial factor. When needed, rearranging the expressions first allows for the
grouping of pairs of terms that do share a common factor. The entire expression
can then be factorised to a binomial product of the form (a + b)(c + d).

KEY TERMS AND DEFINITIONS Factorising by using binomial factors
e Grouping involves pairing a sum or difference of two terms in an expression leads to expressions that provide
so that they share a common factor. information about the path of a thrown

object. For example, a fully factorised
expression of the form (x + a)(x + b)
can show the start and end points

(a and b) of an object's trajectory,
such as the relative positions of a
basketball player and the basket into
which they are aiming.

Key idea

1.  Factorising an expression by grouping involves factorising each group of terms with a common factor.

ab+ac+bd+cd=(ab + ac) + (bd + cd)
=a(b+c)+d(b+0)
=(a+d)(b+c)
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Worked example 1

Factorising by grouping %
2
Factorise the following. =
<
a. x*+4x+2x+8
Working Thinking
x2 + 4x + 2x + 8 = (x2 + 4x) + 2x + 8) Step1:  Group pairs of terms in order.
=x(x+4 +2(x+ 4 Step 2: Factorise each group of terms by dividing out
the HCFE.
=+ 2+ 4 Step 3: Identify and divide out the common binomial

factor to factorise the expression.

Visual support

x + 2
x 2x
+ (Z+4)+(2x+8)=x(x+4) +2(x+4)
=(x+2)(x+4)
4 4x 8
| : [l : |
x(x+4)+2(x+4)
b. x?+5x—3x-15
Working Thinking
x2 + 5x — 3x — 15 = (x% + 5x) + (=3x — 15) Step1:  Group pairs of terms in order.
=x(x +5) + (=3 + 5)) Step 2: Factorise each group of terms by dividing out
= x(x+5) -3 +5) the HCF.
= -3Nx+5 Step 3: Identify and divide out the common binomial
factor to factorise the expression.
Student practice
Factorise the following.
a. x2+5x+2x+10 b.  x%+3x—4x—12
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4E THEORY

Worked example 2

Rearrange and factorise the following.

a. x2+6+3x+ 2x
Working

X2+ 6+3x+2x=x2+3x+2x+6

(x2 +3x) + 2x + 6)

=xx + 3)+ 2(x + 3)

=+ 2)x+ 3

b. 2x%2 -7 —x + 14x
Working
2x2 — 7 —x 4+ 14x = 2x2 + 14x —x — 7

=(2x2 4+ 140) + (—x = 7)
=2x(x+7) + (—1x + 7))
=2x(x+7) —1x +7)

=C@x—-D&xx+7

Student practice

Rearrange and factorise the following.

a. x%2+4+ 16 + 2x + 8x

Rearranging expressions to factorise by grouping

Thinking
Step 1:

Step 2:
Step 3:

Step 4:

Thinking

Step 1:

Step 2:
Step 3:

Step 4:

b. 2x

2_3—-x+6x

Rearrange the expression so that each
consecutive pair of terms are not like terms
and have a common factor.

Group pairs of terms in order.

Factorise each group of terms by dividing out
the HCE.

Identify and divide out the common binomial
factor to factorise the expression.

Rearrange the expression so that each
consecutive pair of terms are not like terms
and have a common factor.

Group pairs of terms in order.

Factorise each group of terms by dividing out
the HCFE.

Identify and divide out the common binomial
factor to factorise the expression.
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4E Questions

1.  Fill in the blanks.

Example

X24+3x+2x+6=x(x+3)+1 2 1(x+3)

a. xZ+4x+3x+12=1  1(x+4) +3(x+4 b. x2+5x+4x+20=x(x+5 +1 i(x+5)

€ x2+3x—5r—15=x(x+3) 150+ 3) d 2x?—4x—-3x+6=1_  1(x—2)—3(x-2)

2. Match the expressions to their factorised forms.

Expression Factorised form
x(x+3)+5x+3) @ & (x+7NDlx—4
x(x—2)+3x—2) @ ® (x+3)(x+5) 9
xx+7)—4&x+7) @ ® (2x+ 7N — 10) E
2x(x — 10) + 7(x — 10) ® ® (x+3)(x-2) §
<

3. Fill in the blanks by using the words provided.

| grouping | | binomial | | common | | rearranged |

Question working paths

Mild J Medium IS Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d) 4 (c,def), 5(cdef), 6(cde, 4 (efgh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 7 (c,def), 8 7 (e,f.gh), 8
4. Factorise the following. m
a. x>+5x+3x+15 b. a%+ 4a+ 3a + 12 c. y*+3y+6y+18 d. p?+4p+ 5p+ 20
e. t2+410t+ 3t+ 30 f. 2x2+12x+3x+18 g 2ri+14r+5r+35 h. 3x2+24x+x+8
5. Factorise the following.
a. x2+2x—-3x-6 b. x%+ 5x — 3x — 15 c. y2+6y—2y—12 d x2-3x+2x-6
e. r2+7r—2r—14 f. t2—5t—2t+ 10 g. 2x% — 6x + 5x — 15 h. 2y2 -7y -2y +7
6. Rearrange and factorise the following. M
a. x%+4 10 + 5x + 2x b. y2+ 14+ 7y + 2y c. p>+12+2p+6p d. 20+ k% + 4k + 5k
e. 10m+3m+m?+30 f. 2x2+ 15+ 6x + 5x g. 21+2n%+14n+3n h. 3+ 4x%+x+ 12x
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7. Rearrange and factorise the following.
a. x%—8+4x — 2x b. y2—10+ 5y — 2y c. b%2—20+4b—5b d. x%2+4 15— 5x — 3x
e. 42+ a?—6a-"7a f. 2t2— 15— 5t+ 6t g 3x*+4-—12x—x h. 24 +5b%—4b—30b

8. Which of the options shows the given expression in factorised form?
2x% 4+ 20 — 8x — 5x
A. 2x—-5x -4

QCx -5 +4)

2x — & — H?

2(x% + 10) — 13x

QCx -5 -Dx+4

Spot the mistake

9. Select whether Student A or Student B is incorrect.

mopow

a. Factorise x> — 6x — 7x + 42 by grouping.

(%2}

4

o

|_

wv

w

2

o

W Student A Student B

~ x2 —6x — 7x + 42 = (x% — 6x) + (—=7x + 42) x2 — 6x — 7x + 42 = (x2 — 6x) — (7x + 42)
=x(x —6)+ (—7(x — 6)) =x(x —6) —7(x + 6)
=x(x —6) — 7(x — 6) =@ -7k -6)(x+6)
= -7k -6

b. Rearrange and factorise 18 + 2x2 + 4x + 9x by grouping.

Nl
Student A Student B
18 + 2x% + 4x + 9x = 2x% + 18 + 9x + 4x 18 + 2x% + 4x + 9x = 2x% + 4x + 9x + 18
= (2x2 + 18) + (9x + 42 = (2x% 4+ 4x) + (9x + 18)
=2(x%+9) + 13x =2x(x +2) +9(x + 2)

=Q2x+ D+ 2)

Problem solving

Question working paths

Mild 10, 11,12 J Medium 11,12,13 JJS Spicy 12,13,14 SIS

10. The total area of a rectangular playground can be given by the expression x(x + 4) + 2(x + 4)
where x represents an unknown distance in metres. Factorise the expression by grouping in order
to determine the dimensions (length and width) of the playground area in terms of x, assuming that
length is greater than the width.

11. Oscar is a carpenter who has been cutting a square flat piece of wood with side lengths w cm long.
After all the adjustments were made, the area of the wood was given by w? — 4w — 3w + 12.
Factorise the expression to determine how many centimetres were cut from the sides of the piece
of wood.
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12. Suresh has added an extension to his small cottage with a square floor plan. After the alterations,
the total area of the house can be given by c? + 42 + 7c + 6¢ where c represents the original side
lengths of the cottage, in metres. Determine how many metres were added to the length and width
of the cottage’s floor plan by factorising the expression.

13. At the start of the year, Tony had exactly the same number (n) of pairs of shoes and socks. By the
end of the year, if he mixed and matched every single pair of shoes he owns with every single pair
of socks exactly once, there would be a total of n2 — 18 + 6n — 3n combinations. How many pairs
of shoes did Tony add to his collection over the course of the year?

14. A farmhouse with a square floor plan fmetres long on each side is located in the north-west
corner of a large rectangular property. The total area of the property and farmhouse is given by
f% 4+ 300f + 25f + 7500 m?. What is the length of the longest side of the property if the area of the
farmhouse is 121 m??

Reasoning

Question working paths

Mild 15 (a,b,c,e) J Medium 15 (a,b.c,e), 16 (a,b) JJI spicy All SIS "
Z
15. Hannah is developing her land so that she can accommodate some chickens and horses. g
She has drawn up a diagram and worked out some of the information about the paddock =
using recommended enclosure area sizes for each type of animal. o
. 10m o xm , <

(x+15)m | | Chickens Horses

Formulate an expression for the area designated for chickens.
Formulate an expression for the total area of the paddock and factorise it.

c. The chickens will have 1180 m? of roaming space in Hannah’s paddock. Calculate the total area
of the entire paddock.

d. Itis recommended that each horse in a paddock has at least 4046 m? of roaming space.
How many horses can Hannah have in her paddock?

e. Identify a reason for minimum enclosure requirements for domestic animals.

16. Consider the given expression.

x4+ 8 — 2x — 4x

a. The expression can be rearranged to x> — 4x — 2x + 8. Factorise the rearranged expression
by grouping.

b. The expression can also be rearranged to x2 — 2x — 4x + 8. Factorise the rearranged
expression by grouping.

c. Compare the results from parts a and b and comment on the required order of terms when
factorising by grouping.

17. Determine which of the options shows a common binomial factor of consecutive pairs of terms (1 MARK)
in the given expression.

3x2 — 12x — 7x + 28
A. —19x B. x—4 C. x+4 D. 3x+7 E. x2?— 4x
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18. Consider the given expression. (3 MARKS)
p2—4p—13p+52
a. Factorise by grouping. 2 MARKS
b. Evaluate for p = 15. 1 MARK
19. Show that the total area of the rectangle can be givenby A = 3x + 2)(2x + D). (3 MARKS)
L]
Ay=4x+2
.
20. Factorise 4x2 — 10 + 5x — 8x by grouping. (3 MARKS)
Remember this?
21. Tori stacks books. Each book has the same height. ((

?@ The height of 4 books is 12 cm.
The height of 9 books is 27 cm.

27 cm
What is the height of 48 books? )]
A. 38cm 12cm
. 54cm 1

128 cm
144 cm
330 cm

(%]
z
o
-
(%]
wl
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<

moow

22. The number of people watching the FIFA world cup has increased by 40% from 2018 to 2023.

Which of the following options represents this increase?

A. 2018-47300200
2023 - 67 800 000

B. 2018-48500000
2023 -67 800 000

C. 2018-48500000
2023 -67 900 000

D. 2018-48900000
2023 -82 600 000

E. 2018-50000000
2023 -100 000 000

23. Layla uses a travel card to pay for train trips around Australia.

At the beginning of the day, she had a balance of $20 on her travel card.

She makes a total of four trips that day.

Each trip costs $1.60.

Which sequence shows the balance on her card after she has used the card three consecutive times on that day?
A. $20.00; $19.60; $18.00

$20.00; $17.40; $15.80

$18.60; $17.00; $15.40

$18.40; $16.80; $15.20

$16.80; $15.20; $13.00

moow
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Simplifying algebraic fractions -

multiplication and division

LEARNING INTENTIONS WHERE DO WE SEE THIS @

MATHS IN THE REAL WORLD?
Students will be able to:

¢ simplify algebraic fractions using a common factor

¢ multiply algebraic fractions

~r ‘ r
e divide algebraic fractions. 7

Algebraic fractions have numerators and denominators that consist of algebraic Volume of sphere Volume of Hemizphere
terms, expressions, or a combination of both. Simplifying algebraic fractions 4%"2 % x % = %
combines proportional reasoning and algebra skills. The same rules can be

applied to the manipulation of algebraic fractions as those used for ordinary Formulas that describe the features

fractions, together with the application of algebra skills such as factorising. of physical three dimensional objects

are often complex and involve algebraic
fractions. Manipulating and simplifying
algebraic fractions is an integral part

of applying these kinds of formulas in
branches of mathematics, science,

and engineering.

KEY TERMS AND DEFINITIONS

» The reciprocal of a fraction can be obtained by swapping the values
or expressions in the numerator with those in the denominator.

Key ideas

1.  Algebraic fractions can be simplified using the highest common factor (HCF) of the numerator and denominator.
The HCF can be a pronumeral or number:

ab+ac=let(b+c)= b+c
ad+ae a(d+e) d+e

The HCF can be an expression:

ab+bc _ blat+c) _ b
ad+dc d(a+c) d

2. Algebraic fractions can be cross-simplified during multiplication.

alb+c) A
d b+t

=a

| | | ‘
ad(b+7)
dA(b+7)
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Worked example 1

Simplifying algebraic fractions

Simplify the following.
12x + 9
a. —3
Working
12x+9 _ 3Ux +3)
3 3
3 +304x + 3)
N 3+3
=2E3 43

8x — 16 _ 8(x — 2)
2x — 4 2(x — 2)

_ 8(kx—2)
26—

Student practice

Simplify the following.
a. 15x ;— 10 b.

15(x — 3)
Working
5 =3+ 2) _ 5—3)(x + 2)
15(x — 3) - 15(x—13)
_5(x+2)
- 15
_5+5(x+2)
-~ 15=+5
_x+2
-3
8x — 16
© x—4
Working

2+ Dx —6)

14(x + D

Thinking

Step1: Factorise the expression in the numerator.

Step 2: Identify and divide out the HCF of the numerator
and denominator.

Step 3: Simplify the fraction.

Thinking

Step 1: Identify and divide out the common binomial
factor of the numerator and denominator.

Step 2: Identify and divide out the HCF of the numerator
and denominator.

Step 3: Simplify the fraction.

Thinking

Step1: Factorise the expressions in the numerator and
the denominator.

Step 2: Identify and divide out the common binomial
factor of the numerator and denominator.

Step 3: Simplify the fraction.

9x — 18
& 3x—e6
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Worked example 2

Multiplying algebraic fractions x
2
Simplify the following. |:E
[T 9
<
M 2,20
5 4x
Working Thinking
2 2 —_—
% % =4 5' 4% o Ix 2_0 Ix Step 1:  Identify and divide out the HCF of the numerator
x . 20 of the first fraction and the denominator of the
=T X7 second fraction.
=3z f S X 20 1_ 5 Step 2: Identify and divide out the HCF of the denominator
_— of the first fraction and the numerator of the
=1*71 second fraction.
= ’16 z 411 = % = 4x Step 3: Multiply the fractions and simplify.
x—1 2(x +5) WE2b
b. 4(x+5 " x—-D&x+ 2) -
Working Thinking
42;1 15) x E(ch)-(l-xs_l)_ ) Step 1:  Identify and divide out the HCF of the numerator
2 5 of the first fraction and the denominator of the
__x—T x + ;
= ia1 5 X B+ D second fraction.
_ 1 2(x +5)
T 4(x + 5) x+2
== 2(19!’5’) X 2 +x2+(gw2|f5') Step 2: Identify and divide out the HCF of the denominator
' of the first fraction and the numerator of the
_1 1 .
=3 X Y+ 2 second fraction.
_ 1x1 _ 1 . . . -
= xx+D -2+ D Step 3: Multiply the fractions and simplify.
Student practice
Simplify the following.
2 2x% 45 b x4+3 ,  3(x—2)
- 9 2x Ix—2) " (x—=7Dx+3)
v
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Worked example 3

Dividing algebraic fractions

Simplify the following.
9x . 27x%

I T
Working

9x . 27x% _ 9x . 16

4 16 4 27x2

_ 9x + 9%« 16
4 27x% + 9x
1,16
=4 %3
1 16 ~ 4
=747 3x
1.4
1" 3x
_1x4 _ 4
1Xx3x 3x
b 2x . _6bx
5x+7)  x+7
Working
2x . _bx 2x x+7

S+ 7)  x+7 5+ 7~ 6x

_2x+2x>< x+7

T 5(x+7) " 6x + 2x
_ 1 ><x+7
5x+7) 3
— 1 XW
50e+7) 3

1.1
=5%3
_1x1_ 1
5x3 15

Student practice

Simplify the following.
5x . 35x?
@ %6 718

Thinking
Step 1:

Step 2:

Step 3:

Step 4:

Thinking
Step 1:

Step 2:

Step 3:

Step 4:

Convert the division to multiplication by
multiplying the first fraction (dividend) by
the reciprocal of the second fraction (divisor).

Identify and divide out any common factors
of the numerator of the first fraction and the
denominator of the second fraction.

Identify and divide out any common factors
of the denominator of the first fraction and
the numerator of the second fraction.

Multiply the fractions.

Convert the division to multiplication by
multiplying the first fraction (dividend) by
the reciprocal of the second fraction (divisor).

Identify and divide out any common factors
of the numerator of the first fraction and the
denominator of the second fraction.

Identify and divide out any common factors
of the denominator of the first fraction and
the numerator of the second fraction.

Multiply the fractions.

3x 12x

7x—-5  x-5
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4F Questions

Understanding worksheet

1

Draw a strike through the common binomial factors that can be cross-simplified.

Example
3(c-5) 2(c+9)
c+9 5
4x + 2) 14 Ix+1D  3tx—8
a 7 “x+2 X8 *T s
G+ -7 y+5 g -5k -9 3-HF+3)
2y +3) Y+ 2 ’ 2(p +3) p—>5
Convert each division to multiplication by filling in the blanks.
Example
2x . 4 __2x 0 x-2 1
5(:-2) x-2 5(x-2)"1 4 |
a 3x M5y _3x i
8 14 8 1 !
b 2(x-1).x—1_:r ______ 1:x 9x
3 T 9x 1 x-1
c. 2(y+3);y+3_2(_y+3)xi- """ :
Ty 3y Ty L !
d 7G+HG-D 4= _TG+DH&-D 1
3(x+1) = 2Ix 3(x+1) L i
Fill in the blanks by using the words provided.
| factorised | | common | | division | | numerator |
The [:::::::::] and denominator of an algebraic fraction can consist of pronumerals,
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Question working paths

Mild J Medium JJI spicy SIS
4 (a,b,c,d), 5(a,b,c,d), 6 (ab,c,d), 4 (c,def), 5 (cdef),6(cdefl), 4 (e,f,gh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10 7 (cd.ef), 8 (cdef), 9 (cdef), 10 7 (e,f,g,h), 8 (ef,gh), 9 (efgh), 10
4. Simplify the following.
2x + 10 3x + 6 9p — 15 8y — 12
a. T b. 5 —3 d. s
5t + 35 ¢ 18x —81 4x2% — 20x h 18x2 + 63x
10 : 27 & 2x . 3x
5. Simplify the following.
2 20+ D p, w0 =3) o Aa-DE+ D 4 6r+12
T3+ D T oyly—-3) ' 8(x — 1 Tor+2
o 3x+9 f 14-7t 12m — 18 b 5y% = 25y
" 2x+6 © 8 -4t & “em-9 © T2y —10
% 6. Simplify the following.
= 6x , 15 14r, 3 49 4t 7y? 16
o a5 X b 9~ X 78 © 12621 d 5 X371
o]
o . 32 10 36 39x . 63y*  12x b 12n® 35
u * 25 27p 13x2 4 T 6bx 7y : 25 18n2
7. Simplify the following.
a x+2 2+ 4 b (X+7)(x—3)xx—6
x4+ 4 x+ 2 : x—6 x—3
. 30+ D y+5 g 6+ (E+5HE—4b
Ty +5 T+ Dy -2) TG t+3
o 4(P—1)(P—3)X3(P+4) g 2x(e+ 1D x+ 4
. p+4 8(p — 1) ’ x+ 4 x(x + 1)
10(n —2)(n+5) _ nn+ 1) h 6+ 4 | 5x(2x — Dx +3)
& 3n(n + D 15(n + 5) © xQx =1 20 + D
8. Simplify the following.
2x . 8x 21 . 7 22 .t 3x% . 6x
a. T T b. 4y~ T6y e T d. 58 T 7
e 35 .5 10y . 50y g 18n° 320 8ly* 72y
" 12p T 3p2 39 T 13 " 45 15 6x3  12x2
9. Simplify the following.
a 2G04+ D x+1 b 3(x+5) . x+5
' 9 3 ' x—2 T x-=2
. 4t . 12t d 8 . _ 4
" 5x-1) x-—1 T3y +2) 9y +2)
o n—7 . . n—7 f p+7 200+ 7)
T+ dH0—-D  2n—-D T 5(p+1) " 15(p+ 1)
e 6x 18x o 2m+ Hm =1 . 6(m— 1)

G-—2x+3 3x-2)
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10. Which of the options shows the given expression once it has been simplified?

9x+ 1) . 3x+ Dx + 3)

6(x — 1 4(x — D
2
A. x+ 3
x+ 3
B. *5-=
2+ 1D
c. x+ 3
2(x + 3)
9(x + 1)%(x + 3)
E. — /v -
8(x — 1)?

Spot the mistake

1.

Select whether Student A or Student B is incorrect.

a. Simplify 121-9;—_20

.

Student A
4x — 20 _ ., . _ N
m— 4 =~ 2Dx (20 = 10)
=2x -2
=2(x -1

. . 5x2 . 15x
b. Simplify 3—-D = D& 15

Student A
5x2 . 15x
3x—1D " (x—Dkx+5)
3 -D 15x
5x? (x— D+ 5)
=310 15x
5x2 —T1)(x + 5)
3 15x
T 5x2 x x+5

_ 3 « 15x = 5x
5x2 + 5x x+5
_3,_ 3
“xXx+s

3x3 9

TxXx(x+5  x(x+5)

Student B

4x—20=4(x—5)
2x —10  2(x —5)

_ 4(x—75)
T 2(x—5)
_4_
=3 = 2
:é:
Student B
5x% 15x

30— 1D (x—-Dx+5)
5x2 x-Dkx+5)

“3a-D~ 15x
=5x2+5xx(x—1)(x+5)
3x — 1) 15x + 5x
_ x X(x—l)(x+5)

T 3x -1 3

- x Oo—Dx+5)
3(x—1) 3

_x_ x+5

=3%X73

_xXx+5 _x(x+5)

- 3X%x3 - 9
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Problem solving

Question working paths

Mild 12,13, 14 J Medium 13,14,15 FJS Spicy 14,1516 SIS

12. Joan the electrician works out the total cost of a job by using the equation € = 90x + 75 where x is
the number of hours spent on the job and $75 is the callout fee. She has agreed to charge her friend
Jilly a third of this amount. Formulate an algebraic fraction and simplify it to show the equation
representing the cost of Jilly’s job.

13. Dolph’s profits for the entire week can be modelled by the expression 280x — 490, where x
represents the number of orders he receives. Formulate a simplified expression for the average
profit made in one day of Dolph’s 7-day work week.

14. The total floor area of a chicken coop is given by the expression 6x2 + 27x where x is an unknown
length in metres. Formulate a simplified expression for the area per chicken, if there are a total of
12 chickens living in the coop altogether.

15. Geoff is working out the best investment plan for his recently acquired inheritance. He comes up
900(y — 5) y 700y?

21y 2y —2)(y — 5)
of years (y) of investing using a customised plan. Generate a simplified expression for G.

with an equation, G = , representing his savings after a number

16. Chelsea is analysing the value of an item she sells in her online store. She used the expression

D= _t+3 to represent the demand and E = 3 to represent the total effort put into the

10
6(t—2) t—-2)
production of the item. In both equations, t represents the number of the items currently available

for sale. Determine the ratio % representing the overall value of the item.

Reasoning

Question working paths

Mild 17 (a,b,d) J Medium 17 (a,b,d), 18 (a,b) JJS spicy All SIS

17. Sandy owns an ice cream parlour, where she provides waffle cones of three different sizes.
The volume of a large cone is given by the formula

_ mr’h
large — 3

where r represents the radius and h represents the height of the cone.
2
3

of a medium cone by simplifying the expression % X Vigrge

a. A medium cone’s volume is = of a large cone. Formulate an expression for the volume

b. A small cone’s volume is % the size of a medium cone. Use the expression from part

a to formulate an expression for the volume of a small cone.

c. Sandy claims that the large cone’s volume is 2.5 times that of a small cone.
Determine whether her claim is true by simplifying the ratio of the volume of a large
cone to the volume of a small cone.

d. Identify a reason why cafes and restaurants often offer the same meal or product
in different portion sizes.

18. Simplify the expressions given in parts a and b.

8x . 4x
a Jet %
15 _ 4x
b. Qx?

c. Compare the answers from parts a and b. Comment on the importance of the order
in which the fractions are reciprocated when converting division to multiplication.
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19. The perimeter of an equilateral triangle is given by 12x + 21. One of its side lengths is given by (1 MARK)
A BET B. 4x+7 C 3x+7 D. 3(4x +7) E. 3(12x + 21)
20. Consider the given expression. (3 MARKS)

2x 8x

G-6x+D x—6

a. Convert the division to multiplication. 1 MARK
b. Simplify the expression by dividing out common factors. 2 MARKS
21. The area of a triangle is given by A = % X szg 7 where x is an unknown length in centimetres. (2 MARKS)

Simplify A by multiplying the fractions.

22. Simplify (x6_ 5 & — 1)9(" —3) (2 MARKS)

Remember this?

Z
23. Mitch and Jess are collecting money for a school fundraiser over 30 days. g
If Jess collected $25 more, she will have collected exactly twice as much as Mitch. §
Which of the following options shows how much money they could have earned? u

Mitch Jess

A. | $15 $15

B. | $25 $50

C. | $35 $60

D. | $45 $65

E. | $55 $110

24. James is building a decking for a new house in the backyard.

The area which James will be decking is shown.

12m

What is the total area that James will be decking?
A. 41m? B. 82m? C. 96m? D. 144m? E. 164 m?

25. Miguel buys a value box of chocolates that contains 12 blocks.
She pays with a $10 note.
She gets 30 cents change.
How much does each block of chocolate cost, rounded to the nearest ten cents?
A. $0.40 B. $0.80 C. $0.90 D. $1.20 E. $3.30
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Simplifying algebraic fractions -

addition and subtraction

LEARNING INTENTIONS

Students will be able to:
¢ determine the lowest common denominator of algebraic fractions

o convert algebraic fractions to equivalent fractions with a common
denominator before adding or subtracting

e add and subtract numerators of algebraic fractions by simplifying.

Simplifying algebraic fractions using addition and subtraction requires the
fractions to have common denominators. The numerators or denominators
may consist of algebraic terms or expressions, and so it is important that
proportional reasoning is used together with algebra skills in order to
manipulate and simplify algebraic fractions.

KEY TERMS AND DEFINITIONS
e The lowest common multiple (LCM) is the smallest number that is a
multiple of two or more numbers.

¢ The lowest common denominator (LCD) is the lowest common multiple
(LCM) of the denominators of two or more fractions.

¢ Equivalent fractions have different numerators and denominators but
represent and are equal to the same value.

Key ideas

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

Image: Dimj/Shutterstock.com

The problem of division of the stakes
is a probability scenario where

two equally contributing players
participate in a game of chance, where
after a number of rounds the final
winner takes all the money. Algebraic
fractions can be used in an attempt to
determine the portion of the winnings
each player should get, if the game
finishes early due to unforeseen
circumstances.

1.  When converting a fraction to an equivalent fraction, the numerator and denominator must be
multiplied or divided by the same value to maintain the proportion represented by the fraction.

a_axc_ac
b bxc bc

The value of the fraction remains the same.

2. Fractions must be converted to equivalent fractions with a common denominator before they

can be added or subtracted.

a c_dxa bxc

b d dxb bxd
_ad . bc

—_—  —

bd bd

ad + be
bd
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Worked example 1

Adding algebraic fractions %
2
Simplify the following. |:E
(O]
<
a Tz
Working Thinking
Multiples of 2: 2, 4, ... Step1: Determine the LCD by finding the LCM of the
Multiples of 4: 4, ... denominators.
37" + % = % + % Step 2: Rewrite the addition with equivalent fractions
with a common denominator equal to the LCD.
=6x  x
4 4
= % = %C Step 3: Simplify the numerator.
x+2 x+4 WE1b
b XtZ szt i
Working Thinking
Multiples of 2: 2,4, 6, ... Step1: Determine the LCD by finding the LCM of the

Multiples of 3: 3, 6, ... denominators.

x -lz_ 2 +% 43- 4_3 X3(f<-|2- 2 + E Xz(i-l?: 4) Step 2: Rewrite the addition with equivalent fractions
342 20x + 4) with a common denominator equal to the LCD.
= +
6 6
=36+2 -|6- 26+ 4) Step 3: Simplify the numerator.
_3x+6+2x+8_ 5x+ 14
6 6
. 244
2x X
Working Thinking
Multiples of x: x, 2x, ... Step1: Determine the LCD by finding the LCM of the
Multiples of 2x: 2x, ... denominators.
3 ,4_3 ,2x4 . : o . .
2 +x= o + X x Step 2: Rewrite the addition with equivalent fractions
3 8 with a common denominator equal to the LCD.
2x ' 2x
_3+8_11 P
=5y o Step 3: Simplify the numerator.
Student practice
Simplify the following.
2x | x x+1 , x+3 2,5
a. 3 te b. 3 T ¢ 3 tx
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Worked example 2

% Subtracting algebraic fractions
2
|:E Simplify the following.
O
<
a I3
402
Working Thinking
Multiples of 2: 2, 4, ... Step1: Determine the LCD by finding the LCM of
Multiples of 4: 4 the denominators.
% - 32_x = % - 22 >; 32x Step 2: Rewrite the subtraction with equivalent fractions
6x with a common denominator equal to the LCD.
T4
X _4 bx Step 3: Simplify the numerator.
— X
4
b, xid_x-1
Working Thinking
Multiples of 2: 2, 4, 6, 8, 10, ... Step1: Determine the LCD by finding the LCM of
Multiples of 5: 5, 10 the denominators.
X '5 4 _x g 1_ > XS(i ; b _2 Xz(i g D Step 2: Rewrite the subtraction with equivalent fractions
S+ d) 2 D with a common denominator equal to the LCD.
_ 5 2 —
- 10 10
ICS L)) 1—02(x — D Step 3: Simplify the numerator.
_5x+20—-2x+2 _ 3x+ 22
10 10
Working Thinking
Powers of x: x, x2, ... Step1: Determine the LCD by finding the LCM of
Powers of x2: x2 the denominators.
% — % = % — fc § ch Step 2: Rewrite the subtraction with equivalent fractions
x x3 5 with a common denominator equal to the LCD.
_ x
Tx? x2
= @ Step 3: Simplify by writing the subtraction as a
x single fraction.
Student practice
Simplify the following.
X _ 4x x+3 x—-2 S5 _4
a. £-3 b. 5 3 ¢ 3
S
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4G Questions

Understanding worksheet

1. Match each fraction with an equivalent fraction.

Fraction Equivalent fraction
27x [ ] ([ ] %
. * %

2. Fill in the blanks with the LCD for each calculation.

(%)
4
Example (©)
-
2x  3x _ 10x + 9 2
3 5 775, 2
115 o
)
<
4x , x _8x+x 5x _x _ 35x — 2x 2 ,5_2+15 8_ 6 _8x—6
3 TET T 2 TTTI “ o tRTT XTI
3. Fill in the blanks by using the words provided.
| multiplied | | common | | LCD | | proportions |

Algebraic fractions can be added or subtracted once they have been converted to equivalent

. . r
fractions with a !

is the LCM of their denominators.

Question working paths

Mild J Medium JJI spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (c,def), 5 (cdef),6(cdef), 4 (e,f.gh), 5 (efgh), 6 (efgh),
7 (abc,d), 8 7 (c,def), 8 7 (efgh), 8
4. Simplify the following.
3a,a X, x 2y .,y 2t _t
a. 3 + > b. > + 3 C. 3 + d. 3 3
2x | 3x 2m _ 5m 2x | 7x 4p _ 3p
e 3t %575 & 9 t7% b 9515

5. Simplify the following. m

t+ 2 t+ 3 x+ 2 x+5 p 7 p 4 Yy 1 Yy 3
a. —_|_T b. + C. z + d. —+T
x+3 x—1 2r+5 3r+4 2n—1 n—+4 3x+1 x—3
== -t f. —_|_T g -2 _n1—= h. e T
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6. Simplify the following.
2,3 4 .5 3,7 5 _2
a. x+2x b. 3x+x c. t+5t d 2y Y
S5 4.3 4 _ 2 3 _8 =345
& 6x T2 b5 3 & 17 "5 h. 7, +3y
7. Simplify the following.
1.2 3 2 4,3 5 _2
P+7 b. 7-; C. ?+t—2 d. P—Y
3 7 -3 5 7 2 —6 5
e. ;—H f. T+? 8. m—m h. T+W
. A . 5 _3,
8. Which of the options is equivalent to 3 X
2 2 2 _4 _10
A. 2x B. 3% C. Ix D. 3x E. 3x

Spot the mistake

9. Select whether Student A or Student B is incorrect.
e 3p 4D
a. Slmphfy? + -

(%)
z
o
-
0
]
2
(e
L]
<

Student A Student B
3p 4p_7x3p 5x4p 3p 4p_5x3p 7 X4p
5 7 7x5 5% 7 5 7 5x7 7 %5
_21p, 20p _ 15, 28p
- 35 35 ~ 35 35
_21p + 20p _ 15p + 28p
- 35 - 35
_ 4y _43p
- 35 ~ 35

b. Simplify = — =

4x  2x
:é:
Student A Student B
7 _3_7_3 7 _3_7 _2x3
4x  2x  4x  4x 4x 2x 4x 2 X 2x
_7-3 =7 _6
4x 4x  4x
_4 _7-6
4x 4x
=1 -1
X 4x
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Problem solving

Question working paths

Mild 10, 11,13 J Medium 1,12,13 FJJS Spicy 12,13,14 JIS

10. On Christmas day Chirag and Cindy ate pavlova together with some friends. Using p to represent

the entire pavlova, Chirag ate a portion equivalent to % and Cindy ate a portion equivalent to %
Simplify the expression showing how much Chirag and Cindy ate together in terms of p.

11. Ashley is raising funds to go on a basketball trip to New York City. Using x to represent the total
x
5
Simplify the expression representing the total amount contributed by Ashley’s mother and

grandfather in terms of x.

2x

cost of the trip, his mother will contribute < towards the trip and his grandfather will contribute 3

12. After a family dinner, there is a third (%) lasagne left over. Jimmy gets home later and eats a portion

equivalent to % Simplify the expression for the remaining portion of lasagne in terms of L.

13. Sylvie withdraws half of her total savings (s) out of her account to take on holiday. During the holiday,

3s
8
bringing back with her from holiday in terms of's.

Sylvie spends an amount equivalent to &~ Simplify the expression showing how much money she is

14. John and Enyd are getting married and their parents have agreed to pay for some of their

(%)
4
o
-
(7
[}
2
o
o
<

wedding expenses. John's parents will pay % towards the total cost of the wedding (w),

2w

while Enyd’s parents have agreed to pay T

. Simplify the expression showing the remaining

cost of the wedding in terms of w.

Reasoning

Question working paths

Mild 15 (a,b,d) J Medium 15 (a,b,d), 16 (a,b) JJS spicy All SIS

15. Spencer receives g dollars from his grandmother for his birthday. He plans on spending some of the
money on computer games and a night out with friends. Spencer would like to deposit the rest in
his savings account.

a. Spencer spends an amount equivalent to % on computer games. Express how much money he

has left as a simplified algebraic fraction in terms of g.

2
b. After purchasing the games, Spencer spends another amount equivalent to ?g on a night out.

Express how much money he has left as a simplified algebraic fraction in terms of g.

c.  Spencer deposits $315 into his savings account. How much money did his grandmother give
him, rounded to the nearest dollar?

d. Identify an advantage or disadvantage of spending money instead of saving it.

16. Consider the given expression.

S5x _ 2x
6 9

Simplify by converting both denominators to the LCM of 6 and 9.
Simplify by converting both denominators to the product of 6 and 9.

c. Compare the steps taken to complete parts a and b. Comment on their differences in reaching
the final answer.
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17. Which of the options shows the value of the LCD of the fractions in the given expression? (1 MARK)
5 L7
Tox © 15x
A. 30 B. 35 C. 15x D. 30x E. 150x
18. Consider the given expression. (3 MARKS)
= 4 5
W +%
a. Simplify the expression. 2 MARKS
b. Evaluate the expression when x = 1. Provide the answer as a mixed number. 1T MARK
19. Rowan forgets the password to his email account during % of his total monthly attempts (a) to (3 MARKS)

log in. During another% of his attempts to log in, Rowan incorrectly types in the characters of

his password. Simplify the expression showing the number of times Rowan unsuccessfully tries
to log in to his email account in terms of a.

20. When c is subtracted from ?ch the result is 3736 Show thatc = —%. (3 MARKS)
Remember this?
21. This rectangle has the side lengths L and W. L
M
?@ Which of these expressions could not be used for the perimeter of the rectangle? - 1 =
A 2L+ W)
W - -+
B. 4W+ L)
C. 2W+2L - " O
D. W+2L+W 1
E. L+L+W+ W

22. Miley is facing east towards the ocean.

She makes a quarter turn to the left and continues walking. She then takes another quarter right
turn and stops, before taking a quarter left turn.

What direction is she facing now?

A. East
B. West
C. North
D. South
E. None of the above
23. The following table shows the fractions of the common household pets .
. Fraction of households
owned in Melbourne. Pet
that own one
Which of these common household pets is owned the most? 1
A. Dog Dog 6
B. Cat 1
C. Bird cat 50
D. Rabbit ) 1
E. Guinea pig Bird 8
Gui ; 1
uinea pig 50
- 1
Rabbit 1ic
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Chapter 4 extended application

1. AtKiddoLand Play Centre, the management is designing distinct playrooms, xm 7m
each characterised by a vibrant colour to stimulate creativity and learning.
They are planning to use a combination of square and rectangular rooms on
level 1, as shown in the following diagram. xm|  Blueroom |Greenroom

a. Write a factorised quadratic expression to represent the total area of the
rooms on level 1.

3m| Orangeroom | Pinkroom

b. Represent the total area of level 1 as an expanded quadratic.

Determine the difference in area between the green and orange room in terms of x.

d. KiddoLand is able to double the length and width of their property due to a vacancy next door.
Express the new total area of level 1 at KiddoLand in expanded form.

e. Onevery level at KiddoLand, there is a designated fire safety area. The area of the fire safety area
at KiddoLand is given as (x — 5)2 m? and it will be built inside the blue room. Determine the
expression that represents the total area available for play space in the blue room after the fire
safety area is built.

f.  Other than safety, what other factors might a parent consider before sending their child
to KiddoLand Play Centre?

2. The vast wall in the Royal Gallery is square-shaped. An artist plans to create a square
mosaic in the centre of the wall, leaving a painted border that is x m wide all around.

z
2
=
<
[}
o
o
o
<
[a]
w
(=]
z
i
-
x
w

Write an expression for the perimeter of the vast wall at the Royal Gallery.

a
b. Write a factorised expression for the area of the entire wall. 4

c.  Write a factorised expression for the area of the painted border around the mosaic.

o

Using the expression from part ¢, calculate the area of the painted border when x = 3.

e. The art gallery director would like the area of the mosaic to be one third of the area
of the painted border. Determine the value of x.

f. Suggest something that should be considered by the management to ensure visitors
have a positive experience visiting the Royal Gallery.

3. Basketballs are manufactured in various sizes to cater to different age groups and skill levels.
Understanding the volume and surface area of these spheres can offer insights into design
considerations and material requirements.

The volume of a men’s competition basketball is given by the formula

_ 4mr3
Vmen - 3
a. The volume of the women’s competition basketball is % of a men’s competition basketball.
Formulate an expression for the volume of the women’s competition basketball.
b. The volume of a youth basketball is % the size of the men’s competition basketball. Formulate an

expression for the volume of a youth basketball.

c. The manufacturer is considering creating a new training basketball for beginners. They want
this basketball to have a volume that is the average (mean) of the men’s, women’s, and youth
competition basketballs. Formulate an expression for the volume of this new training basketball
using algebraic fractions, and simplify the expression.

d. Ifthe volume of a men’s basketball is 7104 cm3, determine the radius of the ball. Round the answer
to the nearest centimetre.

e. Isitfair that men, women, and youth players use differently sized basketballs? Give a reason for
your answer.
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Chapter 4 review

Multiple choice

1. Select the option to fill in the blank to expand the product of the binomial expression.
x 3

Select the option to fill in the blank.
7z% = 2laz =1 __ 1 (z — 3@
A. z B. 3a

Select the option to fill in the blank.

a? - b? b
16¢% — 81 9

CHAPTER 4 REVIEW

A. 2q . 4q

Select the option to fill in the blank.
xX2+3x—8xr—24=x(x+3) -1 1(x+3)
A. 6 B. 7

Select the option to fill in the blank.

3x . 8 __ 3
4x -7 2 =7 4x -7

Expand and simplify the following.
a. (m+ Dm+ 4D b. n+3)(n—-6) . w-Hp-1) . Bz+7NDz-7

Expand and simplify the following.
a. (z+3)? b. (w— 3)? . (Bx-2)2 . (4y + 1)?

Expand and simplify the following. 4B
a. C+dHz-4D b. Bx —6)3x + 6) . 5y —2)(5y + 2) . CQw+7DQRw—-T7)

Factorise the following.

a. 4y +20
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. Factorise the following.
a. 3(c+d)+clc+d
c. S5fle+f)+3+f)

42y —5) —y(2y = 5)
63z — 4) — 52(3z — 4)

Factorise and simplify the following.

a. y>—-16 b. 25x% -1 49w? — 3622 d.

(x-2)2-9

. Factorise the following.

a. x2+3x+2x+6 b. x%+4 8x —4x — 32 2x% + 6x + 7x + 21 d.

4E
3x% —12x — 2x + 8

. Simplify the following.

x2—4 _2x+6 3x% _ 18
624 " 12 X 3,2
57x% . 2z x—2
18z 3x 3kx+ 4

6(x + 4)
(x—2)(x+3)

. Simplify the following.

6y _18y? 3z . 9z
5 15 " 4(z+6)  z+6

7w + 14 . 14w? + 28w a(b +)? _db + 0o

< 9 45 b+c

. Simplify the following.

2x X

a. 3 6

3x + 2

4G

2x + 1

7

5

. Simplify the following.
2x _ 4x

5 3

3x+1

4G

_2x—3
8 4

Problem solving

17. Arectangular garden has a length of x m and a width of y m. The gardener plans to extend the
garden by adding 2 m to the length and 4 m to the width. Write an expanded expression for the
new area of the garden after the extension.

4A

. A community garden is in the shape of a square. The local council decides to renovate the garden by
extending all sides by 4 m. Write an expanded simplified expression for the new area of the garden,
using g to represent the length and width of the garden before the renovation.

. Alocal musical band was performing two nights in a row. The profit they make from each ticket
is represented by the expression 2x — 7 where x represents an unknown amount of dollars. On the
first night of their performance, they sold y tickets and on the second night of their performance,
they sold 28 tickets. Write a factorised expression representing their total profits.

. Alandscape artist isn’t satisfied with his square garden design. He adjusts the length by increasing
it and adjusts the width by decreasing it, after which the expression for the new area is represented
by p? + 3p — 9p — 27, where p represents the length of one side prior to adjustment. Factorise the
expression to determine how many metres he increased the length and decreased the width by.

. A safety inspector is assessing the dimensions of a stage at a concert. The stage has an area of
4x2 — 25 square metres, where x represents an unknown length in metres. The rule is that the
longer side of the stage must be at least 8 m more than the shorter side. Factorise the expression
to determine whether the stage meets this requirement.

CHAPTER 4 REVIEW
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22. Jackson is trying to decide whether he should purchase and renovate a house using all his cash
savings (¢). Assuming the house alone costs 2¢ and the renovations cost %, how much money

5

will Jackson have left, in terms of ¢, after purchasing and renovating the house?

. Sam is a biologist studying two new populations of bacteria. The first population can be represented
tt =17
3(t+ 4

where t represents the number of hours after cultivating the populations of bacteria.

by the equation p; =
_tt—=7

P2 =3
pq

Write the simplified fraction By

24. In a picturesque region of New South Wales, the Australian Orchard Farm manages vast stretches of
land dedicated to growing fruit. Among their diverse range of fruits, apple and orange trees dominate
the landscape. Every year, researchers at the facility conduct a thorough survey. They use x to represent
the number of apple trees, and y to represent the number of orange trees.

and the second population can be represented by the equation

a. The expression representing the total area of soil needed for the fruit trees is a + 8a

where a represents the area required for one tree. Factorise this expression.

It was found that the expression representing the total number of fruits produced

is (x + 50)(y + 40). Expand this expression.

Researchers observed that the total number of trees on the property can be expressed

ast? + 20t + 100 where t is the number of weeks since the seeds have been planted.
Factorise this expression.

CHAPTER 4 REVIEW

The researchers are testing two different fertilisers exclusively on apple trees. Fertiliser A
increases the apple yield by an additional 3%
another 2_7x If both fertilisers are used together, determine the new apple yield in terms of x.

Why might it be beneficial to use equations to predict fruit production?

while Fertiliser B increases the apple yield by

25. Consider the given expression.

x* —36
x+ 6

Factorise x? — 36.
Using your answer from part a, simplify the given expression.

Using your answers from parts a and b, comment on the usefulness of factorising expressions
when simplifying fractions.
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Chapter 5 research summary

Linear relations

Linear relations is a mathematical concept that involves the representations of relationships
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2
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O
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et}
o

between two variables that can be shown in the form of equations, graphs and tables. It includes
concepts like gradient, y-intercept, and solving equations to find unknown values. The big ideas
of functions and relationships, rate of change, proportional reasoning, rate of change all
underpin the concept of linear relations.

Variables and expressions

Variables and expressions are used in representing mathematical relationships. Variables are
symbols that represent unknown values, and expressions are combinations of variables, numbers,
and operations. In the context of linear relations, variables are used to represent the quantities
involved in the relationship, and expressions are used to represent the relationship between
the quantities.

Equations and inequalities

Understanding the nature of equations and inequalities and how to solve them underpins
linear relations. An equation is a mathematical statement that shows two expressions are equal.
An inequality compares the relative size of two expressions. In the context of linear relations,
equations and inequalities are used to represent the relationship between two variables and

to solve for unknown values.

Functions and relationships

In the context of linear relations, functions are used to represent the relationship between
two variables in a way that is easy to understand and work with. A function is a special type
of relationship between two variables where each value of the input variable corresponds
to exactly one value of the output variable. Understanding the concept of functions and how
to represent them in various ways is important to linear relations.

Graphical representation

This big idea involves understanding how to represent mathematical relationships graphically
and how to interpret graphs. Graphs are visual representations of mathematical relationships
that can provide insights into the nature of the relationship and help to solve problems. In the
context of linear relations, graphs are used to represent the relationship between two variables
and to understand the characteristics of the relationship, such as its gradient and y-intercept.

Rate of change

The concept of rate of change is significant in linear relations. The rate of change is a measure
of how one variable changes as the other variable changes. In the context of linear relations,
the rate of change is constant and is represented by the slope of the line.

Proportional reasoning

Proportional reasoning is the ability to understand and work with ratios and proportions.
In the context of linear relations, proportional reasoning is used to understand the relationship
between two variables and to solve problems involving ratios and proportions.
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Visual representations

Cartesian plane

The Cartesian plane or coordinate plane is fundamental for visually representing and working
with linear relations. It is used to graph linear equations and inequalities, helping students to
understand the relationship between variables, the concept of gradient, y-intercept, and the

characteristics of the relationship.

A

o[-2)

(
Le=

X

4

Ly=mx+cis:

y=[3x[-2]

Misconceptions
Students substitute the y-value Calculate the x- and y-intercepts for Calculate the x- and y-intercepts for 5A
into the x-value when finding y=—2x — 2. y=—2x — 2.
x-intercepts and vice versa. (—2,0) and (0,—1) (—1,0) and (0,—2)
Students think the calculated Calculate the x- and y-intercepts for Calculate the x- and y-intercepts for 5A
x- and y-intercepts form one y = —2x — 2. y = —2x — 2.
coordinate point. (-1,—1) and (-2,—2) (=1,0) and (0,—2)
Students use the constant in x =4 x =4 5B
horizontal and vertical lines
. y
as both x- and y-intercepts. "
101
T x-intercept
| | (4,0)
PR 1 2 3 5
-54
-10+
v

Continues »>
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Students use m-values as y = 3x y = 3x 5B

intercepts when given an
equation in the form y = mx.
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Students calculate gradient y y 5C
. run
using ==
_ Iun
rise
-1
M=y
-1
4
Students use the point (m,c) y=-2x+4 5C
and (0,0) to plot a straight line. y
4
2
< ' > x
-4 -2 2 4
-2
-4
Students believe that any P P 5D
straight line represents 60 60
direct proportion. 50 50
40 40
30 30
20 20
10 10
t t
0 1 2 3 4 0 1 2 3 4
Students think that direct y y 5D
proportion can be non-linear. 10 10
8 8
6 6
4 4
2 2
X X
0 2 4 6 8 10 0 2 4 6 8 10

Continues >
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Students do not identify a rate A manufacturer produces 30 items A manufacturer produces 30 items 5D
to a unit rate of x : 1 when in 15 minutes at a constant rate. in 15 minutes at a constant rate.
performing calculations. The rate is 30 items per hour. Using 30 items in 15 minutes, the rate
is 120 items per hour.
When using the distance or xpY1) = (1,20) and (x,,y,) = (11,2) *xpY1) = (1,20) and (x,,y,) = (11,2) SE
midpoint formula students 1+2011 + 2 141120+ 2
use the coordinates from one Meey) = ( 2 2 ) Mecyis ( 2 2 )
point instead of the both — (Q Q) _ (Q Q)
x or both y. 2’2 (621 1)2
- 1.1 = (6,
= (1036)
Students incorrectly use Calculate the length of the line segment Calculate the length of the line segment SE
all positive values when joining the points (0,—8) and (—6,2). joining the points (0,—8) and (—6,2).
a coordinate is negative. Vertical distance Vertical distance
Y=y, =8-2 Y=y, =-8-2
=6 =-10
Horizontal distance Horizontal distance
X, —x;,=0-6 X, —x;=0—(=6)
= -6 =6
Students swap the x and y y = —%x +c y = —%x +c 5A, 5F
values when substituting 0 0
into the equation. =10 . -1 )1
-1= —Z(O) +c 0= —Z(—l) +c
c=—1 _1
0= 7 F @
c=—5
Students forget to use the y=3x—4 y=3x—4 5F
negative reciprocal for 1 1
perpendicular lines. my=3,m, =3 my=3,m,=—3
Students think all parallel y=3x+5 y=3x+5 5G
line_s have zero solutio.ns y=—3x—2 y=—3x—2
to simultaneous equations.
Lines have zero solutions. Lines have one solution.
Students incorrectly 5G

substitute equations into
simultaneous equations.

Use substitution to verify whether the
(—1,-5) is the solution to the following
pairs of simultaneous equations.

l:y=x—4
2:y=2x—3
y=x—4letx =—-1
y=-5-4
y=-9 X
y=2x—3letx=-1
y=-5-3
y=-—-8X

~ (—=1,-5) is not the solution to the
simultaneous equations.

Use substitution to verify whether the
(—1,-5) is the solution to the following
pairs of simultaneous equations.

l:y=x—4
2:y=2x—3
y=x—4letx =-1
y=-1-4
y=-5v
y=2x—3,letx=-1
y=-—-2-—3
y=-5v

~ (—=1,-5) is the solution to the
simultaneous equations.
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Graphing straight lines

using intercepts

LEARNING INTENTIONS

Students will be able to:
e calculate x and y-intercepts from a rule

¢ sketch a linear graph using x and y-intercepts.

Sketching a linear graph involves plotting two points and drawing a straight
line through them. Calculating x- and y-intercepts from a rule is one method
for graphing linear equations. These intercepts are the points where the line
crosses the x- and y-axes.

KEY TERMS AND DEFINITIONS
e Alinear rule is an equation used for a straight line.

¢ Substitution is the process of replacing a variable or an unknown with
a given value.

¢ A Cartesian plane is a set of two perpendicular number lines that intersect
at the origin.

Key ideas

1.

y-intercept

x-intercept

P
e

'(x, 0)

WHERE DO WE SEE THIS
MATHS IN THE REAL WORLD?

Population

)

250 y-intercept

200
150
100

50 x-intercept

< * 1 5\ 4 » Years
In environmental studies, plotting

x- and y-intercepts on a linear graph
can be used to represent the decline
of a plant species in a forest over

time. This can help in understanding
the rate of growth or decline and
predicting future populations.

2

A linear graph can be sketched by drawing a straight line through the plotted x- and y-intercepts.

Continues »>
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2. The x- and y-intercepts of a linear equation can be calculated from its rule by substituting x = 0 to determine the
y-intercept and y = 0 to determine the x-intercept. These intercepts can be plotted on a graph as the points where

the line crosses the x-axis and y-axis.
The graph of y = 2x — 4 has:

e ay-intercept at the point on the y-axis when x = 0
e ax-intercept at the point on the x-axis wheny = 0

5A THEORY

xfintercept

<t t t —> x
-10 -5 Z 5 10
y-intercept

(0,-4)

Worked example 1

Sketching using x- and y-intercepts

Sketch the straight line that passes through the given x- and y-intercepts.

a.  A(0,2) and B(4,0)

Working Thinking
y Step1: Plot point A and point B on a Cartesian plane.
3
2
1
<t i 5 > X
-1 1 2 3 4 5
-1
y Step 2: Use aruler to draw a straight line though and

past the two points, adding arrows to each end.

Continues >
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b.

5A THEORY

A(0,—3) and B(5,0)

Working

y

1T

YT

-1
-2
-3
-4

y

Student practice

A(0,1) and B(3,0)

Thinking
Step 1:

Step 2: Use aruler to draw a straight line though and
past the two points, adding arrows to each end.

Plot point A and point B on a Cartesian plane.

Sketch the straight line that passes through the given x- and y-intercepts.

b.  A(0,—2) and B(4,0)

=

.

Worked example 2

Calculating x- and y-intercepts

y=5x—-2
Working
x-intercept:
lety =0
0=5—2

-~ x-intercept is%

&0

Calculate the x- and y-intercepts for the following linear equations.

Thinking
Step 1:

To determine the x-intercept, substitute y = 0
into the rule and solve for x. State the intercept,

writing it as a coordinate pair.

Continues »>
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y-intercept:

letx =0
y =50 -2
y=-2

~ y-intercept is —2

0,-2)

3x+y=6
Working
x-intercept:

lety =0
3x+0=6

3x =6

x=2

~ x-interceptis 2
(2,0)
y-intercept:

letx =0
3000+y=6
y=6

-~ y-interceptis 6

0,6)

Student practice

Calculate the x- and y-intercepts for the following linear equations.

y=3x-—-1

Step 2: To determine the y-intercept, substitute x = 0
into the rule and solve for y.

Step 3: State the intercept, writing it as a coordinate pair.

Thinking

Step1: To determine the x-intercept, substitute y = 0
into the rule and solve for x. State the intercept,
writing it as a coordinate pair.

Step 2: To determine the y-intercept, substitute x = 0
into the rule and solve for y.
Step 3: State the intercept, writing it as a coordinate pair.

b. 2x+y=4

.

Worked example 3

Sketching by first calculating x- and y-intercepts

Sketch the graph, showing the x- and y-intercepts.

-1,
y=5% 3

Working

x-intercept:

lety =0
=1, _

= 5% 3

5x = -3

= -6

~ x-intercept is —6

(=6,0)

Thinking

Step1: To determine the x-intercept, substitute y = 0

into the rule and solve for x. State the intercept,
writing it as a coordinate pair.

Continues >
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y-intercept: Step 2: To determine the y-intercept, substitute x = 0
> letx = 0 into the rule and solve for y. State the intercept,
ﬂO‘ 1 writing it as a coordinate pair.

E y = —7(0) -3

< y=-3

n
~ y-intercept is —3
(Ov_g)

Step 3: Plot the x- and y-intercepts on a Cartesian plane.

Step 4: Use aruler to draw a straight line though and
past the two points, adding arrows to each end.

Visual support

x-intercept

I y-intercept
( 1_3)

b. 2x+5y=30

Working Thinking

x-intercept: Step1: To determine the x-intercept, substitute y = 0

lety = 0 into the rule and solve for x. State the intercept,
writing it as a coordinate pair.

2x + 5(0) = 30

2x = 30

x =15

~ x-interceptis 15

(15,0)

Continues >
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y-intercept: Step 2: To determine the y-intercept, substitute x = 0
letx = 0 into the rule and solve for y. State the intercept, >
writing it as a coordinate pair. 5
2+ 5y =30 w
=
5y =30 <
)
y=6
-~ y-interceptis 6
(0,6)
‘3' Step 3: Plot the x- and y-intercepts on a Cartesian plane.
h
69
44+
24
< } o——p X
5 10 15
v
y Step 4: Use a ruler to draw a straight line though and

past the two points, adding arrows to each end.

Student practice

Sketch the graph, showing the x- and y-intercepts.

a. y=—%x—8 b. 4x 4+ 5y =20
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5A Questions

1. Place a square around the x-intercept and a circle around the y-intercept.

Example

J
© a.
4
o
-
n
w
2
(e}
<
o
c. d.
4t : : : } > x
-0.2 015 —:)/ -0.05 i 0.05 01
2. Plot the given coordinate and draw the straight line extending through the intercepts.
(Example
(4,0)
x
J
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a. (2,0) b. (=3,0)
y y
4 4
2 2
<+ P X A P X
-4 -2 2 4 -4 -2 2 4
-2 -2
-4 -4
c. (0,0.5) d. (0,20)
y y
Iy Iy
14+
20 %
051 10%
H----H-8-H—p X
-1 -0.5 05 1 -20 -10 -10 -20
-05% -10¢
-20 % %)
-1 4
v v 9
-
0
=)
Fill in the blanks by using the words provided. o
| equation | | substituting | | Cartesian plane | | y-intercept | | x-intercept ﬁ

a straight line can be represented by connecting the points.

Question working paths

Mild J  Medium JJS Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (ab,c,d), 4 (c,d,ef), 5(cdef),6(cdef), 4 (ef.gh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 (a,b,c,d), 9 7 (c,def), 8 (cdef),9 7 (efgh), 8 (efigh), 9
4. Sketch the straight line that passes through the given x- and y-intercepts. WEI1
a. A(0,2) and B(4,0) b. A(0,—3) and B(7,0) c. A(0,6) and B(—1,0) d. A(0,5) and B(8,0)
e. A(0,1)and B(5,0) f. A(0,—4) and B(0.5,0) g. A(0,9) and B(—9,0) h. A(0,—8) and B(8,0)
5. Calculate the x- and y-intercepts for the following linear equations.
a. y=x+1 b. y=4x-2 c. y=%x—1 d. y=%x+4
. y=%x—6 f. y=—05x+2 g y=04x+95 h. y=1dx— 07
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6. Calculate the x- and y-intercepts for the following linear equations.
a. 2x—y=-4 b. 3x+y=-6 c. 05x—y=-2 d. 4x+y=5
_ 5 _ 4 _1 —
e. —x—y=-4 f. 7x+y—1 g. —§x+y—§ h. 12x +y=-3
7. Sketch the graph, showing the x- and y-intercepts.
a. y=2x+4 b. y=3x+6 c. y=%x+2 d. y=—%x—4
e. y=-3x—-2 f. y=-5x-3 g. y=%x+% h. y=-05x-3
8. Sketch the graph, showing the x- and y-intercepts.
a. x+4y=12 b. 4x+y=-8 ¢ 2x+y=7 d —-x+7y=14
e. —2x—5y=-8 f. —4x+5y=6 g. 2x—5y=10 h. 3x —2y=-3

9. Calculate the x- and y-intercepts for y = —2x — 2.
A. (2,2)and (—2,-2)

(—=2,0) and (0,—1)

(—=1,0) and (0,—2)

(—1,—2) and (0,0)

(—2,—2) and (0,0)

Spot the mistake

10. Select whether Student A or Student B is incorrect.

moow

%)
4
=)
-
(7
w
2
(e
<
n

a. Calculate the x- and y-intercepts for y = %x + 2

Student A Student B
x-intercept: x-intercept:
letx =0 lety =0
3
y =50 +2 0=%x+2
=2
Y -2 = %x
-~ x-interceptis (0,2)
. —4 = 3x
y-intercept:
x=—%
lety =0 3
3 —_ 4
0= oxt 2 ~ x-intercept is ( 3 0)
-intercept:
_%x =2 y P
letx =0
x =% 3
-3 y = 7(0) + 2
~ y-intercept is (—%, 0) y=2

~ y-intercept s (0, 2)

246 CHAPTER 5: LINEAR RELATIONS



Back to contents

Sketch the graph of 2x + y = 1, showing the x- and y-intercepts.

Student A Student B
x-intercept: x-intercept:
lety =0 lety =0
2x+0=1 2x+0=1
2x =1 2x=1
=1 =1

~ x-intercept is (0%)

y-intercept:

~ x-intercept is (%,0)

y-intercept:

letx =0 letx =0
200+y=1 200+y=1
y=1 y=1

-~ y-interceptis (1,0)

-~ y-interceptis (0,1)

5A QUESTIONS

0.8 y-intercept
1
[°3]

y-intercept
(3]

x-intercept
x-intercept
(1,0)
-0.4 -0.2

-05+

Problem solving

Question working paths

Mild 1, 12,13 J Medium 12,13,14 JJS Spicy 13,14,15 SIS

11. The declining population of a pest in a local park can be modelled using the equation y = —20x + 350.
x represents the periods after the initial population and y represents the population. Sketch the graph
showing the initial population and the time taken for the population to reach zero.

12. The population (y) of a town can be modelled over time in years (x) using the linear equation
y = 200x + 250. Sketch a graph showing the population of the town over different years showing
the initial population of the town.

13. A plantis known to grow at 3 cm per day after it has germinated and can be modelled using the
equation y = 3x + 1. Sketch the graph that would represent the height of the plant from the day
it germinates.

14. A person has $300 in a bank account and withdraws the same amount each week for 10 weeks leaving
a balance of $0. Sketch a linear graph to represent this situation, where the x-axis represents the weeks
and the y-axis represents the balance in the account.

15. The water level in a tank decreases at a constant rate of 10 L per minute. The initial water level is 500 L.
Sketch the graph showing the initial water level and the time taken for the tank to completely drain.
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Reasoning

Question working paths

Mild 16 (a,b,c,e) J Medium 16 (a,b,c.e), 17 (a,b) JJI spicy All

16. A car rental company charges a flat fee of $50 plus $20 per day for renting a car. The total cost ($y)
of renting a car can be modelled using the equation y = 20x + 50, where x represents the number
of days.

Using the equation, calculate the x- and y-intercepts.

a
b. Sketch the graph, showing the x- and y-intercepts.

o

In the context of the question, explain what the y-intercept represents.

&

Choose a reasonable scale for the x-axis for this situation and explain any changes you would
make to partb.

e. Provide a reason why someone may hire a car rather than using public transport when travelling.

17. Consider the equationy = ax + b.
a. Calculate the x-intercept.
b. Calculate the y-intercept.

c. Use your answers from parts a and b to write a statement summarising your findings.

5A QUESTIONS

18. What term could be used to describe point B?
y

Iy Iy

1071

63D
) ,\c A ;
21 \

it 4 4 PN + > x
-2 2 4Bl e\ 8 10
21
v v
A. origin
B. x-axis
C. y-intercept
D. x-intercept
E. pointof intersection

19. A marathon has 500 registered participants and the numbers appear to be declining at a constant
rate. It is expected that the marathon will not have any participants in it's 10th year. This can be
graphically displayed using the coordinates (0,500) and (10,0).

a. Sketch a graph of the number of participants (P) against the number of years (t) including
the intercept points.

b. Use your graph to determine the number of years it will take for the number of participants
to decrease to 100.

SIS

(1 MARK)

(3 MARKS)

2 MARKS

1TMARK
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20. Label each line with the corresponding equation on the given graph. (3 MARKS)
y=04x +5
y=—-x+6
3x -5y=7

-2

/' (%]
4
o
v -
n
wl
2
21. Sketch the graph of x + 2y = —4 and y = x + 4 labelling the x- and y-intercepts and any point (3 MARKS) 4
of intersection. ﬁ

Remember this?

22. The given table shows the number of students at a senior high school and their age.

Year 11 Year 12
16 years old 5 0
17 years old 57 12
18 years old 8 61
What fraction of Year 11 students are 16 years old?
A oo B. 15 c = D. 2 E 2

23. Acircle has an area of 39 mZ.
Which of these is closest to the diameter of the circle?

A. 3.0m B. 35m C. 62m D. 7.0m E. 124m

24. In Australia, the currency used is the Australian dollars (AUD).
In France, the currency used is the Euro (EUR).

1 AUD is approximately equal to 0.61 EUR.

How many Euros is 450 Australian dollars?

A. 200.09 B. 274.50 C. 275.88 D. 724.52 E. 737.71
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5 B Lines with one intercept

LEARNING INTENTIONS WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:

o identify lines that have only one intercept BREAKEVEN CHART

¢ identify an equation for horizontal and vertical lines

o sketch vertical and horizontal lines

o sketch lines through the origin.

Certain lines, such as horizontal and vertical lines, have only one intercept.
Sketching these lines involves understanding their unique characteristics:
horizontal lines have a constant y-value across all x-values, while vertical
lines have a constant x-value across all y-values. Straight lines through the
origin have the form y = mx and also have only one intercept.

In the business world, a company’s
revenue over a specific period could
be represented by a line with only one
intercept. This line indicates the start
of the measurement period with the
slope representing the rate of revenue
increase. Other financial measures
¢ The origin, (0,0), is the point of intersection of the x and y axes on could be represented by linear

a Cartesian plane. equations with one intercept.
* Aline is said to be vertical if two points on the line have the same

x-coordinate points.

KEY TERMS AND DEFINITIONS

¢ Aline is said to be horizontal if two points on the line have the same
y-coordinate points.

Key ideas

1.  Lines that are vertical have only one intercept and their equations can be identified as x = a.

ry A 10 a2 r

x=E§x=+4 E?‘TU x=3 x=‘8.2

A
v
=

-10 -5 5 10

Continues »>
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2. Lines that are horizontal have only one intercept and their equations can be identified as y = b.

y
A
10 +
) y=67
54
y=2
< :m'H:::x
-10 -5 5 10
< ) >
< =5 ==,
-10 4
v

3. Lines through the origin have an equation of the form y = mx, where m is the gradient (slope)

of the line.

3: y=6.7x

y =-5.5x

Worked example 1

Graphing vertical lines

Sketch the graph of the following vertical lines.

a. x =2
Working Thinking
The x-intercept is at (2,0). Step 1:

Y Step 2:
A
101l

51 x-intercept
(2,0
1

-5
-10%
v

The equation is in the form x = a and the
x-intercept occurs at (a,0).

Sketch a vertical line through the x-intercept.

Continues »>
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b x=-3 =

Working Thinking

The x-intercept is at (—3,0). Step1: The equation is in the form x = a and the
x-intercept occurs at (a,0).

5B THEORY

Step 2: Sketch a vertical line through the x-intercept.

Student practice

Sketch the graph of the following vertical lines.

a. x=12 b. x=-9

Z

Worked example 2

Graphing horizontal lines
Sketch the graph of the following horizontal lines.
a y=7
Working Thinking
The y-intercept is at (0,7). Step1: The equation is in the form y = b and the
y-intercept occurs at (0,b).
;V Step 2:  Sketch a horizontal line through the y-intercept.
84
< y-intercept >
6107
44+
24
< + > X
-10 -5 5 10
-24
v
Continues >
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b. y=-85 ﬁ

Working Thinking =
(@)
The y-intercept is at (0,—8.5). Step1: The equation is in the form y = b and the T
y-intercept occurs at (0,b) =
[
‘3" Step 2:  Sketch a horizontal line through the y-intercept. =
<t ! 4 > x
-10 -5 5 10
21
-41
-61
-8 1(0,-8.5)
-10%
v
Student practice
Sketch the graph of the following horizontal lines.
a. y=1 b. y=-6
y

Worked example 3

Graphing lines through the origin

Sketch the graph of the following lines through the origin.

a y=x

Working Thinking
Substitute x = 1: Step1: The equation is in the form y = mx so it passes
y = 4(1) through the origin (0,0). Substitute an x-value to

find the corresponding y-value. Identify another

y=+4 point on the graph, (x,y).
(X,y) = (114)
y Step 2:  Plot the origin (0,0) and (x,y) on a Cartesian plane.
5
4 e (1,4)
3
2
1
(0,0)
<— + > X
-0. 5—1 OSSR FHS 2
y y=4x Step 3: Sketch the graph by drawing a line through
the points.
» x

Continues >
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b. y= —%x
>
°o‘ Working Thinking
w
l:E Substitute x = 4: Step 1:
3 y=-53@
y=-3
(x!y) = (4r—3)
Y Step 2:
ZT
(0,0)
< — x
-1 1 2 3 4 5
=2
o83
-4
-6
y Step 3:

24 y-intercept
x-intercept
(0,0

Student practice

Sketch the graph of the following lines through the origin.

a. y=6x b. y= —%x

=

The equation is in the form y = mx so it passes
through the origin (0,0). Substitute an x-value to
find the corresponding y-value. Identify another
point on the graph, (x,y).

Plot the origin (0,0) and (x,y) on a Cartesian plane.

Sketch the graph by drawing a line through
the points.
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5B Questions

1. Check the box to identify each line as either vertical or horizontal.

KExampIe
y
A
-lo 1l A
54
< i > x
-10 -5 5 10
-5 4
wv
4
o
-0} + t
4 (17
2
o
Vertical Horizontal «Q
L]
J
1. X V.
rs 10 1
54
< } > X
-10 -5 5 10
1.« >
-54
I« P>
v -101
v
Vertical Horizontal
. L] L]
. 0 0
w0 0
w0 0
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2. For each of these lines that pass through the origin, use the given x-coordinate to calculate the
y-coordinate for a point on the line.

Example

x-cordinate | y-cordinate

y = 4x 1 (4]
x-cordinate | y-cordinate

y = 10x 1 T

y= -2 i [

y=1x 2 .

- _2 R

y=—gx 5 Lo

3. Fill in the blanks by using the words provided.

n
4
) | origin | | horizontal | | vertical | | intercept
&
=)
o When sketching straight lines there are some that have only one [ _________ ]
o S e A SR
n r———————=—— l
Al 1 line is one that goes from left to right and has a single y-intercept, as it

are special, as they have both x- and y-intercepts at the same point, (0,0).

Question working paths

Mild J  Medium S Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cded, 4 (efgh), 5 (efgh), 6 (efgh),
7 (a,b,c,d), 8 7 (c,def), 8 7 (e,f,g,h), 8

4. Sketch the graph of the following vertical lines.
a. x=+4 b. x=-2 c. x=0 d x=7
e. x=-15 f. x=9 g. x=-32 h. x=27

a. y=3 b. y=-2 c. y=0

= <
Il

Njut U1

e. y=-12 f. y=7 g y=-45 h.

5. Sketch the graph of the following horizontal lines.

6. Sketch the graph of the following lines through the origin.

a. y=x b. y=2x c. y=3x d. y=05x
e. y=15x f. y=25x g y=08x h. y=13x
7. Sketch the graph of the following lines through the origin.
a. y=—0.5x b. y=—x c. y=-15x d y=-2x
e. y=-3x f. y=-04x g y= —%x h. y= —%x
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8. Which of the following lines matches the equation y = 6? Linea Y Lineb .
A. Linea W 4 ‘Hnec
B. Lineb f Lined
C. Linec
D. Lined
E. Linee :_.-io

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Sketch the graph of x = 4.

(%)
Z
o
Student A Student B =
0
The x-intercept is at (4,0). The x-intercept is at (4,0). =
o
The y-intercept is at (0,4). y -
A n
y 10 +
5% _
x-intercept
(4,0
—t } ; ; > x
-1 1 2 3 5
-5 1
-10 §
v
b. Sketch the graph of y = 3x.
Student A Student B
The x-intercept is at (3,0). Substitute x = 1:
The y-intercept is at (0,3). y =3(1)
y y=3
~(y) = (13)
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(%)
4
o
-
(7
i}
=)
o
[}
n

Problem solving

Question working paths

Mild 10, 11,12 J Medium 11,12, 13 JJSI spicy 12,1314 SIS

10. AnIT help line is offering a service with a fixed fee (f) of $5 per month with unlimited questions
answered (q). Sketch a horizontal graph to represent this information, 0 < q.

11. An internet provider offers a fixed cost (¢) of $50 per month regardless of the data (d) used.
Sketch a horizontal graph to represent this information.

12. A tennis club charges $25 per lesson. Sketch a graph to represent this information showing the
costs (¢) for 0 to 10 lessons 1.

13. A graphic designer uses a digital program to form a square. The program uses a Cartesian plane
and the equations: y = 0, x = 0, y = 1, x = 1. What are the coordinates of each of the corners
of the square.

14. Three students are planning where they will meet during an orienteering challenge by plotting

their paths on a map. They each walk along a different straight line each represented by one of
these equations: y = x, y = 7, x = 7. What are the coordinates of the point they will meet?

Reasoning

Question working paths

Mild 15 (a,b,c.e) J Medium 15 (a,bce), 16 (ab) JI spicy Al SIS
15. The sections of a train line can be plotted using 4
li . hi . K has b laced A-LINE 20 + B-LINE
inear equations. This train network has been place station10 O Station 1
on a Cartesian plane.
Station2Q O station 2
a. Write an equation that could represent A-line and
D-lines horizontal sections. Station 3 O 104 Stafion3 mySt2ion2 | C-LINE
Station 4 i
b. Write an equation that, when plotted, would go Station 4 Q) e Stationt
>
through A-lines vertical section. Station 5 Q) @ O\,[;;\°° o &
. 0 ) O’ X
c.  Write an equation that, when plotted, would go D-LINE station 6 O o & &

through C-line stations 1-3.

d. Write an equation that, when plotted, would go s® QStation 9

through C-line stations 5-4.

o Q station4

os® !
e. What other types of transport maps have you seen -10 Q station s

that use linear equations?

16. Consider the equations x = aand y = b.
a. State which equation is horizontal and which is vertical.
b. Plot each equation on a Cartesian plane labelling the point the two lines intersect.

c. Explain how to identify the intersection point of a vertical and horizontal line.

17. What is the equation of line that passes through (1,3) and (20,3)? (1 MARK)
- -3 - - =3
A. x=3 B. X =55 C. y=3 D. y=3x E. Y =90%
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18. A triangle can be drawn using the linear equations y = —3x, y = 3xand y = 3. (3 MARKS)
a. Sketch the equations and draw the triangle on a Cartesian plane. 2 MARKS

b. What is the distance between the two top corners? 1TMARK
19. An architect is sketching a house and has decided to add an additional three floors to the central (3 MARKS)

part of the design. Draw the extension by sketching and labelling the lines used to extend the walls,
as well as the line indicating the new height of the roof.

r'

20+
10]
) 10

v

v

20

20. A student with a small business walking dogs has predicted that for a year they will have fixed costs (4 MARKS)
(¢) of $500 and they will be charging $20 per dog walked (d). They will begin making a profit after
the break even point which is when revenue = fixed costs.

Fixed costs: ¢ = 500
Revenue: ¢ = 20d

Plot these two equations on the same graph, labelling all key features and use the graph to find the
many dogs the student will need to walk before they begin making a profit.

Remember this?

21. The given table shows the approximate population in the sovereign states of the Nordic Country | Population
region in 2022.

(%)
z
o
-
0
[
2
o
m
n

Denmark | 5870000
The difference between the population in Sweden and Norway is

Finland 5550 000

A. 4580000

B. 5020000 lceland | 380000

€. 5430000 Norway | 5430000
D. 5432000

E. 10450 000 Sweden 10 450 000

22. Amy has measured three angles in her garden bed and makes the given diagram.

What is the magnitude of angle x?
A. 62° B. 77° C. 103° D. 118° E. 283°

23. There were 15 people who booked a table at an all you can eat Korean BBQ restaurant.

The cost was $50 per person, plus an extra $21 for drinks for the whole group.
The total bill can be calculated as

A. (50 + 21) x 15

(15 x 50) + 21

15 + 50 + 21

15 x 50

(15 x 21) + 50

moow
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5c Gradient-intercept form

LEARNING INTENTIONS

Students will be able to:
¢ determine the gradient and y-intercept from a rule or a linear graph

¢ use the gradient and y-intercept to sketch a linear graph

e determine the equation of a line using the gradient and y-intercept.

The gradient and y-intercept are key features of a linear graph, providing
information about the slope and its positioning on a Cartesian plane. Determining
these features from a rule allows for the sketching of a line graph. By identifying the
gradient and y-intercept of a straight line it is possible to formulate the equation.

KEY TERMS AND DEFINITIONS
e An equation can be transposed to make any variable the subject.

¢ The gradient (slope) is the degree of steepness of a line.

Key idea

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?

A

25 4
20 1

15+

10 +

54

—b
—»

0 A B C D E

Knowing how to determine the gradient
and y-intercept of a line, and sketching
a line graph, can be useful in various
fields such as economics. Economists
often use these concepts when
conducting cost analysis or predicting
future trends based on current data.

1.  The gradient-intercept form is written as y = mx + ¢, where m is the gradient, c is the y-intercept,

and y is the subject.

y

F 3
4 4
24

< + » X
-4 -2
©,[=2) [2]
Lc=

4 4

v

Ly=mx+cis:

y=[3lx[-2|

260 CHAPTER5: LINEAR RELATIONS



Back to contents

Worked example 1

Stating the gradient and y-intercept

State the gradient and the y-intercept for the following equations.

2 y=Zess

5C THEORY

Working Thinking

y = %x +5v Step1:  Confirm that the equation is in gradient-intercept
form,y = mx + c.

y-intercept (¢) = 5 Step 2: Identify the y-intercept (c) by referring to
the constant.

Gradient (m) = % Step 3: Identify the coefficient of x, known as the
gradient (m). This is the number that is being
multiplied by x.

Visual support

Gradient (m) = y-intercept (¢) =5

WIN

b. 12x+3y=3

Working Thinking

12x + 3y =3 % Step1:  Confirm that the equation is in gradient-intercept
form,y = mx + c.

12x + 3y =3 Step 2: Transpose to make y the subject and write the
3y =3 - 12x equation in the form of y = mx + c.
-3_

y=3 4x

y=—4x+1

y-intercept (¢) = 1 Step 3: Identify the y-intercept (c) by referring to
the constant.

Gradient (m) = —4 Step 4: Identify the coefficient of x, known as the
gradient (m). This is the number that is being
multiplied by x.

Student practice

State the gradient and the y-intercept for the equations.

a. y=%x+2 b. 20x+2y=10
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Worked example 2

Sketching linear graphs using the gradient and y-intercept

Sketch the graphs of the following linear equations.

a y=lr-a

5C THEORY

Working Thinking
y = %x -4 v Step1: Confirm that the equation is in gradient-intercept
form,y = mx + c.
y-intercept (¢) = —4 Step 2: Identify the coordinate for the y-intercept (c)
0,—4) by referring to the constant.
y Step 3: Plot the coordinate for the y-intercept.

Iy

A
{ 4
v
=

-54
v
m = % Step 4: Calculate the gradient and determine if the slope is
rse 1 positive or negative.This is determined by the sign
run = 7 8radientis positive. in front of the coefficient of x and/or determining
if the y-value increases or decreases for each unit
increase in x.
Y . rise : .
Step 5: Using &7 and starting at the y-intercept plot
' N
a second point and draw a line through the
p > x two points.
Rise
/ y-intercept
-51  (0,-4)
v

b siy=s
Working Thinking

3x+y=8% Step1: Confirm that the equation is in gradient-intercept
form,y = mx + c.

y=8-—3x Step 2: Transpose to make y the subject and write the
y=-3x+8 equation in the form of y = mx + c.

Continues »>
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y-intercept (¢c) = 8 Step 3: Identify the coordinates for the y-intercept (¢)
by identifying the constant. State the y-intercept
as a coordinate point.

y Step 4: Plot the coordinate for the y-intercept.

5C THEORY

8 @ y-intercept
(0,8)

Step 5: Calculate the gradient and determine if the slope is
positive or negative.This is determined by the sign
in front of the coefficient of x and/or determining
if the y-value increases or decreases for each unit
increase in x.

rise _

-3 ) . .
Tun = 1° gradient is negative.

rise
run

a second point and draw a line through the
two points.

Step 6: Using and starting at the y-intercept plot

y-intercept
(0;8)

Student practice

Sketch the graphs of the following linear equations.

a. y=%x—1 b. 4x+y=5
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Worked example 3

x Determining the linear equation
2
|:E Determine the linear equation for the following graphs.
(@)
n
a. y
A
15+
10\t
X
y
Working Thinking
(0,8) Step1: Identify the y-intercept coordinate from the graph.
c=+8
= gl_sg Step 2: Calculate the gradient by using m = gl_sg
-=8
2
=—4
y=—4x + 8 Step 3: Write the equation in the formy = mx + c.
Visual support
y
' N
15 1
Rise = -8
" run
-8
T2
<
=-4
Continues >
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5C THEORY

+ > x
6 8 10
v
Working Thinking
0,-3) Step1: Identify the y-intercept coordinate from the graph.
c=-3
= f.iu—sg Step 2: Calculate the gradient by using m = ;{l—sg.
3
5
y = %x -3 Step 3: Write the equation in the formy = mx + c.

Student practice

Determine the linear equation for the following graphs.
a. y b. y

151; A

10 +
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5C Questions

Understanding worksheet

1. State the gradient for each of the linear equations.

Example

y=2x+4-‘~m=€_2_1l

—

a. y=4x+7:m=1__1 b. y=-3x—-25:m=1__|
¢ y=4-Srim=i_ d y=-2+05xam={_"]

2. Match the graph with its equation.

Graph Equation
y
wv)
z
o
&
Ll ® ® y=-—x+6
2 x
o
(8]
n
. (] ® y=x-—4
. (] ® y=x+1
y
® ® y=-—x-5
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3. Fill in the blanks by using the words provided.

| equation | | gradient | | y-intercept | | sketch |

Question working paths

Mild J  Medium JJS Spicy SIS
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 4 (cdef), 5(cdef), 6(cdef), 4 (efgh), 5 (efgh), 6 (efgh),
7 (abcd), 8 7 (cdef), 8 7 (e,fgh), 8
4. State the gradient and the y-intercept for the equations. m
a. y=2x+3 b. y=-3x-1 c. y=05x+2 d 2x+y=9
e. y=-12x-3 f. 25x+y=1 g. —08x+2y=02 h. 12x —y=-3 2
o
5
5. Sketch the graphs of the following linear equations. WE2 u
a. y=x+5 b. y=2x-4 c. y=-4x+1 d. 4x+y=5 8
n
e. y=%x+1 f. 3x+y=-1 g 05x—y=2 h. —15x—y=—-4
6. Determine the linear equation for the following graphs.
a. y b. y
A A
4 41
2 2
+—» X +—» X
2 4 4
c. d. y
F 3
60 T
a0
4 20
2 < + > x
=1 1 2 3 4 5
< + » X -20
-1 1 2 3 4 v
-2 ]
v
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e y f. y
rF s A
—ED SR 10 4
80 ¢ < ; > x
-1 FHH2 R HHAHS
60 ¥ -10
40 20
20}
_30 -+
< + » X
-1 T2 3Hrals L
LSRN A0
_50 -
v v
g y h. y
2 10
1
5
<+t t t t t +—» x
-0.3 -0.2 -01 01 02 03
z
9 —5
|_
]
=) -10
o
(@}
n
2
a. y b. y
A
54
4 ]
3 ¥
2 ¥
/1
< + + > X
Ngiiah e R Ear IARER RART)
11
v
c y d
rF s
'&.
4+
24 > x
< » X
-1 1 2 3
-2 -4 \
v v
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e y f y
A
20 20+
15
10+
10
5 < » X

N
o+
A
A
=

)
z
o
-
0
w
2
o
(9}
0

8. State the gradient for the equation 2x + 2y = —3.
A. -3 B. -1 C. 0 D. 2 E. 3

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Determine the equation of the line.

0.5
it x
=1
v

Student A Student B
y-interceptis (0,1) y-intercept is (0,1)
c=1 c=1

==4 -1
m=— m=—

=—4 _~-1
Ly =—4x +1 4

Ly = 1
Ly = 4x+1
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5C QUESTIONS

b. Sketch the graph of y = —2x + 4.

Student A Student B
y Yy
rF s
5
41
4
2t 3
< + > x 2
-4 -2 2 4
21 1
< 3 } —> X
M -1 1 2 3 4
-1
v

Problem solving
Question working paths

Mild 10, 11,12 J  Medium 1,12,13 JJS Spicy 12,13,14 SIS

10. An electricity company charges a monthly fee of $10 plus $0.25 per kilowatt hour used.
This information can be graphed using the the rule b = 0.25k + ¢, where b is the amount
of the monthly electricity bill, k is the number of kilowatt hours used. What is the value of ¢?

11. A student puts $30 in a moneybox and then adds $5 every week. Generate an equation representing
the total amount of money in the moneybox (y) after (x) weeks.

12. The graph shows the population of a town over time.

population, y

500
400
300
200
100

——t+——————————————> years, x
0 1 2 3 4 5 6 7 8
Generate an equation that represents the population over time.

13. A cup of hot chocolate is placed in a freezer and the temperature is measured each minute until
it reaches —2°C. Sketch the graph if the initial temperature is 85°C and the temperature is dropping
at a constant rate of 3°C each minute.

14. The cost of renting an e-scooter for one ride is advertised as $1 plus an additional fee of $1.20 per
kilometre travelled. Generate an equation to represent the total cost (¢) depending on the distance
travelled (d).
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Reasoning

Question working paths

Mild 15 (a,b,c,e) J Medium 15 (a,b.c,e), 16 (a,b) JJI spicy All SIS

15. A postal service offers 2 options for sending a parcel. The total cost (c) for both of these options
dependent on the weight (w), in kilograms, is

Option A: total cost = $0.50 X weight + $10
Option B: total cost = $3 + $1 X weight
Plot Option A on a Cartesian plane.

a
b. Plot Option B on the same Cartesian plane.

o

Calculate which option is the cheaper option for a parcel weighing 5 kg.

o

Using the graph from parts a and b, what does the graph display about the cost of sending
a parcel weighing 14 kg for both options?

e. Explain why some postal services offer different rates based on the priority and weight.

16. Linear equations can be writing in the form ax + by = c.
Transpose the equation to make y the subject, writing in the formy = mx + c.
With reference to part a, state the gradient and y-intercept of ax + by = c.

c. Write a statement summarising your findings from part b relating how to calculate the
gradient and y-intercept from the form ax + by = c.

17. The equation of a straight line with a y-intercept of (0,3) is (1 MARK)
A. x=3 B. y=x+3 C. y=x+4 D. y=3x+1 E. y=3x+4

18. A straight line has a y-intercept of (0,2) and passes through the point (3,5). (3 MARKS)
a. Plot the two points and draw the line passing through them. 1TMARK
b. Determine the gradient of the line. 1 MARK
c. Determine the equation of the line. 1 MARK

19. The graph displays three lines, which all intersect. Generate the equation of each of the lines. (3 MARKS)

AY B

v
=

10

20. A line passes through the points (0,3) and (7,0). Plot the graph labelling the y- intercept, (3 MARKS)
and calculate the equation of the line.
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Remember this?

21. Atalocal cafe, the ratio of lattes to flat whites is always 4 : 3.
On a particular day, there were 20 more lattes than flat whites.
In total, how many lattes and flat whites were sold?

A. 20 B. 60 C. 80 D. 140 E. 200

22. Patrick is designing a custom Lego build.
He spent 5 hours designing and 7 hours building.
The percentage of time that was spent building is approximately
A. 35% B. 41% C. 42% D. 58% E. 140%

23. John has a pond with three Koi fish.

Blaze is % the length of Iris.

4
5
Blaze is 2 cm longer than Kai.

Kai is = the length of Iris.

What is the total length of Iris, in centimetres?

A. 2cm B. 48 cm C. 50cm D. 60cm E. 90

5C QUESTIONS
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5 D Gradient and direct proportion

WHERE DO WE SEE THIS @
MATHS IN THE REAL WORLD?
Students will be able to:
¢ understand the concept of direct proportion
¢ understand direct proportion as gradient
o form an equation that links two variables that are directly proportional

¢ use the constant rate of change to sketch a graph.

Direct proportionality links two variables in a way that their ratio remains
constant. Forming an equation that represents this relationship involves

understanding the constant rate of change, also known as the gradient. Image: Robyn Mackenzie/ Shutterstock.com

A relationship that is in direct proportion can be graphed using the linear Direct proportionality is a concept that
rule in the form y = mx where the gradient (m) represents the constant is prevalent in cooking. When a recipe
rate of change in one variable with respect to the other. is scaled up or down to serve a different

number of people, the ingredients
KEY TERMS AND DEFINITIONS increase or decrease in direct

e Arate is used to compare quantities in different units. proportion to the original amounts.

e Avariable is a letter used to represent a value that is unknown or may vary.
This is also known as a pronumeral or an unknown.

Key idea

1.  Two variables are directly proportional when the rate of change of one variable with respect to the other
is constant. This can be represented by an equation of the form y = mx, where the gradient (m)
represents the rate of change of y with respect to x.

y

r

b Gradient (m) = rate
y=mx

v
=

A
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Worked example 1

5D THEORY

Graphing representations of direct proportion

Plot the graph for each directly proportional relationship.

A school group plans to walk 12 km per day during a 5-day hiking camp.
Plot a graph of distance (d) vs time (¢) for0 < t < 5.
Working Thinking
The rate is 12 km per day (12 km/day). Step1: Identify the described rate.
Distance when t = 5: Step 2: Calculate any point using the given information.
12 X 5 = 60 km
~ (5,60)
d Step 3: Choose a suitable scale, and draw a Cartesian

plane, using the horizontal axis to represent time.

Step 4: Plot the origin (0,0) together with the calculated
point on the graph. Connect both points with
a straight line.

t
Visual support
Time (t) 0 1 2 3 4 5
Distance (d) 0 12 | 24 | 36 | 48 | 60
d
o t : : : >t
o 00O 2 3 4 5
A tap is leaking at a constant rate and fills a 4.8 L bucket over a 2 day weekend.
Sketch a graph of volume in millilitres (V) vs time in hours (h), 0 < h < 10.
Working Thinking
4.8 Lin 2 days = 4800 mL in 48 h. Step1: Convert values into the described rate.
_ 4800
48
= 100 mL per hour
Volume when t = 2: Step 2: Calculate any point by using the given
V=100 x 2 = 200 mL information.

Continues »>
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Step 3: Choose a suitable scale, and draw a Cartesian

plane, using the horizontal axis to represent time. >
1000 =
800 Step 4: Plot the origin (0,0) together with the calculated %
600 point on the graph. Connect both points with ~
a straight line. -
400
200
g + + + + +—» h
y-intercept 2 4 6 8 10
(0,0)

Student practice

Plot the graph for each directly proportional relationship.
a. A market stall advertises $4 per strawberry punnet. Plot a graph of cost ($¢) vs punnets, (p) 0 < p < 10.

b.  Onaverage a 24-hour business generates 0.5 kilograms of waste per hour.
Sketch a graph of waste generated in kilograms(k) vs days (d),0 < d < 7.

Z

Worked example 2

Forming an equation to link two variables in direct proportion

Write the rule connecting the directly proportional variables.

a.  Fuelis advertised at $1.89 per litre. Write an equation connecting the cost ($¢) of filling
a tank and the litres ().
Working Thinking
The rate is $1.89 per L Step 1:  Identify the rate and write it as the gradient.
m = 1.89
c = 1.89] Step 2: Write an equation including the two variables,

and the rate, in the form y = mx.

b. A pump running constantly for 3 hours filters 600 L of water. Write an equation connecting the
volume of water in litres (V) of filling a tank and the time the pump is running (¢t).
Working Thinking
The rate is 600 L in 3 hours Step 1:  Identify the rate.
600L in 3 hours = 200 L per hour. Step 2:  Simplify the rate and write it as the gradient.
m = 200
V =200t Step 3: Write an equation including the two variables,

and the rate, in the form y = mx.

Student practice

Generate the rule connecting the directly proportional variables.

a.  Adance school charges $22 per lesson. Generate an equation connecting the cost (¢) and the number
of lessons attended (I).

b. A 10kgbag of rice costs $38.00. Write an equation connecting the total cost of rice (¢) and the number
of kilogram