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multimedia. All the teacher support resources you need. Deep insights into progress. Immediate feedback for
students. Create custom assignments in just a few clicks.

Practical teaching advice and ideas

Teaching videos for all lessons

Reading content and rich media
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32 The real number system

LEARNING INTENTION

At the end of this subtopic you should be able to:
» classify real numbers as irrational or rational
» classify rational numbers as integers or non-integers
* place real numbers on a number line.

© 3.2.1 Introduction to real numbers

* The real number system contains the set of rational and irration
is denoted by the symbol R.
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About this resource

Online, these new editions are the complete package — with trusted Jacaranda theory plus tools to support
teaching and make learning more engaging, personalised and visible.
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New teaching videos for every lesson are designed to help
students learn concepts by having a ‘teacher at home’, and
are flexible enough to be used for pre- and post-learning,

flipped classrooms, class discussions, remediation and more.
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NAPLAN practice

Overview
Why learn this?

Why should you learn to count numbers? Imagine going into a shop and asking for a dozen eggs. How could you
tell how many eggs you were getting? On trust? Was your change correct? How could you be sure?

You cannot go through life without learning to accurately add, subtract, multiply and divide.

DISCUSSION

Some common learning styles preferred by individual learners are visual, logical, verbal, physical and aural.
Which of these is your preferred style? How can you use this self-knowledge to help improve your study

technique?

m Resources

@ Video eLesson NAPLAN: strategies and tips (eles-1688)
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Set A
Calculator allowed

1. The original Ferris Wheel opened to the public in Chicago in
1893. The distance around the outside of the ferris wheel is
approximately three times the diameter. This ferris wheel has a
diameter of 76.2 m. If you were to string lights to the outside edge
of the ferris wheel, what would be the approximate length of lights
needed to the nearest metre?

A. 119m
B. 120m
C. 200m
D. 229m

2. You want to string lights around two windows that measure 90 cm
by 120 cm. What is the minimum length of lights needed?

OOO0O0) ([6688¢

668680
Q09
668680
A

PRl 0288

A. 2.5m B.3.5m
C. 6.5m D. 8.5m

3. This quilt design is a square with four identical parallelograms. What is
the unshaded area of the quilt design?

A. 65 cm?

B. 129 cm?

C. 149 cm? > cm 13 cm
D. 159 cm? 2 em

4. During the January holidays, Anna works in a café in Newcastle. She
saves 75% of her earnings. If Anna earns $750, what is the best estimate
of the amount of money that she saves?

A. $550 B. $300 C. $150 D. $100

5. The measure of the interior angles of a triangle are 2x, 6x and 10x. What is the measure in degrees of the
largest angle?

A. 20 B. 100 C. 200 D. 250
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6. You have a rectangular storage box that is 55 cm high. You cut off a 5-cm
strip around the top of the box. What will be the new volume of the box in cubic
centimetres?

A. 31250 cm’
B. 27500 cm?
C. 22000cm’
D. 20000 cm?

7. Triangle ABC is equilateral. What is the measure of angle x?

8. A shop reduces the price of sports shoes by 40%. The new
price is $72. What was the original price of the sports shoes?
A. $120 B. $115.20
C. $100.80 D. $100

9. High-speed label applicators can put labels onto envelopes at a
rate of 200 per second. Which of the following represents the
number in a day?
A. 1.728 x 10°
c. 1.728 x 10’

B. 1.728 x 10°
D. 1.728 x 108

10. Alex and his six friends played a game of laser tag in which the
person with the lowest final score wins. The table shows the
final scores for each person except Alice.

Player Score
Alex 151
Ben 153
Julie 149
Lee 139
Alice
Aysha 135
Keta 143

If Alice won the game and the range was 19, what was Alice’s

25 cm

55cm

25 cm

SALE 40% OFF

score?
A. 132 B. 134
C. 170 D. 172
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11. The following graph shows the growth rate of hair.

12,

13.

14.

Hair length (mm)

T T T T T T T -

10 15 20 25 30 35 40
Days

o
o

Based on the information in the graph, which figure best represents the number of millimetres that hair
grows in 30 days?

A. 2.4mm B. 3.6 mm
C.4.2mm D. 5.7mm

A Frisbee fits inside a cube. The top of the cube has a perimeter of 72 cm. If the Frisbee occupies 250 cm?,
how much space is left in the box?

You are hanging towels on a clothes line. You use two pegs per towel.

However, as you continue you realise that you will run out of pegs. Instead, you attach the end of the new
towel to the old towel. In this way the towels share a peg.

If # represents the number of towels and P represents the number of pegs, which of these equations
represents the number of pegs needed?

A P=2Xt+1 B.P=2X1t+2
C.P=3xt D.P=t+1

A cyclist is competing in an 80-km race. The record time for the race is 2 hours and 40 minutes. What will
his speed, s (in km/h), need to be to beat this record?

A. s <30 B.s>30
C.s5<33 D.s>20
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15. The depth of the water inside Blue Lagoon Bay has been recorded over a time period as shown on the

16.

17.

18.

19.

20.

following graph.

Depth (m)

T T T T T T T T T
0 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400

Time

T .

What is the depth at 10 pm?

Sing and Nam each buy a health bar at lunchtime from the vending machine. There are four different types
to choose from: ANZAC, chocolate chip, triple fruit and yoghurt. What is the probability that they choose

exactly the same type of bar?

A triangle with two identical sides and an angle of 119° is:

A. scalene and acute
C. isosceles and obtuse

B. isosceles and acute
D. isosceles and right-angled

Alex wants to find the perimeter of the following isosceles trapezium.
10 cm
I
> "4 cm \\
a
16 cm

Which equation could Alex use to find the perimeter of the trapezoid?

A.P=10+16+4+5 B.P=10+16+(2X5)
C.P=10+16+4+5 D.P=(10+16)x4+2

Which point on the number line could represent the value of /107?

A. S B. P C.R

D.Q

Lightning quickly heats the air, causing it to expand. This produces the sound of thunder. Sound travels
approximately 1 km in 3 seconds. How far away is a thunderstorm when you notice a 2-second delay
between the lightning and the sound of thunder?

1 1 2
A. 1 km away B. 3 km away C. 2 km away D. 3 km away
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21.

22,

23.

24,

The bar graph shows 120 students in Year 8 and their different swimming levels. What percentage of
students, to the nearest whole number, have reached the bronze level?

A
36
32+ —
28 -
244
20
16
12+

8_
4_

Number of students

0 T T T T T >
4 5 6 7 Bronze
Levels of swimming

A. 13% B. 15% C. 17% D. 19%

A reservoir has a total capacity of 1 068 000 megalitres. Suppose the water is to be drained by a pump at a
constant daily rate. If 2 of the volume of the reservoir remains after the first day’s pumping, how many
megalitres (to the nearest megalitre) have been lost over 3 days? (Round to the nearest megalitre.)

A. 772740 B. 320400 C. 289428 D. 1068

The following diagram shows the current storage level of a dam.

A
100% —

80% —
60% —
40%

20%

Melbourne’s water storage (% full)

0% —

>
>

If the total capacity is 1 670 500 megalitres, how much water is available (to the nearest ten thousand
megalitres)?
A. 700000 B. 670000 C. 669000 D. 660000

One student in the Japanese class is to make name tags, 50 mm X 50 mm square, from stiff card. The sheet
of card measures 25 cm by 30 cm. What is the maximum number of name tags that can be made from
one sheet?

A. 10 B. 20 C. 30 D. 40
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25.

26.

27.

28.

29,

The table shows the cost of hiring a band called The Hotshots.

The Hotshots band for hire

Monday to Friday $55 per hour
Saturday $110 per hour
Acoustic Rental $60 per booking

Deposit 20% of total cost

A booking is made for Saturday for 4 hours, along with acoustic rental. Which of the following represents
the deposit?
A. (110x4 4 60) x 20 B. (110 x4+ 60) X 100 C. (1104 60) x4 x 20 D. (1104 60) x4 X 100
100 20 100 20
The Queenscliff Marine Centre hires a boat for 12 biologists to go diving for six days. The cost for hiring the

boat for six days is usually $880. The marine centre obtains a 10% discount. What is the cost per person with
the discount?

A. $88 B. $74 C. $70 D. $66

The manager of a cinema complex records the number of people attending the 2 pm session at the cinema
from Monday to Friday.

Monday Tuesday Wednesday | Thursday Friday
Number of adults 120 170 147 160 183
Number of children 37 42 52 62 85

What is the mean number of adults attending the 2 pm session for that week?
A. 120 B. 150 C. 156 D. 160

Two cars begin at the same time and travel the same distance of 160 km. One car travels at 80 km per hour
and the other car travels at 100 km per hour. How many minutes after the faster car will the slower car
complete the journey?

A. 20 minutes B. 24 minutes C. 30 minutes D. 36 minutes
You can usually stay in the sun for 9 minutes before burning. Using a sun protecting lotion with an SPF 20
rating means that you can stay in the sun for 9 X 20 minutes before burning. Your friend burns in 15 minutes.

What sun protection factor would she need to use so that you can both stay for the same amount of time out
in the sun? (Of course remember to wear a hat!)

A. 8 B. 10 C.12 D. 15

Set B

Non-calculator

1.

A. 32cm B. 36cm
C. 38cm D. 40cm

. The sum of 3x dollars and 3x cents, in cents, is:
A 3x+3 B. 3x

The height of the rectangular screen shown is 8 cm, and its
area is 80 cm?. The perimeter of the screen is:

C. 303x D. 3x+3x
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. The following graph shows the ages and heights of three Year 8 students.
Which one of the following statements is true?

A. Tim is the eldest and the tallest.

B. Jenny is older than Peng and younger than Tim.
C. Peng and Tim are the same age.

D. Peng is the shortest.

. Two angles of a triangle are 63° and 57°. Which of the

following could not be the measure of an exterior angle of the
triangle?
A. 110° B. 117°

C. 120° D. 123°

. Susan claims that the weight of her cat is at most 8 kg. What
inequality represents her claim?

A w<8
B. w>8
C. w<8
D. w>8

. The following diagram shows two parallel streets, Yarra Street and Myers Street,
intersected by Moolap St. The obtuse angle that Myers Street forms with Moolap

Street is four times the measure of the acute angle that Yarra Street makes
with Moolap Street. What is the measure of the acute angle at Yarra Street and

Moolap Street?
A. 30° B. 36°
C. 108° D. 144°

Height

Tim

Jenny
°

Peng
°

Age

\ Yarra St

Y

Moolap St

Myers St

\

. Ann and Jack are playing a game where Ann gives an Input number for Jack to put in to the same expression

to give an Output number.

Input 1 2 3 4 ?
Output 2 5 8 11 59
What is the Input number that Ann gave Jack for an Output number of 597
A. 18 B. 20 C.22 D. 24

. Five students competed in a 200-m race. Their finishing times were 47.5 s, 46.8 s, 47.3 s, 48.0 s and 48.2 s.

What is their average time for running a 200-m race, correct to 2 decimal places?

-

N
“ )

4
[
v \
. ;-“‘i’b

»

-
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10.

11.

12.

13.

14.

. A triangle has been drawn on 1-cm grid paper. Which statement is incorrect?

A. The triangle is isosceles.

B. The triangle is right-angled.
C. The perimeter is 24 cm.

D. The areais 16 cm?.

Fold a paper square in half vertically and then cut it along the fold line. What is i
the ratio of the perimeter of one of the resulting two smaller rectangles to the large :
square? i

1 2 > |
A — B. = < !

2 3 !

|

c.2 p. 2 |

4 6 —_— 1]
Imagine that you fold the figure shown into a cube. Three faces meet at each
corner. What is the largest sum of the three numbers whose faces meet at a 1
corner?
A. 15 6 2 4 5
B. 14
C. 13 3
D. 12

Anne has to put 2 drops from an eyedropper in her eye twice
a day. If the bottle of eye drops contains 20 mL and there are
8 drops in a millilitre, how many days will the bottle of eye
drops last?

A. 10 days
B. 20 days
C. 30 days
D. 40 days

Two hundred Year 8 students are doing a science experiment in which 25 mL of an alkaline solution will be
used by each student. How much solution is needed in total?

A. 50litres B. 5litres
C. 0.5 litres D. 0.05 litres

You have made 15 muffins for your class. You realise that this
. 3
is only — of the total that you need? How many more do you

need to make?
A. 3 B. 5
C.9 D. 10
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15. A market gardener noted that 6 boxes of cherry tomatoes and
2 kg weighed the same amount as 5 boxes of cherry tomatoes and
4 kg. If x represents the weight of a box of cherry tomatoes in kg,
which equation best represents the information?

A. 8x=9x

B. 12x=20x

C. 6x+2=5x+4
D. 6x—2=5x+4

16. Mulching the garden in the summertime is a great way of saving
water. A bale of pea straw costs $5.00 and the delivery charge is
$15.00. Olivia spent $90 in total. How many bales of pea straw did

she buy for the garden?
A. 18 B. 15
C. 12 D.9

17. In Yen’s class, the ratio of the number of students who walked to
school on Tuesday to the number of students who took some form
of transport was 12 : 18. Which fraction is an equivalent form of
this ratio?

A.

w
AW O

C.

o

18. The Cheetahs and the Leopards are two school netball teams. The table shows the scores of their games.

Game 1 Game 2 Game 3 Game 4 Game 5
Cheetahs 45 40 35 49 64
Leopards 28 50 27 52 63

Based on the scores in the table, which statement is true?

A. The Cheetahs won 20% of the games.
C. The Leopards won 40% of the games.

B. The Cheetahs won 30% of the games.
D. The Leopards won 60% of the games.

19. The following is a diagram of a proposed floor plan for an office space. The x y
proposed plan has four areas. Three of the areas are rectangular and the fourth is
a square.
What is the length of y? 75 m?
A.3m B. Sm
C.15m D. 25m
16 m? 60 m?
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20.

21.

22.

23.

24,

25.

Adults, on average, have 5.5 litres of blood in their
bodies. How many millilitres of blood are in the

kidneys?
A. 25 B. 500
C. 1000 D. 1375

Anne and her friends decided to watch a DVD. They
started it at 8.30 pm and it ran for 105 minutes. At what
time did the DVD end?

A. 930 pm B. 9.35pm

C. 10.05pm D. 10.15pm

A 900-car parking lot is divided into 3 sections. There
are 330 spots in Section 1. Section 2 holds 160 more
than will fit into Section 3. How many spots are in
Section 37

A chef assembles a cake in % of an hour. If he works for
7% hours, how many cakes will he fully assemble?

A. 10g B. 11 C. 11l D. 12
4 4

Percentage (%)

30
28
26
24
22
20
18
16
14 +
12+
10

6_
4_

Distribution of blood in the body

Kidneys

Brain

Intestine

Heart

Mlﬁles

Liver

Others

A roll of material contains 6 metres of cloth. Four lengths, each
of x centimetres, are cut from the cloth. What length of material

(in centimetres) remains?

A. 6—4x

B. 4x—6

C. 600 —4x

D. 100(6 — 4x)

Two roads cross. What is the size of angle A?
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26. A survey is taken of a Year 8 group to determine the length of time students spend on homework each night.
What percentage of the group spend 60 minutes or more on homework each night?

Time spent in minutes Number of pupils
0 6
15 10
30 14
40 2
50 4
60 8
70 10
80 5
90 1

27. In this diagram of yellow and blue buckets, each bucket of the same colour contains the same number of
pegs. How many pegs are in each of the given coloured buckets?

Total number of pegs in 4 yellow buckets = 28 pegs

Total number of pegs in 1 yellow bucket and 2 blue buckets = 43 pegs

28. Which of these is the lightest?
A. 25000 grams B. 2.50 kilograms C. 25000000 milligrams  D. 2.5 tonnes

29. A piece of wire is cut into the exact number of pieces needed to create the edges of a cube. If the volume of
the cube is 125 cm?, what was the length of wire to begin with?

~<~— Wire

A.5cm B. 30 cm C.50 cm D. 60 cm
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30. Given the balance, what is the value for x?

A.l B. 1 C.2 D. 4

2

Set C
Calculator allowed

1. Each year, the area of tree logging in the Otway Ranges is T
approximately equivalent to clearing 200 football ovals. The B
area of a football oval is given by Area=3.142 X A X B (see l
the diagram). If the width of the football oval is 110 m and
the length is 160 m, approximately how many square metres ‘ A
of trees are felled each year in the Otways?

A. 1.9% 10* B. 2.76x 10"
C. 1.9x 10° D. 2.76 x 10°

the diameter is 37 mm, what was the radius of the enlarged cylinder?

2. A designer wants to enlarge a cylinder to 150% of its original dimensions. If g 37 mm )

A. 27.75 mm B. 46.25 mm
C. 55.5 mm D. 92.5 mm

3. A teenager is to receive 750 mL of saline solution. The drip rate is adjusted to
60 mL per hour. When will it be necessary to change the saline solution if the
drip rate begins at 10.30 am?

4. The area of a square is 73 square metres. Which is the closest to the length of = ﬂ__.\

each side?

A. 84m B. 8.5m \_/

C. 86m D. 8.7m

5. A kite is drawn with the coordinates of D being omitted. What are
the coordinates of D?

eC(2.6)

A (=3,-3) B. (=3, 8) AR
C. (3,4 D. (=3,6) 5.6)A
6. Your friend is planning a trip of 2320 km. The plan is to drive
between 400 km and 480 km each day. At this rate, which of D
the following would be a reasonable number of days to complete
the trip? D
A. Fewer than 4 days B. Between 4 and 6 days

C. Between 6 and 8 days D. More than 8 days
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7.

10.

11.

12.

Last year there were 225 students at Top End High School. This year there are 20 per cent fewer students

than there were last year. Approximately how many students are at Top End High School this year?

A. 205 B. 245 C. 270 D. 180

. This column graph shows four test results for Bill, \

Wanda and Neale. Which of the following options 80—‘ L

represents the test results? 75

A. Bill has a higher average than Neale but a lower 707 1 — ) B
average than Wanda. 657 —

B. Bill has a lower average than Wanda but a higher 22: o Bill
average than Neale. 504 [ Wanda

C. Wanda has a higher average than Bill but a lower 45 [ Neale
average than Neale. 40

D. Wanda has a higher average than Neale and Bill. 55 _

Test 1 Test 2 Test 3 Test 4

. A prepared workout on a treadmill consists of intervals of

walking at various rates and angles of incline. A 3% incline ”
means 3 units of vertical rise for every 100 units of horizontal

run. My treadmill, when set at a 3% incline, has a horizontal
run of 1.6 m. What will be the vertical rise?

A. 48 m B. 48 cm

C. 48 mm D. 4.8 mm

You are about to play your final game in a computer
tournament. Your previous scores have been 134, 99, 109,
117 and 101. To win the tournament your average must be at
least 114. What is the minimum score you must achieve in
this game to win?

Suppose your heart rate is 72 beats per minute. How many
days will it take your heart to beat 1 000 000 times? Round
your answer to the nearest number of days.

A gardener wants to put 12 cm of mulch on his garden,
whose dimensions are 20 m by 13 m. How many trailer loads
will he require if his trailer holds 1.5m?>.

A. 20 B. 21 C. 46 D. 47
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13.

14.

15.

16.

17.

A machine packs grain at a rate of 1% tonnes of grain per hour. How long will the machine take to pack
18 000 kg of grain?

A. 15 hours B. 21 hours 6 minutes
C. 21 hours 24 minutes D. 216 hours

In the following diagram, the shape is made from four identical rectangles.

X

Each rectangle has a width of x and a length of 2x. If the perimeter of the shape is 48 cm, what is the area of
the shape?

A. 112.5 cm? B. 72 cm? C. 60 cm? D. 180 cm?

A student recorded the times for 25 people running a 100-metre race. The stem-and-leaf diagram shows
the results.
Key: 13| 7 represents 13.7 seconds

Stem | Leaf
1317
14 | 2344
14 | 557789
151012234
15155679
16 | 012

What percentage of students ran for 14.8 seconds or less?
A. 36% B. 40% C.45% D. 48%

A student recorded the times for 25 people running a 200-metre race. The stem-and-leaf diagram shows
the results.
Key: 13 | 7 represents 13.7 seconds

Stem | Leaf
13 | 7
14 | 2344
14 | 557789
151012234
15155679
16 [ 012

What percentage of students ran for more than 14.8 seconds but less than 15.5 seconds?
A. 28% B. 32% C.36% D. 40%

Tsing works in a bakery. One of her chores is to take cardboard sheets and to fold them into small and large
trays. It takes 2 minutes to fold a small tray and 3 minutes to fold a large tray. Can she complete 80 small
and 45 large trays in the allocated time of 3.5 hours?

A. Yes, Tsing will finish in 2.6 hours. B. No, Tsing will take 4 hours and 25 minutes.
C. Yes, Tsing will finish exactly in 3.5 hours. D. No, Tsing will take 4 hours and 55 minutes.
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18. The maximum quantity of air that can fill your lungs is called
Force Vital Capacity (L). This can be modelled by the formula
L=443xH—0.026 X A —2.89 where H = your height (metres) and

19

20

21

22

23

A =your age (years).

If you are 165 cm tall and 15 years old, what is your capacity (to the

nearest litre)?
A 4 B.5
c. 70 D. 106

. What is the surface area of a rectangular prism that has a length of 11 cm, a width of 6 cm and a height of

50 millimetres?

A. 170 cm?
C. 330 cm?

B. 302 cm?
D. 1832 cm?

. You have a piece of string 3.7 metres long. You cut it into 6 pieces of equal length to tie to 6 balloons, and
there is 22 cm of string left. How long were each of the 6 pieces?

. My teacher and I boarded a tram together. At the second stop, three people got on. At the third stop, three
people got on and one got off. At the fourth stop, three got off. At the fifth stop, six people got off. At the
sixth stop, one-half of the passengers got off and I was the only passenger left on the tram. How many
passengers were on the tram when my teacher and I got on?

. Examine the expression 3k? + 6k — 5 4+ 6k*> + 2. When it is simplified, which of the following is the

equivalent expression?
A 3k*+12k—-3 B. 9k* + 6k —3

C. 92 +6k+7

D. 15k* + 6k —3

. Jane and Lance each have a rectangular piece of paper of the same dimensions. The length is labelled x cm
and the width is 12 cm. Jane and Lance each cut their paper in half in two different ways as illustrated.

Jane’s cutting

—e---] =

Lance’s cutting

1
1
f X |

12

Which of the following represents the sum of the perimeters of the two new designs?

A. P=5x+48 B.P=5(x+12)

C. P=6x+60

Jacaranda Maths Quest 8
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24. The process for making a Chinese dish called ‘Dragon’s beard noodles’ by [ Rt |
hand is as follows.
Take a 100-cm strand of dough and fold it in half. Stretch the dough back
to its original length so that the two thinner strands are formed. Repeat
this process over and over increasing the number of noodles as they get
progressively thinner.
After the 6th fold how many noodles strands will you have?
A. 12 B. 32 C. 64 D. 128

25. The steps on the foreshore have a horizontal width of 24 cm and a height
of 18 cm, as shown.

For someone climbing the steps, which of the following graphs models the height above the ground (/)
against the distance from the first step (d)?

Ay B- p 1234567380910y
10 - | | | | | | | | | [
9 -1
8- 24
7 -3
6 4+
5 -5
4 ~6
3 7+
2 -8
14 -9

> -10 1
R A

C. g D. g
10 10
9 9
8- 8-

7 7
6 6
5 5
4 4
3 3
2 2
14 14
0 1 23456780910¢ 0 1 234567580910¢
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26. A recipe for pizza dough requires a 20 cm X 40 cm rectangular pan. However, you have only a square pan,
with dimensions of 25 cm X 25 cm. What will be the approximate difference in the size of your pizza due to
using the square pan?

A. Smaller by 22% B. Larger by 22%
C. Smaller by 28% D. Larger by 28%

27. Alice ripped a piece of paper into three parts, and tore each of those parts into three more parts. If she
repeated this action 3 times, how many pieces of paper would she have?

A. 15 B. 81 C. 243 D. 729

28. Ning was throwing darts at a target as shown at right. When his dart
landed on or inside the circle (bullseye) of the target board, he earned
7 points. However, when his dart landed outside the circle he earned
2 points. After 50 throws his friend reported his score to be 140 points.
Ning wanted to know how many bullseyes he had hit, but his friend did
not know.
Let x = number of hits on the bullseye. Which of the following equations
could be used to solve for x?

A. 7x+50—x=140 B. 7x+2(50—x)=140
C.7x+2x=140 D.2x+2(50—"7x)=140

29. John bushwalked 36 km through the Grampians in 3 days. On the first day he hiked 50% of the total
distance. On the second day he hiked 25% of the distance that remained. How many kilometres did he hike
on the third day?

—— 2 points
—— 7 points

A. 11l B. 13l
2 2

C. 22l D. 27
2

30. Two pencil boxes as shown have the following information.
The volume of one pencil box is 24 cm? more than the Pencil box
volume of the other pencil box. One box has two of its sides
measuring 3 cm and 4 cm, while the other box has sides that
measure 1.5 cm and 6 cm. The third sides of the boxes are the
same length. What is that length?

A. 2cm B. 4cm
C. 6cm D. 8 cm

Pencil box

Set D
Non-calculator

1. A 130 cm long strand of wire is cut into three pieces.
The longest piece is three times as long as the second shortest piece.
The second longest piece is three times as long as the shortest piece.
How long is the shortest piece?

A. 18 cm B. 10 cm
C.17.5cm D. 15cm
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o

. One litre of paint covers an area of 20 square metres.
How much paint will cover one square metre?
A. 0.005 litre B. 0.002 litre
C. 0.05 litre D. 0.02 litre
1
. A pancake recipe requires 45 cups of milk. If you wish to make one-fifth of the recipe, how
many cups of milk will you need?
A. 0.2 B. 0.5
C.0.8 D. 0.9

. Each card pictured is labelled with a value. What is the mean value
of these cards? S 6r_0
A. 12x+6 B. 12x +24
C.4x+6 D. 4x+2
. In order to purchase a new iPod you must save at least $260. What
inequality represents the amount of money, m, that you must save? dx+12
A. m <260 B. m <260
C. m>260 D. m> 260

. In the diagram below, £A and £B are complementary.

3x+ 20
x+ 10

7 g

A

‘What is the measure of ~ZB?
A. 65° B. 45° C. 30° D. 15°

. A swimming pool is being filled with water. The pool already contained 5000 litres of water. The following
table shows the number of litres of water in the pool after ¢ hours.

Litres of water in pool (L) Number of hours (7)
5000 0
7500 1
10000 2
12500 3
15000 4

Which rule can be used to determine the number of litres, L, of water in the pool after ¢ hours?

A. L=2500¢ B. L=5000¢
C. L=5000¢+ 2500 D. L=5000 4+ 2500¢

. Anne wants to solve the equation shown.
2x—3=13.
Which steps could she use to find the solution?
A. Add 3 to both sides, then divide both sides by 2.
B. Subtract 3 from both sides, then divide both sides by 2.
C. Divide both sides by 2, then add 3 to both sides.
D. Multiply both sides by 2, then subtract 3 from both sides.
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9. The photograph of a dragonfly is shown with its dimensions

10 cm

I — 12 cm 1

You decide to enlarge the photograph, and the new width is 12 cm. What is the new length?
A. 14cm B. I5cm C.16cm D.17cm

10. Madeline noticed that in one minute she blinked 50 times. At this rate, approximately how many days will it
take her to blink 1 000000 times?

A8 B. 10 C. 12 D. 14

11. A parcel of land is to be subdivided as shown below. The shaded area is to be sold.

<2 km—>|
3 km
6 km
What percentage of the total area does this represent?
A. 33l B. 50
3
C. 66% D. 75

12. When the diagram shown is folded to make a cube, what symbol is on the face
opposite the face marked /\?

A.

g Qo™

B.
C.
D
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13.

14.

15.

16.

17.

18.

19.

You have an envelope that has a perimeter of 35 cm. If the ratio of the length
to the width is 4 : 3, what are the dimensions of the envelope?

A. L=20cm, W=15¢cm

B. L=10cm, W=7.5cm
C. L=15cm, W=20cm

D. L=75cm, W=10cm

A triangle ABC was drawn on coordinate axes as shown.
What would be the coordinates of the triangle reflected in the y axis?

. (1,3) (1, D (-1, =3)
.G, =-DA, D) (-1,=-2)
. (=3, D) (-11, = 1D)(1,3)
.G, DA, DA, =3)

>

OO0 w

Evaluate the following expression.

2212
5 3

An electronic device counted 4500 vehicles passing through
an intersection during an 8-hours period. If the number of
vehicles passing through the intersection per hour remains the
same, what proportion can be used to find x, the number of
vehicles that would be counted during a 10-hour period?

A 00 _ x . S
8 10 4500 10

8 10 8 10
C.—-=—— D. —=—
x 4500 4500 «x

John has five fewer marbles than Liam, and Tang has three times as many as John. If Liam has n marbles,
which of the following represents the number of marbles that Tang has?

A.3n—5 B. 3n C.5-3n D.3(n—95)
The directions for using a concentrated cleaning product say to add 3 capfuls of the product to every 4 litres

of water. Which of the following equations can be used to calculate ¢, the number of capfuls of the product
needed for 7 litres of water?

3 ¢ 3 ¢ 4 ¢ 4 ¢
Lo== B.-=— C.—=— D.—=—
4 7 4 11 37 3 11
Intersecting paths have been constructed to surround a decorative garden bed.
What is the angle measurement for x?
A. 128 g 93°
B. 102°
c. 87°
D. 61°
78°
X
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20. The diagrams show the seating arrangements that will be used @)
if tables are placed end to end. Which formula represents the
relationship between the number of people (P) that can be e O 1 table
seated and the number of tables (¢) placed end to end? 4 people
A. P=4t O
B. P=3¢
C. P=41—2 ©) @)
D.

P=2t+2 O O 2 tables
6 people

©) ©)

21. The diagram shows a rhombus. The midpoints of two of its sides are joined with
a straight line. What is the measure of angle x?

A. 76°
B. 104°
c. 142° L04°
D. 152°

22. A square dart board is shown below.

Suppose a dart, thrown randomly, hits the board. Determine the probability of the dart’s landing on a green

segment.
A B. 1 c. D. —
12 8 24 14

23. In how many different ways could these plastic bottles be arranged in a line?

24. What is the solution for the following expression?

5+E><(1+2)2—1
10

A. 95 B. 71 C. 67 D. 46
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25.

26.

27.

28.

29.

30.

A helicopter has a rotor that moves at a rate of 720 revolutions
per minute. Through how many degrees does the rotor turn per
second?

A. 0.03 B. 12

C. 4320 D. 259200

You counted a total of 40 goldfish in a pond in the Botanical
Gardens. The gardener told you that the ratio of female fish to
male fish was 3 : 5. What was the total of the number of male
goldfish?

A. 24 B. 25 C.26

Based on the table, which statement is true?

Polygons
Sum of interior angle
Number of sides (n) measures (s)
3 180°
4 360°
5 540°
6 720°
7 900°

1
A. The sum of the interior angle measures decreases by > for each side increase of 1.
B. The sum of the interior angle measures increases by 180° for each side increase of 1.
C. The sum of the interior angle measures doubles for each side increase of 1.
D. The sum of the interior angle measures is a whole number multiple of 360°.
The sum of x and y is:
A. 196° B. 180° 128°
C. 135° D. 113°
X y
67° 45°
A box is displayed on the top of a shop counter as shown in the
photograph. Its dimensions are length = li m, width = 1% m and -
height = 0.8 m.
What is the volume of the box?
A. 1.2m? B. 1.25m?
C.14m’ D. 1.65m?

If two sides of a triangle are 12 cm and 20 cm, the third side must be:

A. between and including 8 cm and 32 cm.

B. between but not including 8 cm and 32 cm.
C. greater than 8 cm.

D. less than 32 cm.
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Set E

Calculator allowed

1. The students in a class measure their heights in cm. The following stem-and-leaf plot shows their heights.

Key: 13|5 means 135 cm.

Stem | Leaf
13 |58
14 1 049
15 ] 355
16 | 3
What is the mean height?
A. 148 cm B. 149cm C.155cm D. 163cm

. You have a rectangular box with a lid. The top of the lid has an area of 392 square centimetres. The ratio of
the width to the length of the lid is 1 : 8. What are the dimensions of the 1id?

A. 4cm by 98 cm B. 7cm by 56 cm C.8cm by 49cm D. 8cm by 64cm

. The following is a design of a quilt square (ACEF) whose sides are 5 cm long. B A B C
and D are the midpoints of sides AC and CE respectively. What is the area of the
triangle BDF?

A. 6.25
B. 9.375
cC. 125

D. 15.625

F E

. A photograph is placed on a card measuring 8.5 cm by 10cm. A 1.5-cm edging is left all around. What area
(in square cm) does the photograph cover?

A. 59.5cm? B. 49 cm? C. 46.75 cm? D. 38.5 cm?

. A student recorded the temperature outside her classroom every hour for one school day. She drew up the
following table.

Time

9am

10 am

11 am

12 pm

1 pm

2 pm

3pm

Temperature °C

11

13

34

36

33

29

If the temperature increased from 11 am to midday by 41 %%, what was the temperature at 11 am?

A. 22°

B. 23°

C.24°

D. 25°

6. The school bus took 1 i hours to travel 80 km. How far did it travel in 2 % hours?

7. Consider the following pattern.

1 3
e o ° ..
[ N J ( N ] o o
o000 o0000 0000000
[ N ] [ X ] .. ..
e o ° °
7 13 19
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10.

11.

12,

13.

Which one of the following equations could model the design, where C represents the total number of
dots (the numbers shown below the figure) and n represents the series number (the numbers shown above
the figure)?

A.C=Tn—-1 B.C=6n C.C=6n+1 D.C=6n-1

. A bag of fertiliser is made by mixing nitrates, potash and phosphates in the ratio of 3 : 2 : 5. How much

fertiliser will be produced if 15 kg of nitrates are used?

A. 22kg B. 25kg C.45kg D. 50kg

. Fuel for a two-stroke engine is made by mixing petrol and oil in the ratio 30 : 1. If you have 250 mL of oil,

how much petrol needs to be added to make a two-stroke mixture?

A. 0.12 litre B. 1.2 litres C. 7.5 litres D. 8.3 litres

The Venn diagram shows how many of the 200 Year 8 students have an ¢
iPod only, a mobile phone only, or both an iPod and a mobile phone.
Use the information in the diagram to find the probability that a student
chosen at random has neither an iPod nor a mobile phone.

Year 8 students

A= 2
30 20
c.2 L
10 20

The Orion Nebula is approximately 1.5 X 10° light-years away from
Earth. It is visible with the naked eye. One light-year is approximately
9.5 % 10" km. What is the approximate distance in kilometres between
Earth and the Orion Nebula?

A. 1.425x 10"
B. 1.425%x 10"
c. 1.1x10"
D. 6.33%x10°

An express train leaves Geelong at 8.55 am and arrives in Altona station
at 9.37 am. If the train travelled 52 km, what was the train’s average

speed in km/h?
A. 98km/h B. 84km/h
C. 74km/h D. 71km/h

A packet of M&Ms contains red, orange, blue, green, yellow and brown
chocolates. The probability of choosing a colour from the packet is
shown in the table below.

Colour

Red

Orange

Blue

Green

Yellow

Brown

Probability

0.3

0.13

0.12

0.25

0.09

What is the probability of choosing a green M&M?

A

B
C
D

. 09
. 0.38
. 0.11
. 0.1
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14. The following table shows the number of M&M:s of different colours in a particular bag.

15.

16.

17.

18.

19.

20.

21,

Colour Number Expression
Red X
Orange x—=2
Blue x—1
Green x+1
Yellow x—=3
Brown x+2
Total 33

How many yellow M&Ms are in the bag?
A. 30 B. 20 c. 10 D.3

In a bag of 200 jelly beans, the following distribution of colours was found. Brown 13%, yellow 14%, red 13,
blue 24%, orange 20%, green 16%
How many blue jelly beans are in the bag?

A. 20 B. 24 C.48 D. 40

‘Dragon beards’ is a special Chinese dish. The noodles are hand-pulled until they are extraordinarily fine.
It has been calculated that a piece of pasta prepared with 1.5 kilograms of wheat flour can make 144 000
hair-thin noodles, each 20 centimetres long. If you joined all the strands together, what would be their total
length?

A. 28.8 km B. 288 km C. 28 800 km D. 288 000 km
The angles shown are supplementary. The measure of £DEF is g c b
What expression represents the measure of ZABC?

X X
A. 90— = B. 90+ —

2 2
c.180— = D. 180+ = x

2 2 2
A B E F

A driver drives 8 km south, then 6 km east followed by 2 km south. He then travels 3 km west. Next, in

order to avoid a traffic jam, he turns and travels 6 km north. How many kilometres is the driver south of his
starting point?

If the ratios of the sides of a quadrilateral are given in order as 3 : 3 : 4 : 4, what type of quadrilateral must
it be?
A. Rectangle B. Square C. Kite D. Parallelogram

The angles of a triangle are in the ratio 3 : 5 : 7. Which diagram has angles in this ratio?

_‘

A trapezium was created on a Cartesian plane using the coordinates A (2,0), B (=3, 4), C(=3, 4) and
D (x,4). What is the value for x if the area of the trapezium is 24 units?
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22. Ann is drawing a right-angled isosceles triangle on a coordinate grid. She has
plotted two of the corners of the triangle at (—2, 3) and (1, 2). Which of the

23.

24.

25.

26.

following coordinates could be the third corner of the right-angled isosceles

tr

A

B
C
D

iangle?

. (1,4
. 4,3)

. (0, =-1)
. (3,9

Ann recorded the highest temperature each day over

a

the data?
A.
B
C.
D. Median < mean

7-day period in February. Which statement describes

Median > mean
. Mean = mode
Median = mean

Temperature (°C)

Ethan wants to solve for x in this equation.
2 2 2

- —xX—-=1-
5 3

3

Which step should he perform first?

A. Divide both sides by %

C. Subtract 1% from both sides.

Al-Samaw’al was simplifying the expression 6x — 3(x — ).
Which is the equivalent expression?

A.

3x—5 B.3x+5 C.3x—15

In the parallelogram ABCD below, AC and DB intersect at E.
AE=3x—-3and EC=x+13.

What is the value of x?

A.

8 B. 16 C.20

Jacaranda Maths Quest 8

D. Add 1% to both sides.

YA
4_
o 13-
2_
14
I T >
3202 12347
2
43
Y
A
40
35
30
25
20
15
10
5
0 T T T T T T >
Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
Day
. . 2
B. Multiply both sides by 3
D.3x+ 15
D. 40



Set F
Non-calculator

1. A room has four identical walls that are being painted. For decorative Room

purposes, each of the four walls is being painted in a variety of colours. : 1
One of the colours is blue, and the four walls will each have different | 6
areas that are painted this colour. The fraction of each wall that is painted 1
blue is shown on the diagram. % 3

What fraction of all 4 walls will be painted with this colour? P
5 6 5 5 S/

A. — B. — C. — D. 1- va

7 7 14 7

N |—

2. Five friends earned money by helping to build a wall in a garden. After they divided the money equally, they
each received $280. Which of the following equations could be used to determine x, the total amount (in
dollars) that the five friends earned?

A. 5x=280 B.x—5=280 C.x+5=280 D.§=280
3. There are 150 Scouts at a camp. For 40% of them, this is their first camp. One-fifth of the remainder have

been to one other camp. The others have been to three camps. Which of the following represents the
percentages of students on camp for the first, second and third times?

A. A B. A

100 100

90 — 90

80 80

S 70 s 70

< 60 — - 60

8 50 8 50

S 40- 5 40-
=¥ =¥

30 30

20 20

10 H 10

0 | | > 0 | | |:| >
First Second  Third First Second  Third
Camp Camp

C. J D. \

100 100

90 — 90

80 80

s 704 S 70

< 60 = 60

S 50 S 50

5 _ 5 404
& 40 &

30 30

20 20

TN
0 T |:| T > 0 T T >
First  Second  Third First  Second  Third
Camp Camp
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4. Ash spins the arrow twice on the spinner. Which tree diagram shows all the
possible outcomes?

A. B.

A

lov]
“H XA TEEE £ =

<< S

/N
A

o
=
w

w =
X WE<WE< TS

[oe]
AVAVA

=~

5. The human heart beats an average of 37 800 000 times in one year. Which of the following is an equivalent
value?

A.3.78% 107’ B.3.78%x107° C.3.78x10° D. 3.78 x 10’

A

™

6. Which unit of measurement would be most appropriate for measuring the area of a page of newspaper?

2

A. mm B. cm? C.m? D. km?

7. A hockey team played n games, losing five of them and winning the rest. The ratio of games won to games
lost is:

5
n—>5

n n—>5
A. - B.
5 5
8. What is the value of the angle x?

A. 85°
B. 70°
c. 110° 1107 x
D. 130°

D.

S |

25°

9. An ironing board with the measurements shown is advertised online.
When the ironing board is set up, two similar triangles are formed.
How long is the top?

A. 90cm
B. 62.5cm
C. 51.2cm
D. 48cm

Length {

Jacaranda Maths Quest 8



10.

11.

12.

13.

14.

The stem-and-leaf plot below shows the age of each member of a bicycle club.
Bike club members’ ages
Key: 1|8 represents 18

Stem | Leaf
1]889
213466679
3112578
41025
5127

What is the range of the ages of the bicycle club members?
A. 57 B. 39 C. 36 D. 30
The stem-and-leaf plot below shows the age of each member of a running club.

Running club members’ ages
Key: 1|3 represents 13

Stem | Leaf
113567889
2101234445
3102345

What is the median age of the club members?
A. 22 B. 22.5 C.24 D. 24.5

The Chef and Cook television show produces two square-based cakes. The small cake has a side length of
8 cm while the large cake has a side length of 16 cm. Which of the following statements is true?

A. The area of the base of the large cake is 2 times the area of the small cake.
B. The area of the base of the large cake is 4 times the area of the small cake.
C. The area of the base of the large cake is 8 times the area of the small cake.
D. The area of the base of the large cake is 16 times the area of the small cake.

Calculate the value of the following.
25X (2768 +2768 + 2768 +2768)

The stage in the hall at League School has the shape of a quadrilateral, as

shown. Which of these are the most likely values of x and y? * o
tage
x y y
A. | 30 | 160
B. | 45 | 145
c. | 63 | 117
D. | 72 | 118
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15.

16.

17.

18.

19.

20.

21.

The numbers of passengers on a train over a 20-day period were recorded as follows:

59, 65, 73, 83, 90, 83, 71, 92, 60, 58, 96, 66, 75, 76, 85, 77, 86, 79, 87, 79 The data are displayed below
on a stem-and-leaf plot.

Key: 5|9 represents 59

Stem | Leaf
5189
6|05]7?
711356799
8133567
91026

What is the missing number?

The table shows the results of a survey, which asked drivers how many accidents they had over the previous
5 years. What is the median number of accidents per year?

Number of accidents 0 1 2 3 4 5 6
Number of drivers 16 14 21 4 3 1 1
A. 0.5 B. 1 c.1.5 D.2

Alex wants to know the answer to the following expression.
(5x10%+2x 10" +@x10)=["]

Which of the following is correct?
A. 502400 B. 52400 C. 50240 D. 5240

What is the missing number in the following equation?

W | &~

1
8

W | -

My mother is 4 times as old as I am. My sister is 75% of my age and 10% of my grandfather’s age. My father
is 50, which is 2 years older than my mother. How old are my sister and grandfather?

In the quilt design below, what is the measure of x?

A

3x - 60

/

A. 10° B. 30° C. 40° D. 60°

Is the following equation true or false?

124+ (5%9)— (108 +2)=3
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. The solid brick shown is made of small cubic bricks of sides 1 unit. When the large brick is disassembled
into its component small bricks, the total surface area of all the small bricks is how much greater than the
surface area of the large brick?

A. 32 B. 40 C. 56 D. 96

. Jane ate 0.2 parts of pizza and her friend ate 0.02 parts of the same pizza. Find the ratio between the parts
they ate.

A.10:1 B.5:2 c.1:1 D.1:10

24,

25.

26.

27.

28.

29.

30.

A marble is selected at random. What is the probability that the marble will not be blue?

A. é B. l C. i D. 2
6 6 14 7

Write 70 as a percentage of 200.

If 4x + 3 =22, what is the value of 4x —3?

A -3 B.0 c.16 D. 19

If this pattern continues, how many cubes will it take to make 10 layers?

The first number in a pattern is 48. To go from one number to the next the rule is to divide by 4. What is the
fourth number in the pattern?

4 3 1 1
A. — B. — C. - D. -

3 4 3 4
Which of the following is equivalent to the expression 20 x 24?
A. 2% B. 210 C. 4% D. 410
Andrew wants to find the value for the expression " when x = —10.

X+

What is the value?

2 -2 11 —11
A. — B. — C. — —

3 3 15 15
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Integers

LEARNING SEQUENCE

1.1 OVErVIEW ..o
1.2 Adding and subtracting integers
1.3 MURIPIYING INTEEIS ..o
1.4 DIVIAING INTEEIS ...
1.5 Order of operations With INTEGEIS ... s 19
1.6 Review




1.1 Overview
Why learn this?

Integers are whole numbers that can be positive,
negative or zero. You have been using integers all
your life without even realising it. Every time you
count from zero to ten or tell someone your age, you
are using integers. Understanding integers is essential
for dealing with numbers that you come across

every day. Imagine you need to deliver something

to number 30 in a particular street. A knowledge of
integers will assist you to know if the house numbers
are increasing or decreasing and which way you need
to walk to find the house. Common uses of integers
can be seen in sport scores, money transactions,
heating and cooling appliances, and games. If you
start taking notice, you will be amazed how often
you use integers every day. Being able to add,
subtract, multiply and divide integers is a critically
important skill for everyday life and workplaces.
Think about occupations in medicine, teaching,
engineering, mechanics, hospitality, construction,
design, agriculture, and sport. If you aspire to work in
any of these fields, then being able to understand and
compute integers will be crucial.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the
concepts covered in this topic.

. Fully worked
Video 4 Interactivities solutions

to every

elLessons

question

eWorkbook
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Exercise 1.1 Pre-test

learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1.

10.

11.

12,

13.

14.

15.

Determine the value of 18 —15.

In winter the midday temperature in Falls Creek is 4 °C but, by midnight, the temperature drops by

6 °C. Calculate the temperature at midnight.

I Select the highest number from the following options.

A —17 B. 0 C. 2 D. 10

Determine the next three numbers in the following number sequence.

13, 10, 7, ...

Evaluate the following expressions.

a.5+(-3)

b. 10+ (—18)

c.—7-3

Evaluate the following expressions.

a.5—(—4)

b. =3 —(—10)

c.—6—(—4)

Evaluate the following.

a.—5x%x43

b. —7x—4

I3 Select the correct answer when evaluating —(—5)3.

A. —15 B. 15 C. 125 D. —125

Evaluate the following expressions when p =12, g =—4 and r=—35.
p

a. —
q

b.p+2r—gq

Evaluate 36 + —2 X -2 + 4.

Determine the missing number in the equation —2 X +—4=—21.
Write down the two possible values of m if m* = 121.

Determine the mean of —6,9, —15,3 and —1.

E. 5

E. —25

Two integers add to equal —3 and multiply to equal —54. Determine the answer if you divide the lower

number by the higher number.

Ifx+y+z=-5, . —3 and x + z = —7, determine the value of x.
y
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1.2 Adding and subtracting integers

LEARNING INTENTION

At the end of this subtopic you should be able to:
e understand that integers can be negative, zero or positive
e understand that adding a negative integer is the same as subtracting a positive integer
 understand that subtracting a negative integer is the same as adding a positive integer
e add and subtract integers.

1.2.1 Integers

eles-3533 .- .
 Integers are positive whole numbers, negative whole numbers and zero. They can be represented on a

number line.
e A group of integers is often referred to as the set Z.
Z={.,-4,-3,-2,-1,0,1,2,3,4,..}
e Positive numbers and negative numbers have both magnitude (size or distance from 0) and direction (left
or right of 0), and are often referred to as directed numbers.
* The number zero (0) is neither negative nor positive.

~—————— Value decreasing

< >
‘ T T T T T T T T T T T T T T T T T -

£ -7 -6 5 4 3 -2 - 0 1 2 3 4 5 6 7 8
Negative integers Zero Positive integers

Value increasing ———

WORKED EXAMPLE 1 Representing words as integers

Write the integer suggested by each of the following descriptions.

a. The maximum temperature reached on a particular day at Mawson Station in Antarctica was
15 degrees Celsius below zero.

b. The roof of a building is 20 m above the ground.

THINK WRITE
a. Numbers below zero are negative numbers. —15 degrees Celsius
b. Numbers above zero are positive numbers. +20 (or 20)

1.2.2 Addition of integers

¢ A number line can be used to add integers.
« To add a positive integer, move to the right.
o To add a negative integer, move to the left.

eles-3534

Adding a positive number —— >

-<
<

T
-8 -7 -6 -5 4 3 -2 - 0 1 2 3 4 5 6 7 8

~<~— Adding a negative number
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WORKED EXAMPLE 2 Adding integers using a number line

Use a number line to calculate the value of each of the following.

a. —3+(+2) b. -3+ (-2)
THINK WRITE
a. 1. Start at —3 and move 2 units to the right, as  a. Start  Finish

this is the addition of a positive integer. l l

~T 71T T T T T T T T T2>
-6 54 3 -2-1 01 2 3
2. Write the answer. —3+(+2)=-1

b. 1. Start at —3 and move 2 units to the left, as b. Finish  Start

this is the addition of a negative integer. l l

\
Y

|
(o)
|
)
|
w
[
\)
|
—_
[l
—_
\)
w

2. Write the answer. —34+(-2)=-5

DISCUSSION

Negative numbers are used to describe many real-life situations, including temperatures. What limitations
would be placed on our ability to describe certain situations if we could not go below zero?

AAANR

ElEIR: ElLIR: ElEIR: ElaInd
S Z120 0z S e Z120 =] ||ShEg
40 = E 40 = E 40 = E 40 = E

= Z 100 = Z 100 = Z 100 = Z 100
30 = 5 30 = 5 30 = 5 30 = 3

E Z 80 = 80 E 80 = Z 80
20 = 20 = E 20 = E 20 = =

:| B Ell Bl B Bl B
10 = 3 i) = 3 10 = 3 10 = 3

Il S Z g i Z |l e Z |l e

- = E H E H E

= = = |l =2 = e = Z20
-100E = -100E z -10J= z -100E z

H H = H =Hi B
= E "20_= 1 1= 2WE E "20_= 1 1=

[ 2] | O
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1.2.3 Subtraction of integers

¢ A number line can also be used to subtract integers.
Consider the pattern:

eles-3535

3—4=—-1and 3+ (—4)=-1

W W W
W N =
I
S =N

e We can see that subtracting a number gives the same result as adding its opposite.

For example, 3 —5=—2and 3+ (-5)=-2.

To subtract a positive integer, move to the left. This is the same as adding a negative integer.
To subtract a negative integer, move to the right. This is the same as adding a positive integer.

Subtracting a negative number ——
(adding a positive number)

Y

<
‘ T T T T T T T T T T T T T T T T T

-8 -7 -6 -5 4 3 2 - 0 1 2 3 4 5 6 7 8

~—— Subtracting a positive number
(adding a negative number)

WORKED EXAMPLE 3 Subtracting integers using a number line

Use a number line to calculate the value of each of the following.

a. —7—(+1) b. —2—(-3)

THINK WRITE

a. 1. Subtracting an integer gives the same result a. —7 —(+1)=—=7+(—1)
as adding its opposite.

2. Using a number line, start at —7 and move Finish Start
1 unit to the left. l ‘

-< >
S T T1T 1T 1T 17T T T "7 T

-9 8 -7 -6 54 -3-2-1 0

3. Write the answer. —7—(+1)=-8

b. 1. Subtracting an integer gives the same result b. —2 — (—=3)=—2+ (+3)
as adding its opposite.

2. Using a number line, start at —2 and move Start BN
3 units to the right. ‘ ‘
N/ N/ X -

3. Write the answer. —2—-(-3)=1

Digital technology

To enter a negative number into a calculator, use the key marked (&. On bEG
a TI-30XB, this is positioned to the left of the key. When pressed, -Z+1--5 J
this negative sign appears as a smaller, slightly raised dash compared to
the subtraction symbol.

The expression —2 + 1 — (—=5) has been evaluated using a calculator.
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COLLABORATIVE TASK: Walk the line

Equipment: A4 paper (if doing this activity outside, you will also need chalk and a pen).

1. Mark a number line from —12 to 412 on the floor using sheets of paper or on the ground using chalk.

2. Your teacher will call out a calculation. With a partner, find your starting point. Have one person walk
the steps along the number line to the answer, while the other remains at the starting point. Compare the
start and finish positions.

3. Step 2 is repeated until each pair of students has solved a calculation.

4. As a pair, on an A4 sheet of paper, write an addition or subtraction question that can be solved using
your number line. Write the answer and your names on the other side of the sheet. Hand your completed
sheet to the teacher.

5. As a pair, you will now walk the line for the answer to another group’s question.

6. Are there any relationships or shortcuts you can use when adding and subtracting positive and negative
numbers on a number line?

Resources

eWorkbook Topic 1 Workbook (worksheets, code puzzle and project) (ewbk-1932)

Digital documents SkillSHEET Arranging numbers in order (doc-6389)
SkillSHEET Integers on the number line (doc-6387)
SkillSHEET Adding and subtracting integers (doc-6388)
Video eLesson Addition and subtraction of positive and negative numbers (eles-1869)

Interactivities Individual pathway interactivity: Adding and subtracting integers (int-4397)
Addition and subtraction of integers (int-3703)

Exercise 1.2 Adding and subtracting integers learn
Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,2,3,5,8,11, 15, 18, 21 4,6,9,12,14,17,19, 22 7,10, 13, 16, 20, 23

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. Select the integers from the following numbers.

3,1 4201, 201, —4.5, —62, —32
2 5

2. 3N Write an integer suggested by each of the following descriptions.

A building lift has stopped five levels above the ground.

A carpark is located on the fourth level below a building.

The temperature is 23 °C.

The bottom of Lake Eyre in South Australia is 15 metres below sea level.

g oo
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For Questions 3-10, calculate the value of each of the expressions.

) W2 |
a. =342 b. =7+ (=3) c. 6+(=7) d. —8+(-95)
4. a. 13+ (+6) b. 124+ (-5) c. =254 (+10) d. 16+ (-16)
5. I
a. 7T—(+2) b. —18 —(+6) c. 3—(+8) d. 11 —=(+6)
6. a. 17—(-9) b. =28 —(-12) c. 14—(-98) d. —17—(-28)
7. a. =314 (-5) b. 26 —(-10) c. =174+(+3) d. 28 —(-23)
8. a. 17—(+5) b. —13—(=3) c. 10—(=3) d. =26 —(-15)
9. a. 124 —(-26) b. =3+ (—4)—(-6) c. 27+ (=5 —(=3) d. =104+ (4+3)—(+6)
10. a. 234 (—15)—(-14) b. 15— (—4)+(-10) c. =37—(=5)—(-10) d. =57—(-18)
Understanding
11. Complete the following table.
aF -8 +25 —18 +32
—6 -8+ (—6)=-14
-13
—16
-19
12. Complete the following table.
aF -11 +13
—16
+17 36
18 12
—28 -35

13. In a kitchen, some food is stored at —18 °C in a freezer and some at 4 °C
in the fridge. A roast is cooking in the oven at a temperature of 180 °C.

a. Determine the difference in temperature between the food stored in the

b. Determine the difference in temperature between the food stored in the

c. Determine the difference in temperature between the food stored in the

freezer and the food stored in the fridge.
(Hint: difference = largest value — smallest value)

fridge and the roast cooking in the oven.

freezer and the roast cooking in the oven.
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14. Calculate the difference between the two extreme temperatures recorded at Mawson Station in Antarctica in
recent times.

Coldest = -31°C
Warmest = 6 °C

15. Locate the button on your calculator that allows you to enter negative numbers. Use it to evaluate the

following.
a. —458 + 157 b. —5487 —476
c. =248 — (—658) — (—120) d. =424 57— (—68) + (—11)
16. Write out these equations, filling in the missing numbers.
a. =74+ _ =6 b. 8+ =12 c. —15—_ =-26 d._ —13421=79

17. The following is from a homework sheet completed by a student
in Year 8. Correct her work and give her a mark out of six.
Make sure you include the correct answer if her answer is

wrong.
a. -3+(-7)=-10 b. -4 —(-10)=-6
c.—7-8=15 d.9—(=8)+(=7=10
e.42+7—(—11)=60 f. —17+4-8=21
Reasoning

18. Evaluate and compare the following pairs of expressions.

a. —4+1and +1—-4
b. =7+5and +5-7
c. —8+3and +3 -8
d. What did you notice about the answers in parts a—c? A number line can be used to help you explain why

this is the case.

19. Evaluate and compare the following pairs of expressions.

-2+ (=5)and —(2+5)

—3+(—8)and —(3+38)

—7+(—6) and —(7+6)

What did you notice about the answers in question parts a—c? Explain why this is the case.

e ooy

20.

L

Explain positive and negative numbers to someone who does not know anything about them.
Discuss strategies that you will use to remember how to add and subtract integers.

1
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Problem solving

21.

22.

23.

10

Insert the integers from —6 to +2 into the circles in the diagram shown, so that each line of three circles has
a total of —3.

Igor visited the Macau Casino. The currency used in the casino is the
Hong Kong dollar (HK$).

Arriving at the casino at 10 pm, Igor went straight to the baccarat table,
where he won HK$270. The roulette wheel that he played next was a
disaster, costing HK$340 in a very short space of time.

Igor moved to the ‘vingt-et-un’ table where he cleaned up, making
HK$1450 after a run of winning hands.

Little did Igor know that when he sat down at the stud poker table it
would signal the end of his night at the casino. He lost everything in
one hand, HK$2750, not even leaving enough for a taxi to his hotel.

a. By writing a loss as a negative number and a win as a positive
number, write a directed number sentence to represent this situation.
b. Determine how much money Igor had when he arrived at the casino.

The tip of this iceberg is 8 metres above sea level. If one-tenth + g
of its total height is above the surface, represent the depth of i
its lowest point as an integer. 8m Sea
level
cve Lo
-9
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1.3 Multiplying integers

LEARNING INTENTION

At the end of this subtopic you should be able to:
¢ understand that the product of two negative numbers is positive
e understand that the product of a positive and a negative number is negative
e multiply integers
e evaluate simple indices and square roots.

1.3.1 Multiplication and powers

e Patterns in the answers in multiplication tables can be used to determine the product when two directed
numbers are multiplied. Consider the following patterns.

3x3=9 —-3%x3=-9
3x2=6 —3X2=-6
3x1=3 —-3x1=-3
3x0=0 -3x0=0
3x—-1=-3 —3x—-1=3
3x-2=—-6 —-3x-2=6
3x-3=-9 —-3x-3=9

e Looking closely at the signs of the answers in the table above, we can deduce the following rules when
multiplying directed numbers.

Determining the sign of the answer when multiplying integers

° When multiplying two integers with the same sign, the answer is positive.

+ X+ =+
- X—=+

* When multiplying two integers with different signs, the answer is negative.

+X—=-
- X+ ==

WORKED EXAMPLE 4 Multiplying integers

Evaluate each of the following.

a. —3x+7 b. —8x -7
THINK WRITE
a. The two numbers have different signs, so the a. —3Xx+7=-21

answer is negative.

b. The two numbers have the same signs, so the b. —8 X —7 = 56 (or +56)
answer is positive.

TOPIC 1 Integers 11



1.3.2 Powers and square roots of directed numbers

eles-3537
Powers
e Powers of a number give the number multiplied by itself multiple times.
For example, 72 =7 x 7 and (—4)’ = —4 x —4 X —4
* When negative numbers are raised to a power, the sign of the answer will be:
« positive if the power is even; e.g. (=3)* =—3x-3=49.
« negative if the power is odd; e.g. (—=3)* = =3 X -3 X -3 =+9x -3 =-27.
Squares

¢ A square number is any whole number multiplied by itself. |
e All square numbers written in index form will have a power of 2.
¢ A square number can be illustrated by considering the area of a square with a

oo, 5 units + T
whole number as its side length.
* Looking at the image shown, we can say that 52 or 25 is a square number since
520r25=5x5. Suilits
Square roots
e The square root of a number is a positive value that, when multiplied by itself, Squared

n2

n
For example, if 5% =25, then /25 =5.
e Visually, the square root of a number is the side length of a square whose area is
that number.

For example, to determine 4/ 36 state the side length of a square whose area is 36. Square root
That is, 1/36=6.

WORKED EXAMPLE 5 Evaluating powers and square roots

Evaluate each of the following.

gives the original number.
e The symbol for the square rootis y/ .
¢ Finding the square root of a number is the opposite of squaring the number.

a. (-5)° b. The square root of 64

THINK WRITE

a. 1. Write the expression in expanded form. a. (—5)3 = (=5) X (=5 %X (=5)
2. Evaluate by working from left to right = 425X (-5)

beginning with —5 X —5 =425. - _125

b.  Look for a positive number that, when b. /64 =8
squared, results in 64 (8 X 8 = 64).

DISCUSSION
Is it possible to determine the roots of negative numbers?

Consider square roots, cube roots, fourth roots and so on.
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Resources

eWorkbook Topic 1 Workbook (worksheets, code puzzle and project) (ewbk-1932)
Digital document SkillSHEET Multiplying integers (doc-6390)

Interactivities Individual pathway interactivity: Multiplying integers (int-4398)
Multiplying integers (int-3704)

Exercise 1.3 Multiplying integers learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER

1,3,6,8,12, 16, 18, 21 2,4,7,9,14,15,17, 19, 22 5,10, 11, 13, 20, 23

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. 22 Evaluate each of the following.

a. 3x4 b. 5X6 c. 7X2 d. 9x8
2. Evaluate each of the following.

a. —2x5 b. 3x—8 c. —6x-7 d. 2x—13
3. Evaluate each of the following.

a. —8Xx—6 b. =7X6 c. —10x75 d. —115x-10
4. Evaluate each of the following.

a. =7X%9 b. +9x =8 c. —11x-=5 d. 150x =2
5. Use an appropriate method to evaluate the following.

a. —2X5x—-8x—-10 b. 8X—-1X7Xx-2x%1

c. 8X—4X—-1Xx—-1X6 d. —3X-TX-2X—-1Xx-1x-1

6. Complete the following equations.
a.7X_=-63 b. -3x__ =-21 c. l6x___ =-32 d.__ x-3=36

7. Complete the following equations.
a._ X-9=-72 b. __ Xx—-4=80 c. -10x___ =60 d. —11x__ =121
8. Z2) Evaluate each of the following.
a. (=2)° b. (=3)? c. (=2)* d. (=3)*
9. Evaluate each of the following.
a. (—4)? b. (=5)° c. (—4)* d. (=5)*
10. If a negative number is raised to an even power, state whether the answer will be positive or negative.

11. If a negative number is raised to an odd power, state whether the answer will be positive or negative.

12. IE Evaluate the square root of each of the following numbers.
a. 25 b. 81 c. 49 d. 121

TOPIC 1 Integers 13



Understanding
18. Ifa=—-2,b=—6,c=4 and d = —3, calculate the values of the following expressions.

a.axXbxc b. axXx—-bx—d c. bXx—cxX—d
d.cX—aX-—a e. dX—(—c) f. axdxXbxc?

14. For each of the following, write three possible sets of integers that will make the equation a true statement.
a_ X_ X_ =-12 b. __ X__ X_ =36 c.__ X__ X_ =-36

15. For each of the following, determine whether the result is a positive or negative value. You do not have to
work out the value.

a. —25X 54 x =47 b. =56 X =120 X —145 c. —aX—bX—cX—dX—e

Note: In part c, the pronumerals q, b, ¢, d and e are positive integers.
16. Use some examples to illustrate what happens when a number is multiplied by —1.

17. The notation —(—3) is a short way of writing —1 X —3.
Write a similar expression for each of the following and then use an appropriate method to determine the

answer.

a. —(=2) b. —(+3) c. —(=53)

d. —(=(+5)) e. =(=(=7)) f. —(=(+4)
Reasoning

18. Explain why the expression below produces a negative result.
—2X—4X43X—-6X+4X+3

19. For positive numbers, we can calculate any root of the number we like, including square root, cube root,
fourth root and so on. Explain whether it is the same for negative numbers. Discuss whether we can calculate
square roots, cube roots, fourth roots and so on for negative numbers. Use some examples to support your
answer.

20. If the answer to (—a)" is negative, where a is an integer and » is a positive integer, establish whether a is
positive or negative and whether » is odd or even. Give a reasoned explanation for your answer.

Problem solving
21. If a= =3 and b = —4, evaluate ¢ X b>.
22. Evaluate (—1)" x (—=1)"*! if:
a. niseven b. n is odd.

23. In a Year 12 Mathematics examination there are 30 multiple choice questions. A student scores 2 marks for a
correct answer, —1 mark for an incorrect answer and zero marks for an unanswered question.

Mary scores a total of 33 marks in the multiple choice section.

Explain how she could have reached this total.
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1.4 Dividing integers

LEARNING INTENTION

At the end of this subtopic you should be able to:
¢ divide integers.

1.4.1 Division of integers

les-3538 e . . . C T
ees e Division is the inverse or opposite operation of multiplication. We can use the multiplication facts for
directed numbers to discover the division facts for directed numbers.

Multiplication fact Division fact Pattern
i
4%5=20 20+5=4and20+4=5 POV _ positive
positive
i
—4x—5=20 20+ —5=—4and 20 + —4=—5 POSVE _ hegative
negative
i
—4x5=-20 —-20+5=—-4and -20+-4=5 m=negative
positive
and
negative .
——— =positive
negative

Determining the sign of the answer when dividing integers

e When dividing two integers with the same sign,
the answer is positive.

+++=+
-+ —=+4

e When dividing two integers with different signs,
the answer is negative.

* Remember that division statements can be written as fractions and then simplified.
For example,
-12+-4= -2
—4
_12x T
CAx T

=3

TOPIC 1 Integers
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WORKED EXAMPLE 6 Dividing two-digit integers

Evaluate each of the following.

a. —56+8 b. =36
-9
THINK WRITE
a. The two numbers have different signs, so the a. —56=-8=-7
answer is negative.
. —36
b. The two numbers have the same sign, so the b. — =4

answer is positive.

WORKED EXAMPLE 7 Dividing integers using long division

Evaluate the following.

a. 234+ —6 b. —182 +—14
THINK WRITE
a. 1. Complete the division as if both numbers a. 39
were positive numbers. 6 ]2 354
2. A positive number is divided by a negative 234 +—-6 = -39

number so the signs are different and
therefore the sign of the answer is negative.

b. 1. Complete the division as if both numbers b. 13
were positive numbers. 14 j] g4
2. A negative number is divided by a negative —182+—-14=13

number so the signs are the same and
therefore the sign of the answer is positive.

COLLABORATIVE TASK: Division on the number line
Equipment: paper, pen, hat or small container, Blu Tack

In pairs, think of three integers between —50 and +50.

Write division of integers equations for each of these numbers.

Put all equations into a hat.

As a pair, select three other equations from the hat.

A volunteer will draw a large number line, from —50 to +50, on

the board.

6. With your partner, solve the equations and place them in their
correct position on the number line.

7. Check where your original questions have been placed. Has the

class done this correctly?

Discuss any inaccuracies and work together to ensure that the

number line is correct.

o psooN=
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Resources

eWorkbook Topic 1 Workbook (worksheets, code puzzle and project) (ewbk-1932)
Digital document SkillSHEET Dividing integers (doc-6391)
Interactivities Individual pathway interactivity: Dividing integers (int-4399)

Division of integers (int-3706)

Exercise 1.4 Dividing integers

Individual pathways

learn

B PRACTISE Bl CONSOLIDATE B MASTER
1,3,5,9, 12,13, 16, 18, 21 2,6,8,10,14,17,19, 22 4,7,11,15, 20, 23

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all

questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. EIZA Evaluate the following.
a. —63+9 b. 8§8+-2 c. 8+2

2. Evaluate the following.
a. 88 +—11 b. 0+-5 c. 48+-3

3. EE3 Evaluate each of the following.

—121 —12 —36
a. b. — c. —
—11 3 —12
4. Evaluate the following.
a. =56 +—7 b. 184 +—4 c. =55+-11

5. Evaluate the following.

a. 960 + -8 b. —243+9 c. =266+ -7
6. Evaluate the following.

a. —282+6 b. 1440 + -9 c. 324+ -12
7. Evaluate the following.

a. —6000 + —-24 b. —2294 + =37 c. 4860+ 15

Understanding
8. Write three different division statements, each of which has an answer of —8.
9. Copy and complete the following by placing the correct integer in the blank.
a. —27+__=-9 b. —68+__ =34 c.72+___ =-8
10. Copy and complete the following by placing the correct integer in the blank.
a.__ +7=-5 b. _ +—-4=-6 c. —132+__ =11
11. Calculate the value of each of the following by working from left to right.
a. =30+6+-5 b. =120+4+-5 c. —800+—-4+-5=2

. =270+

. —6+—1

. —129+3

21

T 7

. 304 +-8

. —132+—4

. —3060 =17

. —5876 + =26

=18+ =-6

27

TOPIC 1 Integers
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12. If a=—12,b =3, c=—4and d = —6, calculate the value of each of the following expressions.

a a a
a. — b. — c. —
c b d
13 If a=—12,b=3,c=—4 and d = —6, calculate the value of each of the following expressions.
a. é b. é C. @
c d d

14. If a=—-24, b=2,c=—4and d = —12, calculate the value of each of the following expressions, by working
from left to right.

a.a+-bXc b.dXc+b+c c.brc+dXa

15. If a=—-24,b=2,c=—4and d = —12, calculate the value of each of the following expressions, by working
from left to right.

a.cXa+d=+b b.axb+d+d c.a+dXc+b
16. Copy and complete the following table. Divide the number on the top by the number in the left-hand
column.
= +4 -10 +12 -8
-2
+7
-3
-10
17. Copy and complete the following table. Divide the number on the top by the number in the left-hand
column.
= —4
-2
-8 —4 3
+6 —6
1
Reasoning

. . . . 24

18. x +y is equivalent to Land 24+ (—6) is equivalent to — <E) .
y

Use this information to simplify the following expressions. Note: ‘Equivalent to’ means ‘equal to’.

a. x+(-y) b. —x+y c. —x+(=y)

X
19. The answer to P

is negative. Discuss what you can deduce about p and g.

3

20. The answer to

2 is positive. Discuss what you can deduce about b.

(=)
Problem solving
N3
21. If a=2 and b = —6, evaluate (=a) .
—b)4
_1\n+l
22. Evaluate ,n>0, if:
_1)n+2
a. niseven b. nis odd.

23. Evanka’s last five scores in a computer game were +6, —9, —15, +8 and —4. Evaluate her average score.
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eles-3539

1.5 Order of operations with integers

LEARNING INTENTION

At the

end of this subtopic you should be able to:

e apply the order of operations to evaluate mathematical expressions.

1.5.1

Order of operations

e The order of operations is a set of mathematical rules used when working with directed numbers.

The order of operations

BIDMAS helps us to remember the correct order in which we should perform the various operations,
working from left to right.

() 5 + X
Order of operations

S
&
(3
K
)
§
&

DISCUSSION

What effect do directed numbers have on the order of operations? Use some examples to help your
explanation.

WORKED EXAMPLE 8 Using the order of operations

Calculate the value of each of the following.

a. 54+--6+8x-9+-—4

THINK
a. 1.
2.

o H 0D

Write the expression.

There are no brackets or powers, so working from
left to right, complete all multiplication and division
operations before any addition and subtraction.

First operation: 54 + —6=-9
Second operation: 8 X —9 =—72
Third operation: —72 + —4 =+18
Last operation: =9+ 18 =9

Write the answer.

. Write the expression.

Evaluate the cubed term.
Complete the division.
Complete the addition.

Write the answer.

b. —8+2+(-2)°

WRITE

a. 54+-—-6+8x—-9+—4

=—9+8Xx—9+—4

—9—72+—4
=—9+18
=9

54+—-64+8Xx—-9+—-4=9

b. —8=2+(—2)3

=-8:2+-8
=—4+4-8
=—12

—8:24(=2)0°=-12
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Digital technology

To calculate the square of a number, such as 82, press 8

and then press the 1] key. i

oy
-0 - E e -
To calculate other powers such as (=2)°, type the number 8 2 ':: 2 ) 3 1 2
including any brackets and then press the &) or P key,
followed by the power.

The screen shown demonstrates the calculation for
Worked example 8b.

Resources

eWorkbook Topic 1 Workbook (worksheets, code puzzle and project) (ewbk-1932)
Digital document SkillSHEET Order of operations and directed numbers (doc-6392)
Video eLesson  BIDMAS (eles-1883)

Interactivities Individual pathway interactivity: Combined operations on integers (int-4400)
Order of operations (int-3707)

Exercise 1.5 Order of operations with integers learn
Individual pathways

B PRACTISE B CONSOLIDATE B MASTER

1,3,6,8,10, 13 2,4,7,9,11,14 5,12,15

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. IEEA Calculate the values of the following expressions.

a. —4-6-2 b. —4x2+1 c. 8+2-4+1 d7—-GB-1)+4
2. Calculate the values of the following expressions.
a. 6xX(4+1) b. -3-40+8+2 c. 4+5-6-17 d. —5x12+2
3. Calculate the values of the following expressions.
a. 12+(2—-4)—-6 b. 13—(4—-6)+2 c. 7TX(6+2) d. —6—-36+9+3
4. Calculate the values of the following expressions.
a. —3+15-26-27 b. —8x11+12 c. 52+(-9-4)-8 d.23—-(16—-4)+7-3
5. Calculate the values of the following expressions.
a. 15x(-6+2) b. -6—-64+—-16+8
c. 3X—-4x-1X%x5 d. —6X(—13+5)+—-4+2
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6. EZ Evaluate each of the following.

a. —7+6x%x(=2)°

b. (=9 —15+3

7. Evaluate each of the following.

a. (=3’ =3%x-5

Understanding

b. =5X—=7—[5 +(—=8)*]

c. (=63 +=T)X(=3+-2)°

c. [(—48 = 8)> x36] ~ —4

8. A class of Year 8 students were given the following question to evaluate.

4+8+—(2)>—7x2

a. Several different answers were obtained, including —8, —12 and —17. Determine which one of these is
the correct answer.
b. Using only brackets, change the question in two ways so that the other two answers would be correct.

9. In a particular adventure video game, a player loses
and gains points based on who or what they come in
contact with during the game. See the list shown of the
number of ‘hit’ points associated with each contact.
Use the table to calculate the number of points the
player has at the end of each round of the game.

Character
Balrog
Troll

Orc

Goblin
Gnome

‘Hit’ points
-100
-10
-5
-2
-1

Healing potion
Cleric

Round Points at the start Contacts during Points at the end
number of the round the round of the round
1 100 20 gnomes, 10 goblins and
3 healing potions
2 3 gnomes, 5 goblins, 6 orcs
and 5 healing potions
3 3 orcs, 6 trolls and a cleric
4 5 trolls, 1 balrog and
a cleric

10. Discuss the effect that directed numbers have on the order of operations.

Reasoning

11. A viral maths problem posted on a social media site asks people to determine the answer to 6 +2(1 + 2).
Most people respond with an answer of 1.

a. Explain why the answer of 1 is incorrect and determine the correct answer.

b. Insert an extra set of brackets in the expression so that 1 would be the correct answer.
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12. Two numbers p and g have the same numerical value but the opposite sign; that is, one is positive and the
other negative.

a. If =3 Xp+4Xxgq is positive, discuss what can be said about p and g.
b. Test your answer to part a if the numerical values of p and g, written as |p| and |g|, are both equal to 7.

Problem solving
13. Model each situation with integers, and then find the result.

a. Jemma has $274 in the bank, and then makes the following transactions: 2 withdrawals of $68 each and
3 deposits of $50 each.

b. If 200 boxes of apples were each 3 short of the stated number of 40 apples, evaluate the overall shortfall
in the number of apples.

c. A person with a mass of 108 kg wants to reduce his mass to 84 kg in 3 months. Determine the average
mass reduction needed per month.

14. A classmate is recording the weather during July for a school project and wants your help to calculate the
information. He records the following data for one week.

Mon Tue Wed Thu Fri Sat Sun
Max (°C) 12.2 14.5 16.7 12.8 11.3 7.2 —-0.3
Min (°C) 3.0 2.1 4.6 3.2 6.4 -2.9 —-6.0

Round all answers correct to 1 decimal place.

a. Determine the difference between the lowest temperature and
the highest temperature recorded during this week.

b. Evaluate the average (mean) minimum temperature.

c. Your classmate tries to predict temperatures and says that the

minimum temperature = —X maximum temperature. He says

this is the same as dividing by —4. Explain why this may not be
correct.

d. He then tries to make another prediction, which involves taking
the square root of the maximum temperature. Explain why this
might not be a good idea.

e. On the first Monday after this week, the temperature rises by 6.5 °C from Sunday’s minimum
temperature. It then drops by 3.2 °C overnight and rises by 8.9 °C on Tuesday. Evaluate the minimum
temperature on Monday night and the maximum temperature on Tuesday.

f. His last prediction involves subtracting 6 from the maximum temperature, then dividing by 2 to predict
the minimum temperature. Calculate the predicted values for the minimum temperature for each of his
three methods and discuss which method may be most accurate.

15. A frog and a snail are climbing an empty vertical pipe. The snail
is 30 cm from the top of the pipe while the frog is 30 cm below the
snail.

At the start of the first hour, the frog climbs 40 cm up the pipe and
rests. The snail crawls 20 cm during this time, then also rests.

While they are resting, both the frog and the snail slip back down
the pipe. The frog slips back 20 cm while the snail slips back
10 cm.

At the start of the second hour, the frog and the snail set off again and repeat the same process of climbing
and resting until they reach the top of the pipe.

a. Explain which reaches the top of the pipe first, the frog or the snail.
b. Determine during which hour they reach the top of the pipe.
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1.6 Review
1.6.1 Topic summary

Integers are positive and negative whole numbers
including 0.

» The integers —1, -2, -3, ... are called negative integers.

e The integers 1, 2, 3, ... are called positive integers.
* 0 is neither positive nor negative.

eg. 10+-5=-2or

A number line can be used to add integers.
* To add a positive integer, move to the right.

eg.—4+1=-3
¢ To add a negative integer, move to the left.
eg.5+(-3)=2

Move right when adding a positive integer ——————>

~——— Move left when adding a negative integer

< ' ' ' ' I ' ' ' '
<+ T T T T T t

S5 -4 3 2 -1 0 1 2 3 4 5

>
>

Subtraction of integers

* Subtracting a number gives the
same result as adding its opposite.
eg.2-(5)=2+(-5=-3or
-6-(-11)=-6+(+11)=5

Division of integers Multiplication of integers

e When dividing integers with the ¢ When multiplying integers with the same
same sign, the answer is positive. sign, the answer is positive.
eg —20+-4=50r24=6=4 eg. —4x-6=240r 7x8=56

* When dividing integers with different e When multiplying integers with different
signs, the answer is negative. signs, the answer is negative.

-5 e.g. —5x2=-10o0r 9 x -3 =-27

» The order of operations is a set of rules we must follow so that we all * A negative number raised to an odd power

have a common understanding of mathematical operations.

* The set order in which we calculate problems is:
1. Brackets
2. Indices or roots
3. Division and Multiplication (working left to right)
4. Addition and Subtraction (working left to right)
e The acronym BIDMAS can be used to remember
the correct order of operations.

will produce a negative number.

e.g. (4= —64
or [] * A negative number raised to an even
or Y/x power will produce a positive number.
or X e.g. (4= 16
or -
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1.6.2 Success criteria

Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic | Success criteria g O ’
1.2 | understand that integers can be negative, zero or positive.
| can add and subtract positive and negative integers.
1.3 | understand that the product of a positive and a negative number is negative.
| can multiply integers.
| can evaluate indices/powers and square roots.
14 | can divide integers.
1.5 | can apply the order of operations to evaluate mathematical expressions.

1.6.3 Project

Directed numbers board game

Many board games engage the players in racing each other to the end of the board. Snakes and Ladders is
an example of this style of game. You can climb ladders to get to the end quicker, but sliding down a snake
means you get further away from the end.

You are going to make a board game that will help you to practise addition and subtraction of directed
numbers. This game is played with two dice and is a race to the end of the number line provided on the
board.

The diagram below shows part of a sample game, and can be used to explain the rules and requirements for
your board game.

10 9 8 7 6
5
4
i) -1 “ 1 2 3
-3
—4 =5 | -6 I =7 -8 -9 -10
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Two dice are to be used in this board game. Die 1 is labelled with N three times and P three times, and die 2
is labelled with the integers —1, —2, —3, +1, +2 and +3. (Stickers with these labels can be placed over two
standard dice.)
e Rolling an N means you face the negative numbers; rolling a P means you face the positive numbers.
- Imagine that you are at 0, and that you roll an N and +2. N means that you face the negative
numbers; +2 means that you move forward 2 places.
« If youroll a P and +1, this means that you face the positive numbers and move forward
1 place.
. If you roll a P and —2, this means that you face the positive numbers and move backward
2 places.
1. For the three examples listed above, state which square you would end up in if you started at O each
time.
2. Suppose that your first five turns at this game produced the following results on the dice:
Pand +1, Pand +3,P and —2,N and —1, N and +2.
If you started at 0, where did you end up after these five turns?
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Your task is to design a board game similar to the one used in the example. The requirements for the

game are listed below.

e The game is to be played with the two dice described earlier.

* Two or more players are required, taking turns to throw the dice.

e Start at O in the centre of the board. The race is on to get to either end of the board. The first person to
reach an end is the winner.

e For 0 to be at the centre, your board will require an odd number of columns.

e At least 8 squares must have specific instructions — for example, ‘go back 5 squares’ or ‘miss a turn’.
You may even wish to include ‘snakes and ladders’ style obstacles.

e Use a sensible number of squares. If there are very few squares, the game will end too quickly; if there
are many squares, they will be very small.

3. Work with a partner to make the two required dice and to design your board. Play with others to test
the game and make necessary improvements if required. Be certain that all the requirements of the game
are included.

Resources
eWorkbook Topic 1 Workbook (worksheets, code puzzle and project) (ewbk-1932)

Interactivities Crossword (int-2723)
Sudoku puzzle (int-3182)

Exercise 1.6 Review questions learn

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. State whether the following statement is true or false. The number —2.5 is called an integer.
2. State whether the following statement is true or false. —6 < —2

3. List the integers between —11 and —7.

4. Arrange these numbers in ascending order: 7,0, —3, 10, —15.

5. Calculate the value of each of the following.

a. —6+(—98) b. 16 —(-5)

c. 3—(HN+(-2) d —1-(-5—-(H+4
6. Write out the following equations and fill in the missing numbers.

a.7—__ _=-14 b. —19+__ =2

c. _ —13—(-12)=10 d —28—_ =-17

7. I Select the correct statement from the following.
A. Multiplying an even number of negative numbers together gives a negative answer.
B. Squaring a negative number gives a negative answer.
C. Dividing a negative number by another negative number gives a positive answer.
D. Adding two negative numbers together gives a positive answer.
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8.

9.

Evaluate each of the following.

a. —12x -5 b. —(—10)xX3x -2

c. —24+-3 d. —48+—-4+-3

Evaluate each of the following.

a. 6X—-3+-2 b. —36+3+—-4Xx-9

c. 8X-3—-(4-——-1)+-63+7 d —-9+-9+-9%x-9—--9

Problem solving

10.

11.

12.

13.

14.

15.

Give an example of two numbers that fit each description that follows.
If no numbers fit the description, explain why.

a. Both the sum and the product of two numbers are negative.

b. The sum of two numbers is positive and the quotient is negative.

c. The sum of two numbers is 0 and the product is positive.

On a test, each correct answer scores 5 points, each incorrect answer scores —2 points and each
question left unanswered scores O points.
a. Suppose a student answers 16 questions correctly and 3 questions incorrectly, and does not answer
1 question. Write an expression for the student’s score and determine the score.
b. Suppose you answered all 20 questions on the test. What is the greatest number of questions you can
answer incorrectly and still get a positive score? Explain your reasoning.

Write the following problem as an equation using directed numbers and
determine the answer.

You have $25 and you spend $8 on lollies. You then spend another $6 on
lunch.

A friend gives you $5 to buy lunch, which comes to only $3.50. You then find
another $10 in your pocket and buy an ice-cream for $3.

Evaluate the amount of money left in total before you return your friend’s
change from lunch.

Write the following problem as an equation using directed
numbers and determine the answer.

Two friends are on holiday; one decides to go skydiving and
the other decides to go scuba diving. If the skydiving plane
climbs to 4405 m above sea level, and the scuba diver goes to
the ocean floor, which is 26 m below the surface, determine
the vertical distance between the two friends.

You receive several letters in the mail: two cheques worth $100 each, three bills worth $75 each and a
voucher for $20. Evaluate the amount of money you end up with.

a. Represent the situation using directed numbers.

b. Solve the problem.

You earn $150 each time you work at the local races. If you work at three race meetings in one month,
determine how much you earn that month.

a. Represent the situation using directed numbers.

b. Solve the problem.
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16. For your birthday, you get three gift cards worth $40 each. Also, your
brother gives you four movie vouchers worth $10 each. In total,
determine how much more money you have after your birthday.

a. Represent the situation using directed numbers.
b. Solve the problem.

17. In science, directed numbers are often used to describe a direction or an increase or decrease in a
measurement.

Directed numbers can describe the distance of an object from a reference point (known as the
displacement, d, of the object). For example, if you are 200 km west of a town, and west is defined as a
negative direction, you are —200 km from the town.

[\
1T N\ QQQ
—0 ==
1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 i | 1 L L |
500 -400 -300 -200 -100 0 100 200 300 400 500  (lem)
West East

a. If a car travels 150 km in the easterly direction from —200 km, describe the displacement of the car
from the town.

b. If a car travels from 300 km east of the town, describe the displacement of the car after it has
travelled 450 km in the easterly direction.

18. Directed numbers can describe the direction in which an object is travelling. For example, travelling
towards the east is often defined as the positive direction and towards the west as the negative direction.
A car travelling west at 100 km/h goes at —100 km/h. Scientists use the term velocity, v, to mean a
speed in a particular direction.
a. If a car travels past a town at —100 km/h, determine where it will be in 2 hours’ time.
b. If a car goes past a town while travelling at —100 km/h, determine where the car was an hour ago.

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Online Resources

Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

Download the workbook for this topic, which includes
worksheets, a code puzzle and a project (ewbk-1932)

Solutions

Download a copy of the fully worked solutions to every

question in this topic (sol-0706)

Digital documents

1.2 SkillSHEET Arranging numbers in order (doc-6389)
SkillSHEET Integers on the number line (doc-6387)
SkillSHEET Adding and subtracting integers (doc-6388)

1.3 SkillSHEET Multiplying integers (doc-6390)
1.4 SkillSHEET Dividing integers (doc-6391)

1.5 SKIlISHEET Order of operations and directed numbers

(doc-6392)

Video eLessons

1.2 Integers (eles-3533)
Addition of integers (eles-3534)
Subtraction of integers (eles-3535)

Addition and subtraction of positive and negative

numbers (eles-1869)
1.3 Multiplication and powers (eles-3536)
Powers and square roots of directed numbers
(eles-3537)
1.4 Division of integers (eles-3538)
1.5 Order of operations (eles-3539)
BIDMAS (eles-1883)

Interactivities

1.2 Individual pathway interactivity: Adding and
subtracting integers (int-4397)
Addition and subtraction of integers (int-3703)

1.3 Individual pathway interactivity: Multiplying integers

(int-4398)
Multiplying integers (int-3704)

1.4 Individual pathway interactivity: Dividing integers

(int-4399)
Division of integers (int-3706)
1.5 Individual pathway interactivity: Combined
operations on integers (int-4400)
Order of operations (int-3707)
1.6 Crossword (int-2723)
Sudoku puzzle (int-3182)

Teacher resources

O

O

O OOood

OooOod oo Oodd

OoOoOod oo oo od

There are many resources available exclusively for teachers

online.

To access these online resources, log on to www.jacplus.com.au.
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Answers

Topic 1 Computation with integers
Exercise 1.1 Pre-test

10.
11.
12.
13.
14.
15.

1.3

2. —2°C
3.D
4.4,1,-2
5.
6
7
8
9

a. 2

.a. 9
.a. —15

.a. =3

37

—42
—1land 11
-2

—-1.5
-6

Exercise 1.2 Adding and subtracting integers

- -
- O

12.

13.
14.
15.

16.
17.

18.

© ® N O o p @ P
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. 3,—4,201,—-62

a. +5 b. —4 c. +23 d. —15

a. —1 b. —10 c. —1 d —13

a. 19 b. 7 c. —15 d. 0

a. 5 b. —24 c. =5 d. 5

a. 26 b. —16 c. 22 d. 11

a. =36 b. 36 c. —14 d. 51

a. 12 b. —10 c. 13 d. —11

a. 150 b. -1 c. 25 d. -13

a. 22 b. 9 c. =22 d. =39
+ -8 25 —18 32
-6 —14 19 —24 26
—13 -21 12 =31 19
—16 —24 9 —34 16
—19 =27 6 -37 13
+ 11 19 13 -7
-5 —16 14 8 —12
17 6 36 30 10
-1 —12 18 12 -8
—28 -39 -9 —15 =35

a. 22°C b. 176°C c. 198°C

37°C

a. =301 b. —5963 c. 530 d. 72

a. 13 b. 4 c. 11 d. 71

a. Correct b. Incorrect; 6 c. Incorrect; —15

d. Correct e. Correct f. Incorrect; —21

a. =3 b. —2

c. =5 d. The answers are all the same.

19.a. =24+ -5==-7;—2+5=-7
b. =3+ -8=—-11;-3+8)=-11
c. =74+—-6=—-13;—(74+6)=-13
d. For each pair of expressions, the answers are the same:

20. a.

b.

each number is negative, so putting brackets around the
sum and then attaching a negative sign gives the same
outcome.

Individual responses will vary, but should include
information about: the difference between positive and
negative numbers including real-life examples; how
using a number line could be used to help understand
positive and negative numbers; common words used
to indicate a positive or negative number; and where
positive and negative numbers sit on a number line.

Individual responses will vary, but should include

tips about: which direction to move in on a number
line when adding a positive integer, adding a negative
integer, subtracting a positive integer and subtracting a
negative integer. Your response may also include how
these four different scenarios can be simplified into two

groups.
21.
-2
=
+1
e
® _
-3

22. a. 270 — 340 + 1450 — 2750

b. HK$1370
23. —72 metres

Exercise 1.3 Multiplying integers

1.a. 12 b. 30 c. 14 d. 72
2.a. —10 b. —24 c. 42 d. —26
3. a. 48 b. —42 c. =750  d. 1150
4. a. —63 b. =72 c. 55 d. —300
5.a. —800  b. 112 c. =192  d. 42
6.a. =9 b. 7 c. =2 d. —12
7.a. 8 b. —20 c. =6 d. —11
8.a. —8 b. 9 c. 16 d. 81
9.a. 16 b. —125 c. 256 d. 625
10. Positive
11. Negative
12.a. 5 b. 9 c. 7 d. 11
13. a. 48 b. =36 c. 72

d. 16 e. —12 f. =576
14. There are many possible answers. A sample response is:

a. —2X2X3 b. 3X3x4 c. —2X3X6



15. a. Positive b. Negative c. Negative 17. = 32 —24 —36 —4
16. If a positive number is multiplied by —1, the number 19 8 5 1
becomes negative. 3 - -3 3
If a negative number is multiplied by —1, the number 9 1
becomes positive. -8 —4 3 5 3
17.a. 2 b. =3 c. 5
a5 e =7 f. 4 6 16 4 6 | -2
18. Because there is an odd number of negatives. ~ 38 5 5 13
19. It is possible to find only odd-numbered roots for negative —
numbers. This means it is not possible to find the square X X X
root of a negative number. For example, V/—125=—5but 18. a. _; b- _; e ;
V =25 is not a real number. 19. They have the same sign: either both positive or both
20. —a must be negative for the answer to be negative, so a negative.
must be positive. The power must be odd to give a negative 20. It is negative.
result, so n is odd. 1
21. —432 2 =1
22.a. —1 b. —1 22.a. —1 b. —1
23. One of the following: 17 correct, 1 incorrect; 18 correct, 23. —2.8
3 incorrect; 19 correct, 5 incorrect; 20 correct, 7 incorrect;
21 correct, 9 incorrect Exercise 1.5 Order of operations with integers
. S 1.a. —12 b. —7 . =3 d. 9
Exercise 1.4 Dividing integers ? ¢
1A —7 b —d o —4 a6 2. a. 30 b. —6 c. —12 d. =58
5 a —8 b 0 . —16 0 —43 3.a. —12 b. 17 c. 56 d. —7
3 a 11 b —d o 3 a -3 4. a. —41 b. =76 c. —12 d. 15
4 a8 b, —46 o5 q —38 5.a. —60 b. 6 c. —60 d. 46
5.a. =120 b =27 ¢ 38 d. 33 6.2 =5 b6 e 225
6.a. =47 b —160 ¢ —27  d. —180 fao =12 b =3 e =3
8.a. —12
7. a. 250 b. 62 . 324 d. 226
;h o ¢ e b. (4+8): -2 —Tx2=—17
8. There are many possible answers; examples include 4 (=) —TxD = —
—-16+2,—-80+10, =24 + 3. +8+(~@) 7 8
9. a. 3 b, =2 c. —9 d. 3 9 Points at Points at
the start | Contacts the end
10. a. —35 b. 24 c. —12 d. —10 Round of the | during of the
11.a. 1 b. 6 c. =20 number round the round round
12.a. 3 b. —4 c. 2 1 100 20 120
3 1 ’ gnomes,
13.a. —— b. —= c. — 10 goblins
4 2 3 and 3
14. a. 48 b. —6 c. —1 hea]ing
1 potions
15. a. —4 b. —= c. —4
3 2 120 3 gnomes, 177
16. = 4 —-10 ‘ 12 -8 i 5 gOblins,
5 5 5 6 4 6 orcs‘and
5 healing
7 4 10 12 -8 potions
! ! ! 3 177 | 3orcs, 6 152
-3 5 i E —4 § trolls and
3 3 3 a cleric
2 6 4 4 152 5 trolls, 52
—10 —= 1 —= =
5 5 5 1 balrog
and a
cleric
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10. Directed numbers are placed in brackets and applied first in
operations. See the BIDMAS rule.

11. a.

12. a.

13. a.
14. a.

15. a.

An answer of 1 is incorrect because the order of
operations wasn’t applied correctly.
6+-2(1+2)=6+2x%x3
=3%3
=9
The correct answer is 9.
L6+ [200+2)] =1
p <0, ¢g>0
.p=—-Tandg=7:-3x-T+4x7=49
$288 b. 600 c. 8kg
22.7°C
1.5°C

1
Multiplying by Yy is not the same as dividing by —4.

1
Multiplying by 1 is the same as dividing by 4.

. This is not a good idea because you cannot take the

square root of a negative number, such as Sunday’s
maximum temperature.

. Monday maximum = 0.5 °C and minimum = —2.7 °C;

Tuesday maximum = 6.2 °C

. The method of multiplying the maximum temperature

1
by 7 gave the most accurate prediction of minimum

temperature, but none of the methods is very accurate.

Any prediction method should be tested over a number of

weeks before deciding if it is accurate enough.

Mon | Tue |Wed | Thu | Fri | Sat | Sun
Max (°C) | 12.2|14.5 |16.7|12.8|11.3| 7.2 | —0.3
Min (°C) | 3.0 (2.1 | 4.6 | 3.2 | 6.4 |=2.9| —6.0
1
Maxxz 3.1 136 |42 |32| 28| 1.8 | —0.1
VMax 3.5 |3.8 4.1 | 3.6 | 34 |£2.7| N/A
3.1 |4.3 5434|2706 | =32
(Max — 6)
2

The frog and the snail get out of the pipe at exactly the
same time.

b. They make it out of the pipe during the second hour.
Project
1.a. =2 b. 1 c. =2
2.1

3. Designs will vary. Sample response is provided.
Instructions for making your own dice:

Print out as many copies of the die template as you need
to make two dice that you consider adequate.

ii. Cut the die out along its outside border.

Fold the die along each of the six sides (along the lines).
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iv. With small pieces of clear tape, tape each edge to the

adjacent edge. You should get a cube.

. Roll the die to see if it works, then play the game.

Your die may be a bit lopsided, but it should work. You
might have to make several dice to get two that you
consider adequate

Exercise 1.6 Review questions

1.
2.
3.
4.
5.
6
7
8
9

10.

11.

12,
13.

14,
15.
16.
17.
18.

False

True
—10,-9, -8
—-15,-3,0,7,10

a.

. a.
.C

b.

—14
21

—-12
11 d.

d. 0
—11

b. 21 c.
b. 21 c.

60 b. —60 c. 8 d.
9 b. =27 c. 10 d.

There are many possible answers.

A correct answer will contain a positive and a negative
number, with the negative number having a greater size
than the positive number.

—4
-9

There are many possible answers.

A correct answer will contain one positive and one
negative number, with the positive number having a
greater size than the negative number.

Not possible

. An expression for the student’s score:

16X5+3Xx—-2+1x0=74
14

$19.50
4431 m

a.

a.

a.

2x100—=3%x754+20 b.
3% 150
3x40+4x10
—50km
—200km

—$5
. $450
. $160
. 750km

b
b
b
b. 100 km
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2.1 Overview
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2.4 Dividing powers

2.5 The zero index

2.6 Raising powers .

2.7 Review




2.1 Overview
Why learn this?

Indices (the plural of index) are an abbreviated way

of expressing a number that has been multiplied by
itself. They are also referred to as powers. For example,
4 X 4x4x4x4 can be written in index form as 4°.
This is much simpler and neater than writing out all

the repeated multiplication. Indices are very valuable
in real life when dealing with very large or very small
numbers, or with a number that is continually multiplied
by itself. Indices are used in many parts of our modern
technological world. For example, indices are used in
computer game physics; investors use indices to track
and measure share market growth; and engineers use
indices to calculate the strength of materials used in
buildings.

Biological scientists use indices to measure the growth

and decay of bacteria. Indices are used by astrophysicists

to calculate the distance, temperature and brightness

of celestial objects. Did you know that the distance from Earth to the sun is 150 000 000 km or 1.5 X 10® km?
Using indices to represent a large number is helpful, as you do not have to write too many zeros. You are likely
to come across indices in other subjects such as Science and Geography, so it is important that you understand
what indices are, and that you can use them to perform simple calculations.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the

concepts covered in this topic.

Interactivities

elLessons

Fully worked
solutions
to every
question

eWorkbook
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Exercise 2.1 Pre-test

learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1.

10.

11.

12.

13.

14.

15.

Write 3 X 3 X 3 X 3 X 3 in index form.

Evaluate 32 x 2°.

2

Simplify the fraction .
Y 4842

Simplify 2¢ x 5¢*.

12

L . . c
T From the list given, select the correct simplification of —
c

3
¢ 3

A 3 B. — C.c D. ¢8 E.

Cl

6

18
Simplify the fraction .
R 2443

Evaluate 7°.

5 4
Show that 27 x 5 _ 1.
dm?  12mb 2

Simplify the following expressions. Write your answers in simplified index form.

a. (7% b. (2w")* c. (3% x 2 x5p

Simplify the following.

o (3ab)’

a. (3ab?)’ x (5a°b
( ) X ( ) b

T Select the correct simplification of 4f3 + 32 — 2f3.

A. 5f2 B. 3f* C.3f2+2 D. 2f3 + 3f2 E.

Simplify the following expression.
()
4n?

Show that ((23)2)3 = ((32)3)2-

5¢4

A cube’s side length is written in index form as 7° cm. Write down the index form for the volume of

that same cube.

The total surface area of a rectangular box is given by 2(/w + lh + wh), where [ is the length, £ is the

height and w is the width of the box (all measured in cm).

Given that [ = a®b, w = ab” and h = a®b?, write an expression for the surface area of the rectangular

box, simplifying the expression as far as possible.

TOPIC 2 Index laws
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2.2 Review of index form

LEARNING INTENTION

At the end of this subtopic you should be able to:
e understand and apply index (exponent) notation
e identify base and power for a number
e write a term in factor form.

2.2.1 Index notation

e If a number or a variable is multiplied by itself several times,
it can be written in a shorter form, which is referred to as
index or exponent notation.

e A number expressed in index form has two parts:

Power, index, exponent

Base ——» 7*=7 x 7 X 7 X 7—<——— Factor

1. The base form
2. The power (also referred to as an index or exponent) =201

e The base tells us what number or variable is being multiplied f

e The power (index or exponent) tells us how many times the Basic numeral

base will be written and multiplied by itself.
e Factor form is when all the multiplications are shown.
¢ When the answer corresponds to a number it is called the basic numeral.
* Any number or variable that does not appear to have an index or power has an index of 1.

For example, 2=2! and a=a'.

WORKED EXAMPLE 1 Identifying the base and power

State the base and power for the number 54,

THINK WRITE

1. Write the number. 514

2. Identify the base. The base is 5.

3. Identify the power (the small number above and to the The power is 14.
right of the base).

WORKED EXAMPLE 2 Writing a number in factor form

Write 12 in factor form.

THINK WRITE
1. Write the number. 124
2. The base is 12, so this is what will be multiplied. =12%x12x12x%x12

The power is 4, so this is how many times 12 should be
multiplied.
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WORKED EXAMPLE 3 Expressing a number in index form

Express 2xX 5% 2Xx2x5x2x5 in index form.

THINK WRITE

1. Write the numeric expression. 2X5X2X2X5X2X5
2. Collect the like terms together. =2X2X2X2X5X5X%X5
3. The number 2 has been multiplied by itself 4 times and =24x53

the number 5 has been multiplied by itself 3 times.

WORKED EXAMPLE 4 Expressing a number in factor form

Express 7 x 5° x 6° in factor form.

THINK WRITE
1. Write the numeric expression. 7Xx5%%x6°
2. List the factors: 7 is written once, 5 is multiplied by =T7TX5X5X5XO6X6X6X6X6

itself 3 times, and 6 is multiplied by itself 5 times.

2.2.2 Prime factorisation using index notation

eles-3549
* Any composite number can be written as a product of its prime factors. 48
Therefore, it can be written using index notation, as illustrated by the factor tree / \
shown.
2 24
Remember, a composite number is a number that can be divided by another / \
whole number (for example 48). A prime number is a number that can only be
divided by itself and 1 (for example 5). 1 is not a prime number. 2 /1 2\

48 =2X2X3X2X2

3
=24x3 / \
WORKED EXAMPLE 5 Expressing numbers in index form using prime factorisation

Express 140 as a product of powers of prime factors using index notation.

THINK WRITE

1. Express 140 as a product of a factor pair. a. 140 =14x%10

2. Determine whether each number of the factor 140 =2X7)X (2 X5)
pair is prime. If the factors are prime, then no =2XT7TX2X5
further calculations are required. If the factors =2X2X5X7

are not prime, then each must be expressed as a
product of another factor pair.

3. Write the answer. 140 =22%x5%7
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Digital technology

Some calculators and mathematical computational software 1.1 6 *Doc oes [l X
packages include a Computer Algebra System (CAS
technology). These technologies can deal with more
sophisticated mathematics compared to a scientific calculator.

f: actor( 140)

o
o

|
The screen shown demonstrates how a CAS calculator
can be used to write a number in index form using prime
factorisation.

COLLABORATIVE TASK: Investigating powers

As a class, create a table on the board to show the numbers 1 to 10 raised to the power of 1 to 6.

Compare the results of raising 2 and 4 to different powers.

How can the table be used to show the value of different roots of numbers?

Investigate how the table would look if the numbers that were raised to different powers were unit

fractions.

5. Investigate how the table would look if the numbers that were raised to different powers were decimals,
such as 0.1, 0.2 and 0.3.

6. What is the difference between raising a number that is greater than 1 to a power and raising a number

that is less than 1 to a power?

Eall

Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-1933)

Digital documents Skill[SHEET Factor trees (doc-6834)
SkillSHEET Squaring numbers (doc-6835)

Interactivities Individual pathway interactivity: Review of index form (int-4401)
Review of index form (int-3708)

Exercise 2.2 Review of index form learn

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,4,7,10,13, 15,19, 22, 25 2,5,8,11,14, 17, 20, 23, 26 3,6,9,12, 16, 18, 21, 24, 27

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. 20 State the base and power for each of the following.
a. 8 b. 7' c. 20"
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2. State the base and power for each of the following.

a. 19° b. 78" c. 310
3. State the base and power for each of the following.
a. ¢ b. n3° c. d¥

4. Express the following in index form.

a. 2X2X2X2X2X2 b. 4xX4x4x4 C. XXXXXXXXX
5. Express the following in index form.

a. 9x9x%x9 b. 11 XIXIXIXIXIXIXI c.ddXmXmXmXmXm

6. I Write the following in factor form.

a. 4? b. 5% c. P d. 6°
7. Express the following in factor form.
a. 3° b. n’ c. a* d. k'°

8. Express each of the following as a basic numeral.

a. 3 b. 4* c. 28 d. 11°
9. Express each of the following as a basic numeral.

a. 74 b. 6° c. 110 d. 5%

10. I State what 6° means.

A.6X3 B.6X6X6 C.3X3%x3%x3x3x3
D.6+6+6 E.3X6

11. 9 State what 3° means.

A.3X5 B.5X5 C.3+3+3+3+3
D.3x3x3x3x3 E.5x3

12. EE Express each of the following in index form.

a. 6X2X2X4x4x4X4 b. 7X7XTXTX3X3%x3x%X3
c. 19X19%x19%X19X19X2x2X2 d. 13X13Xx4x4x4%x4
13. Express each of the following in index form.
a. 66 XPpXpXMXMXMXmXmXSXS b. 21 XnXnX3XIiXIiXIXO6XrXrXr
c. lI6XkXeXeXeX12XpXp d. 11 XjXjXFXjXjXIXpXpXI
14. K23 Express each of the following in factor form.
a. 15f34 b. 7k%s? c. 4b°¢° d. 19a*mn?

Understanding
A WES | Using indices, express each of the following numbers as a product of its prime factors.
a. 400 b. 225 c. 2000

16. Using indices, express each of the following numbers as a product of its prime factors.
a. 64 b. 40 c. 36

17. Some basic numerals are written as the product of their prime factors. Identify each of these basic numerals.
a. 2x3x5 b. 22 x 57 c. 22 x 33

18. Some basic numerals are written as the product of their prime factors. Identify each of these basic numerals.
a. 22x7x11 b. 32X 52X 7 c. 265419
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19. Express each of the following numbers in index form with base 10.
a. 10 b. 100 c. 1000 d. 1000000

20. Use your knowledge of place value to rewrite each of the following basic numerals in expanded form using
powers of 10. The first number has been done for you.

Basic numeral Expanded form

230 2% 10° +3 % 10"
500
470
2360
1980
5430

® 00T D

21. Express each of the following as a basic numeral.

a. 7x10* +5x%x10° b. 3% 10* +6x 10?
c. 5x10°+2x10° +4x 10*> + 8 x 10

Reasoning

22. Explain how you will remember the meaning of base and index.
23. Explain what a*b* means. As part of your explanation, write a*b* as a basic numeral in factor form.

24. Explain which of the following scenarios results in a larger amount. Use calculations to help justify your
response.
¢ Having $1 000 000 deposited into your bank account immediately
e Having 1 cent deposited into your bank account immediately, then having the amount in your account
doubled each day for a period of 4 weeks

Problem solving
25. a, band c are prime numbers.

a. Write 8 XaXaXbXbXbXcXcXcXc as aproduct of prime factors in index form.
b. If a=2, b=3and c =7, calculate the value of the basic numeral represented by your answer in part a.

26. a. Rewrite the numbers 10 and 14 in expanded form with powers of 2 using 23, 2% and 2! as appropriate.
Add the numbers in expanded form.
Convert your answer for part b into a basic numeral.

o C

27. a. Rewrite the numbers 140 and 680 in expanded form using powers of 10.
Add the numbers in expanded form.
Convert your answer for part b into a basic numeral.

d. Try the question again with two numbers of your own. Choose numbers between 1000 and 10 000.

o oo
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2.3 Multiplying powers

LEARNING INTENTION

At the end of this subtopic you should be able to:
e apply the First Index Law to multiply terms that have the same base.

2.3.1 The First Index Law (multiplying numbers with the same base)

eles-3550 .. .
e Numbers in index form with the same base

can be multiplied together by being written in
factor form first.

For example,
53x52=(5x5%x5)x(5%x5)=5
or 4 x4 =(A4x4x4x4)x (4x4x4)=4"

e By recognising a pattern, we can find a
simpler, more efficient way to multiply
numbers or variables in index form with
the same base.

e The pattern observed from the above calculations is that when multiplying numbers or variables with the
same base, we retain the base and add the powers together.

For example,

53 x 52 = 53+2 and 44 x 43 = 4443
=59 =47

This pattern can be expressed as a general rule, as shown below.

First Index Law: Multiplying powers

When multiplying numbers in index form that have the same base,
retain the base and add the powers.

a" xa"=a"t"

e If the variables in index form that are being multiplied have coefficients, the coefficients are multiplied
together and the variables in index form are multiplied, and simplified using the First Index Law.

Applying the First Index Law to algebraic expressions

%a“ X ?as = (% X ?) X (a*x a) =64’
Coefficients Coefficients Variables multiplied
multiplied
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WORKED EXAMPLE 6 Simplifying using factor form

Simplify 23 x 2° by first writing it in factor form and then giving the answer in index form.

THINK WRITE

1. Write the problem. 23 x 26

2. Write it in factor form. =2X2X2)X2X2X2X2X2X2)
3. Simplify by writing in index form. =2°

WORKED EXAMPLE 7 Simplifying using the First Index Law

Simplify 7% x 7 x 73, giving your answer in index form.

THINK WRITE

1. Write the numeric expression. 74X T 7

2. Check all indices in the expression (the middle 7 hasan = 7*x7' x7°
index of 1).

3. Check if the bases are the same. They are all 7.

4. Simplify by applying the First Index Law (add indices). = 74+

5. Write the answer. =7

WORKED EXAMPLE 8 Simplifying using the First Index Law

Simplify 5¢'° x 2¢°.

THINK WRITE

1. Write the algebraic expression. 5¢'0 % 2¢3

2. The order is not important when multiplying, so place =5x2xe'"%xe’

the numbers first.
3. Multiply the constant terms. =10xe'%%x¢?

4. Check to see if the bases are the same. They are both e.
5. Simplify by applying the First Index Law (add indices). = 10e!0+3

6. Write the answer. = 103
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2.3.2 Multiplying expressions containing numbers with different bases

e When more than one variable is involved in multiplication, the First Index Law is applied to each variable
separately.

WORKED EXAMPLE 9 Simplifying algebraic expressions

Simplify 7m*> x 3n° x 2m® x n*.

eles-3551

THINK WRITE
1. Write the algebraic expression. Tm? X 3n° X 2m8 x n*
2. The order is not important when multiplying, so place the =7Xx3X2xm?xmdxn’ xn*

numbers first and group the same variables together.

3. Simplify by multiplying the constant terms and applying the = 42 x "% x >+
First Index Law to variables that are the same (add indices).

4. Write the answer. =42 mn®

Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-1933)
Interactivities Individual pathway interactivity: First Index Law (int-4402)
First Index Law (int-3709)
Multiplying expressions containing numbers in index form with different bases (int-3710)

Exercise 2.3 Multiplying powers learn
Individual pathways

B PRACTISE B CONSOLIDATE B MASTER

1,4,7,10, 13, 15, 16, 19 2,5,8,11,14,17, 20 3,6,9, 12,18, 21

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. Simplify the following expressions by first writing them in factor form and then giving the answer in
index form.
a. 37x3? b. 6*x 63 c. 10°x 10* d. 11°x11°

2. Simplify each of the following.

a. 18x7 b. 21 x 23 c. 52x5? d. 89 x 82
3. Simplify each of the following.

a. 137 x 138 b. ¢* x ¢** c. x' xx’ d.exe’
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N

. Simplify each of the following, giving your answer in index form.
a. 3*x3%x3? b. 210% 23 x 23 c. 5*x5*x5° d. 63X 6% 67

(&)

. Simplify each of the following, giving your answer in index form.

a. 10x10x10* b. 172 x17*x 17° c. pTxpdxp’ d. ' xe'%xe?

o

. Simplify each of the following, giving your answer in index form.

a. g xgxg'? b. 2 xe!'? x b c. 3xb?xb'Oxb d. 5xd*xd’>xd’
7. IIId Select which of the following is equal to 6 X &3 X b> X b* X e.
A. 6b%e* B. 6b%¢3 C.6b% D. 6b'% E. 6b%¢3

8. I Select which of the following is equal to 3 X f2 X 10 x 2 x €* x ¢8.
A. 32e!1f12 B. 6e'!f12 C. 6e3f D. 6e*4f20 E. 3242

o. K3 Simplify each of the following.
a. 4p’ x 5p* b. 2x? x 3x° c. 8y x 7y*
10. Simplify each of the following.
a. 3px7Tp’ b. 1263 X2 X Tt c. 6¢> X ¢’ %X 5¢°

Understanding
11. I Simplify each of the following.

a. 2a> X 3a* x &3 x ¢* b. 4p3 X 21" X I’ X p?
c. 2m3 x 5m? x 8m* d. 2gh x 3g*h’
e. Sp*q* x 6p*q’

12. Simplify each of the following.
a. 8udw X 3uw? X 2wt b. 9dy® x d*y> x 3d"y*
c. Th3c? X 2b0¢* x 3b°¢3 d. 4752 x 310512 x 21854
e. 10h'%? x 24310 x 3p?0p12

13. Simplify each of the following.
a. 3*x3* b. 3¥ x3'+2
c. 3Vl x 36 d. 3% X 3% X 3%

14. Express the following basic numerals in index form: 9, 27 and 81.

15. Use your answers to question 14 to help you simplify each of the following expressions. (Give each answer
in index form.)
a. 3*x81x9 b. 27 x 3" x 3!

Reasoning
16. Explain why 2* x 3” does not equal 6%+,

17. Follow the steps to write the expression indicated.
Step 1: The prime number 5 is multiplied by itself n times.
Step 2: The prime number 5 is multiplied by itself m times.
Step 3: The answers from step 1 and step 2 are multiplied together.
Explain how you arrive at your final answer. What is your answer?

18. The First Index Law can be applied only if the bases are the same. Why is that so? Give examples to help
justify your response.
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Problem solving

19. One dollar is placed on a chess board square, two dollars on the
next square, four dollars on the next square, eight dollars on the
next square and so on.

Write the number of dollars on the 10th square in index form.
Write the number of dollars on the rth square in index form.
How much money is on the 6th and 7th squares in total?
How much money is on the 14th and 15th squares in total?
Write your answer in index form.

e. Simplify your answer to part d by first taking out a

common factor.

e oo

20. a. If x> = x X x, what does (x3)2 equal?
b. If the sides of a cube are 2* cm long, what is the volume of the cube in index form?
(Hint: The volume of a cube of side length /cm is ° cm?.)
c. Evaluate the side length of a cube of volume 5% mm?.

d. Evaluate the side length of a cube of volume (a”)3p mm?.

21. If I square a certain number, then multiply the result by three times the cube of that number before adding 1,
the result is 97. Determine the original number. Show your working.

2.4 Dividing powers

LEARNING INTENTION

At the end of this subtopic you should be able to:
e apply the Second Index Law to divide terms that have the same base.

2.4.1 The Second Index Law (dividing numbers with the same base)

e Numbers in index form with the same base can be divided
by first being written in factor form.

For example,

4 2X2X2X2X2X2

T 2Xx2x%2x2

O ZXIXIXEX2X2
IxZx2Ix?

=2X2

=22

262

e By recognising a pattern, a simpler, more efficient way to divide numbers or variables in index form with
the same base can be found.
The pattern observed from the above calculation is that when dividing numbers or variables with the same
base, we retain the base and subtract the powers.

For example,
26+2% =264 or 310+ 36 = 310-6
=22 =34

This pattern can be expressed as a general rule, as shown next.
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Second Index Law: Dividing powers

When dividing numbers in index form with the same base, retain the
base and subtract the powers.

m
n_a

Q= —=qg"™"

aﬂ
WORKED EXAMPLE 10 Simplifying using factor form

10
Simplify ? by first writing in factor form and then leaving your answer in index form.

THINK WRITE
510
1. Write the numeric expression. 57

_ SIXSXSXSIXSXS5XS5XS5X5XS

2. Change to factor form.
5X5%5

3. Cancel three 5s from the numerator and three 5s from the = SX5X5X5X5X5X5XFXFXF

denominator. FxFxF
=5X5X5X5X5%X5%5

4. Write the answer in index form. =57

WORKED EXAMPLE 11 Simplifying using the Second Index Law

Simplify d'? = d* using an index law.

THINK WRITE

d 12
1. Write the algebraic expression and express it as a fraction. d?+d* = o
2. Check to see if the bases are the same. They are both d.
3. Simplify by using the Second Index Law (subtract indices). =
4. Write the answer in index form. =gl

2.4.2 Dividing algebraic terms containing coefficients

eles-3553
e When the variables in index form have numerical coefficients, we divide them as we would divide any

other numbers and then apply the Second Index Law to the variables.

e In examples where the coefficients do not divide evenly, we simplify the fraction that is formed by them.

e When there is more than one variable involved in the division question, the Second Index Law is applied to
each variable separately.
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WORKED EXAMPLE 12 Simplifying when coefficients are present

Simplify 36d7 + 12d 3, giving your answer in index form.

THINK WRITE
. . . . . . 5 36d’
1. Write the algebraic expression and express it as a fraction. 36d’ +12d° = 128
.. . 3d’
2. Divide the numbers (or coefficients). = ?
3. Simplify by using the Second Index Law (subtract indices). =3473
=3d*

WORKED EXAMPLE 13 Simplifying using the first and second index laws

o e T X Ar®
Simplify —
12¢
THINK WRITE
. . . 713 x 418
1. Write the algebraic expression. —f
t
. . 28t 11
2. Multiply the numbers in the numerator and apply the = 7
First Index Law (add indices) in the numerator. 121
7¢11-4
3. Simplify the fraction formed and apply the Second =
Index Law (subtract indices). 3
= t7
Resources
eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-1933)
Digital documents SkillSHEET Equivalent fractions (doc-6836)
SkillSHEET Simplifying algebraic expressions (doc-6837)
SkillSHEET Simplifying algebraic fractions (doc-6838)
Interactivities Individual pathway interactivity: Second Index Law (int-4403)

Second Index Law (int-3711)
Dividing with coefficients (int-3712)
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Exercise 2.4 Dividing powers learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,5,8,11,12, 15, 18, 21 3,6,9, 13,16, 19, 22 4,7,10, 14,17, 20, 23

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

W WE10) Simplify each of the following by first writing in factor form and leaving your answer in index form.

L2 o7 . 10° L

: 22 : 73 : 105 : 95

2. Simplify each of the following using the Second Index Law, leaving your answer in index form.

a. 3*+32 b. 11° + 117 c. 5%+ 54 d. 12°+12
3. Simplify each of the following using the Second Index Law, leaving your answer in index form.

13
a. 3% +3% b. 137 + 137 c. 6% +6" : 10—9
10

4. Simplify each of the following using the Second Index Law, leaving your answer in index form.

a. 15423 b. 7 C. 7 d. flOO
) WE11] Simplify each of the following, giving your answer in index form.

a. 3 +x° b. 6y’ +y° c. 8w2 +wd d. 12¢%* +44%
6. Simplify each of the following, giving your answer in index form.

45p14
a. 1612 +2f3 b. 1002'% + 1040 c. 80j 15 +205° d. o
D
7. Simplify each of the following, giving your answer in index form.
48¢" 1257 81m° 100n"
a. —— b. — c. d.
6g° 8b 18m? 40n°
8. A Select which of the following is equal to 21720 + (14r10).
10
A 7r10 B. 3 c.7r p. 3 E. 210
2 2 3

2 33
9. [T Select which of the following is equal to < 16m T >
m
22 8 3

A m? B. C. 8m?? D. E. None of the above

|3

m22

10. IEEE Simplify each of the following.

. 15p'? b 187° . 45a°
- 5ph C 32 ©5q2
11. Simplify each of the following.
6007 . 100-1° Lo
" 20b S50 g
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Understanding
12. E3H Simplify each of the following.

. 8p° x 3p* 12b° x 4b? . 25m'% x 4n’
C16p’ © 182 " 15m% % 8n
13. Simplify each of the following.
27:%3 1607k* 128 x 6/
_— . c. ———
12xy? 12h%% 8j3 x 3f?
14. Simplify each of the following.
83 X 7r? X 2s 27a° x 18b° x 4c? 8115 x 25g'%2 x 16K
a. —— . C.
6p X 14r 18a* X 12b* X 2¢ 27f° x 15g'% x 1210
15. Simplify each of the following.
4x 3 2—3m Tm
a. 210200 b, 27¢ 2934 o X7 g 3 X37
5% x 5% 3m %3

8x16x4
2%x32

a. Rewrite the fraction, expressing each basic numeral as a power of 2.
b. Simplify by giving your answer:

16. Consider the fraction

i. in index form ii. as a basic numeral.

6x27 %36
12x81

a. Rewrite the fraction, expressing each basic numeral as the product of its prime factors.
b. Simplify, giving the answer:

17. Consider the fraction

i. in index form ii. as a basic numeral.

Reasoning

X

. 12
18. Explain why does not equal 4%,

3
19. Step 1: The prime number 3 is multiplied by itself p times.
Step 2: The prime number 3 is multiplied by itself g times.
Step 3: The answer from step 1 is divided by the answer from step 2.
State your answer. Explain how you arrived at your final answer.

4
. . T . 1

20. Using two different methods for simplifying the expression y—é, show that y=2 = =
y

Problem solving

21. By considering a” + a?, show that any base raised to the power of zero equals 1.

Sl 1
22. By considering m® + m®, show that m=2 = —-
m

23. I cube a certain number, then multiply the result by six. I now divide the result by a certain number to the
power of five. The result is 216. Determine the number. Show your working.
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2.5 The zero index

LEARNING INTENTION

At the end of this subtopic you should be able to:

eles-3554

e apply the Third Index Law to expressions that are raised to the power of zero.

2.5.1 The Third Index Law (the power of zero)

¢ Consider the following two methods of simplifying

2323,
Method 1 Method 2
2X2%?2 23
PP =222% 2+23==
2X2x%x2 23
_§ = 233
8 _ 50

* As the two results must be the same, 2° must equal 1.

¢ Another way to establish the meaning of the zero index is to consider the following pattern of numbers:

3% =243
3% =81
33 =27
32=9
3'=3
30=29

As each consecutive number is found by dividing the previous number by 3, then 3° = 1.

Third Index Law: The zero index

Any base, excluding zero, that is raised to the power of zero is
equal to 1.

a’=1wherea#0

* Any non-zero numerical or algebraic expression that is raised to the power of zero is equal to 1.
For example,

@2x3)" =1 or (2abc?)’ =1
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WORKED EXAMPLE 14 Simplifying using the Third Index Law

Determine the value of 15°.

THINK WRITE

1. Write the numeric expression. 15°

2. Any non-zero base with an index of zero is equal to one =1
(Third Index Law).

WORKED EXAMPLE 15 Simplifying using the Third Index Law

Determine the value of (25 X 36)0.

THINK WRITE
1. Write the numeric expression. (25 % 36)O
2. Everything within the brackets has an index of zero; =1

therefore, according to the Third Index Law, it is equal to 1.

WORKED EXAMPLE 16 Simplifying using the Third Index Law

Determine the value of 19¢°a°.

THINK WRITE
1. Write the algebraic expression. 19¢°a°
2. The base a has a power of zero, so it is equal to one. =19 x 1
3. Simplify and write the answer. =19¢°

WORKED EXAMPLE 17 Simplifying using various index laws

6m> x 11m
Simplify ——— .
PRy 3m' x 2m’
THINK WRITE
: . . 6m® X 11m'
1. Write the algebraic expression. SR
3m!'% x 2m’
66m3+14
2. Multiply the constant terms and apply the =
First Index Law (add indices) in both the numerator 6m .
and denominator. _ 66m
6m17
3. Divide the constant terms and simplify using the = 11m'"="7
Second Index Law (subtract indices). = 11m°
4. Base m has a power of zero so it is equal to 1 =11x1
(Third Index Law).
5. Simplify and write the answer. =11
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Digital technology

Scientific calculators can evaluate expressions in index form 388 4

where the base is a number. ( 25*36 ) AU 1

A CAS calculator can simplify numerical and algebraic

expressions in index form. ‘AR’ frac oes [i] X
15° 1
"R 14 11
6m~ 11-m
A
3m 10. 5 m
Resources
eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-1933)
Interactivities Individual pathway interactivity: Third Index Law (int-4404)
Third Index Law (int-3713)
Exercise 2.5 The zero index learn
Individual pathways
Bl PRACTISE Il CONSOLIDATE H MASTER
1,4,7,10,13, 15, 18 2,5,8,11, 14, 16, 19 3,6,9,12,17, 20

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. EZ Determine the value of each of the following.
a. 16° b. 44° c. fO d. h°
2. IEEE Determine the value of each of the following.
a. (23x8)" b. 7% 6° c. (3524 d. (12w’
3. Determine the value of each of the following. Check your answers to parts a and b with a calculator.
a. 4x3° b. 99+ 11 c. (*—10 d. 3p°+19
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4. B8 Determine the value of each of the following.

a. 12m3k° b. 7¢° 4+ 14m° c. 32¢° +40n° d. %’i
5. Determine the value of each of the following.
16¢° 6b2 x 5c° 4d° x 9p? 3px4d°
a. 8_yo b. —3s0 c. —12q0 d. —220 6
6. Evaluate each of the following.
a. e'¥+el? b. a'? + a'? c. (4193)0 + (4b3)0
7. Evaluate each of the following.
a. 84f1 = 12f 11 b. 30z° +107° c. 99113 + 33413
Understanding
8. Simplify each of the following.
. £p4 o 4033 . 54p043 . 16p'1¢"
21p* 10£33 27p0 8p2q"°
9. Simplify each of the following.
244° 10 xty?z! 7i7mor* 3c3d31°
16a°¢® . xtyz!! ¢ 217m? D 12¢2d%1°

10.

11.

12,

13.

14.

I3 You are told that there is an error in the statement 3p’¢>r°s® = 3p’s°. Determine what the left-hand side
should be changed to in order to make the statement correct.

A. (3p7q3r5s6)0 B. (3,107)0q3r5s6 C. 3p7(q3r5s6)0 D. 3p7(q3r5)0s6

E. 3(p7q3r5)0s6

8f6g7h3 8f2

T3 You are told that there is an error in the statement = ——. Determine what the left-hand side

. 6f4g2h g2
should be changed to in order to make the statement correct.
0 0 0

N 8f6<g7h3) . 8(f6g7h3) . 8(f6g7) h3 o 8f6g7h3

©)°f*g* W’ (6r**h)" (6¢*) g2 (6¢*g*h)"
E. None of the above

k' m*n®
[T Select which of the following is equal to ——
4k" (mn)
8 2 2,8

a3 B, 2% c. 3 p. 3mn

2 2 2 2
E. None of the above
[ WE17 | Simplify each of the following.
. 2a° X 6a* 5 3¢® x 6¢° . 5b7 x 10b° g 8/ x 317 . 9k!2 x 4k!°

1248 9 © 25p12 C4f5 X 3 18K x k'8

Simplify each of the following.

2h* X 5k? P’ xq* m’ X n3 8u’ x v? 9x5 x 212
a. —— . cC. ———— . e. ——m—

20K x k2 5p° 5m® xm* 2u° X 4ut 3y10 x 3y?
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Reasoning
15. Explain why x% = 1.

0
16. Simplify PO explaining each step of your method.
X

1 1
17. If a2 is equivalent to \/5, show what a 2 is equivalent to.

Problem solving

18. Use indices, and multiplication and division, to set up four expressions that simplify to y°. At least one
of your four expressions must involve the use of the Third Index Law.

19. I raise a certain number to the power of three, then multiply the answer by three to the power of zero.
I then multiply the result by the certain number to the power of four and divide the answer by three times the
certain number to the power of seven. If the final answer is three multiplied by the certain number squared,
find the certain number. Show each line of your method.
6,673

20. A Mathematics class is asked to simplify . Peter’s answer is 4x°. Explain why this is incorrect,

16)62_))623

pointing out Peter’s error. Determine the correct answer. Identify another source of possible error involving
indices.

2.6 Raising powers

LEARNING INTENTION

At the end of this subtopic you should be able to:
e apply the Fourth Index Law when raising a power to another power by multiplying the indices
e combine different index laws to simplify expressions.

2.6.1 The Fourth Index Law (raising a power to another power)

eles-3555

. 4. .
¢ The expression (23) is an example of a power term (23) raised to another power (4).
e Raising a power term to another power is a variation of the First Index Law.

For example,

(23)4 =23x23%x23%x23 can be simplified to (23)4 = 93x4
— 93+3+4343 _ 02
— 212

(a2)3 =a’>xa*xXd* can be simplified to (a2)3 = 23
= 2t _

e The pattern observed from these calculations is that when raising a power to another power, we retain the
base and multiply the powers.
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e This pattern can be expressed as a general rule, as shown below.

Fourth Index Law: Raising powers

When raising a power to another power, retain the base and multiply the powers.
( am)" — amxn

e Every number and variable inside the brackets should have its index multiplied by the power outside
the brackets. That is:

@xb)" =a™xb™

<£>”’ _a”
b b™

(These are sometimes called the Fifth Index Law and the Sixth Index Law.)

e Every number or variable inside the brackets must be raised to the power outside the brackets.
For example:

(3x2)* =34 x 24 and Qa')’ =23 xa*?

= 8a'?

WORKED EXAMPLE 18 Simplifying using the Fourth Index Law

Simplify the following, leaving answers in index form.

a. (1
32\’
b <_>
53
THINK WRITE
a. 1. Write the numeric expression. a. (74)8
2. Use the Fourth Index Law (retain the base and multiply =
the indices).
3. Simplify and write the answer. =732
32\’
b. 1. Write the numeric expression. b. <5—3>
32X3
2. Use the Fourth Index Law (retain the base and multiply =—
the indices) in both the numerator and denominator. i
o . 36
3. Simplify (here the bases are different and therefore the = ?

indices cannot be subtracted) and write the answer.
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WORKED EXAMPLE 19 Simplifying using the Fourth Index Law

Simplify (26%)° x (5b%)°.

THINK WRITE
1. Write the numeric expression. Qb5 x (5b8)’
2. Simplify using the Fourth Index Law (retain the base and = 21X2 % p3X2 x 513 p8X3
multiply the indices). — 22p10 ¢ 5324
3. Evaluate the coefficients. = 4b'0 x 125
= 5006'" x b**
4. Simplify using the First Index Law (add indices) and = 500b°*

write the answer.

WORKED EXAMPLE 20 Simplifying algebraic expressions using the Fourth Index Law

5 3
Simplify <£> .

d’
THINK WRITE
2a° ’
1. Write the algebraic expression. <?>
21X3a5X3
2. Simplify using the Fourth Index Law (retain the base and ==
multiply the indices) for each term inside the brackets. d=
- 23,415
==
8a 15
3. Calculate the coefficient and write the answer. The bases, = _d :

a and d, are different and therefore the indices cannot be
subtracted here.

Resources
eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-1933)

Interactivities Individual pathway interactivity: Fourth Index Law (int-4405)
Fourth Index Law (int-3715)
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Exercise 2.6 Raising powers

Individual pathways

B PRACTISE Bl CONSOLIDATE
1,4,7,10,13, 16, 19, 20, 21, 26 2,5,8,11,14,17, 22, 23, 27

learn

B MASTER
3,6,9,12, 15, 18, 24, 25, 28

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all

questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. 38 Simplify each of the following, leaving your answers in index form.

a. (30 b. (6%)"

2. Simplify each of the following, leaving your answers in index form.

c. (1% d. (5'2)" e. <((32)2)2>

b 3.4 3.5 33\ " 9 24 765\’

a. (3 x10%) b. (13x177) c. <?> d. Bw’q”) e. <r2_q4>
3. BB Simplify each of the following.

a (") x(a)’ b. (%)% (w?)’ (6)"x (")
4. Simplify each of the following.

a () x (g*)° b () x ()’ ()" ()
5. Simplify each of the following.

a () x (a7)’ b (1) x (i) ()% (?)°
6. Simplify each of the following.

a. (22)" % (24)° b. (7) x ()" (@)’ x (a®)
7. Simplify each of the following.

o (80)"x (v%)’ b (¢) % ()’ (87) (&)
8. Simplify each of the following.

a. (3a)* x (24°) b. (24)* x (3¢2)’ - (10r2) % (23)°
9. I Select which of the following is equal to (p7)2 +pt

A.p’ B. p12 C.p16 D. p™ E. p11

10. I Select which of the following is equal to M
W) X (@)
A. w2p® B. (Wp)6 C. wlp3 D. wop E. wop!?
11. I Select which of the following is equal to (r6)3 + (r4)2.
AP B. r* c.r” D. r'¢ E. 12

Understanding
12. Simplify each of the following.

a. @) =@ b. (m)’ = (m®)" c. (%) =S’

d. %) = (%’
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13. Simplify each of the following.

a. (/7 = (£’ b. (%) + (g% e (P + (%’ d (M =07
14. Simplify each of the following.
(%’ 5’ 3" @’
a. D b. —4 C. 3 d. —2
D) (f?) (K2 ")

15. 2 Simplify each of the following.

. (ﬁ)z b (@)2 . (ﬁy
T\ & "\ 272 S\ 38

16. Simplify each of the following.

7p° 2 5y’ ’ 443 N
a. | — b. | — c. | —
( 84% > < 313 > < 7c3 )

17. Simplify each of the following using the index laws.

a. g3 x2g’ b. 2p5 x 4p> c. )’ d. 1220 + (2x) e. (24%)°
18. Simplify each of the following using the index laws.
a. 5a°x3a* X a* b. 1558 + (55°) c. 4bc® x 3b3 X 5¢2
14x8 2
d — e. (fg°
Tt (f & )
19. Simplify each of the following using the index laws.
6,5
1ouy b. x>y* X xy? c. 5a°b* X a* X 3ab’
6uy
d. x3yt =+ (xy3) e- (4192615)3
Reasoning

20. Explain why ((@)) = 1.

L 2 . .
21. a. Simplify (4°), leaving your answer in index form.
b. Use a calculator to determine the value of your answer to part a.
. 2
c. Use a calculator to determine the value of (4°)”.

22. Simplify each of the following, giving your answer in index form. Justify your answer in each case.

5
a. (w3)4+w2 b. mal >i3x c. (2a3)2x3a5
2x
d. 12x8 X 2x + (3x°) e. 2d* +d* +5d°
23. A Mathematics class is asked to simplify (;’4)3 =@ )2. Karla’s
answer is r.
Explain why Karla’s answer is incorrect and identify her
error.

State the correct answer.
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24. Simplify each of the following, giving your answer in index form. Justify your answer in each case.
(26)°
4kt
4p’
p*x6p
c. 15533 + (55%%) x 2st*
d. 12b%c6+ (3b%) + (4c?)
e (f'g) —f*x/7g’
25. Simplify each of the following, giving your answer in index form. Justify your answer in each case.
(3p® ) % 4p’
2(p")’
2()c2y)4 X 8xy?
c. 5a%h? + a* x 3a*b?
. 24x%yt =+ (12xy3) — Xy
44" % (3p*q)°
" o0 xpd

g

o

Problem solving

26. Show that 20% ) is not equal to ((2)%)%)>.
27. Arrange these numbers in ascending order:
322’ 2222’ 233’ 52, 2527 72’
28. a. Identify as many different expressions as possible that when raised to a power will result in 16x%y'2.

b. Identify as many different expressions as possible that when raised to a power will result in 3'27q%p!2",
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2.7 Review
2.7.1 Topic summary

* Index (or exponent) notation is a short way of writing a
repeated multiplication.
e.g.2x2x2x2x2x 2 can be written as 26, which is read as
‘2 to the power of 6’.

¢ The base is the number that is being repeatedly multiplied, and
the index is the number of times it is multiplied.
20=2x2x2%x2%x2x%x2

=64
* In the above example, the number 64 is called a basic numeral.

Index Law 1

e When numbers with the same base
are multiplied, keep the base the
same and add the powers.

am X an = am+n
e.g. _x4 X _x3 =5/ INDEX LAWS Index Law 4
3x2 x 5x* = 15x6

* When a power is raised to another
power, keep the base the same and
multiply the powers.

(am)n = amxn

12

eg. (x3)4 =x

¢ When numbers with the same
base are divided, keep the base
the same and subtract the powers.

Mmoo pn_ pmen Index Laws S and 6
a’+a'=a
egaltxt=x’ 20x° ¢ Every term inside brackets must
20x° + 1227 = 1222 be raised to the power outside
5t the brackets.
Y (ax b)™ =d"x b™
a\" a”
55
€g 2aP’=2xa
=32a’
abY a*b*
(35

¢ Any term (excluding 0) raised to
the power of 0 is equal to 1.
a’=1
e.g. (2a)° =1
@x*x 5a%)° =1
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2.7.2 Success criteria

Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic | Success criteria 9 Q .
2.2 | understand and can apply index (or exponent) notation.
| can identify base and power for a number.
| can write a term in factor form.
2.3 | can apply the First Index Law to multiply terms that have the same base.
2.4 | can apply the Second Index Law to divide terms that have the same base.
25 | can apply the Third Index Law to expressions that are raised to the power
of zero.
2.6 | can apply the Fourth Index Law when raising a power to another power by
multiplying the indices.
| can combine different index laws to simplify expressions.

2.7.3 Project

Scientific notation and standard form

Scientists work with many extremely large
(and small) numbers, which are not easy

to use in their basic numeral form. For
example, the distance to the nearest star
outside the solar system, Proxima Centauri,

is 40 000 000 000 000 000 m, and the radius of
a hydrogen atom is 0.000 000 000 025 m.

Such numbers can look a little clumsy.
Counting the zeros can be hard on the eye,
and it’s easy to miss one. Furthermore, your
calculator would not be able to fit all the digits
on its screen!

Scientists use powers of 10 in a number system called scientific notation or standard form. They have
also come up with prefixes that stand for certain powers of 10. There is a prefix for every third power.

Work with a partner and use the internet to complete the following table, which shows the scientific
notation prefixes and abbreviations for a wide range of numbers.

Your calculator will accept very large or very small numbers when they are entered because it uses
scientific notation.
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Scientific notation Basic numeral SI prefix SI symbol
1.0x 10" 1000 000 000 000 tera
1.0x 10 Billion
1.0x10° 1000 000 mega M
1.0x10°
100 Hundred hecto
1.0x 10" deca da
1.0x 107! 0.1
1.0x 1072 0
1.0x107° 0.001 Thousandth
1.0x107¢ Millionth micro M
1.0x 1077 nano
1.0x 10712 0.000 000 000 001 Trillionth p

Note: Sl is the abbreviation for International System of Units.

Use the following steps to write the number 825 460 in scientific notation.

Step 1: Place a decimal point so that the number appears to be between 1 and 10.

8.254 60

Step 2: Count how many decimal places the decimal point is from its old position. (Note: For whole

numbers, this is at the right-hand end of the number.) In this case, it is five places away.

8.254 60
\_/

Step 3: Multiply the number in step 1 by the power of 10 equal to the number of places in step 2.

8.25460 % 10°

Note: If your number was made smaller in step 1, multiply it by a positive power to increase it to its true
value. If your number was made larger in step 1, multiply it by a negative power to reduce it to its true

value.

Proxima Centauri, near the Southern Cross, is the closest star to Earth and is 4.2 light-years away.
A light-year is the distance that light travels in 1 year. Light travels at 300 000 kilometres per second.
1. Write 300 000 km/s in scientific notation.

a s N

Calculate the distance travelled by light in 1 minute.
Determine the distance travelled by light in 1 hour.
Calculate the distance travelled by light in 1 day.
Multiply your answer in question 4 by 365.25 to find the

length of a light-year in kilometres. (Why do we multiply by
365.257) Write this distance in scientific notation.
6. Calculate the distance from Earth to Proxima Centauri

in kilometres.

7. Evaluate the distance from Earth to some other stars in both
light-years and kilometres.
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Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-1933)

Interactivities Crossword (int-2620)
Sudoku puzzle (int-3183)

Exercise 2.7 Review questions

learn

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1.

10.

11.

12.

State the base for each of the following.
a. 51 b. 9*

State the power or index for each of the following.
a. 11° b. 23°

Write the following in index form.
a. TXTXTXT
C. mXmXmXmxXm

Write each of the following as a basic numeral.
a. 6 b. 82 c. 3*

Evaluate each of the following.
a. 7?42
Simplify each of the following.
a. 3°x3° b. 10" x 10*
Simplify each of the following.
a. t*x 17 xt b. 22 X 62Xz
Simplify each of the following.
a. 6°+6 b. 12'%+12
Simplify each of the following.
320 m®°
Simplify each of the following.
IOXI2x L} » Xy xy?
a. —8 b. —8
. . L . y
Simplify the following.
a. 4° b. r*s%°
Simplify the following.
a. d%eff0 b. zb°

2

x3 d. w’
C17 d. LIOO
3X3X3X3X3%x3x%X3
kXkXkXnXnXnXnXn
d. 27 e. 53
9243352
73 x 76 d. j*xjox;°
5w x Tw!?z x wi d. 2¢’p’ x 6e’p°
528 o gl d. 20+22
15 7 11
h' Xh
z d.
p h
a xaxa’ 4 X2 xexc!
@ X ab T AxAxc?
1966° d. m°
w0 d. 84°—24°

4

TOPIC 2 Index laws 63



13. Simplify the following.

a. 45+ 607° b. vw? c. (x3y6)0 d. kim®
14. Raise each of the following to the given power.
a. (2% b. (6°) c. (79" d. (2"
15. Raise each of the following to the given power.
a. (r16i12)° b. (b%d%)” c. (2pm®)’ d. (9wzt)’
4p+\°
16. I Select which of the following is equal to <?> .
3 12 12 7
A B. 22 c. ¥ p. ¥2 e 2
d3 ds d° d> d>
Problem solving
17. a. Evaluate each of the following.
i D! i, (=1)> iii. (=1)° iv. (<1)* v. (=1)° vi. (-1)°
b. Use your answers to part a to complete the following sentence:
If negative one is raised to an even power, the result is ; if it is raised to an odd power, the result

18.

19.

is .

c. Consider the expression (—l)k + (—l)l.
Determine all possible values of the above expression. Specify the values of k and / for which each
result occurs.

At 9 am there were 10 bacteria in a Petri dish.

a. If the number of bacteria doubles every minute, evaluate how
many bacteria were in the Petri dish after:
i. 1 minute ii. 2 minutes
iii. 3 minutes iv. 10 minutes.

b. Develop the rule that connects the number of bacteria, N, and
the time, ¢ (in minutes), after 9 am.

c. Use your answer to part b to calculate the number of bacteria in
the dish at 10 am. Give your answer in index form (do not
evaluate).

Lena receives an email containing a chain letter. She is asked to
forward this letter to 5 friends (or else she will have a lot of bad
luck!). Lena promptly sends 5 letters as instructed. (Let’s call this
the first round of letters.) Each of Lena’s 5 friends also sends
5 letters. (Call this the second round of letters.)
a. Determine the number of letters sent in the second round. Give
your answer:
i. as a basic numeral ii. in index form.

b. Determine the number of letters that would be sent in the third round. Give your answer:
i. as a basic numeral ii. in index form.

c. Assuming the chain is not broken and each recipient sent out 5 letters, determine the total number of
letters sent in the first four rounds. Give your answer:
i. as a basic numeral ii. in index form.
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20.

21.

22.

23.

24,

Nathan is considering participating in the Premier’s Reading
Challenge. He decided to test himself first by trying to read a
400-page book in 6 days. Nathan read 7 pages on day 1.
After performing some basic arithmetic computations, he
realised that he needed to increase that amount to be able to
finish the book on time. Nathan decided to double the number
of pages read every day.
a. Determine the number of pages that Nathan read on:
i. day2 ii. day 3.
b. Develop the formula connecting the number of pages P read per day and the number of days d.
c. Use your answer to part b to find the number of pages Nathan will read on day 6.
d. Show, with mathematical calculations, whether Nathan will finish the book in six days if he
continues according to plan.

Alex bought a second-hand car for $25 000. Each year the car V. // ’
depreciates by 20% (i.e. each year it loses 20% of its value). ( o
a. Calculate the value of the car at the end of the first year.
b. Evaluate the value of the car at the end of the second year.
c. The value, V, of the car can be found using the formula
V'=25000 % 0.8', where # is the number of years after
purchase. Explain the meaning of the numbers 25000 and 0.8. %@
d. Use the formula to find the value of the car after 5 years. '
e. Alex decided that he will sell his car when its value falls
below $5000. Determine how soon he will be able to do that.

The number, E, of employees in a large firm grows according to the rule E =60 X 1.15', where
t is the number of years from the year 2018.
a. Determine the number of people the firm employed in the year 2018.
b. Determine the number of employees there were in:
i. 2019 ii. 2020.
c. Determine the number of years taken for the number of employees to exceed 200.

Four rabbits were accidentally introduced to a small island.
The population of rabbits doubled every 4 weeks.
a. Determine the number of rabbits on the island:
i. 8 weeks later ii. 24 weeks later  iii. 1 year later.
b. After one year, to cope with the rabbit problem, some
foxes were brought to the island. As a result, the
population of rabbits started declining by
10% each week.
After the foxes had been brought in, determine
how many rabbits were left after:
i. 1 week ii. 2 weeks iii. 10 weeks.

There were 50 bacteria of Type X and 30 bacteria of Type Y in a Petri dish. The number of bacteria of
Type X doubles every 4 hours; the number of bacteria of Type Y quadruples every 6 hours.

Evaluate the total number of bacteria in the dish after:

a. 12 hours b. 1 day c. 2 days.
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25. A basic numeral can be expressed in standard form (also called scientific
notation) by being written as a number between 1 and 10 multiplied by a
power of 10. For example, the number 4000 in standard form is written as
4.0%10°.

For each of the following situations, express the basic numeral in
standard form.

a. A company declares an annual profit of 3 billion dollars.

b. The diameter of Earth is (approximately) 40 000 km.

c. The half-life of a certain radioactive element is 5 000 000 years.
d. Light travels at a speed of 300 000 km/s.

26.

[V

. Express the basic numerals 4, 8 and 16 as powers of 2.
. Use your answers from part a to simplify the following:

4% 8 . 8mx 16"
n ———
16 43m x 04m

o

27. If a® =7, determine the value of:
a. g*t! b. 2a° c. 3a® —4a*.

28. A rubber ball is dropped from a balcony that is 10 m above the ground. The ball bounces to 3 of its
previous height after each bounce. 4
a. Determine the greatest height of the ball above the ground after:
i. 1 bounce ii. 3 bounces iii. 5 bounces.
b. Determine when the height of the ball above the ground will be less than 1 m.

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook 2.6 Individual pathway interactivity: Fourth Index Law
(int-4405)
Download the workbook for this topic, which includes Indices (int-2360)
worksheets, a code puzzle and a project (ewbk-1933) [ Fourth Index Law (int-3715)

. 2.7 Crossword (int-2620)
Solutions Sudoku puzzle (int-3183)
Download a copy of the fully worked solutions to every question
in this topic (sol-0707) W Teacher resources

ooOodd

Digital documents There are many resources available exclusively for teachers

online.
2.2 SkillSHEET Factor trees (doc-6834)

SkillSHEET Squaring numbers (doc-6835)

2.3 SpreadSHEET Multiplying with indices (doc-2160)

2.4 SkillSHEET Equivalent fractions (doc-6836)
SkillSHEET Simplifying algebraic expressions
(doc-6837)
SkillSHEET Simplifying algebraic fractions (doc-6838)
SpreadSHEET Dividing with indices (doc-2161)

2.6 SpreadSHEET Raising a power to another power
(doc-2162)

O O0OOoO oOoOgdod

Video eLessons

2.2 Index notation (eles-3548)
Prime factorisation using index notation (eles-3549)

2.3 The First Index Law (multiplying numbers with the same
base) (eles-3550)
Multiplying expressions containing numbers with
different bases (eles-3551)

2.4 The Second Index Law (dividing numbers with the same
base) (eles-3552)
Dividing algebraic terms containing coefficients
(eles-3553)

2.5 The Third Index Law (the power of zero) (eles-3554)

2.6 The Fourth Index Law (raising a power to another
power) (eles-3555)

O OO O O o od

Interactivities

2.2 Individual pathway interactivity: Review of index form
(int-4401)
Review of index form (int-3708)

2.3 Individual pathway interactivity: First Index Law
(int-4402)
First Index Law (int-3709)
Multiplying expressions containing numbers in
index form with different bases (int-3710)

2.4 Individual pathway interactivity: Second Index Law
(int-4403)
Second Index Law (int-3711)
Dividing with coefficients (int-3712)

2.5 Individual pathway interactivity: Third Index Law
(int-4404)
Third Index Law (int-3713)

oo O0oo o oo od

To access these online resources, log on to www.jacplus.com.au.
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Answers

Topic 2 Index laws

Exercise 2.1 Pre-test

1.3
2.72
7
3. -
8
.10¢7
5. D
3d3
6. —
4
7.1
8 3m’ 8m* . 3m®  2m’
Tam3 T 12mS T 4md T 3md
B 3m° X 2m*
T 4m3 X 3m®
_ om’
T 1m0
6
T 12
1
T2
9.a. 7Y b. 16w
3a’b
10. a. 454°b° b, e
2
11. D
9 10
12, 5
16h°

3
13. (2% =28 =262 144

2
(YY) =32 =531441

Therefore they are not equal.

14. 7°
15. 2(a’b® + a*b> + b

c. 45p!!

Exercise 2.2 Review of index form

1. a. Base = 8; power =4
b. Base =7; power = 10
c. Base =20; power =11
2. a. Base =19; power =0
b. Base =78; power =12
c. Base = 3; power = 100
3. a. Base = c; power =24
b. Base =n; power =36
c. Base =d; power =42
4.a 2° b. 44 c. X
5.a 93 b. 1177 c. 44m’
6. a. 4x4 b. 5X5X5x%x5
c. TXTXTXTXT d. 6X6X6
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10.
11.
12,

13.

14.

15.
16.
17.
18.
19.
20.

21.

22,

23.

24.
25.

26.

27.

®» 2 0 T P

o » g wee

o

D 0 0 T o

)

o 2 0 T 9

a.

. 3X3X3%x3%x3%3

. nXnXnXnXnXnXn
aXaXaXa
kXkXkXkXkXkXkXkXkXk
243 b. 256 c. 256 d. 1331
2401 b. 216 c. 1 d. 625
22x4*x6 b. 3*x7*
2 %19’ d. 4*x13?
66m° p*s? b. 378:°n%r
192¢*kp? d. 997°Ip?

IS X XXX XFXTX]T
LTI XkXEXEXKEXKEXEXS XS

dXbXbXbXcXcXcXceXc

L9 XaXaXaXxaXmXnXnXn

400 =2*%x5 b. 225=3%%5> c. 2000=2*x5

64 =2° b. 400=2>%x5 ¢ 36=22x3?
120 b. 100 c. 216

308 b. 1575 c. 760000
10 b. 10 c. 10° d. 10°
5% 107

4%10*+7x10!

2%x10° +3%x10%> 4+ 6x 10"

1x10° +9x10* +8x10'

5%10° +4x10> +3x10'

75 000 b. 30600 c. 5200480

The base is the number being multiplied and the index
represents how many times the base should be multiplied
by itself.

Factors multiplied together in ‘shorthand’ form:
axXaXaXbXbxbxb

The second option is better.

a.
a.

b.

2 0o T oo

2a?p3ct b. 2074464

I1x2°4+1x2', 1x23+1x2*4+1x2!

2x 23 4+ 1x22+2x2' = 1x2* +1x22 + 1x2?
=1x2*+2x2?

=1x2*+1x23
24

. 1x10%+4x10',6x10% +8x 10!

7x10% +12%x 10" =8 x 10% + 2 x 10!
820

. Personal response required. For example, 3160 + 4550.

3160 = 3% 10° + 1 x 10> + 6x 10"
4550 = 4x 10° + 5x 10%> + 5x 10"

3%10° +1%x10> 4+ 6x 10" +4x 10° + 5% 10* + 5 x 10"

=7x10° +6x 10>+ 11x 10"
=7000 + 600 + 110
=7710



Exercise 2.3 Multiplying powers

1

-
e

-
-

12.

13.

14.
15.
16.

17.

18.

19.

20.

© ® N O O » 0O N

a3 b. 6 c. 10" d. 11°
a. 7° b. 2! c. 5 d. 8!
a. 131 b. ¢* c. x™ d. et
a. 3" b. 2'8 c. 57 d. 6"
a. 10° b. 1712 c. p*? d.
a. g® b. ¥ c. 3b' d. 5d'
A

B

a. 20p'! b. 6x° c. 56y'°

a. 21pt b. 84 c. 30¢"

. a. 6abe’ b. 8h'?p® c. 80m’

d. 6g°ns e. 30p%¢°

a. 48u°w’ b. 27d''y" c. 42p"¢°
d. 24048 e. 601°%%°

a. 3 b 3 o 305 g 3D
9=3%27=3%81=3"

a 310 b, 32+2

The bases, 2 and 3, are different. The index laws do not
apply.

Step 1: 5"

Step 2: 5™

Step 3: 5"t

Adding the powers when multiplying terms with the

same base gives an equivalent answer to evaluating the
indices separately. Trying to add powers when the bases
are different does not result in an equivalent answer to
evaluating the indices separately.

a. 2° b. 27!

c. 22 +20=996 d. 213 421
e. 28 (1 4+2)=32"%)

a. x° b. 212 c. 52

d. (@)’ =a™

21.2

Exercise 2.4 Dividing powers

1

o o & 0 N

1

.a. 23 b. 74 c. 10° d. -9-

a. 3 b. 117 c. 5* d. 12

a. 33 b. 13 c. 64 d. 10*

a. 153 b. 1"’ c. b’ d. £

a. 3x% b. 6y c. 8w’ d. 3¢*

a. 8’ b. 10h°  c. 4 d. 5p"°
g . 3p° 9m* g 5n%°

a. - g — c. — —
& 2 2

D

A

.a. 3p* b. 6r* c. 94°

.a. 3b° b. 20r* c. 9¢

3p5 8p° 5m'%n®
12. a. — b. — c.
2 3 6
9By 4nk3
13. a. —— b. — . 3350
g 3 o ¥
4p°rs 9’ 2016 ¢*h*
14. a. b. ¢c. —mmm
3 2 3
15.a, 21077 p, 2ttt o 5¥HY d. 3l
23 x 2 x2?
16. a. —
21 x 25
b. i. 23 i. 8
2x3x33x2*x3?
17. a,. ———
22x3x34
b. i. 2! x3! i. 6
18. The bases, 12 and 3, are different. The laws of indices do
not apply.
19. Step 1: 37
Step 2: 34
Step 3: 37 +39 =371
20. Use the factor form method of simplification and the
Second Index Law (as the other method) to deduce that
1
-2 _ ol
yTEg
2. +d’ =land e’ +d’ =" =a"=1
6
m 1
2. m0+m® =m® B =m 2 butm® +m® = = = =m
m m
1
23. +—
6
Exercise 2.5 The zero index
1.a. 1 b. 1 c. 1 d 1
2.a 1 b. 1 c. 1 d 1
3.a 4 b. 12 c. =9 d. 22
. 8
4. a. 12m b. 21 c. 72 d. -
7
5.a. 2 b. 106 c. 3p? d. 1
6.a. 1 b. 1 c. 1
7.a. 7 b. 3 c. 3
8. a. 1 b. 4 c. 2 d. 2p°
3¢t m 3
9. a. == b. y c. &= d —
2 3 4
10. D
11. A
12. D
13.a. 1 b. 2 c. 2 d. 2 e. 2
2 4 3
14. a. — b. 2 c. — d. v* e. 2x°
2 5 5
15. Any base raised to the power of 0 equals 1.
16.20=1, x° 1=>—20x2 5 s
B =l,x = = —_—=—
22x0 22 4
=L 1
17.a 2 = —
a
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' y20 6x2y % Sxy5
18. Four Sample expressions aré: ——, ~——

157 1563 %2y’
6xy) 1
) x6yZxy*,3:°+y° =3
1
19. +—
3

20. Peter has treated the different occurrences of x incorrectly.

He has calculated x*2 instead of x°72.
The answer is 4x*.

8 8 18

If 64 and 16 are converted to base 2 or base 4, and the
indices are divided, not subtracted, an error will occur.

Exercise 2.6 Raising powers

1. a.
d.

2. a.

16. a.

30 b.
5144 e.
38 %10 b.
. 3048 e.
p8q6 b.
. j18g12 b.
_f16a21 b.
2%0 b.
v b.
3244%° b.
a° b. m4
f17 b. gG
CZ() b. f7
98
& .
49p18
64g*

17. a. 2g b. 8p c. w
d. 6x° e. 4d°

18. a. 154" b. 3s° c. 60b*c®
d. 2x* e. f8g8

8ulv*

19. a. 3 b. x°y’ c. 158°p°
d. xy e. 64p°g"h

20. Any base, even a complex one like this, raised to the power
of 0 equals 1.

21. a. 4° b. 4096 c. 4096

22, a. w'° b. 6x° c. 12a"!
d. 8x* e. 7d® + d*

680 . 11100

38 30

137 x 175 ! %

72610

el

r15w9 . bIOnIS

q4r20 . h24j16

thuS . i]5j12

t33 . a21

£60 ) 839

2164% . 40000/
c. n’ d. bt
c. p9 d. y2
c k14 d. p16

25420 8k'3

454 C 274

125y 2564

2773 " 2401¢%0

23. For the first term Karla has added the powers instead of
multiplying, which is incorrect. She has multiplied the
powers in the second term, which is correct according to
the index laws. S e

r-r =r =r

The correct answer is r°.

43 12
) _rt

Py -
2 7.5
24. a, K b. 3 c. bs't
d. bc* e. 0
25. a. 18p b. 16x°y’ c. 8a°h?
d. xy e. 64°

26.20% ) = 2% 15 (@ =
27. 37 2222; 2%, 27", 0%
28. a. (168%y'2), @x'y0)’, 22y
b. (312na6nb12n)1 , 3124012, (36a3b6)2n, (34na2nb4n)3,
(34a2b4)3n, (32a1b2)6", (36na3nb6n)2’ (32nanb2n)6
Project

See the table at the bottom of the page.*
1.3.0x 10° km/s

2. 1.8 x 10" km/ min

K cientific notation asic numera ame prefix symbo
S fi B 1 N SI prefi SI symbol
1.0x 10" 1000 000 000 000 Trillion tera T
1.0x 10° 1000 000 000 Billion giga G
1.0x 10° 1000000 Million mega M
1.0x10° 1000 Thousand kilo k
1.0x 10? 100 Hundred hecto h
1.0x 10" 10 Ten deca da
1.0x 107! 0.1 Tenth deci d
1.0x 1072 0.01 Hundredth centi ©
1.0x107° 0.001 Thousandth milli m
1.0x107° 0.000 001 Millionth micro ®
1.0x107° 0.000 000001 Billionth nano n
1.0x10712 0.000 000 000 001 Trillionth pico p
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3. 1.08 x 10° km/h
4. 2.592 % 10'° km/day

5. 9.47 x 10'2 km. On average, there are 365.25 days in

one year.
6. 3.98x 10" km

7. Answers will vary. A sample response is given here.
Alpha centauri A and B are roughly 4.35 light years and

4.12 % 10" km away.

Exercise 2.7 Review questions

1.a. 5
c. x

2.a. 6
c. 17

3.a 7*

C. m5

4. a. 36
c. 81
e. 125

10. a. L*

11.a. 1
12. a.
13. a. 64
14. a. 212

24,3
8pm’

15.

16.
17.

o T ® AP

i. —1 i. 1 iii.

b.
d.

b.

-1
. Positive one; negative one
. —2if k and / are both odd; 0 if one of the powers is odd

geo 20 o

e Tt av o0 20 20 U

eg 295 275 275 a2v@

9
w

5
100

37
en’

64
128

1015

b40 dl 60

. 81w

iv. 1 v. =1 vi.

and one is even; 2 if both k and [ are even.

i. 20
N=10x2'
10%x 2%

i. 25

i 125

i. 780

18. ii. 40

19.

o T » o0 T 9

iii. 80

i. 57
i. 5°
ii. 5+5°+5 +5%

1

iv. 10240

20.

21.

22,

23.

24.
25.

26.

27.
28.

o

o T oo T

® T ® 0 T DO Q

i 14
P=7x2¢1
224

$20000

. $16000
. 25000 represents the purchase price of the car; 0.8

ii. 28

. Yes, the total for 6 days is 441, which is more than 400.

means 80% (expressed as a decimal) — this is the
portion of the value that the car retains after each year.

. $8192
. After 8 years

60
i. 69

9 years

i. 16

. Q. 29491
880

. 3.0x10°
. 5.0x10°
.22 23 04
i 22x+3y—4
. 49y/7

i. 7.5m

. After 9 bounces

b. 686

ii. 79
i. 256 iii. 32768
i. 26542 iii. 11425
b. 10880 c. 2170880
b. 4.0x10*
d. 3.0x10°
ji. 1
c. 833
ii. 4.21875m iii. 2.37305m
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3 Real numbers

LEARNING SEQUENCE

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

OVErVIEW ......cccoovviviiiniiiiiis
The real number system
Adding and subtracting fraCtioNS ..o 82
Multiplying and dividing fraCtionNS ... 89
Terminating and recurring dECIMAIS ...........coiiiiiii s 94
Adding and subtracting decimals
Multiplying and dividing decimals
ESHIMALION ..o
REVIEBW ...




3.1 Overview
Why learn this?

Whole numbers cannot be used to describe everything. Real numbers
include positive and negative whole numbers (integers) and decimal
numbers (or fractions). Imagine you have 1 apple to share between

2 people. What portion would each person get? This is impossible

to describe using whole numbers, as each person would receive one-

1
half. This value can be expressed using a fraction <5> or a decimal

number (0.5). Real numbers are used every day. Think about how you
could count dollars and cents if you did not understand decimals. How
could you follow a recipe or share something equally among friends
if you did not understand fractions? Fractions and decimals are used
for telling the time, calculating a discount on a sale item, measuring
height, and determining statistics for a sports match.

All occupations require a good knowledge of calculating real numbers.
A builder needs to use decimals to measure things accurately, nurses
and doctors use decimals to monitor blood pressure and administer

the correct medication, and accountants use decimals when preparing
tax returns and calculating profits and losses. A good understanding

of adding, subtracting, multiplying and dividing real numbers will be
crucial for your everyday life!

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the
concepts covered in this topic.

Fully worked
solutions
to every
question

Video . Interactivities
elessons

Digital
documents

eWorkbook
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Exercise 3.1 Pre-test learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1.

10.

11.

12.

Answer the following.
25
a. Simplify —.
plily 30

. . . . . 13
b. Write the following fraction as a mixed number expressed in simplest form: =

Evaluate the following fraction calculations, giving your answers in simplified fraction form.
3 1 4 1

a. —+- b. — ——
4 7 5 2

Evaluate the following fraction calculations, giving your answers in simplified fraction form.
3.5 1 1

a. —X-— b. —+—
4 6 6 2

State whether the following is True or False: % is a rational number.

Evaluate the following.
a. 1.05+2.006 b. 24.5%3.6 c. 2.16—1.847 d. 15.769 + 1.3

. .4 6. . .
Write the ratio = : = in its simplest form.

By rounding to the first digit, estimate the answer to 631 + 19.

Evaluate the following fraction calculations. Write the answers as mixed numbers in simplified form.
a 2212 b 22 x12
2 3 4 7

Determine the value of the following fraction calculation, giving your answer in simplified form.

()3
3 3
Convert the following decimals to fractions in their simplest form.
a. 3.14 b. 0.625

. . 2
[ From the following list, select the correct decimal for ;

A. 0286272 B. 0.28 c. 0.285714 D. 0.267 714 E. 0.2657

By rounding the numerator to a multiple of the denominator, provide a whole number estimate of the

value of the fraction ﬁ
50
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378 %490

13. & The answer to —————— has the digits 8, 8, 2.
42 X5
By using any estimation method, choose the correct answer to the calculation from the given
possibilities.
A. 8882 B. 882 C. 88.2 D. 8.82 E. 0.882

1
14. The area of a triangle is given as A = Ebh where b is the base length and / is the height of the triangle.

1 2
The area of a particular triangle is 6Z cm? and the base of the triangle measures lg cm. Calculate the
height of the triangle as a simplified mixed fraction.
15. Amira goes shopping and spends 20% of her money on a pair of shorts. She spends another

one-third of her money on a present for her mum, and a quarter of her money on lunch out with her
friends. She is left with $26. Evaluate how much Amira spent on the shorts.

3.2 The real number system

LEARNING INTENTION

At the end of this subtopic you should be able to:
e classify real numbers as irrational or rational
e classify rational numbers as integers or non-integers
e place real numbers on a number line.

3.2.1 Introduction to real numbers

eles-3576 . . . . .
e The real number system contains the set of rational and irrational numbers. It is denoted by the

symbol R.

Real numbers R

Irrational numbers Q' Rational numbers O

Rational numbers
e A rational number is any number that can be expressed as a ratio (or fraction) of two whole numbers in the
form Q, where a and b are whole numbers and b # 0.
¢ The set of rational numbers is denoted by the symbol Q.
¢ All integers are rational numbers, as they can be expressed in the form =y
-3

For example, 6 = ? and -3 = T
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e Terminating decimals and recurring decimals are also rational numbers. For example, 0.4 = n = 5 isa

terminating decimal and 0.3 =0.3333... = % is a recurring decimal.

Irrational numbers

. . a
e [Irrational numbers are numbers that cannot be expressed in the form Z where a and b are whole numbers

and b # 0. Examples include \/E, ﬁ and 2\/5.

e Irrational numbers can be expressed as decimals that do not terminate or repeat in any pattern.
e 7 (pi) is a special irrational number that relates the diameter of a circle to its circumference. It can be

expressed as a decimal that never terminates or repeats in any pattern: 7 =3.141592 ...

e The value of 7 has been calculated to millions of decimal places by computers, yet it has still been found to

be non-terminating and non-recurring.

* While there is no official symbol for the set of irrational numbers, we will use the symbol Q. That is, the
set of irrational numbers contains the numbers that are not rational.

Real numbers R

Irrational numbers Q'
(surds, non-terminating
and non-recurring
decimals (e.g. 7)

Rational numbers Q

Non-integer rationals
(terminating and
recurring decimals)

Integers
VA
. Zero Positive
Negative . i zZt
7 (neither pO'SltIVC il
nor negative) )

Digital technology

Your calculator can be useful in helping decide whether a
number is rational or irrational.

If a number can be expressed as a fraction in the form
a .
— where a and b are whole numbers and b # 0, then it

is rational.

o.sssesesss»r;g;
0.142857142857 15
17
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Most scientific calculators can convert a number into a
fraction. Depending on the brand of calculator used, this DEG v
may appear as f <>d, S < D or similar. mE .F'“.d

The calculator screens show how a recurring decimal can 3 - 1 4 1 592654

be converted to a fraction, while 7 and \/g cannot. This \r ( 5 ) = 'F' itd

helps confirm whether a number is rational or irrational. 2 A 2 3 6 0 6 ? 9 ? 8

Classify the following numbers as irrational, non-integer rational, or integer.

a. 12 b. —21 c. V5 d. V4

THINK WRITE

a. 1.2 is a terminating decimal; therefore, it is rational. Non-integer rational
1.2 is not an integer.

b. —21 is a negative whole number; therefore, it is an integer. Integer

c. \/g = 2.360679 ... is a non-terminating, non-recurring Irrational

decimal; therefore, it is irrational.

d. \/Z =2 is a positive whole number; therefore, it is an integer. Integer

3.2.2 The real number line

e The real number line is a visual way of displaying all of the real numbers and their values.

* Any point on the real number line is a real number, and any real number can be placed on the real
number line.

e The origin, often labelled as O, is the point on the number line where the number O sits.

¢ The positive real numbers sit to the right of the origin, and the negative real numbers sit to the left of the
origin.

e The real number line extends infinitely in both directions.

eles-3577

3

[ ]

Y

<
T T

T T
-6 -5 —4 -3 -2 -1 0 1 2 3 4 5

WORKED EXAMPLE 2 Placing real numbers on a number line

Place the following numbers on a real number line.
You may use a calculator to determine the values where required.

a. b. \/6 c. —2 d. —\/5

5

N —

THINK WRITE
a. 1. Use a calculator to determine the approximate value of 7. T~ 3.14

2. Place 7 on the number line.
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b. 1. Determine the value of \/§ \/5 =3

2. Place /9 on the number line. NG
< T T T T T 1>
4 -3 2 -1 0 1 2 3 4
. 9 9
c. 1. Determine the value of —g. —g =-1.8
9 .
2. Place —g on the number line. 9
5

A
°
\

d. 1. Use a calculator to determine the approximate —V2=—141
value of — \/5
2. Place —\/5 on the number line. A

\
Y

Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)

Interactivity Individual pathway interactivity: The real number system (int-8338)
Real numbers (int-3717)
The number line (int-3720)

Exercise 3.2 The real number system learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER

1,5,9,12 2,4,6,8,10,13 3,7,11, 14

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. I Place the following numbers on a number line.

a. —4 b. i c. V5 d. 3.6
2. Place the following numbers on a number line.
a. 1.9 b. —% c. 24 d. 212
3. Place the following numbers on a number line.
48 =5
a. V10 b. —3.8 c. — d —
12 -2
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4. Determine which of the following numbers sits furthest to the right on a number line.

5 -12 2
-1.8, 53, 5—, —, V30, (-2
10 -2 =2

Understanding

5. IWEI Classify the following numbers as irrational, non-integer rational, or integer.

a. 7 b. 1 c. \/g d.

3
6. Classify the following numbers as irrational, non-integer rational, or integer.

a. —\/5 b. 32 c. 23 g -1

7 13
7. Classify the following numbers as irrational, non-integer rational, or integer.

a. V100 b. —3.75 c. V6 d. 1.i

8. Which of the following numbers are rational?

N \o

Reasoning

9. Explain why 0 is a rational number.

10. The inclusion of zero in the set of natural numbers has been the centre of an ongoing mathematical
discussion. The natural numbers are the numbers that we use to count things. Explain whether zero be
included in the set of natural numbers.

11. If you multiply an irrational number by a rational number, is the product rational or irrational? Explain your

reasoning.
RATIONAI. REA'_
* ’ .

12. Evaluate the largest real number. Show your working.

Problem solving

13. A farmer creates a paddock that is square in shape and has an area of 5 km?. Determine the perimeter of the
paddock. Show your working.
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contradiction method.
Examine the proof by contradiction below for \/5

14. Discuss how we prove that irrational numbers are irrational. For surds, we can use the proof-by-

THINK WRITE
Assume that 2 is rational and is therefore equal 2= g, where a and b have no common factors.
. a \ b
to the fraction 5 where a and b have no common
factors.
To investigate the relationship between b and a, ( \5)2 _ (g )2
square both sides of the equation and rearrange so “\p
that a? is the subject. a2
2=—
b2
a* =2b*

The equation in a> = 2b? implies that a® is twice
the size of % and so a? is an even number, since
doubling any number results in an even number.
a? is even, so @ must also be an even number,
since an odd number squared is an odd number.

Therefore a is an even number.

If a is an even number, then it is exactly twice the | a=2c¢

size of another number. Let that number be c.

Look at the relationship between ¢ and the other a’> =2b?

number in the original equation for a to see if (2¢)? = 22

there are any common factors. ) )
4e”=2b
2¢? = b?

The equation 2¢? = b? implies that b? is twice the
size of ¢2, so b? is an even number, and hence b is
also an even number.

Therefore b is an even number.

If a is an even number and b is an even number,
then they have a common factor of 2. This result
contradicts our original assumption that a and b
have no common factors.

\/E is irrational.

Use proof by contradiction to show that \/g is irrational.
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3.3 Adding and subtracting fractions

LEARNING INTENTION

At the end of this subtopic you should be able to:
e recognise and create equivalent fractions
 add and subtract fractions.

3.3.1 Equivalent fractions

oes8578 o A fraction has two parts. The top part is called the numerator and the bottom part is called the

denominator.
e The horizontal bar separating the numerator from the denominator is called the vinculum.

2 <—— Numerator  *how many parts are required
3 <—— Denominator e the number of equal parts the whole has been divided into
* describes the size of the parts

This line (the vinculum) means ‘divide’.

e Equivalent fractions are fractions that are equal in value. That is, they have the same ratio between the
. 2
numerator and denominator; for example, — = Z

N | =

Equivalent fractions

Equivalent fractions can be produced by multiplying or dividing the
numerator and denominator by the same number.

For example:

x5 .
<3 =10
X2 +2
v A
2 _4_6_10 30_15_3
i/6_9_15 40 20 4
X2 2
><3»><5 <10

WORKED EXAMPLE 3 Writing equivalent fractions

Fill in the missing numbers on the following equivalent fractions.

3 6 5 2 20 6
a. S=- b. = =— c. - == d. —=—
4 6 18 5 9 3
THINK WRITE
a. The numerator has been multiplied by 2; therefore, the 4%x2=28
denominator must also be multiplied by 2. 3_6
4 8
b. The denominator has been multiplied by 3; therefore, the S5X3=15
numerator must also be multiplied by 3. 315
6 18
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c. The numerator has been multiplied by 10; therefore, the denominator 5 X 10 = 50

must also be multiplied by 10. 2_2

5 50
d. The denominator has been divided by 3; therefore, the numerator 6-3=2
must also be divided by 3. 6 _2
9 3

3.3.2 Simplifying fractions

e Fractions can be simplified if the numerator and denominator share a common factor.
e If the highest common factor (HCF) between the numerator and denominator is 1, then the fraction is in
its simplest form.

Simplifying fractions

To simplify a fraction, divide the numerator and denominator by their highest common factor.

WORKED EXAMPLE 4 Simplifying fractions

Write % in simplest form.

THINK WRITE
1. Determine the common factors of the numerator and Factors of 9: 1, 3,9
denominator. Factors of 12: 1, 2, 3, 4, 6, 12
Common factors of 9 and 12: 1, 3

2. Divide the numerator and denominator by their highest 2 = o3 = :

common factor. 12 12+3 4

3.3.3 Adding and subtracting fractions

° When adding or subtracting fractions, the denominators must be the same.
e If denominators are different, convert to equivalent fractions with the lowest common denominator (LCD).
The LCD is the smallest multiple of all the denominators in a set of fractions.

Adding and subtracting fractions

To add or subtract fractions with the same denominator, perform the % + % = 17L3 = %
required operation on the numerators. _ _— -
For example: - - -
— _ -

QS P 8 5_8-5_3 O —

77 71 71 9 9 9 1 [ |
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WORKED EXAMPLE 5 Adding and subtracting proper fractions

Evaluate the following, giving your answers in simplest form.

1 5 1 1 3 1
a. —+= b. ——— c. =+-=
8 8 2 3 4 6
THINK WRITE
. 5 6
a. 1. As the denominators are equal, add the numerators and =qr===
leave the denominator unchanged. g g
2. Simplify the fraction. = %
b. 1. Determine the lowest common denominator. The lowest common denominator

of 2 and 3 is 6.

. . . . . I 1 1x3 1x2
2. Write both fractions with the same denominator using ——es =

equivalent fractions. 2 3 2X3 3X2

3 2
6 6
1
3. Subtract the numerators. = 8
c. 1. Determine the lowest common denominator. The lowest common denominator

of 4 and 6 is 12.

1 I1x2
2. Write both fractions with the same denominator using 2 + - = 3x3 + =
equivalent fractions. 4 6 4X3 6X2
9 2
= — 4+ —
12 12
11
3. Add the numerators. = o

Converting between improper fractions and mixed numbers

. . . 7
e An improper fraction has a numerator greater than the denominator; for example, —.

e A mixed number contains a whole number part and a proper fraction part; for example, 25.

e Mixed numbers can be expressed as improper fractions, and improper fractions can be expressed as mixed
numbers.

w|=
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WORKED EXAMPLE 6 Converting between improper fractions and mixed numbers

2
a. Express 35 as an improper fraction.
23 .
b. Express = as a mixed number.

THINK

a. 1. Write the mixed number as the sum of the whole number

and the fraction.

2. Express the whole number as an improper fraction with a

denominator of 3.

3. Perform the addition of the numerators.

b. 1. Write the improper fraction.

N

. Determine how many times the denominator can be
divided into the numerator and what the remainder is.

3. Write the answer.

WRITE
32— 342
3 3
9 2
= -4+ —
3 3
_u
23 2325
5

= 4 remainder 3

=42
5

Adding and subtracting improper fractions and mixed numbers

¢ To add or subtract improper fractions, ensure the fractions share a common denominator, then perform the

addition or subtraction on the numerators.

e To add or subtract mixed numbers, first convert the mixed numbers to improper fractions, then solve as

usual.

¢ An alternative method for adding and subtracting mixed numbers is to add or subtract the whole-number

part first, and then the fractions.

WORKED EXAMPLE 7 Adding and subtracting improper fractions and mixed numbers

Evaluate the following.

u,z SPERNE
5 10 12 12
THINK

a. 1. Write the question.

2. Determine the lowest common denominator.

3. Write each fraction with the same denominator using
equivalent fractions.

4. Write the answer.

c. 22+31
3 2
WRITE
1 27
_+_
5 10
LCD(5,10)=10
11x2 27
+_
5x2 10
22 27
_+_
10 10
9
10 >
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b. 1. Write the question. 3——1—
12 12
. . . 37 17
2. Convert the mixed numbers to improper fractions. = T
. . 20
3. Perform the subtraction and then simplify the answer. = B
=2
3
. . . . 2
4. Write the answer as a mixed number if appropriate. = |l 5
. . 2 1
c. 1. Write the question. 25 aF 35
. . . 8 7
2. Change each mixed number to an improper fraction. = 3 aF 5
3. Write both fractions with the same denominator using = §x2 7X3
equivalent fractions. 3X2 2X3
16 21
= — 4+ —
6 6
3
4. Add the fractions. = el
6
. . . . 1
5. Write the answer as a mixed number if appropriate. = 66

DISCUSSION

Why are mixed numbers preferred to improper fractions when answering worded questions?

Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)

Digital documents Skill[SHEET Order of operations | (doc-6854)
SkillSHEET Factors (doc-6855)
Skill[SHEET Multiples (doc-6856)
SkillSHEET Adding and subtracting fractions | (doc-6857)

Video eLesson Addition and subtraction of fractions (eles-1862)

Interactivities Individual pathway interactivity: Addition and subtraction of fractions (int-4406)
Addition and subtraction of proper fractions (int-3718)
Addition and subtraction of mixed numbers (int-3719)
Addition and subtraction of fractions (int-3721)
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Exercise 3.3 Adding and subtracting fractions learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,5,6,12,13, 16, 20, 23 2,7,9,10,11,14,15,17,19,21,24 3, 8,18, 22,25

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. EEE Fill in the numbers missing from the following equivalent fractions.
1 5 2 5 35 -12 -4
a. —=2 b. Z=— c. === d —=—
6 7 28 8 11
2. Fill in the numbers missing from the following equivalent fractions.
a.lz— b._—6=— c.ﬁzE d.—E:—%
9 81 40 20 8 18
3. Fill in the numbers missing from the following equivalent fractions.
—45 42 -7 88 132
a —=—" b. —=— c. —=- d. —=—
6 18 30 48 6 144 —-12
4. KA Write the following fractions in simplest form.
2 81 21 63
a. — b. — c. — d —
10 90 24 72
5. EA Solve the following, giving your answers in simplest form.
1 4 2 3 3 6 21 16
a. —+-— b. =+ = c. —+— d. ———
5 5 8 8 17 17 27 27
6. Solve the following, giving your answers in simplest form.
2 1 35 6 2 9 2
a. —+- b. -+ - c. ——-— d ——-
5 4 4 8 10 5 14 7
7. IEEEA Evaluate the following, giving your answers in simplest form.
a.§+§ b.i—l c.2+i d.§—2
4 6 10 3 5 4 9 4
8. Evaluate the following, giving your answers in simplest form.
11 2 2 6 1 2 19 3
a ——-— b. -+ — c. ——— d ——=
13 3 5 11 5 17 21 5
o. EEA Express the following as improper fractions.
a. 3i b. 42 c. 52 d. 92
7 13 5 8
10. I Express the following as mixed numbers in their simplest form.
16 52 25 42
a. — b. — c. — d —
6 35
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Understanding

11. Arrange the following set in ascending order.

5 13 11 17 39 1 6

1= == —

4 240 8 120 24 12
5 3
12. Nafisa eats — of a block of chocolate for afternoon tea and g of the block

after dinner.
Determine how much of the block Nafisa has eaten altogether.

For questions 13—19, evaluate, giving your answers in simplest form.

3 11 2 8 34 7 21 5 9
18.a. —+ —— — b. —+=—-—— c. —+=-+—
15 15 15 25 50 25 3 6 10
14. EEH
13 5 23 3 -16 4 5
8 4 7 8 9 5 3
27 31 12 7 -—11 34 =21 15
15. a. — — — b. —+ -+ — c.————+—=
18 9 5 3 6 10 5 6
1. G0
a —25—4l b. 62—3é c. 8= —4-
5 5 9 9 5
R vic7c
a. 61+3l b. 122+8z c. 42—51+3i
4 6 5 9 4 6 12
18. 2. 2 -2 4213 b =2 413l c. 3k 71052
4 16 8 8 312 20 3 5

19. Seven bottles of soft drink were put out onto the table at a birthday party.

Calculate the amount of soft drink that was left over after 55 bottles were consumed.

Reasoning

1 ) .. 1 . .
20. In my class, — of the students ride their bikes to school, — catch the bus and the rest get a lift. Determine

what fraction of my class gets a lift to school. Show your working.

21. Frank has a part-time job at the local newsagency. If he spends 1 of his pay on comic books and % on

lollies, evaluate what fraction of his pay is left over. Show your working.
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22. A Year 8 class organised a cake stall to raise some money. They had 10 whole cakes to start with. If

they sold 2E cakes at recess and then 5 % cakes at lunch time, determine the number of cakes that were left

over. Show your working.

Problem solving

’ 9

W | =
N | =

23. You need to fill a container with exactly 2% cups of water. If you have cups that measure i

of water, determine the quickest way to measure this amount.

1 cup 1 cup 1 cup % cup

2 3

24. A tray used to bake a muesli bar slice holds 3 cups of ingredients.
For the recipe shown, determine whether or not the mixture will fit in the tray.

Muesli bar slice
Ingredients:
25. Polly and Neda had divided up some coins. Neda was upset as Polly had more % cup of dried fruit
coins than Neda. Polly said, ‘Here’s one-third of my coins.” Neda was moved

% cup of grated apple
by Polly’s generosity and gave back one-half of her total. Polly gave her one-

1l cups of muesli

quarter of her new total and an extra coin. 4
. . . . . 2 cup of apple juice
a. Assuming that Polly started with x coins and Neda started with y coins, 3 )
show that after their final exchange of coins Polly had I tablespoon (E cuP) of
canola margarine

15x+9y—24

24
b. Show that the total number of coins Polly and Neda had between them
after their final exchange was the same total with which they started.

9x+ 15y +24
—c

coins and Neda had oins.

3.4 Multiplying and dividing fractions

and 1 cup

LEARNING INTENTION

At the end of this subtopic you should be able to:
e multiply and divide fractions.

3.4.1 Multiplication of fractions

* When multiplying fractions, the denominators do not have to be the same.

Multiplying fractions

To multiply fractions, simply multiply the numerators and then multiply the denominators.

1.3 1x3
_X_—_
574 5x4
3

20
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e Mixed numbers must be converted into improper fractions before multiplying.
e A numerator and denominator can be simplified by dividing by a common factor prior to the multiplication;
2
for example, S_ X i = 2X5 = E
9 4 9x1 9
e The word of is often used in practical applications of fraction multiplication. It can be replaced with a
multiplication sign to evaluate expressions.

WORKED EXAMPLE 8 Multiplying fractions

Evaluate § X —§.

THINK WRITE
Z._ 3
1. Write the expression and cancel the common factors in —X—=
numerators and denominators. 3 : 8 |
2. Multiply the numerators and then multiply the denominators. b X 7

Note: positive X negative = negative

3. Write the answer. =

3.4.2 Division of fractions

eles-3582

e The reciprocal of a number is 1 divided by the number. That is, .
number

1
For example, the reciprocal of 8 is P
e To find the reciprocal of a fraction, simply flip the whole fraction.
For example, the reciprocal of % is g

¢ To determine the reciprocal of a mixed number, express it as an improper fraction first, then flip it.
e Reciprocals are used when dividing fractions. To divide fractions, multiply by the reciprocal.

Dividing fractions

To divide two fractions, multiply by the reciprocal.

501 5.3 15 5

63 6.1 6 2
This process can be remembered easily by the saying KEEP, CHANGE, FLIP.
Keep the first fraction the same.

Change the division sign into a multiplication sign.

Flip the second fraction.
5 1
6 + 3
| | |
KEEP CHANGE FLIP
\ v v

S x 3
6 I
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WORKED EXAMPLE 9 Dividing fractions

3 1
Evaluate —— + —1—-.
4 2
THINK WRITE
. . 3 1
1. Write the question. — = —1-
4 2
. . . 3 3
2. Change any mixed numbers into improper fractions first. ===% >
L L 3 2
3. Convert the question into a multiplication problem by: = 2 X — 2
e keeping the leftmost fraction the same :
e changing the + sign to a X sign
¢ flipping (taking the reciprocal of) the second fraction.
. . S 3X2
4. Multiply the fractions by multiplying numerators together, then = o
multiplying the denominators together. X3
Note: negative X negative = positive _6
12
5. Simplify the fraction by dividing by the highest common factor. = —
HCF = 6 2
. 3 1 1
6. Write the answer. —— = ll===
4 2 2
Resources
eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)
Digital document SkillSHEET Multiplying and dividing fractions (doc-6858)
Video eLesson  Multiplication and division of fractions (eles-1867)
Interactivities Individual pathway interactivity: Multiplication and division of fractions (int-4407)

Multiplication of fractions (int-3722)
Multiplication and division of negative fractions (int-3723)
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Exercise 3.4 Multiplying and dividing fractions learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,4,6,8,12, 14,15, 18, 21 3,9,10, 13, 16, 19, 22 5,7,11,17, 20, 23, 24

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www .jacplus.com.au.

Fluency
1. I solve the expressions.
3.1 1 1 1_5 5.1
a. —X— b. =X = c. —X~— d =X-—
4 2 8 7 2 6 7 3
2. Evaluate the expressions.
2.3 3.7 5 11 5.3
a. —X-= b. =X — c. —X— d. =X —
55 7 9 8 20 6 10
3. Solve the expressions.
11_2 1_3 2.9 6 14
a. — X — b. =X-— c. =X — d. =X —
20 3 35 3 10 7 15
4. Solve the expressions.
1 1 3 1 1 3 2
a. —— X — b. ——X—-= C. = X—— d —— X7
2 3 4 5 3 4 3
5. Evaluate the expressions.
3.5 8 .3 5.3 1 7
a. —— X — b. ——X1- c. —— X — d —3-X——
4 6 9 4 6 10 7 8
6. KE Solve the expressions.
1 1 7 3 2 1 4
a. -+ - b. —+= L d —=+-
3 2 8 2 5 4 14 3
7. Evaluate the expressions.
3.7 12 4 1 10 5.8
a. —+- b. —+— c. -+ — d —+-
4 8 15 3 5 12 6 9
Understanding
8. Solve the expressions.
a. 31><1é b.lixll c. 32><2l d. 22><1l
2 5 10 5 4 2 32
9. Evaluate the expressions.
+ o) WM sdal o idral
6 5 8 4 5 4 2
10. Solve the expressions.
a. 1£+1§ b. 3§+2l c. 1§+l d. 11+%
10 5 7 6 7 3 6 1
11. Evaluate the expressions.
a. 11+é b. 3l+1E c. 10f+2l d. 7§+7l
3 6 2 5 5 2 9 2
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12. Solve the expressions.

11 2
a. ——+ - h—+—§ m§+—4 ¢—z+—2
5 2 3 4 2 4 1
13. Evaluate the expressions.
S b —2t 1 c.22:-11 o —2222
8 4 2 3 9 5 8

14. Determine 2 of 16.

15. An assortment of 75 lollies is to be divided
evenly among 5 children.

a. Determine the fraction of the total
number of lollies that each child
will receive.

b. Calculate the number of lollies each
child will receive.

16. Solve the following.

2 1 2
a. —=+-x-=
3 6 5
1 5 4
b. I=X—=+—=
2 6 7
e 1. 431
8 4 2

17. Evaluate the following.

Reasoning

18. Sam has been collecting caps from all
around the world. If he has a total of 160

caps and i of them are from the USA,

determine how many non-USA caps he has.
Show your working.

19. Year 8’s cake stall raised $120. If they plan to

give % to a children’s charity and % toa

charity for the prevention of cruelty to
animals, determine how much each group will receive and how much is left over. Show your working.

20. In the staff room there is 7 of a cake left over from a meeting. If 14 members of staff would all like a piece,

evaluate the fraction of the original cake they will each receive. Show how you reached your answer.
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Problem solving

21. You come across a fantastic recipe for chocolate pudding that )
you want to try, but it says that the recipe feeds five people. e
. . . . (serves 5)
Explain what you would do to modify the recipe so that it feeds
only one person. Ingredients:
22. A wealthy merchant died and left 17 camels to be shared l% cups plain flour

among his three children. The eldest was to have half of the
camels, the second child one-third, and the third child one-

1 teaspoon baking soda

1
ninth. ‘It’s not possible!” protested the eldest. A wise man lent 7 cupsugar
his camel to the children, raising the total to 18. The eldest 1 teaspoon vanilla essence
child then took half (nine camels); the second child took one- 1L cups melted chocolate

third (six camels); and the youngest child took one-ninth (two
camels). The wise man then departed on his own camel and

2

% cup cocoa powder

everyone was happy.
Y PPy % cup canola oil

a. Explain what the eldest child meant by ‘It’s not possible!’

1 1 1 1
b. Calculate the value of 5 + — + — and comment on the 5 cup water
relationship between the numerator, the denominator and 1 cup milk

the number of camels.

23. The distance between Sydney and Melbourne is approximately
878 km. The XPT train takes 11 hours to travel from Sydney to Melbourne. The driving time by car is
3 . 1 . L .
SZ hours, and it takes 15 hours to fly. If the average speed is found by dividing the total distance by the
travelling time, calculate the average speed when travelling from Sydney to Melbourne by:
a. train b.

car c. plane.

24. Fractions of the type are called continued fractions.

a+,, 1
c
a. Investigate continued fractions and define what they are.

.7 . .
b. Write 30 as a continued fraction. Evaluate the values of the pronumerals a, b and c.

3.5 Terminating and recurring decimals

LEARNING INTENTION

At the end of this subtopic you should be able to:
e convert a fraction into a decimal
e use correct notation to write a recurring decimal
e covert a decimal into a fraction.

3.5.1 Fractions to decimals

eles-3583 . . .
e Numbers that can be written as fractions are rational numbers.

e To write a fraction as a decimal, divide the numerator by the denominator.
¢ Fractions expressed as decimals are either terminating decimals, which have a fixed number of decimal
places, or recurring decimals, which have an infinite number of decimal places.
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e Recurring decimals with one recurring digit are written with a dot above the recurring digit. Recurring
decimals with more than one recurring digit are written with a line above the recurring digits:

0.333333...=0.3

0.484 848...=0.48

(Sometimes two dots are used instead of a line, with the dots shown above the first and last digits of the
repeating pattern; for example, 0.484 848... = 0.48).
e If the only factors of the denominator are powers of 2 or 5, you will be able to find an exact decimal
equivalent.
e Negative fractions are converted using the same method (remember that a negative fraction will result in a
negative decimal).
e A calculator can also be used to convert fractions to decimals.

WORKED EXAMPLE 10 Converting fractions to decimals

Convert the following fractions to decimals. State if the decimal is a recurring decimal or a
terminating decimal.

1

a. —

5

b. 4i c. ——
12 8

THINK

a. 1.

L PR

Write the question.

2. Rewrite the question using division.
3k

Divide, adding zeros as required.

Write the answer.

. Write the question.

Convert the mixed number to an improper fraction.

Rewrite the question using division.
Since 12 is not a power of 2 or 5, it will be a recurring decimal.

. Divide, adding zeros until a pattern occurs.

. Write the answer with a dot above the recurring number.

. The size of the decimal will be the same as for g

2. Rewrite the question using division.

3. 8 =23, 50 an exact answer will be found. Divide, adding zeros

as required.

. Write the answer, remembering that the original fraction

was negative.

This is a terminating decimal.
5

. 4=
12
_33
12
=53+12
4. 41666
12)53.50208080%0
4i =4.416
12
This is a recurring decimal.
S
8
=5+8
0.625
8)5.°020%0
_3 0625
8

This is a terminating decimal. P
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2=2+3

d. 1. Rewrite the question using division. d. s
2. Since 3 is not a power of 2 or 5, it will be a recurring decimal. .666
3)2.000
2 .
3. Write the answer, remembering to place a dot above the s =0.6

recurring number. o ) )
This is a recurring decimal.

3.5.2 Decimals to fractions

eles-3584
¢ When changing a decimal to a fraction, rewrite the decimal as a fraction with the same number of zeros in

the denominator as there are decimal places in the question. Simplify the fraction by cancelling.

e If the decimal has a whole part, it is easier to write it in expanded form; for example, 2.365 =2 + 0.365.

e Negative decimals are converted using the same method (remember that a negative decimal will result in a
negative fraction).

WORKED EXAMPLE 11 Converting decimals to fractions

Convert the following decimals to fractions in simplest form.

a. 0.25 b. 1.342 c. —0.8
THINK WRITE
a. 1. Write the question. a. 0.25

25

2. Rewrite as a fraction with the same number of zeros in the = T
denominator as there are decimal places in the question. 160
Simplify the fraction by cancelling.

1
3. Write the answer. = q
b. 1. Write the question. b. 1.342
2. Rewrite the decimal in expanded form. =1+40.342
347171
3. Write as a mixed number with the same number of zeros =1+ =i
in the denominator as there are decimal places in the question 1060
and cancel.
. 171
4. Write the answer. =1—
500
c. 1. Write the question. c. —0.8
4
2. Rewrite as a fraction with the same number of zeros in the =5 S_S
denominator as there are decimal places in the question.
Simplify the fraction by cancelling.
4
3. Write the answer. = —
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Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)

Interactivity Individual pathway interactivity: Terminating and recurring decimals (int-4408)

Exercise 3.5 Terminating and recurring decimals learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER

1,3,6,9, 10, 14, 17 2,4,7,11,12,15,18 5,8,13, 16,19

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. LA Convert the following fractions to decimals, giving exact answers or using the correct notation for
recurring decimals where appropriate.

a. b.

B w

d. e.

I N RV N
WIN =

2. Convert the following fractions to decimals, giving an exact answer or using the correct notation for recurring
decimals where appropriate.

5 9 21
a. — b. — c. —
12 11 22
13 7
d. — o L
6 15

3. B Convert the following mixed numbers to decimal numbers, giving exact answers or using the correct
notation for recurring decimals where appropriate. Check your answers using a calculator.

a. 61 b. 1é c. 3z
2 4 5
d. 84—L e. 6g
5 4

4. Convert the following mixed numbers to decimal numbers, giving exact answers or using the correct notation
for recurring decimals where appropriate. Check your answers using a calculator.

a. 122 b. 5z C. 11E
10 3 15
d. 1§ e. 4l
6 3

5. BB Convert the following fractions to decimal numbers, giving exact answers or using the correct

notation for recurring decimals where appropriate.
a. _4 b. _I c. —1é d. —5§ e. —3l
15 9 6 9 7
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6. KIEEH Convert the following decimal numbers to fractions in simplest form.

a. 04 b. 0.8 c. 1.2
d. 3.2 e. 0.56

7. Convert the following decimal numbers to fractions in simplest form.
a. 0.75 b. 1.30 c. 7.14
d. 4.21 e. 10.04

8. Convert the following decimal numbers to fractions in simplest form.
a. 7.312 b. 9.940 c. 84.126
d. 73.90 e. 0.0042

.. 3 . . . .
9. Of the people at a school social, 1 were boys. Write this fraction as a decimal number.

Understanding

10. On a recent science test, Katarina answered all
questions correctly, including the bonus question,

and her score was ﬁ Calculate this as a decimal

value.

11. Alison sold the greatest number of chocolates in
her scouting group. She sold 2 of all chocolates
sold by the group. Write this as a decimal number,

correct to 2 decimal places.

12. Alfonzo ordered a pizza to share with three friends,
but he ate 0.6 of it. Calculate the fraction that was |
left for his friends.

13. Using examples, explain the difference between rational and irrational numbers.

Reasoning

14. By converting to decimal fractions, arrange the following in order from lowest to highest, showing all of

your working.
6 3 2 5 6

100 4 3 8 7
15. To change 0.14 from a recurring decimal to a fraction, put the digits after the decimal place (14) on the

numerator. The denominator has the same number of digits as the numerator (2), with all of these digits
14

being 9. Thus 0.14 = %"
a. Write 0.7 as a fraction, showing all of your working.

b. Write 0.306 as a fraction, showing all of your working.

c. Write 2.2 as a proper fraction, showing all of your working.

16. Explain each of the following questions, showing all of your working.

a. When you add two recurring decimals, do you always get a recurring decimal?
When you add a recurring decimal and a terminating decimal, do you get a recurring decimal?
When you subtract two recurring decimals, do you get a recurring decimal?
When you subtract a recurring decimal from a terminating decimal, do you get a recurring decimal?
When you subtract a terminating decimal from a recurring decimal, do you get a recurring decimal?

200
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Problem solving

17. Robin Hoot, the captain of a motley pirate crew known throughout the Seven Seas as ‘The Ferry Men’, kept
0.3 of all stolen loot for himself. The rest was split between his crew.
a. If there were 20 Ferry Men, determine the fraction of the loot that each Ferry Man received.
b. Little George, one of the Ferry Men, received 15 gold doubloons. Evaluate the amount of loot altogether.
c. If there were p pirates not including Robin Hoot, and each of them received d doubloons, determine the
total amount of loot.

18. The pig ate % of the chocolate cake the animals had stolen from Mrs Brown’s windowsill where it had been

cooling. The goat and the cow ate 0.2 and 0.35 of the cake respectively.
a. If the duck and the turkey finished the rest, having equal shares, determine the fraction that the duck ate.
b. If the duck and the turkey had r grams of the cake each, determine how much of the cake the pig had.

19. James had 18 litres of water shared unequally between
three buckets.
Then he:
i. poured three-quarters of the water in bucket 1 into
bucket 2
ii. poured half the water that was now in bucket 2 into
bucket 3
iii. poured a third of the water that was now in bucket 3
into bucket 1.

After the pouring, all the buckets contained equal amounts
of water. Evaluate the amount of water contained by each
bucket at the start.

3.6 Adding and subtracting decimals

LEARNING INTENTION

At the end of the subtopic you should be able to:
¢ add and subtract decimals.

3.6.1 Addition of positive decimals

les-3585
o e When adding decimals, the decimal points must always align vertically so that the place values of the

numbers being added are aligned.
e The place values are summarised in the following table:

Ten
Thousands Hundreds | Tens @ Units Tenths | Hundredths Thousandths | thousandths
1000 100 0 | 1 L 1 1 1
10 100 1000 10000

e When decimals with different numbers of decimal places are added or subtracted, trailing zeros can be
written so that both decimals have the same number of decimal places.

¢ To add decimals, work from right to left, adding vertically in each place value and carrying any tens over to
the next place value column.

TOPIC 3 Real numbers 99



WORKED EXAMPLE 12 Adding decimal numbers

Calculate 3.586 + 4.1 + 2.07.

THINK WRITE
1. Set out the addition in vertical columns. Line up the 3.586
decimal points so that the digits of the same place value 4.1

are underneath each other. +2.07
2. Fill in the smallest place values with trailing zeros so that 3.586
both numbers have the same number of decimal places. 4.100
+2.070
3. Add the digits in each place value, working from right 3. g 86
to left and carrying any tens over to the next place value 4.100
column. +2.070
9.756

3.6.2 Subtraction of positive decimals

eles-3586
¢ Decimals can be subtracted using a similar method to addition.

e If the digit in the number being subtracted is greater than the digit it is being subtracted from, you will need
to ‘borrow’ from the next available place value.

WORKED EXAMPLE 13 Subtracting decimal numbers

Calculate 658.59 — 248.258.

THINK WRITE
1. Set out the subtraction in vertical columns. Line up 658.590
the decimal points and make sure the place values are —248.258

underneath each other. Fill in the smallest place values
with trailing zeros so that both numbers have the same
number of decimal places.
810
2. Subtract the digits as you would subtract whole numbers, 658.59(
working from right to left. Write the decimal point in the —248.258

answer directly below the decimal points in the question. T 410332

100 Jacaranda Maths Quest 8



3.6.3 Addition and subtraction of positive and negative decimals

eles-3587 . . .
e To add two numbers with the same sign, add and keep the sign.

WORKED EXAMPLE 14 Adding two negative numbers

Calculate —3.64 + (—2.9).

THINK WRITE
1. Set the addition out in vertical columns. Line up the —3.64
decimal points so that the digits of the same place value +—2.90

are underneath each other.

2. As the two numbers have the same sign (-), add them _ é.64
together and keep the sign in the answer. +-2.90
—7.54

¢ To add two numbers with different signs, remove the signs and subtract the smaller number from the larger
one. The sign of the answer will be the sign of the larger number.

WORKED EXAMPLE 15 Adding numbers with different signs

Calculate —5.7 + 1.63.

THINK WRITE
1. As the numbers have different signs, remove the signs 5.70
and subtract the smaller one from the larger one. —1.63
2. Bvaluate the subtracti o
. Evaluate the subtraction. 574
—1.63
4.07
3. As the larger number was negative, the answer must —5.74+1.63=—4.07

be negative.

Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)
Digital document SkillSHEET Adding and subtracting decimals (doc-6859)

Interactivities Individual pathway interactivity: Addition and subtraction of decimals (int-4409)
Addition of decimal numbers (int-3725)
Addition and subtraction of negative decimals (int-3776)
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Exercise 3.6 Adding and subtracting decimals learn
Individual pathways
B PRACTISE Bl CONSOLIDATE B MASTER

1,3,4,6,8,13, 15,16, 19 2,5,9,11,14,17,20 7,10, 12,18, 21

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www .jacplus.com.au.

Fluency
1. I3A Solve the following.
a. 8.34+4.6 b. 16.45+3.23 c. 13.06+4.2
2. Evaluate the following.
a. 79+ 124 b. 128.09 4+4.35 c. 5.308 +33.671+3.74
3. Solve the following.
a. 0.93+4.009+1.3 b. 56.830+2.504 + 0.1 c. 25.34+89+4.087+7.77
4. KIEE) Evaluate the following.
a. 456 -2.32 b. 19.97 —12.65 c. 12499 -3.33
5. Evaluate the following.
a. 63.872-9.051 b. 43.58 — 1.25 c. 87.25-34.09
6. Solve the following.
a. 125.006 — 0.04 b. 35—-8.97 c. 42.1-9.072

7. I3 The difference between 47.09 and 21.962 is:
A. 17.253 B. 26.93 C.25.932 D. 26.128 E. 25.128

8. I The sum of 31.5 and 129.62 is:
A. 98.12 B. 161.12 C. 150.12 D. 444.62 E. 132.77

Understanding
o. EEH Calculate the following.
a. =04+ (=0.5) b. —=3.4-7.17 c. —0.6-0.72
10. Calculate the following.
a. —2.6-—1.7 b. —132.6 —31.21 c. —0.021 +(-0.97)

11. EIEH Calculate the following.
a. 0.2+ (-0.9) b. —5.41+2.87 c. 1.24(—4.06)
12. Calculate the following.
a. —0.84+0.23 b. 335+ (—411.2) c. —=3.2—(-0.65)
13. On a recent shopping trip, Salmah spent the following amounts: $45.23, $102.78, $0.56, and $8.65.

a. Calculate the amount she spent altogether.
b. If Salmah started with $200.00, calculate the amount she had left after her trip.
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14.

15.

Dagmar is in training for the school athletic carnival. The first time she ran the
400 m, it took her 187.04 seconds. After a week of intensive training, she had
reduced her time to 145.67 seconds.

Determine by how many seconds, correct to 2 decimal places, she had cut

her time.

Kathie runs each morning before school. On Monday she ran 1.23 km, on
Tuesday she ran 3.09 km, she rested on Wednesday, and on both Thursday and
Friday she ran 2.78 km.

Calculate the number of kilometres she ran for the week.

Reasoning
16. Students in your school are planning to raise money for a charity by holding ot ; o ‘. i
running days for different year levels. They hope to run a total of 1946 km. &g *ﬁ%ﬁ@v

17.

18.

The Year 7s ran 278.2 km, the Year 8s ran 378.4 km and the Year 9s ran 526 km.
Determine how many more kilometres the students must run to reach their goal.

During 2011, international visitors to Australia spent $58.3 billion. During 2012, international visitors spent
$47.8 billion. Evaluate by how much spending by international visitors increased or decreased from 2011 to
2012. Show your working.

A group of bushwalkers (Alex, Brett, Alzbeta and Mia) were

staying at Port Stephens. From their camp at Hawks Nest, they

wanted to walk 8.2 km to Barry Creek. At the 5 km mark, Mia

developed blisters because she had unsuitable footwear on, and

was then accompanied back 3.8 km by Alex. There they met

another walking group who had bandaids with them. After fixing

Mia’s feet, Mia and Alex decided to walk back past their Hawks

Nest camp and continue on another 2.1 km until they came to

Myall Lakes National Park.

a. Evaluate the distance they had to walk to get back to Hawks
Nest after Mia fixed her blisters.

b. Determine the distance between Barry Creek and Myall Lakes National Park.

c. If Alex and Mia had decided to meet Alzbeta and Brett at Barry Creek instead of going to Myall Lakes
National Park, determine how far they would have walked in total to get to Barry Creek. Justify your
answer.

Problem solving

19.

20.

21.

When decimals are being added, discuss why the decimal points are lined up one underneath the other.

a. A friend incorrectly rounded 23.925 38 to 2 decimal Rounding guidelines for cash transactions
plgces as 23.9%. Discuss where your friend made a Final cash amount Round to:
mistake. Explain how to correctly round to

. 1 and 2 cents nearest 10
2 decimal places.

b. Your friend started working at a milk bar and was 3 and 4 cents nearest 5
trying to round numbers in his head. A customer’s 6 and 7 cents nearest 5
purchase came to $12.97 and the customer gave your 8 and 9 cents nearest 10
friend $15.00. Your friend realised that the change Source: www.accc.gov.au

would come to $2.03. Because 3 is less than 5, your
friend rounded it down and gave the person $2.00
back. Explain why the customer might discuss their
change with your friend.

By writing each of these recurring decimals correct to 4 decimal places and showing your working, evaluate:

a. 0.3+0.5 b. 0.3+0.8 c. 0.3+0.7
d. 0.4+0.53 e. 0.7+0.6 f. 2.534—0.12
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3.7 Multiplying and dividing decimals

LEARNING INTENTION

At the end of this subtopic you should be able to:
e multiply and divide decimals.

3.7.1 Multiplication of positive decimals

les-3588
e ¢ To multiply decimals, ignore the decimal point and multiply as you would whole numbers. Count the

number of digits after the decimal point in each of the multiplying numbers. Adding them together gives
the number of decimal places in the answer.
e Itis a good idea to estimate the answer to make sure that your answer makes sense.

WORKED EXAMPLE 16 Multiplying decimal numbers

Calculate the value of 34.6 x (.74, giving an exact answer.

THINK WRITE
1. Estimate the answer by rounding the numbers to the Estimate = 30 X 7
first digit. =21
. 31 42
2. Set out the question as you would for whole numbers, 3 4 6
temporarily ignoring the decimal places. Multiply the
numbers as you would multiply whole numbers. % 74
1 3 8 4
2 4 2 2 0
25 6 0 4

3. 34.6 has 1 decimal place and 0.74 has 2 decimal places. 34.6 x0.74 =25.604
Therefore, there will be 3 decimal places in the answer.

3.7.2 Division of positive decimals

eles-3589
¢ When dividing decimals, make sure that the divisor (the number you are dividing by) is a whole number.

e If the divisor is not a whole number, make it a whole number by either:
o writing the question as a fraction and multiplying the numerator and denominator by an appropriate
power of 10, or
o multiplying the dividend and divisor by an appropriate power of 10.
e Once the divisor is a whole number, divide the numbers as usual, making sure the decimal point in the
answer is directly above the decimal point in the question.
e Extra zeros can be placed after the decimal point in the dividend if needed.

dividend %100
R
5.6 560
- 2 =— = — = 2 5 =
5.6+0.0 0.02 > 60 =280
D4
x 100

divisor (convert to a whole number)
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WORKED EXAMPLE 17 Dividing decimal numbers

Calculate:
a. 54.6+8 b. 89.356 +0.06
Round your answers to 2 decimal places.
THINK WRITE
. . . 50
a. 1. Estimate the answer by rounding the numbers to the a. Estimate = —
first digit. 81
= 6-
4
2. Write the question as shown, adding extra 6.825
zeros to the dividend. Write the decimal point 8)54.6620%0
in the answer directly above the decimal point
in the question and divide as usual.
3. Write the question and answer, rounded to the 54.6 +~ 8 = 6.83 (to 2 decimal places)
required number of decimal places.
b. 1. Estimate the answer by rounding the numbers to the b. Estimate = 20
first digit. 0.06
= 1500
2. Write the question. 89.356 = 0.06
3. Multiply both parts by an appropriate =(89.356 x 100) = (0.06 x 100)
multiple of 10 so that the divisor is a whole =8935.6+6
number (in this case, 100).
4. Divide, adding extra zeros to the dividend. 1489.266
Write the decimal point in the answer directly 6)8299355.16%0%0
above the decimal point in the question and
divide as for short division.
5. Write the question and answer, rounded to the 89.356 + 0.06 = 1489.27 (2 decimal

required number of decimal places. places)

COLLABORATIVE TASK: Decimal decisions

1. Form pairs and write five questions involving times tables, but change them slightly so that one or both
of the numbers are decimals; for example, 5 X 0.9.

2. Swap your questions with another pair and solve their questions. As a group of four, discuss the answers
and any difficulties that you may have had.

3. In your original pairs, write five questions using division based on times tables. Again, ensure that one or
both of the numbers are decimals.

4. This time, swap your questions with a different pair and solve their questions.

5. As aclass, discuss how your answers change when dividing and multiplying by a decimal rather than a
whole number.
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3.7.3 Multiplication and division of positive and negative decimals

les-3590
o e When positive and negative decimals are being multiplied and divided, the rules for multiplying and

dividing integers apply.

Determining the sign of an answer

° When multiplying or dividing numbers with the same sign, the result is positive.
* When multiplying or dividing numbers with different signs, the result is negative.

WORKED EXAMPLE 18 Multiplying positive and negative decimals

Simplify —3.8 x 0.05.

THINK WRITE

1. Estimate the answer by rounding the numbers to the Estimate = —4 X 0.05
first digit. =—-0.2

2. Ignore the decimal points and multiply as for positive 438
whole numbers. X5

190

3. Count the number of decimal places in the question and —3.8x0.05 = —0.190

insert the decimal point. The final answer should have =—0.19

3 decimal places.
The signs are different, so insert a negative sign in the
answer.

WORKED EXAMPLE 19 Dividing positive and negative decimals

Determine the quotient of —0.015 + —0.4, giving an exact answer.

THINK WRITE
. . . —0.02
1. Estimate the answer by rounding the numbers to the Estimate = ———
first digit. =04
=0.05
2. Write the question. —0.015+-04
3. Multiply both parts by 10 to produce a whole number =—(0.015%10) + —(0.4 x 10)
divisor. —_015<—4
4. Divide until an exact answer is achieved or until a 00375
recurring pattern is evident. 4)0.153020
5. The signs are the same, so the answer is positive. —0.015 + —-0.4=0.0375
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Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)
Digital document SkillSHEET Multiplying and dividing decimals (doc-6860)

Video eLessons Multiplication of decimals (eles-2311)
Division of decimals (eles-1877)

Interactivities Individual pathway interactivity: Multiplication and division of decimals (int-4410)
Multiplication of positive decimals (int-3726)
Division of positive decimals (int-3727)
Division of negative decimals (int-3728)

Exercise 3.7 Multiplying and dividing decimals learn
Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,3,4,8,12, 14,16, 19 2,5,6,10,15, 17,20 7,9,11,13, 18, 21

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. EEH Calculate the following, giving exact answers.
a. 6.2x0.8 b. 79%x1.2 c. 109.5%x5.6 d. 5.09x0.4
2. Calculate the following, giving exact answers.
a. 65.7x3.2 b. 32.76 x2.4 c. 123.97x4.7 d. 3.4x642.1
3. Calculate the following, giving exact answers.
a. 576.98 X2 b. 0.6 X67.9 c. 23.4x6.7 d. 52.003x 12

4. EEEA Calculate the following. Give answers rounded to 2 decimal places.

a. 43.2+17 b. 523.9+4 c. 6321.09 +8 d. 2104 +3
5. Calculate the following. Give answers rounded to 2 decimal places.

a. 286.634 +3 b. 76.96 + 12 c. 27.8403 + 11 d. 67.02+9

6. IEEEA Calculate the following. Give answers rounded to 2 decimal places where appropriate.
a. 53.3+0.6 b. 960.43 + 0.5 c. 3219.09 + 0.006 d. 478.94 = 0.016
7. Calculate the following. Give answers rounded to 2 decimal places where appropriate.

a. 25.865 +0.004 b. 26.976 +0.0003 c. 12.00053 +0.007 d. 35.064 = 0.005

8. Estimate the following by rounding each number to the first digit. Check your estimates with a calculator
and comment on their accuracy.

a. 5.1x134 b. 73.8+11.4 c. 49+0.13 d. 46.2x0.027
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9. Estimate the following by rounding each number to the first digit. Check the accuracy of your estimates by
using a calculator.

a. 0.14x984 b. 405 +36.15 c. 17.9x4.97 d. 0.58 =0.0017

Understanding
10. IEEZH Solve the following.
a. 0.3x—-0.2 b. (—0.3)* c. —0.8%0.9 d. (=0.6)°
11. Evaluate the following.
a. 4000 x —0.5 b. —0.02x -0.4 c. —4.9x%0.06 d. (0.2)2 X —40

12. IEH Determine the quotient of each of the following, giving an exact answer.

a. —84+0.2 b. 0.15+-0.5 c. —15+0.5 d. 0.049 + -0.07
13. Determine the quotient of each of the following, giving an exact answer.

a. —0.0036 =~ 0.06 b. 270 + —-0.03 c. 0.8+-0.16 d. (1.2 +0.04
14. Solve the following, giving answers rounded to 1 decimal place.

a 46x2.14+1.2x3.5 b 59%x1.8—-24%3.8
15. Evaluate the following, giving answers rounded to 1 decimal place.

a. 6.24+45+05-7.6 b. 11.4-7.6X15+2
Reasoning

16. A group of 21 Year 8 students were going on an
excursion to the planetarium. If the total cost was
$111.30, determine the amount paid by each student.

17. Determine the decimal halfway between 2.01 L and '-_u‘ 9
Emm— EEm—EEES

2.02L.

18. A square of grass has a side length of 3.4 metres.
There is a path 1.2 metres wide around the outside of
the square of grass.

a. Calculate the area of the square of grass.
b. Determine the area of the path, explaining your
method.

Problem solving
19. A shoebox with a mass of 150 g measures 30.1 cm by 16.5 cm along the bottom, with a height of 10.3 cm.

a. The volume of the shoebox is found by multiplying its three linear dimensions together. Evaluate its
volume.
b. Density is defined as mass divided by volume. Evaluate the density of the shoebox in g/cm?.

20. Speed equals the distance travelled divided by the time taken.

a. If Septimus Squirrel travels 27.9 m in 8.4 seconds and Fortescue Fieldmouse travels 18.7 m in
6.4 seconds, determine which of them travels at the greater speed. Show full working.

b. If she is travelling at 5 metres per second, determine how long (in hours) it will take Genevieve Goose
to travel round the equator, assuming the circumference of Earth at the equator is approximately
40075 kilometres.
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21. The prestigious Park Street lawyers Messrs Waffle,
Pockett and Runne have been retained to secure the
patent on the Global Coffee Constant, or GCC as it is
better known.

If ¢ represents all the tea in China, ¢ represents all the
coffee in Brazil and g represents the total number of
tea and coffee drinkers globally, determine a simple
expression for the GCC in terms of 7, ¢ and g, given
the following information: the GCC equals 0.4 of all

the tea in China multiplied by g of all the coffee in

Brazil divided by 0.5 of the number of tea and coffee
drinkers globally.

3.8 Estimation

LEARNING INTENTION

At the end of this subtopic you should be able to:
e determine an estimate to a problem using different rounding techniques.

3.8.1 Estimation

e Sometimes an estimate of the answer is all that is required (an estimate is an answer close to the actual
answer, but found using easier numbers).

WORKED EXAMPLE 20 Calculating an estimate

Marilyn and Kim disagree about the answer to the following calculation:
73+71+6.9+6.8+7.2+7.3+7.4+ 6.6. Marilyn says the answer is 56.6, but Kim thinks it is 46.6.
Obtain an estimate for the calculation and determine who is correct.

eles-3591

THINK WRITE

1. Carefully analyse the values and devise a Each of the values can be approximated to 7 and there
method to estimate the total. are eight values.

2. Perform the calculation using the rounded 7TX8=56
numbers.

3. Answer the question. Marilyn is correct, because the approximate value is

very close to 56.6.

e When we are rounding to a given place value:
« if the next lower place value digit is less than 5, leave the place value digit as it is, and add zeros to all
lower place values, if necessary
« if the next lower place value digit is 5 or greater, increase the given place value digit by 1 and add zeros
to all lower place values, if necessary.
e When rounding 25 354:
« to the nearest thousand, the result is 25 000
« to the nearest hundred, the result is 25 400.
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e When rounding up, the digit in the desired place value is increased by 1 regardless of the digits in the
lower place positions (as long as they are not all zeros). Zeros are added to the lower place positions to

retain the place value.

* When rounding up 3100:
« to the nearest thousand, the result is 4000
« to the nearest hundred, the result is 3100.

e When rounding down, all digits following the desired place value are replaced by zeros, leaving the given

place value unchanged.

e When rounding down 635 to the nearest ten, the result is 630.

WORKED EXAMPLE 21 Rounding numbers up or down

Consider the number 39 461 and perform the following operations.

a. Round to the nearest thousand.
b. Round up to the nearest hundred.
c. Round down to the nearest ten.

THINK

a. 1. Consider the digit in the thousands place
position and the digit in the next lower
place position.

2. Write the answer, adding the required
number of zeros.

b. 1. Consider the digit in the hundreds position
and all following digits.

2. Write the answer, adding the required
number of zeros.

c. 1. Consider the digit in the tens position
and all following digits.

2. Write the answer, adding the required
number of zeros.

WRITE
a. The digit 9 lies in the thousands position.

The digit 4, which is less than 5, lies in the
hundreds position.

The number 39 461 rounded to the nearest
thousand is 39 000.

. The digit 4 lies in the hundreds position. As

the digits in the lower place positions are not
all zeros, round this up to 5, and the lower
place positions will all become O.

The number 39461 rounded up to the nearest
hundred is 39 500.

. The digit 6 lies in the tens position. As the

digit in the lower place position is not zero,
round this down to 6, and the lower place
position will become 0.

The number 39 461 rounded down to the
nearest ten is 39 460.

eles-3592

to the first digit and then perform the operation.
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WORKED EXAMPLE 22 Rounding to the first digit

Provide an estimate to the following calculations by first rounding each number to its first digit.
Check your estimate with a calculator. Comment on the accuracy of your estimate.

a. 394+76 —121 692 x 32
19 x 87
THINK WRITE

a. 1. Round each of the numbers to the first digit. ~a. Rounded to the first digit, 394 becomes 400, 76
becomes 80 and 121 becomes 100.

2. Perform the calculation using the rounded 394 4+ 76 — 121 = 400 + 80 — 100
numbers. ~ 380

3. Check using a calculator. Comment on how Using a calculator, the result is 349. The
the rounded result compares with the actual estimate compares well to the actual
answer. (calculator) value.

b. 1. Round each of the numbers to the first digit. ~ b. Rounded to the first digit, 692 becomes
700, 32 becomes 30, 19 becomes 20 and 87
becomes 90.

692x32 _ 700 x 30"

2. Perform the calculation using the rounded

numbers. 19%87 20, X 90,
L3
E
~ 12
3. Check using a calculator. Comment on how Using a calculator, the result is 13.4 (rounded
the rounded result compares with the actual to 1 decimal place). The estimate is very close
answer. to the actual (calculator) value.

3.8.3 Estimating by rounding the dividend to a multiple of the divisor

e To make division easier, the dividend can be rounded to a multiple of the divisor. For example, in
20532 +7, 20532 (the dividend) could be rounded to 21 000. Because we know that 21 is a multiple of 7,
we could see, through mental approximation, that the answer is close to 3000 (the exact answer is 2933).

WORKED EXAMPLE 23 Rounding the dividend to a multiple of the divisor

Provide estimates for the calculation 537 by:

eles-3593

a. rounding the dividend up to the nearest hundred
b. rounding the dividend to the nearest ten
c. rounding the dividend to a multiple of the divisor.

THINK WRITE
a. 1. Round the dividend up to the nearest hundred. a. 537 rounded up to the nearest hundred is 600.
500"
2. Perform the division. Write the estimation. =l ~
40 40
~ 15

TOPIC 3 Real numbers 111



b. 1. Round the dividend to the nearest ten. b. 537 rounded to the nearest ten is 540.

saq?’
2. Perform the division. Write the estimation. 53—7 N —
40 40°
~13)5)
c. 1. Round the dividend to a multiple of the c. 520 is a multiple of 40.
divisor.
sog13
2. Perform the division. Write the estimation. ﬂ =
40 40,
~ 13

e Different methods will give slightly different estimates.

WORKED EXAMPLE 24 Using an estimation technique

132 x 77
The exact answer to % has the digits 1848. Use any estimation technique to locate the position

of the decimal point.

THINK WRITE
1. Round each of the numbers to the first digit. Rounded to the first digit, 132 becomes 100, 77
becomes 80 and 55 becomes 60.

132x77 _ 100x 80"

2. Perform the calculation using the rounded

numbers and write the estimate, ignoring the 35 5603
. 400
decimal. ~N—
3
~ 133

3. Use the estimate obtained to locate the position The estimate gives an answer between 100 and
of the decimal point. Write the correct answer. 200. This indicates that the decimal point should be

between the last two digits. The correct answer is
184.8.

Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)

Digital documents SkillSHEET Rounding to the first (leading) digit (doc-6861)
SkillSHEET Operations with fractions (doc-6862)
SkillSHEET Operations with decimals (doc-6863)
Interactivities Individual pathway interactivity: Estimation (int-4411)
Rounding (int-3730)
Rounding to the first digit (int-3731)
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Exercise 3.8 Estimation learn

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,2,5,10,13, 16 3,4,6,12,14, 17 7,8,9,11,15,18

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

"W WE20 Marilyn and Kim disagree about the answer to the following calculation:
86+9.24+87+88+89+93+94+8.6

Marilyn says the answer is 81.5, but Kim thinks it is 71.5. Obtain an estimate for the calculation and
determine who is correct.

2. IEE3H For each of the following numbers:

i. round to the first digit
ii. round up to the first digit
iii. round down to the first digit.

a. 239 b. 4522 c. 21
d. 53624 e. 592 f. 1044

3. Round each of the numbers in question 2 down to the nearest ten.

4. Round each of the numbers in question 2 up to the nearest hundred.

5. 22 Determine an estimate for each of the following by rounding each number to the first digit.

a. 78 +21 b. 297 + 36
c. 587-178 d. 235+ 67 +903
e. 1256 - 678
6. Determine an estimate for each of the following by rounding each number to the first digit.
a. 789 x 34 b. 56 x 891
c. 1108 +53 d. 345 + 8906 — 23 + 427
e. 907 = 88
7. Determine an estimate for each of the following by rounding each number to the first digit.
a. 326 X 89 x4 b. 2378 + 109
c. 7x211—-832 d. 977 +10%x 37

e. (12384 —6910) x (214 +67)

8. IEEE Provide estimates for each of the following by first rounding the dividend to a multiple of the divisor.

a. 35249+9 b. 2396 +5
c. 526352 +7 d. 145923 + 12
e. 92487 +11 f. 5249+13

o. KA Use any of the estimation techniques to locate the position of the decimal point in each of the
following calculations. The correct digits for each one are shown in brackets.

a. 369x16 (205) b. 42049 (150175) c. 2x270 (2025)
288 14 %20 1320
_ 285x% 36 (513) . 256 x 680 (544) : 7290 x 84 (648)
16 X 125 32100 27350
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Understanding

10. If 127 people came to a school social and each paid $5 admission, determine an estimate for the amount of
money collected.

11. Estimate the whole numbers between which each of the following will lie.

a. 120 b. 1120 c. /180 d. /240

12. Complete the table below with the rounded question, the estimated answer and the exact answer. Use
rounding to the first digit. The first one has been completed.

Question Rounded question Estimated answer Exact answer

789 % 56 800x 60 48 000 44184

124 +5

678 +98 + 46

235x209

7863 —908

63 X726

39654 =227

J|e ~0o 20 0|

1809 — 786 4+ 467

i. | 21x78x234

i | 942+89

492 x 94
38%x 49

54296
97x 184

Reasoning
13. Consider the multiplication 18 X 44.

a. Round both numbers to the first digit and then complete the multiplication.

b. Multiply 18 by 44 and then round the answer to the first digit.

c. Compare your answers to parts a and b. Discuss what you notice. Explain whether this is the case for all
calculations.
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14. Determine an approximate answer to each of the worded problems below by rounding to the first digit.
Remember to write each answer in a sentence.

a. A company predicted that it would sell 13 cars in a month at $28 999 each. About how much money
would they take in sales?

b. A tap was leaking 8 mL of water each hour. Calculate approximately how many millilitres of water would
be lost if the tap was allowed to leak for 78 hours.

c. The Year 8 cake stall sold 176 pieces of cake for 95 cents each. Calculate the amount of money they made.

d. Steven swam 124 laps of a 50-m pool and, on average,
each lap took him 47 seconds. If he swam non-stop,
determine approximately how many seconds he was
swimming for.

e. An audience of 11784 people attended a recent Kylie
concert at Rod Laver Arena and paid $89 each for their
tickets. Calculate the amount of money taken at the door.

f. A shop sold 4289 articles at $4.20 each. Determine the
amount of money that was paid altogether.

g. On Clean Up Australia Day, 19 863 people volunteered
to help. If they each picked up 196 pieces of rubbish,
determine how many pieces of rubbish were collected
altogether.

15. If two numbers are being multiplied, explain how you can predict the size of the rounding error relative to
their respective rounding-off points.

Problem solving

16. Sports commentators often estimate the crowd size at sports events. They estimate the percentage of the
seats that are occupied, and then use the venue’s seating capacity to estimate the crowd size.

a. The photograph below shows the crowd at an AFL match between Collingwood and Essendon at the
Melbourne Cricket Ground. Use the information given with the photograph to calculate the estimated
number of people in attendance.

b. Choose two well-known sports venues and research the maximum seating capacity for each.

c. If you estimate that three out of every four seats are occupied at each of the venues chosen in part b for
particular sports events, determine how many people are in attendance at each venue.

Maximum seating Estimated percentage of
capacity = 95000 seats filled = 90%

17. For each of the following multiplications, calculate the product when only:

i. the first number is rounded to the nearest 10
ii. the second number is rounded to the nearest 10.
a. 18x45 b. 18x46 c. 18x47 d. 18x48 e. 18x49

f. Describe any patterns that you notice in your answers to parts a—e.

18. Explore the rounding error patterns that occur in calculating the following multiplications when only:

i. the first number is rounded to the nearest 10
ii. the second number is rounded to the nearest 10.

a. 15x44 b. 16x44 c. 17x44

TOPIC 3 Real numbers 115



3.9 Review

3.9.1 Topic summary

The real number system Operations with decimals

¢ The set of real numbers, R, contains rational * When adding or subtracting decimals, first align the
numbers, Q, and irrational numbers, Q'. decimal points. Then add as you would for whole

* Within the rational numbers there are integers, Z, numbers, working from right to left.
and non-integer numbers. * When multiplying decimals, ignore the decimal point

* Integers can be broken up into positive and multiply as if the numbers are integers. The number
numbers, ZF, negative numbers, Z~, and zero. of decimal places in the answer is equal to the total

number of decimal places in the two numbers being

multiplied.
e.g. 2.1 X 0.35 (3 decimal places in total)
—21x35=735
22,1 x0.35=0.735

* When dividing decimals, the divisor must be a whole

RE AL NUMBERS number. To convert, multiply both the divisor and

dividend by a power of 10. Then divide as for whole
numbers, ensuring the decimal point in the answer is

placed directly above the decimal point in the question.

* A fraction represents part of a whole.

» Equivalent fractions are fractions in which the

numerators and denominators are different but in the

o . same ratio.
» Estimating the answer before doing any 3 1
calculations helps you decide whether your C& 1T

answer is accurate.

* An effective way to determine an estimate is to
round the numbers to the first digit and then do
the calculations.

* Other estimation techniques, such as rounding
to the nearest 10 or 100, can also be used.

 Fractional answers must always be given in simplified
form. To simplify a fraction, divide the numerator and
denominator by the same number.

* When adding or subtracting fractions, the denominators

i - must be the same. Convert to the lowest common
denominator if needed, then add or subtract the

e Terminating decimals have a fixed number of decimal numerators only.
places. * When multiplying fractions, multiply the numerators
e.g. 0.5, 0.25, 7.125 together and multiply the denominators together, then

* Recurring decimals have an infinite (never-ending) simplity if possible.
number of decimal places. . 3 o 2_6 _3
e.g. %=0.333 333... 4 X57207 10

+ Recurring decimals that have one recurring digit are e When dividing fractions, follow the Keep, Change, Flip
written with a dot above the recurring digit. method, then multiply the fractions together.
e.g. 1_ 0.3 3 < 1

* Recurring decimals with more than one digit are written ? | Zl'
with a line above the recurring digits. KEEP CHANGE FLIP

e % = 0.142857

AN <—
—_ ) -
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3.9.2 Success criteria

Tick a column to indicate that you have completed the subtopic and how well you think you have understood
it using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic | Success criteria Q O ’
3.2 | can classify real numbers as irrational or rational.
| can classify rational numbers as integers or non-integers.
| can place real numbers on a number line.
3.3 | can recognise and create equivalent fractions.
| can add and subtract fractions.
3.4 | can multiply and divide fractions.
3.5 | can convert a fraction into a decimal.
| can use correct notation to write a recurring decimal.
| can convert a decimal into a fraction.
3.6 | can add and subtract decimals.
3.7 | can multiply and divide decimals.
3.8 | can determine an estimate to a problem using different rounding techniques.

3.9.3 Project

A growing nation

Details about a population are collected in a census. Australia’s most
recent census took place in August 2016, on a day known as ‘census
day’. The information provided by the population is collected and
then analysed by the Australian Bureau of Statistics over a period

of 2 years. After this, the information is released to the public. The
following table displays some selected characteristics for Australia
based on the information collected in the 2016 census.

Characteristics Total persons

Males in Australia 11546638
Females in Australia 11855248
People aged 15 years and over 19037271
People aged 65 years and over 3676763
People born in Australia 15614835
People who speak English only 17020417

b
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1. What was the total population of Australia on census day in 2016?

2. According to the values in the table, how many people were not born in Australia?

3. Express the male population as a proportion of the entire population. Give your answer as a decimal.
(Divide the male population by the total population.) Repeat this for the female population.

4. How many people were aged 14 years and younger?

The following table shows the same characteristics as the first table, but it relates to New South Wales only.

Characteristics Total persons

“ Darwin

Males in New South Wales 3686014

Females in New South Wales 3794217 —
People aged 15 years and over 6093914

People aged 65 years and over 1217646 Wester Australia

People born in Australia 4899 090

People who speak English only 5126633

* Perth

5. What was the population of New South Wales on

census day in 2016? Melbourne
6. Express both the male and female population of Sictona
New South Wales as a proportion of the total population Tasmanmf’.‘gi‘
" # Hobart

of the state.

7. How does the proportion of males and females in New South Wales compare with the proportion of
males and females in the entire Australian population?

8. On a separate page, compare the other characteristics in the table with those for the entire population.

Australia’s population has increased since Federation in 1901. The following table shows some of the
information collected in the 1901 census.

Characteristics Total persons

Males in Australia 1977928
Females in Australia 1795873
People born in Australia 2908303

9. How much did Australia’s population grow in the
115 years since 19017

10. Compare the proportion of people born in Australia at
the 1901 census with the 2016 census.

11. The Australian Bureau of Statistics (ABS) website
(www.abs.gov.au) can be used to investigate other
characteristics from the 2016 census. Use the ABS
website to investigate another characteristic from the
2016 census. State your findings and include all working
to justify your conclusions.
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Resources
eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1934)

Interactivities Crossword (int-2753)
Sudoku puzzle (int-3184)

Exercise 3.9 Review questions learn

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. I The numbers 0.68 and \/7 can be classified as:
A. irrational and non-integer rational respectively.
B. integer and irrational respectively.
C. rational and non-integer rational respectively.
D. non-integer rational and irrational respectively.
E. irrational and rational respectively.

2. Solve the following.

2 6 3 1 3 1 5 3 4
a = +~- b. =+4- c. 2=—1- d. = +—+—
3 7 5 2 4 8 6 12 15
3. Evaluate the following.
a 22403 polisld o Byl o 2L
64 8 4 2 2 5 60 4 5 10
4. Solve the following.
a.%xz b.é—z c.g 3 d 4l><9l
5 8 4 8 6 11
5. Evaluate the following.
a. 7l+i b.2+ ! c. —z><i d. —2§+—§
5 20 4 2 8 14 4 8
6. Solve the following.
a. 24437 b. 11.62 —4.89 c. 12.04+2.9 d. 5.63 —0.07
7. Evaluate the following.
a. 34.2—-4.008 b. 34.09+1.2 c. —2.48+1.903 d. -1.63 —2.54

8. Solve the following, rounding answers to 2 decimal places where appropriate.
a. 432.9%2 b. 78.02x3.4 c. 543.7+0.12 d. 9.65+1.1

9. Evaluate the following, rounding answers to 2 decimal places where appropriate.
a. 923.06 x 0.00045 b. 74.23 +0.0007 c. 0.08+-04 d. -1.02+-0.5

10. Convert the following decimals to fractions in simplest form.
a. 0.7 b. 0.45 c. 1.85 d. 24
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11.

12.

13.

14.

15.

Convert the following fractions to decimals, giving exact answers or using the correct notation for

recurring decimals where appropriate.
3 14 8 137
a. — b. — -
2 25 75 6
For each of the following numbers:
i. round to the first digit
ii. round up to the first digit

iii. round down to the first digit.
a. 39260 b. 222 c. 3001

Provide estimates for each of the following by first rounding the dividend to a multiple of the divisor.
a. 809+11 b. 7143 +9 c. 13216+12

99 x 1560 . .. . L .
The answer to ————— contains the digits 375, in that order. Use an estimating technique to

132312
determine the position of the decimal point and write the true answer.

Use your estimation skills to determine approximate answers for the following.
a. 306 x 12 b. 268 + 3075 4+ 28 + 98 031
c. 4109 =21 d. 19328 —4811

Problem solving

16.

17.

18.

In order to raise money for charity, a Year 8 class organised a

cake stall. Starting the day with 9 whole cakes, they sold 2%

5 .
cakes at recess and 4§ at lunchtime. c——

\

a. Determine the number of cakes left over. : l

b. If there were 20 students in the class, explain whether they F | : !
would be able to share the leftover cake equally if it had b ' j .
been cut up into eighths. 1

1
c. The cake stall raised $150. If they plan to give = to the

Red Cross and z to World Vision, determine how much

each group will receive and how much is left over.

Identify the fractions equivalent to % that have the following ‘

properties.
a. The difference between the denominator and the

numerator is 7. T /
e — S—

b. The product of the denominator and numerator is 300.

At Teagan’s farm, there are 24 horses. One-sixth of them are brown and one-quarter of them are black.
If half of the remaining horses are chestnut and the other half grey, evaluate the number of grey horses.

120 Jacaranda Maths Quest 8



19. On the diagram shown, EFGH is half the area of ABCD, JKLLM is half the area of EFGH and NPQR is
half the area of JKLM. Determine what fraction of ABCD is NPQR.

A E B
J 1:1 K
H ¢ R ¢ 13 F
M Q L
D G C

20. The five points shown on the number line are evenly spaced. Evaluate the value for B.

A B C

r—
Qi

21. You and a friend have decided to test the combinations of cordial and water shown in the following
table. The mixture with the highest cordial content will be the one you and your friend will give to 180
Year 8 students.

Mix A Mix B

2 cups cordial 1 cup cordial
Mix C ' Mix D

5 cups cordial 3 cups cordial
9 cups water 5 cups water

a. Explain which mix will be used.

b. If each student will drink % of a cup each, determine how much you will need to make.

22. The skin of a banana weighs about % the mass of the whole banana. The cost of a bundle of bananas

was $5.12. They were peeled and the fruit was found to weigh 7.6 kg in total. Evaluate the price/kg for
whole bananas, including fruit and skin. Use mathematical reasoning to justify your answer.

23. James took a loan from a bank to pay a debt of $14 200. He pays $670.50 per month for 2 years.
Evaluate the interest paid by James in total.
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24. Magic squares show a grid of numbers that have the same sum horizontally, vertically and diagonally. It
is not necessary for the numbers to be integers. Complete this magic square, indicating the magic sum.

1.7%0.2 0.4)° 1,1
10 5

3

9 3 0.01+0.1 0.14+0.5 z
25 10 52
8 1 1,1 3.3
25 5 100 4 100 4

0.4%0.6 9 _2 0.6x0.7
50 5

Al <3) vl
100 2 5 25 2

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Online Resources

Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook 3.8 Estimation (eles-3591) Il
. . e Estimating by rounding to the first digit (eles-3592) O
Download the workbook for this topic, which includes Estimating by rounding the dividend to a multiple of
worksheets, a code puzzle and a project (ewbk-1934) [ the divisor (eles-3593) O
Solutions Interactivities
Download a copy of the fully worked solutions to every 3.2 Individual pathway interactivity: The real number
question in this topic (sol-0708) O system (int-8338) O
" Real numbers (int-3717) O
Digital documents The number line (int-3720) O
3.3 SKIlSHEET Order of operations | (doc-6854) n 3.3 Ind|V|dua}I pathway .|nterallct|V|ty: Addition and
SKillSHEET Factors (doc-6855) 0 subt.rfdctlon of fractlon.s (int-4406) . . O
SKillSHEET Multiples (doc-6856) 0 Add!t!on and subtract!on of prpper fractions (lnt—3718) O
SKIlISHEET Adding and subtracting fractions | Addition and subtraction of mixed numbers (int-3719) [
(doc-6857) m Addition and subtraction of fractions (int-3721) O
3.4 SKIllSHEET Multiplying and dividing fractions 3.4 In.d.lv.ldual pathvyay mterachwty: Multiplication and
(doc-6858) 0 division of fractions (int-4407) O
3.6 SkillSHEET Adding and subtracting decimals Mult!pl!cat!on of frac?tlpps (|r1t-3722). . O
(doc-6859) 0 Multiplication and division of negative fractions
3.7 SKISHEET Multiplying and dividing decimals (int-3723) , N o U
(doc-6860) n 3.5 Individual pathway interactivity: Terminating and
3.8 SKIillSHEET Rounding to the first (leading) digit recurring decimals (int-4408) » O
(doc-6861) m 3.6 Individual pathway interactivity: Addition and
SKillSHEET Operations with fractions (doc-6862) O subtraction of decimals (int-4409) O
SKillSHEET Operations with decimals (doc-6863) 0 Addition of decimal numbers (int-3725) O
Addition and subtraction of negative decimals
Video eLessons (int-3776) 0
3.7 Individual pathway interactivity: Multiplication and
3.2 Introduction to real numbers (eles-3576) ™ division of decimals (int-4410) O
The real number line (eles-3577) O Multiplication of positive decimals (int-3726) O
3.3 Equivalent fractions (eles-3578) O Division of positive decimals (int-3727) O
Slmpllfylng fractlons.(ele3-35.79) O Division of negative decimals (int-3728) O
Adding and subtracting fractions (eles-3580) 1 3.8 Individual pathway interactivity: Estimation (int-4411) ]
Addition and subtraction of fractions (eles-1862) [l Rounding (int-3730) ]
3.4 Multiplication of fractions (eles-3581) [l Rounding to the first digit (int-3731) Il
Division of fractions (eles-3582) [l 3.9 Crossword (int-2753) O
Multiplication and division of fractions (eles-1867) O Sudoku puzzle (int-3184) O
3.5 Fractions to decimals (eles-3583) ™
Decimals to fractions (eles-3584) O
3.6 Addition of positive decimals (eles-3585) W Teacher resources
Subtraction of positive decimals (eles-3586) ] There are many resources available exclusively for teachers
Addition of subtraction of positive and negative online.
decimals (eles-3587) [l
3.7 Multiplication of positive decimals (eles-3588) ™
Division of positive decimals (eles-3589) O
Multiplication and division of positive and negative
decimals (eles-3590) O
Multiplication of decimals (eles-2311) O
Division of decimals (eles-1877) O

To access these online resources, log on to www.jacplus.com.au.
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Answers
Topic 3 Real numbers

Exercise 3.1 Pre-test

1. a.

6
25

»
5
=
o

N o
W N
=) 55

w

©
[

10. a

11. C
12. 13
13. B

1

14. 7—cm
2

15. $24

Exercise 3.2 The real number system

1. a.

b.
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-

oo | i

W] = = [\
Slw wiw

. 88.20
. 12.13

14

>

-

T T

T
-4 -3 2 -1

T

0

T
2 3 4

>

1$

-4 -3 -2-1 0 2 3 4
VS
T T T T 1 T 1>
4 -3 -2-1 0 2 3 4
-3.6
S - S AR R [ R B A PR
4 -3 -2-1 0 2 3 4
1.9
. T ) R .. N P R
4 -3 -2-1 0 2 3 4
_2
4
*TT T T T T T I
4 -3 -2-1 0 2 3 4
2.4

-4 3 2-1 0 2 3 4
2V2

T T T T T & — 7>

4 -3 -2-1 0 2 3 4
V10

e [ R R P [ T B
4 -3 -2-1 0 2 3 4
-3.8

<717 T T T I T T>=
-4 -3 -2-1 0 2 3 4

10.

11

12,
13.
14,

C. 48
12
4 -3-2-1 01 2 3 4
d. _5
-2

e T R R FRR REN [N (WD .5 [ [
-4 -3-2-1 01 2 3 4

—-12 ©)

)

a. Integer b. Non-integer rational
c. Irrational d. Non-integer rational
a. Irrational b. Integer
c. Irrational d. Non-integer rational
. a. Integer b. Non-integer rational

d

c. Irrational . Non-integer rational

V/36

.9.17,10,7.34, = =)

. 0 can be expressed as a ratio of 2 integers. For example,

0
0=-.
1

Answers will vary. Example: zero should not be included
in the set of natural numbers because it holds no counting
value and would not be used.

. Irrational. An irrational number has an infinite, non-

repeating decimal representation. Multiplying this by a
rational number will not change the fact that it is infinite
and non-repeating.

There is no largest real number.

45

Sample responses can be found in the worked solutions in
the online resources.

Exercise 3.3 Adding and subtracting fractions

1 5 2 8
1.a. = =— b. ==—
6 30 7 28
5 35 —12 —4
C. Ti— == d —=—
8 56 33 11
1 9 -6 =3
2.a. —=— b, — = —
9 81 40 20
36 3 13 26
C. iz d ——=——
9% 8 18 36
—15 =45 42 =7
3.a,. —=—— b. —=—
6 18 30 -5
88 11 132 —11
c. —=— d —=——
48 6 144 —12
1 9 7 7
4. a. = b. — c. = d =
5 10 8 8
5 9 5
5.a. 1 b. - c. — d —
8 17 27
13 11 1 5
6.a. — b. — C. = d —
20 8 5 14
19 17 23 5
7.a. — b. — C. '=—— d —
12 30 20 36
7 52 7 32
8.a. — b. — c. — d. —
39 55 85 105
25 64 27 77
9.a. — b. — C. — d —
7 13 5 8



1 2 1
10. a. 5= b. 8= c. 6=
3 3 4
5 11 17 | 6 13 39
"4’ 87127 120 24’ 24
12. All of the block
4 18
13. a. — b. —
5 25
3 205
14. a. — b. —
8 56
35 19
15.a. —— b, ——
18 10
4 2
16. a. —6— b. 3—
5 9
5 8
17. a. 9— b. 21—
12 45
23 11
18. a. —— E—
16 24
7
19. 1=
9
20. —
12
4
21, —
15
3
22, 1-
8
23. 1 +1 +1 +t !
. 1 cup > cup 1 cup + two 3 cups
24. It will not fit.
25.

Exercise 3.4 Multiplying and dividing fractions

i1

10.

11.

Sample responses can be found in the worked solutions in

the online resources.

3
a. —
8
6
a. — b.
25
11
a. — b.
30
1
a. —— b
6
5
a. —— b.
8
2
a. — b.
3
6
a. — b.
7
3
a. 5—= b
5
a. 13 b
a. 1 b
8
a. — b.
5

[\ N = W] =
S|w

1

&l

DNlw = |
Sl o]z

—_
—
—_

25

C.

5
12
1
Ep)
3

5

1
4

d.

()]
TS = R

7
11-
8

12
142

d —
135

12.

13.

14.
15.

16.

17.

18.
19.

20.

21.
22,

23.

24.

| =

11
a ——

15
32
21
120

a.

Children’s charity: $30
Cruelty to animals charity: $80
Left over: $10

1
16

3 7
8 8
12 8
—— d. ——
5 35
c. 0
21
17

Divide all of the ingredients’ quantities by 5.

a. Itis not possible to evenly divide 17 by 2, 3 or 9.

1 1

b. =+ =+

2 3

117

9718

The numerator is the number of camels given away and
the denominator is the number of camels required for
this situation to be possible.

9 12 1
a. 79— km/h b. 100— km/h c. 585= km/h
11 35 3

a. Sample responses can be found in the worked solutions
in the online resources.

b. a=4,b=3,c=2

Exercise 3.5 Terminating and recurring decimals

1.

a. 0.8
d. 1.75

0.416
2.16

6.5
. 8.8

oo

Y

.a. 129

d. 1.83

125

73—
10

a

. 0.75

b.
e.

o

»T 07T

» T

0.25
0.6

0.81
0.46

1.75
6.75

5.6
43

—-0.7

c. 0.75
c. 0.954
c. 34

c. 11.73

c. —1.83

—3.142857

4

5
14

25
3

1=

10

1
10—
25

47

. 9—

50
21

5000

500
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10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

1.1

0.56

2

5

Sample response can be found in the online resources.

6 52 36
10

a.

a.

a.

8

> ’

7

9

3’47

34

b, =
111
No, the sum of two recurring decimals may be an exact

C.

3

2
&
9

1
number; for example, 3 +-=-=1.

3

Yes, the recurring part is maintained; for example,

1
32

1 5 .
-+ -=-=0.83.

1 1

No, it could result in zero; for example, 5 —==0.

3

Yes, the recurring part is maintained.

Yes, the recurring part is maintained.

1
30
1.5pd
1
72

b. 450 gold doubloons

144r

b. —
Sg

Bucket 1: 12L; Bucket 2: 3L; Bucket 3: 3L

Exercise 3.6 Adding and subtracting decimals

1.

4 a4 a a oa
P ® M = O

e
(5]

- -k -
0 N O

-
©

20.

© © N o M D

. a.

. a.

. a.

a. 12.9 b. 19.68 c. 17.26

a. 20.3 b. 132.44 c. 42.719

a. 6.239 b. 59.434 c. 126.157

a. 2.24 b. 7.32 c. 121.66

a. 54.821 b. 42.33 c. 53.16

a. 124.966 b. 26.03 c. 33.028

E

B

a. —0.9 b. —10.57 c. —1.32

a. —4.3 b. —163.81 c. —0.991
-0.7 b. —2.54 c. —2.86
—0.57 b. —76.2 c. —2.55
$157.22 b. $42.78

. 41.37 seconds

. 9.88km

. 763.4km

. $10.5 billion

.a. 1.2km b. 10.3km c. 15.8km

. When adding and subtracting decimals, the decimal points

must be lined up underneath each other to ensure digits

from the same place value are added or subtracted.

a. The third decimal place is 5, and so should be rounded
up. Your friend made the mistake of rounding down.
23.925 rounded to 2 decimal places is 23.93.

b. $2.03 should be rounded to the nearest 5 cents, but your

friend rounded to the nearest 10 cents. $2.03 rounded to
the nearest 5 cents is $2.05.
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21.

a. 0.8889
d. 0.9798

b. 1.2222
e. 1.4444

c.
f.

1.1111
2.4133

Exercise 3.7 Multiplying and dividing decimals

1.
2.
3.

10.
11.
12,
13.
14.
15.
16.

17.
18.

19.
20.

21.

© ®» N o o

613.2
582.659
156.78
790.14
2.53
536515
1714.36
50

100
-0.72
—0.294
=30

)

. 1.5
. 2.0

d. 2.036
d. 2183.14
d. 624.036
d. 701.33
d. 7.45

d. 29933.75
d. 7012.80
d. 1.5

d. 300

d. 0.36

d. —1.6

d. —0.7

d. 36

a. 4.96 b. 9.48 c.
a. 210.24 b. 78.624 «c.
a. 1153.96 b. 40.74 c.
a. 6.17 b. 13098 c.
a. 95.54 b. 6.41 c.
a. 88.83 b. 1920.86 c.
a. 6466.25 b. 89920 c.
a. 50 b. 7 c.
a. 100 b. 10 c.
a. —0.06 b. 0.09 c.
a. —2000 b. 0.008 c.
a. —42 b. —0.3 c.
a. —0.06 b. —9000 c.
a. 13.9 b
a. 7.6 b
$5.30

2.015

a. 11.56m* b
a. 5115.495cm’ b
a. Septimus Squirrel b

. 22.08m?
. 0.02932 g/cm’
. 2226.4 hours

2ct

5g

Exercise 3.8 Estimation

1. Estimate: 72. Kim is correct.

2.

a. i. 200 ii. 300
b. i. 5000 ii. 5000
c. i. 20 ii. 30

d. i. 50000 ii. 60000
e. i. 600 ii. 600
f. i. 1000 ii. 2000
a. 230 b. 4520
d. 53620 e. 590

a. 300 b. 4600
d. 53700 e. 600

a. 4 b. 340

d. 1170 e. 300

a. 24000 b. 54000
d. 9680 e. 10

. a. 108000 b. 20

d. 4000 e. 810000
a. 4000 b. 500

d. 12000 e. 8000
a. 20.5 b. 150.175
d. 5.13 e. 54.4

200
4000
20
50000
500
1000

20
1040

. 100

1100

. 520

. 20

. 600

. 70000

400

. 20.25

64.8



10.
1.

12.
13.

14.

15.

16.

$500

a.
d.

4 and 5
15 and 16

b. 10and 11 c. 13 and 14

See the table at the foot of the page.*

g.

-~ 0 20T o T O

800
800

Does not apply to all calculations; for example, 13 X 27.

$300 000

800 mL

$200

5000 seconds

$900 000

$16 000

4000000 pieces of litter

You can predict how large a rounding error will be by
calculating the % error for each number being multiplied,

and then multiplying these % errors to calculate the final %

€rror.

a.
b.

85500

Sample responses can be found in the worked solutions
in the online resources.

. Sample responses can be found in the worked solutions

in the online resources.

i. 880
ii. 600
i. 880
ii. 640
i. 880
ii. 680

The error increases if the smaller number is rounded. The
error decreases when the rounded number is closer to the

actual number.

Project
. 23401 886
. 7787051

. 4364615
. 7480231

N O O~ O =

. Male: 0.493; female: 0.507

. Male: 0.493; female: 0.507
. The proportion of males and females in NSW is the same as

the proportion across Australia.

8. The proportion of people who speak only English in NSW
is significantly lower than in Australia as a whole. NSW
also has a slightly lower proportion of people who were
born in Australia and a slightly higher proportion of people

aged 65 years or older.

17. a. i. 900 i. 900 . .
9. Australia’s population grew by 19 628 085 from 1901 to
b. i. 920 ii. 900 2016.
c. i. 940 i. 900 10. In 1901, the proportion of people born in Australia was
d. i. 960 ii. 900 0.771.
e i 980 i 900 In 2016, the proportion of people born in Australia was
. . 0.667.
f. When the first number is rounded, the answers increase. . . .. .
. . The proportion of people born in Australia in 1901 is
When the second number is rounded, the answers remain . . ..
constant greater than the proportion born in Australia in 2016.
' 11. Answers will vary with each individual’s research.
#12,
Question Simplified question Estimated answer Exact answer \'
a. 789 %X 56 800 % 60 48 000 44184 ‘
| b. 124 =5 100+5 20 24.8 \
c. 678 + 98 + 46 700 + 100 + 50 822 \
d. 235x%209 200 % 200 40000 49115 \
| e 7863 — 908 8000 — 900 7100 6955 \
| f. 63 X726 60700 42000 45738 ‘
g. 39654 +227 40000 =200 200 174.69 \
h. 1809 — 786 + 467 2000 — 800 + 500 1700 1490 J‘
i 21X 78 %234 20x 80 %200 320000 383292 \
j- 942 =89 900 +90 10 10.58 \
492 x 94 500 x 100 i
k. — 25 24.84 ‘
38x49 40 % 50 |
54296 50000 ‘
L = 2.5 04|
97 x 184 100 % 200 1
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Exercise 3.9 Review questions

1. D
11 1 5 7
2.a. 1— b. 5— c. 1= d 1—
21 10 8 20
7 2 1 3
3. a. 4— b. 4- c. —1— d —1—
64 5 15 10
7 6 8 247
4. a. — b. = C. = d. f=—
20 7 3 6
9 5 22
5.a. 18 b, = —S— d. ==
34 16
6.a. 6.1 b. 6.73 c. 14.94 d. 5.56
7.a. 30.192 b. 35.29 c. —0.577 d. —4.17
8. a. 865.8 b. 265.27 c. 4530.83 d. 8.77
9.a. 0.42 b. 106 042.86
c. —0.20 d. 2.04
7 9 37 12
10. a. — b. — c. — d —
10 20 20 5
11.a. 1.5 b. 0.56 c. 0.106  d. 22.83
12. a. i. 40000 ii. 40000 iii. 30000
b. i. 200 i. 300 iii. 200
c. i. 3000 ii. 4000 iii. 3000
13.a. 70 b. 800 c. 1100
14. 3.75
15. a. 3000 b. 103330 «c. 200 d. 15000
1
16. a. 2—
8
b. No, they will be 3 pieces short.
c. Red Cross: $30
World Vision: $100
Left over: $20
21 15
17.a. — b, =
28 20
18. 7
1
19. NPQR is 3 the area of ABCD.
13
20. —
20
21. a. Mix A
b. 90 cups (36 cups of cordial, 54 cups of water)
22. $0.60 perkg
23. $1892
24. The magic sum is 1.3.
0.34 0.48 0.02 0.16 0.30
0.46 0.1 0.14 0.28 0.32
0.08 0.12 0.26 0.4 0.44
0.2 0.24 0.38 0.42 0.06
0.22 0.36 0.5 0.04 0.18
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Overview ..

Percentages ...

Finding percentages of an amount
Discount

Profit and loss

Goods and Services Tax (GST)
Review




4.1 Overview
Why learn this?

Percentages are used to describe many different aspects of
information and even have their own symbol: %. One per cent
means one-hundredth; therefore 1% means one per hundred,
10% means ten per hundred and 50% means 50 per hundred.
Percentages can be used as an alternative to decimals and
fractions. We can write one-half as a decimal (0.5), a fraction

<%> and a percentage (50%).

Why do we have so many ways of writing the same number?
Depending on the context, it may be easier to use a certain
form. Percentages are commonly used in finance and
shopping. It is easier to express an interest rate as 5% rather

than 0.05 or 20 and easier to say that items are discounted by

70% rather than by 0.7 or l When you see an interest rate

of 5% (5 per hundred), you can easily calculate that for every
$100 you will earn $5 in interest.

You will see percentages used for discounts at shops, interest
rates for bank accounts and loans, rates of property growth
or loss, statistics for sports matches, data used in the media,
and company statements about profit and loss. Understanding
percentages will help you deal with your own finances and
make decisions regarding your income once you are working.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the
concepts covered in this topic.

Fully worked
solutions
to every

Video Interactivities
elLessons

question

eWorkbook
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Exercise 4.1 Pre-test learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

s

10.

11.

12.

13.

14.

15.

Calculate 5% of $150.
™ Which of the following is the correct simplified fraction of 35%?
AL B. 2 c.~ p. 2 E >
10 100 20 1 11
Arrange the following numbers in ascending order: % 22%, Z 0.31, 111%.
I Select the correct percentage of 22g in 1 kg.
A.222% B. 22% C.2.2% D. 0.22% E. 0.022%
Calculate 23% of $80.
Tennis equipment at a sports shop is reduced by 15% for an end-of-financial-year sale. A racket has an

original price of $90. Calculate the new sale price.
A cricket bat is reduced from $400 to $380. Calculate the percentage discount.

I To calculate an 8% increase of an amount, what number do you multiply the original amount by?
A. 108 B. 8 C.1.8 D. 1.08 E.0.8

William is 55 years old and was born in Scotland. He lived in England for 45% of his life and in
Australia for 11 years, and the rest of his life was spent in Scotland. Determine how long he lived in
Scotland for. Write the answer in years and months.

I When the original price of an item is multiplied by 0.78, what percentage has the item increased or
decreased by?

A. Increased by 78% B. Decreased by 78% C. Decreased by 0.22%

D. Decreased by 22% E. Increased by 22%

In an auction, an apartment originally priced at $2 750 000 sells for $2 820 000. Calculate the
percentage profit made on the sale. Write the answer to 2 decimal places.

™ The cost of a sofa, including GST, is $890. What would be the cost of the sofa before GST?
A. $801.10 B. $809.09 C. $801 D. $809.10 E. $880

An item is reduced by 10%, and then increased by 11.1%. This takes the item back to its original price
(to the nearest cent). True or False?

The price of a car is reduced by 10% three weeks in a row. Calculate the percentage drop in price by the
end of the third week. Write the answer to the nearest whole number.

The UK pound (£) can be exchanged for 1.6 Australian dollars (A$). The New Zealand dollar (NZS$)
can be exchanged for 0.92 Australian dollars. A Toyota Yaris (excluding GST/VAT) costs £9400,
NZ$16 000 and A$13 900. VAT (the UK equivalent of GST) is 20%. GST in New Zealand is 15%. GST
in Australia is 10%. In which of the countries is Toyota Yaris the cheapest, including GST/VAT?
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4.2 Percentages

LEARNING INTENTION

At the end of this subtopic you should be able to:
e convert percentages into fractions and decimals
e calculate percentage increases and decreases
e calculate percentage error.

4.2.1 Writing percentages in different ways

eles-3618 ¢ R
e The term per cent means ‘per hundred’.

e The symbol for percentage is %. For example, 60% (60 per cent) means 60 parts out of 100.
e A quantity can be expressed in different ways using percentages, fractions and decimals.
For example:

60% = o0 =0.60
100

Expressing percentages as fractions or decimals

To convert a percentage to a fraction or a decimal, divide by 100.

e There are a number of common percentages, and their fraction and decimal equivalents, with which you
should be familiar.

Percentage Fraction Decimal
10% L 0.1
10
1
25% - 0.25
4
331% 1 0.3

3 3
1
50% = 0.5
2
100% 1 1

WORKED EXAMPLE 1 Converting percentages to fractions and decimals

Convert the following percentages to fractions and then decimals.

a. 67% b. 55%
THINK WRITE

. . 67
a. 1. To convert to a fraction, write the percentage, then a. 67%= ﬁ

change it to a fraction with a denominator of 100.
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2. To convert 67% to a decimal, think of it as 67.0%, 67%
then divide it by 100 by moving the decimal point
2 places to the left.

b. 1. To convert 55% to a fraction, write the percentage, b. 55%
then change it to a fraction by adding a denominator
of 100.

2. The fraction is not in simplest form, so cancel by 55%
dividing the numerator and the denominator by 5.

3. To convert 55% to a decimal, think of it as 55.0%, then 55%
divide it by 100 by moving the decimal point 2 places to
the left.

=0.67

55

100

55 _u

100 20

=0.55

e When converting a fraction or decimal to a percentage, do the inverse of dividing by 100; that is, multiply

by 100.

Converting fractions or decimals to percentages

To express a fraction or decimal as a percentage, multiply by 100.

For example, ! = 1 X 100%
2 2

= 50%

Digital technology

Scientific calculators have a % button which can be utilised to
compute calculations involving percentages.

Percentages can be converted into decimals and fractions.

Decimals and fractions can be converted into percentages.

e The easiest method of comparing percentages, fractions and decimals is to convert all of them to their

decimal form and use place values to compare them.

TOPIC 4 Applications of percentages
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WORKED EXAMPLE 2 Comparing fractions, decimals and percentages

Place the following quantities in ascending order, and then place them on a number line.

45%, l, 0.36, 80%, 21, 110%, 1.54
10 2

THINK WRITE

1. Convert all of the quantities into their 0.45, 0.7, 0.36, 0.80, 2.5, 1.10, 1.54
decimal equivalents.

2. Place them in ascending order. 0.36, 0.45, 0.7, 0.80, 1.10, 1.54, 2.5

3. Place them in ascending order in their 0.36, 45%, % 80%, 110%, 1.54, 2%

original form.

A

4. Draw a number line from 0 to 3, with N B e s e e e e e B

increments of 0.25. 0 05 1 15 2 25 3
5. Place the numbers on the number line. 0.70
0.80
1.10
0.45 250

AL L

0 05 1 15 2 25 3

A

4.2.2 Percentage increases and decreases

eles-3619
¢ Percentage increases and decreases can be used to calculate and compare prices, markups, discounts,

population changes, company profits and many other quantities.

* To calculate a percentage increase or decrease, calculate the net increase or decrease and then express it as
a percentage of the initial value.

e Note: Percentage increases of more than 100% are possible; for example, the increase from 3 to 7.5 is an
increase of 150%.

Calculating a percentage change

increase or decrease in quantity y 100

percentage change = — - —
original quantity 1

WORKED EXAMPLE 3 Calculating percentage increase

Calculate the percentage increase when 50 increases to 70.

THINK WRITE
1. The quantity has increased, so calculate the Increase = 70 — 50
difference between 50 and 70. =20

2. The percentage increase can be calculated by  Percentage increase = 20 X 100
creating the fraction 20 out of 50 and then 0

multiplying by 100. =40

3. Write the answer. The percentage increase is 40%.
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WORKED EXAMPLE 4 Calculating percentage decrease

Calculate the percentage decrease, rounded to 2 decimal places, when the population of a town falls
from 62 000 people to 48 000 people.

THINK WRITE
1. The difference between 62 000 and 48000 is  Decrease = 62 000 — 48 000
14 000. = 14000
14 000
2. The percentage decrease can be calculated by  Percentage decrease = ——— X 100
creating the fraction 14 000 out of 62 000 and - 2000
then multiplying by 100. = 22t
3. Write the answer. The percentage decrease is 22.58%.

4.2.3 Percentage error

eles-3620
e Percentage error is used to compare the difference between an estimate and the actual value of a quantity.

e The closer the percentage error is to zero, the better the estimate.

Calculating percentage error

¢ If the approximate value (or estimate) is greater than the exact value, then:

approximate value — exact value 100
percentage error = X —
exact value 1

e If the approximate value (or estimate) is less than the exact value, then:

exact value — approximate value 100
percentage error = X —

exact value 1

WORKED EXAMPLE 5 Calculating percentage error

a. The estimated weight of a newborn baby was 3500 grams, but the baby’s actual weight was 4860
grams. Calculate the percentage error.

b. The estimated distance between two towns was 70 km, but the actual distance was 65.4 km.
Calculate the percentage error.

THINK WRITE
a. 1. The estimated weight was less a. Percentage error = exact value — approximate value x 100
than the actual weight. vl
2. Calculate the percentage error. Percentage error = % X 100
=27.98%
3 Write the answer. The percentage error is 27.98%.
b. 1. The estimated distance was b. Percentage error = approximate value — exact value x 100

greater than the actual distance. exact value
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70 —65.4
2. Calculate the percentage error. Percentage error = 0 X 100
=7.03%
3. Write the answer. The percentage error is 7.03%.
Resources
eWorkbook Topic 4 Workbook (worksheets, code puzzle and project) (ewbk-1935)

Digital documents Skill[SHEET Rounding money to the nearest 5 cents (doc-6897)
SkillSHEET Converting a percentage to a decimal fraction (doc-6898)
Video eLesson Decimals, fractions and percentages (eles-1868)
Interactivities Individual pathway interactivity: Percentages, fractions and decimals (int-4419)

Percentages, fractions and decimals (int-3741)
Percentage increase and decrease (int-3742)

Exercise 4.2 Percentages learn
Individual pathways

Bl PRACTISE Il CONSOLIDATE H MASTER

1,8,5,8,10, 14, 17 2,4,7,9,15,18 6, 11,12, 13, 16, 19

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. E0 Convert the following percentages to fractions and then to decimals.

a. 24% b. 13% c. 1.5% d. 250%
2. Convert the following percentages to fractions and then to decimals.

a. 47% b. 6.6% c. 109.8% d. 10.02%
3. Express the following percentages as fractions in simplest form.

a. 20% b. 35% c. 61% d. 105%
4. Express the following percentages as fractions in simplest form.

a. 11% b. 82% c. 12.5% d. 202%
5. Express the following decimals as percentages.

a. 0.15 b. 0.85 c. 3.10 d. 0.024
6. Express the following fractions as percentages. Round your answer to 2 decimal places where appropriate.

a. 7 b. 3 c. > d. 2l

8 5 6 3

Understanding

7. 2 For the following sets of numbers, place the numbers in ascending order and then on a number line.

a. 1.6, 25%, %, 75%, 10%, 3%, 24 b. 3%, 330%, 4.5%, 150%, 3, 2%, 2.8
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8. = calculate the percentage increase when 250 increases to 325.

o. A Calculate the percentage decrease, rounded to 2 decimal places, when the population of fish in a pond
decreases from 1500 to 650.

10. Express $120 as a percentage of $400.

11. In a library, there are 24 children, 36 women and 42 men. Calculate the
percentage of women visiting the library.
Give your answer rounded to 2 decimal places. ‘ ”

12. During a sale, a jacket originally priced at $79.99 is decreased in price
to $55.99. Calculate the percentage decrease.

¢
13. I Answer the following questions. E‘ he iR

a. The estimated grocery bill budgeted for the week was $250, but
the actual bill was $262.20. Calculate the percentage error.

b. A long-distance runner estimated that her run took 120 minutes, but the official time recorded was
118.3 minutes. Calculate the percentage error.

Reasoning

14. A group of students was practising their basketball free throws. Each student had four shots and the results
are displayed in the table.

Free throw results Number of students Percentage of students
No shots in 3
One shot in, three misses 11
Two shots in, two misses 10
Three shots in, one miss 4
All shots in 2

Identify how many students participated in the game.

Complete the table to show the percentage of students for each result.
Calculate how many students made exactly 25% of their shots.
Calcuate what percentage of students made less than 50% of their shots.

g ooy

15. B In supermarkets, potatoes are frequently sold in 2 kg bags. As potatoes are discrete objects, the bags
rarely weigh exactly 2 kg. For reasons relating to both customer satisfaction and profit, the warehouse
supervisor knows that a percentage error of more than 10% is unacceptable.

Two bags of potatoes are chosen at random and weighed. Bag A weighs 2.21 kg and bag B weighs 1.88 kg.
Calculate the percentage error for each of these bags and determine if either or both will pass the inspection.

16. The price of entry into a theme park has increased by 10% every year r
since the theme park opened. If the latest price rise increased the ticket
cost to $8.80, explain how to determine the price of a ticket 2 years
ago. Show your calculations in your explanation.

el o

Problem solving

17. Survey your classmates on the brand of mobile phone that they have.
Present your results in a table showing each brand of phone as a
percentage, fraction and decimal of the total number of phones.
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18. The table shows the percentage of households with O to 5 children.

Calculate:

a. the percentage of households that have 6 or more children

b. the percentage of households that have fewer than 2 children
c. the fraction of households that have no children

d. the fraction of households that have 1, 2 or 3 children.

19. Use the bunch of flowers shown to answer these questions.

Number of Percentage
children (%)
0 56
1 16
2 19
3 6
4 2
5 1

a. Calculate the percentage of the flowers that are yellow.
b. What fraction of the flowers are pink?
c. Write two of your own questions and swap with a classmate.

4.3 Finding percentages of an amount

LEARNING INTENTION

At the end of this subtopic you should be able to:
e calculate percentages of an amount
e increase or decrease a value by a percentage.

4.3.1 Calculating percentages of an amount

eles-3621

e As percentages can’t be used directly in calculations, they must be converted into fractions or decimals.
e Percentages of an amount can be determined using calculations with either fractions or decimals.

Using decimals

¢ To calculate a percentage of an amount using decimals, follow these steps:

1. Write the percentage as a decimal.
2. Change ‘of” to X (multiplication).
3. Multiply.
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WORKED EXAMPLE 6 Calculating the percentage of an amount using decimals

Of the 250 students selected at random to complete a survey, 16% were in Year 11. Calculate how
many of the students were in Year 11.

THINK WRITE
1. Decide what percentage of the total is required. 16% of 250
Write an expression to find the percentage of the total.
2. Write the percentage as a decimal. Change ‘of” to X. =0.16 X250
3. Multiply. =40
4. Answer the question by writing a sentence. 40 of the 250 students were in Year 11.

Using fractions

e To calculate a percentage of an amount, follow these steps:

. Write the percentage as a fraction with a denominator of 100.

. Change ‘of” to X.

. Write the amount as a fraction over 1 if it is not already a fraction.
. Cancel.

. Perform the multiplication.

. Simplify.

AN N AW~

WORKED EXAMPLE 7 Calculating the percentage of an amount using fractions

Calculate 20% of 35.

THINK WRITE
1. Write the question. 20% of 35
: S : 20 35
2. Write the percentage as a fraction with a denominator = SR e
of 100, change ‘of’ to ‘X’, write the amount as a 160 1
fraction over 1 and cancel.
1
3. Cancel again. = 2£1 X !
20 1
. . . 7
4. Multiply numerators and multiply denominators. = T
5. Simplify by dividing the numerator by the denominator. =7
6. Answer the question. 20% of 351s 7.
Digital technology
The percentage button and the multiplication symbol can be used to VG v
help determine percentages of an amount. 20%%35 7
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COLLABORATIVE TASK: Nutritional information

Look at the nutritional information panels on a variety of different foods.
Find the recommended percentage daily values for fat, carbohydrates and
energy, and prepare a one-day diet that ensures that you do not exceed the
recommended daily values for any of these.

=

4.3.2 Increasing or decreasing a quantity by x%

¢ To increase a quantity by x%, multiply it by (100 + x)%.
e To decrease a quantity by x%, multiply it by (100 — x)%.

eles-3622

Note: Convert the percentage to a decimal or fraction before multiplying.

WORKED EXAMPLE 8 Increasing and decreasing a quantity by a percentage

a. A newborn baby weighed 3.5 kg. After 1 month the baby’s weight had increased by 20%. Calculate
the weight of the baby after 1 month.

b. Carlos went for a run on Tuesday evening and ran for 10.2 km. When he next went for a run on
Thursday evening, he ran 15% less than he did on Tuesday. Calculate how far he ran on Thursday.

THINK WRITE
a. 1. Add the percentage increase to 100%. a. 100% +20% = 120%
12 12 7
2. Express the percentage as a fraction and 120 X3.5 = ,1/262 TR ﬁil
multiply by the amount to be increased. 100 160 M
2
= — X —
20° 1
2
5
=4.2kg
3. Write the answer. The weight of the baby after 1 month is 4.2 kg.

b. 1. Subtract the percentage decrease from 100%. b. 100% — 15% = 85%

140 Jacaranda Maths Quest 8



2. Express the percentage as a fraction and
multiply by the amount to be increased.

3. Write the answer.

17 51
]8—5 x10.2 = f(jﬁso X’Lj‘i
_ 567
100
= 8.67 km

Carlos ran 8.67 km on Tuesday.

Resources

eWorkbook

Video eLesson Percentages of an amount (eles-1882)

Topic 4 Workbook (worksheets, code puzzle and project) (ewbk-1935)

Interactivities Individual pathway interactivity: Finding percentages of an amount (int-4420)

Percentage of an amount (int-3743)

Exercise 4.3 Finding percentages of an amount

Individual pathways
B PRACTISE

Bl CONSOLIDATE

1,3,5,8,9,12, 14, 18, 20, 23, 25,28 2, 4,6, 10, 15, 16, 19, 21, 26, 29

learn

B MASTER
7,11,13,17, 22, 24, 27, 30

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. 1 EEA calculate the following.

a. 50% of 20

2. Calculate the following.
a. 31% of 300

3. Calculate the following.
a. 70% of 110

4. Calculate the following.
a. 44% of 150

5. Calculate the following.
a. 95% of 200

6. Calculate the following.
a. 66% of 20

7. Calculate the following.
a. 95% of 62

b. 20% of 80

b. 40% of 15

b. 52% of 75

b. 68% of 25

b. 110% of 50

b. 2% of 95

b. 32% of 65

c. 5% of 60

c. 12% of 50

c. 90% of 70

c. 24% of 175

c. 150% of 8

c. 55% of 45

c. 18% of 80

TOPIC 4 Applications of percentages

d. 10% of 30

d. 35% of 80

d. 80% of 5000

d. 38% of 250

d. 125% of 20

d. 15% of 74

d. 82% of 120
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8. I3 60% of 30 is:
A. 19§ B. % c. 186 D. 18 E. 30

9. Calculate the following, rounding answers to the nearest 5 cents.
a. 1% of $268 b. 1% of $713 c. 1% of $573 d. 1% of $604

10. Calculate the following, rounding answers to the nearest 5 cents.
a. 1% of $19.89 b. 1% of $429.50 c. 1% of $4.25 d. 1% of $6.49

11. Calculate the following, rounding answers to the nearest 5 cents.
a. 1% of $9.99 b. 1% of $0.24 c. 1% of $0.77 d. 1% of $1264.37

12. Calculate the following, rounding answers to the nearest 5 cents.
a. 22% of $10 b. 13% of $14 c. 35% of $210 d. 12% of $150

13. Calculate the following, rounding answers to the nearest 5 cents.
a. 2% of $53 b. 7% of $29 c. 45% of $71.50 d. 33% of $14.50

Understanding

14. Thirty per cent of residents in the suburb Hunters Hill are over the age of 65. If there are 180 000 residents,
calculate how many are over the age of 65.

15. In a survey, 40 people were asked if they liked or disliked
Vegemite. Of the people surveyed, 5% said they disliked
Vegemite. Calculate how many people:

a. disliked Vegemite
b. liked Vegemite.

16. IEA The grocery bill for Mika’s shopping was $250. The
following week, Mika spent 7% more on his groceries. How
much did he spend in the following week?

17. A long-distance runner completed a 15-mile run in
120 minutes. The next time she ran 15 miles, she reduced her
time by 5%. How fast did she complete the 15 miles on the
second occasion?

18. Maria is buying a new set of golf clubs. The clubs are marked
at $950, but if Maria pays cash, the shop will take 10% off the
marked price. How much will the clubs cost if Maria
pays cash?

19. When you multiply a quantity by 0.77, determine by what
percentage you are decreasing the quantity.

20. Increase the following quantities by the given percentages.

a. 33kgby 10%
b. 501b by 20%
c. 83 cm by 100%

21. Decrease the following quantities by the given percentages.

a. 25kgby 10%
b. 40km by 20%
c. $96 by 90%
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22,

23.

24.

Ninety per cent of students at a school were present for school photographs. If the school has 1100 students,
calculate how many were absent on the day the photographs were taken.

Jim can swim 50 m in 31 seconds. If he improves his time by 10%, calculate Jim’s new time.

Thirty-two thousand four hundred people went to the SCG to watch a Sydney versus Collingwood football
match. Of the crowd, 42% went to the game by car and 55% caught public transport.
Calculate how many people:

a. arrived by car
b. caught public transport.

Reasoning

25.

26.

27.

Problem solving
28.

29.

30.

When I am 5% older than I am now, I will be 21 years old.
Calculate how old I am now.

The price of bread has increased to 250% of its price 20 years
ago. If a loaf of bread costs $2.00 now, determine how much it
would have cost 20 years ago.

My mother is four times older than I am. My sister is 75% of my
age, and 10% of my grandfather’s age. My father is 50, 2 years
older than my mother. Determine the ages of my sister and my
grandfather.

In a Maths competition, the top 8% of students across the state
achieve a score of 40 or more out of a possible 50.

a. In a school where 175 students have entered the Maths
competition, calculate how many scores higher than 40 you
would expect.

b. In one school, there were 17 scores of 40 or more, and
204 scores that were less than 40. Compare the results to
determine whether the students performed better than the
state average.

Broadcasting regulations specify that 55% of television programs shown between 6 pm and midnight must
be Australian content and that, between 6 pm and midnight, there should be no more than 13 minutes per
hour of advertising.

Calculate:

how many minutes of advertising are allowed between 6 pm and midnight

for how many minutes programs are screened between 6 pm and midnight

the maximum percentage of time spent screening advertising

d. how many minutes of Australian content must be screened between 6 pm and midnight.

o oo

I am 27 years old and have lived in Australia for 12 years. If I continue to live in Australia, calculate how old
I will be when the number of years I have lived here is 75% of my age.
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4.4 Discount

LEARNING INTENTION

At the end of this subtopic you should be able to:
e understand the concept of discount
e calculate the cost of a discounted product
e calculate the discount from an initial price and sale price.

4.4.1 Applying discount

eles-3623

e A discount is a reduction in price, commonly
used by businesses aiming to clear out old stock
or attract new customers.

e There are two types of discounts: = P 5 ) e,
« A fixed price discount is a set amount (in

dollars) that a product is discounted by.
« A percentage discount is a discount that is a o
set percentage of the product’s price. '
Calculating discount o
In general, if an 7% discount is applied: O F F [ﬂ

y =

discount = —— x original price
100

Calculating selling price of a discounted item

e Method 1
Use the percentage remaining after the percentage discounted has been subtracted from 100%; that is, if an
item for sale has a 10% discount, then the price must be 90% of the marked price.

WORKED EXAMPLE 9 Calculating the price of a discounted item

Calculate the sale price on a pair of shoes marked $95 if a
10% discount is given.

THINK WRITE

1. Determine the percentage of the marked price  100% — 10% = 90%
that is paid, by subtracting the percentage
discount from 100%.

2. Calculate the sale price of the shoes. 90% of $95 = 0.9 X $95
= $85.50
3. Write the answer in a sentence. The sale price of the shoes is $85.50.
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e Method 2
The new sale price of the item can be solved by calculating the amount of the discount, then subtracting the
discount from the marked price.
Alternative solution to Worked example 1:

Discount = 10% of $95.00

=$9.50

Sale price = marked price — discount
= $95.00 — $9.50
= $85.50

WORKED EXAMPLE 10 Calculating discount and sale price

Peddles is a bicycle store that has offered a discount of 15%
on all goods.

Determine:

a. the cash discount allowed on a bicycle costing $260

b. the sale price of the bicycle.

THINK WRITE
a. Calculate the discount, which is 15% of the marked price. a. Discount = 15% of $260
= 0.15%x$260
= $39
The cash discount allowed is $39.
b. 1. To calculate the sale price, subtract the b. Sale price = marked price — discount
discount from the marked price. = $260 — $39
= $221
2. Write the answer in a sentence. The sale price of the bicycle is $221.

Calculating the percentage discount

e When given the original and the discounted prices, the percentage discount can be determined.

Calculating percentage discount

To calculate the percentage discount, write the discounted amount
as a percentage of the original price.

discounted amount
percentage discount = X 100%

original price
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WORKED EXAMPLE 11 Calculating percentage discount

At Peddles, the price of a bicycle is reduced from $260 to $200. Calculate the percentage discount.

THINK WRITE
1. Calculate the amount of the discount. Discount = $260 — $200
= $60
. . . 60
2. Write the discount as a percentage of the Percentage discount = — X 100%
original price. 260
= 23.0769...%
~ 23%
3. Write the answer in a sentence. The percentage discount is about 23%.

COLLABORATIVE TASK: Let’s go shopping!

Equipment: sales catalogues from nearby shops, paper, pen, calculator

Part A

1. As a class, brainstorm percentage discounts that you see advertised
in sales. Pick three common ones.

2. Each person should think of an item they want to buy and its
current price. A volunteer might like to draw a table on the board
with the column headings ‘Item’ and then the three common
percentage discounts.

3. Each person should then calculate the new prices of the selected
item, assuming the discount shown on the board. Repeat this
process for the item listed underneath yours.

4. As a class, fill in the table and discuss the results.

Part B

1. Work in groups of three or four. Select a page from one of the sales
catalogues and calculate the percentage discount on five items.

2. Discuss the results as a class. How would you calculate the
average percentage discount shown on the items in the catalogue?

Resources

eWorkbook Topic 4 Workbook (worksheets, code puzzle and project) (ewbk-1935)
Digital documents Skill[SHEET Decreasing a quantity by a percentage (doc-6899)

SkillSHEET Finding a percentage of a quantity (money) (doc-6900)
Interactivities Individual pathway interactivity: Discount (int-4421)

Selling price (int-3745)

Discount (int-3744)
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Exercise 4.4 Discount

Individual pathways

B PRACTISE

1,3,5,8,10, 13,17, 19, 28, 27

Bl CONSOLIDATE
2,4,6,11,12, 14,18, 21, 24, 25, 28

learn

B MASTER
7,9, 15, 16, 20, 22, 26, 29

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all

questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. Calculate the discount on each of the items in the table, using the percentage shown.

B

Item Marked price Discount
Smart watch $210 20%
Skateboard $185 25%
. Calculate the discount on each of the items in the table, using the percentage shown.
Item Marked price Discount
Mobile phone $330 15%
b. | Tennis racquet $190 40%

. Without using a calculator, calculate the percentage discount of the following.

. EA Calculate the sale price of each item with the following marked prices and percentage discounts.

. Calculate the sale price of each item with the following marked prices and percentage discounts.

Marked price Discount
$100 $10
$250 $125

. Without using a calculator, calculate the percentage discount of the following.

Marked price Discount

a. $90 $30
$80 $20

Marked price Discount
$1000 15%
$250 20%

Marked price Discount

a. $95 12%
b. $156 33 %%
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7. Calculate the sale price of each item with the following marked prices and percentage discounts.

Marked price Discount
a. $69.95 7%%
b. $345 30%

8. Determine the percentage discount given on the items shown in the table. Round to the nearest per cent.

Original price Selling price
a. $25 $15
b. $100 $72

9. Determine the percentage discount given on the items shown in the table. Round to the nearest per cent.

Original price Selling price
a. $69 $50
b. $89.95 $70

Understanding

10. Decrease the following amounts by the percentages given.
a. $50 by 10% b. $90 by 50% c. $45 by 20%

11. A tablet computer that usually sells for $599 was advertised with a saving of $148. Calculate the percentage

discount being offered. Round to the nearest per cent.

12. The following items are all discounted.

$380 $450 $260 $600

25% discount 20% discount 33%% discount 15% discount

Compare the values of the discounts to decide which item had the largest dollar discount.
Identify which items have the same dollar discount.

Calculate the difference between the largest and the smallest dollar discounts.

If the surfboard had a discount of 20%, would $470 be enough to buy it?

e ooy

13. 3 A sale discount of 20% was offered by the music store Solid Sound. Calculate:

a. the cash discount allowed on a $350 sound system
b. the sale price of the system.

14. Fitness trackers are advertised at $69.95, less 10% discount. Calculate the sale price.
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15.

16. T-

17.

18.

19.

20.

21.

22,

A store-wide clearance sale advertised 15% off everything.
a. Determine the selling price of a pair of jeans marked
at $49. -c&
b. If a camera marked at $189 was sold for $160.65, r. g I i
determine whether the correct percentage was deducted. k“ 2 = b n | m n Q
o
: -S -

_—

shirts are advertised at $15.95 less 5% discount. Calculate
the cost of five T-shirts. w

EEX Calculators were advertised at $20, discounted from _
$25. What percentage discount was given? — = &

CDs normally selling for $28.95 were cleared for $23.95. Calculate the percentage discount given (correct to
1 decimal place).

At a sale, Ann bought a $120 jacket for $48. What percentage of the original price did she save?

Kevin bought a mobile phone priced $199.95 and signed up for a 1-year plan. He received a 10% discount on
the telephone and a 15% discount on the $75 connection fee.
How much did Kevin pay altogether (correct to the nearest 5 cents)?

Alannah bought two hairdryers for $128 each. She sold i oarr ’
one at a loss of 5% and the other for a profit of 10%. o g G "" y &
a. Determine the selling price of each. ‘ -
b. Will she have made a profit or a loss?

T3 Kristen’s car insurance was $670, but she had a ‘no claim
bonus’ discount of 12%. Which of the following will not give
the amount she must pay?

A. First calculate 12% of $670 and add your answer to $670.
Calculate (88 + 100) X 670.

Find 88% of $670.

First calculate 12% of $670, and subtract your answer from $670.
Calculate 0.12 X $670 and subtract your answer from $670.

mOow

Reasoning

23.

24,

25.

26.

Is there a difference between 75% off $200 and 75% of $200? Explain.

Concession movie tickets sell for $12.00 each, but if you buy 4 or more you get $1.00 off each ticket. What
percentage discount is this (correct to 2 decimal places)? Show your working.

Henry buys a computer priced at $1060, but with a 10% discount. Sancha finds the same computer selling at
$840 plus a tax of 18%.
Who has the better price? Explain.

You are in a surf shop and you hear ‘For today only: take fifty percent off the original price and then a
further forty percent off that.” You hear a customer say “This is fantastic! You get ninety percent off the
original price!’

Is this statement correct? Explain why.

Problem solving

27.

What would you multiply the original prices of items by to get their new prices with:

a. a 35% discount b. an 11% increase c. a 6% discount d. a 100% increase?

TOPIC 4 Applications of percentages 149



28. A student was completing a discount problem where she needed to calculate a 25% discount on $79. She
misread the question and calculated a 20% discount to get $63.20.
She then realised her mistake and took a further 5% from $63.20. Is this the same as taking 25% off $79?
Use calculations to support your answer.

29. a. At the local market there is a ‘buy two, get one free’ offer on handmade soaps. Explain what percentage
discount this is equivalent to.
b. At arival market there is a ‘buy one, get another half price’ offer on soaps.
Explain whether this deal is the same, better or worse than the discount offered in part a.

4.5 Profit and loss

LEARNING INTENTION

At the end of this subtopic you should be able to:
e calculate profit from cost price and selling price
e calculate the selling price of an item from cost price and profit/loss
e calculate the cost price of an item from selling price and profit/loss.

4.5.1 Cost prices and selling prices

eles-3624
e Overhead costs are not directly linked to a specific product, f L
but are required to sell products. These include staff wages, B

rent, store improvements, electricity and advertising. —~T N | T \
e The cost price of a product is the total price that a business \ R 0
pays for the product including overhead costs. = : S :

e The selling price is the price that a customer buys a ‘
product for. :

e Profit is the amount of money made on a sale. It is the ‘ S
difference between the total of the retailer’s costs (cost price)

and the price for which the goods actually sell (selling price).

The profit equation
profit = selling price — cost price

Note: If the profit is negative, it’s said that a loss has been made.
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Calculating the selling price

e The selling price of an item can be calculated by using the information of percentage profit or loss.

Calculating the selling price from percentage profit or loss

The following equations can be used to determine the selling price of an
item, given the cost price and the percentage profit or loss.

selling price = (100% + percentage profit) X cost price

selling price = (100% — percentage loss) X cost price

WORKED EXAMPLE 12 Calculating selling price given percentage profit

Ronan operates a sports store at a fixed profit margin of 65%. Calculate how
much he would sell a pair of running shoes for, if they cost him $40.

THINK WRITE
1. Determine the selling price by first adding the Selling price = (100 + 65)% of $40
percentage profit to 100%, then determining = 165% of $40
this percentage of the cost price. = 1.65 X $40
= $66
2. Write the answer in a sentence. The running shoes would sell for $66.

WORKED EXAMPLE 13 Calculating selling price given percentage loss

David bought a surfboard for $300 and sold it at a 20% loss a year later.
Calculate the selling price.

THINK WRITE
1. Determine the selling price by first subtracting Selling price = (100 —20)% of $300
the percentage loss from 100%, then determining = 80% of $300
this percentage of the cost price. = 0.80% $300
= $240
2. Write the answer in a sentence. David sold the surfboard for $240.
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e Profit or loss is usually calculated as a percentage of the cost price.

Percentage profit on cost price

profit

percentage profit = %X 100%

cost

1
percentage loss = 055 100%
cost

WORKED EXAMPLE 14 Calculating profit as a percentage of the cost price

A music store buys records at $15 each and sells
them for $28.95 each. Calculate the percentage
profit made on the sale of a record.

THINK WRITE
1. Calculate the profit on each record: Profit = $28.95 — $15
profit = selling price — cost price = $13.95
profit 13.95
2. Calculate the percentage profit: oSt X 100% Percentage profit = — X 100%
cos
=93%
3. Write the answer in a sentence, rounding to the The profit is 93% of the cost price.

nearest per cent if applicable.

e Modern accounting practice favours calculating profit or loss as a percentage of the selling price. This is
because commissions, discounts, taxes and other items of expense are commonly based on the selling price.

Percentage profit on selling price

fit
percentage profit = L x 100%
selling price
1
percentage loss = L x 100%
selling price
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Calculating the cost price

e If you are given the selling price and the percentage profit or loss, you can work backwards to calculate the
cost price.

Cost price

cost price = selling price — profit = selling price + loss

WORKED EXAMPLE 15 Calculating cost price

A fashion store sells a pair of jeans for $180. If they made a
percentage profit of 80% of the selling price, determine the cost
price of the pair of jeans.

THINK WRITE
fi
1. Enter the given information into the percentage Percentage profit = L X 100%
profit selling price formula. selllloig e
profit
80% = X 100%
0
. 80  profit
2. Rearrange the formula to make profit the subject. — =
100 180
S0 X 180 = profit
100

Profit = & x 180
100

3. Complete the calculation to determine the profit. Profit = $144
4. Subtract the profit from the selling price to Cost price = $180 — $144
determine the cost price. = $36
Resources
eWorkbook Topic 4 Workbook (worksheets, code puzzle and project) (ewbk-1935)

Digital documents SkillSHEET Expressing one quantity as a percentage of another (doc-6901)
SkillSHEET Increasing a quantity by a percentage (doc-6902)

Interactivities Individual pathway interactivity: Profit and loss (int-4422)
Profit and loss (int-3746)
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Exercise 4.5 Profit and loss

Individual pathways

B PRACTISE

1,3,6,8,11, 13, 16, 18, 21

To answer questions online and to receive immediate feedback and fully worked solutions for all questions, go

B CONSOLIDATE

2,4,7,9,12,14,17,19, 22

to your learnON title at www.jacplus.com.au.

B MASTER
5,10, 15, 20, 23, 24

Assume percentage profit or loss is calculated on the cost price unless otherwise stated.

Fluency

1. Calculate the profit or loss for each of the following.

Cost price Selling price
$15 $20
$40 $50

2. Calculate the profit or loss for each of the following.

Cost price Selling price
$52 $89.90
$38.50 $29.95

3. EEEEEH Calculate the selling price of each of the following.

Cost price %0 Profit/loss
. $18 40% profit
b. $116 25% loss

4. Calculate the selling price of each of the following.

Cost price %0 Profit/loss
a. $1300 30% profit
b. $213 75% loss

5. Calculate the selling price of each of the following.

Cost price %0 Profit/loss
a. $699 33% profit
b. $5140 7% loss

6. EIEH Calculate the cost price of the following.

Percentage profit of
Selling price selling price
$80 55%
$125 90%
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7. Calculate the cost price of the following.

Percentage profit of
Selling price selling price
$3500 24%
$499.95 35%

Understanding

8. IEEH A restored motorbike was bought for $350 and later sold for $895.
a. Calculate the profit.
b. Calculate the percentage profit. Give your answer correct to the nearest
whole number.

9. A music store sold a drum kit for $480. If they made a percentage profit of
75% of the selling price, determine the cost price of the drum kit.

10. James’s Secondhand Bookshop buys secondhand books for $4.80 and sells them for $6.00.

What is the ratio of the profit to the cost price?
What is the percentage profit on the cost price?
What is the ratio of the profit to the selling price?
What is the percentage profit on the selling price?
Discuss how the answers to parts a and b are related.

N

11. A retailer bought a laptop for $1200 and advertised it for $1525.

L

Calculate the profit.

b. Calculate the percentage profit (to the nearest whole number)
on the cost price.

c. Calculate the percentage profit (to the nearest whole number)
on the selling price.

d. Compare the differences between the answers to

parts b and c.

12. Rollerblades bought for $139.95 were sold after six months
for $60.

a. Calculate the loss.
b. Calculate the percentage loss. Give your answer to the
nearest whole number.

13. Calculate the selling price for each item.

. Jeans costing $20 are sold with a profit margin of 95%.
. A soccer ball costing $15 is sold with a profit margin of 80%.

0O T o

. A sound system costing $499 is sold at a loss of 45%.
d. A skateboard costing $30 is sold with a profit margin of 120%.
14. Determine the cost price for the following items.

a. A diamond ring sold for $2400 with a percentage profit of 60% of the selling price
b. A cricket bat sold for $69 with a percentage profit of 25% of the selling price
c. A 3-seater sofa sold for $1055 with a percentage profit of 35% of the selling price

TOPIC 4 Applications of percentages 155



15. A fruit-and-vegetable shop bought 500 kg of tomatoes for $900
and sold them for $2.80 perkg.

a. What is the profit per kilogram?

b. Calculate the profit as a percentage of the cost price (round to
1 decimal place).

c. Calculate the profit as a percentage of the selling price (round
to 1 decimal place).

d. Compare the answers to parts b and c.

16. Sonja bought an old bike for $20. She spent $47 on parts and paint and renovated it. She then sold it for
$115 through her local newspaper. The advertisement cost $10.

a. What were her total costs?
b. What percentage profit (to the nearest whole number) did she make on costs?
c. What percentage profit (to the nearest whole number) did she make on the selling price?

17. I A clothing store operates on a profit margin of 150%. The selling price of an article bought for $p is:
A. $151p B. $150p C. $2.5p D. $1.5p E. $0.15p

Reasoning

18. A fruit-and-vegetable retailer buys potatoes by the tonne (1 tonne is 1000 kg) for $180 and sells them in
5-kg bags for $2.45. What percentage profit does he make (to the nearest whole number)? Show your
working.

19. What discount can a retailer offer on her marked price of $100 so that she ends up selling at no profit and no
loss, if she had initially marked her goods up by $50? Justify your answer.

20. Two business partners bought a business for $158 000 and sold it for $213 000. The profit was to be shared
between the two business partners in the ratio of 3 : 2.
What percentage share does each person receive?
How much does each receive?

Problem solving

21. To produce a set of crockery consisting of a dinner plate, soup
bowl, bread plate and coffee mug, the costs per item are
$0.98, $0.89, $0.72 and $0.69 respectively.
These items are packaged in boxes of 4 sets and sell for $39.
If a company sells 4000 boxes in a month, what is its total profit?

22. Copy and complete the table below.

Cost per item | Items sold | Sale price =~ Total profit
$4.55 504 $7.99

$20.00 $40.00 $8040.00

$6.06 64321 $225123.50

672 $89.95 $28425.60

23. The method used to calculate profits can make a difference when comparing different profits.

N

Cost =$20.00 Cost =$26 500.00 Cost =$1.00 (homemade)
Price = $120.00 Price = $32000.00 Price = $3.50
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a. i. Describe the profits on each of the items above as a raw amount.
ii. List the items from largest profit to smallest profit.
iii. Discuss whether this is a fair method of comparing the profits.

b. i. Express the profit on each of the items as a percentage of its cost.
ii. List the items from largest profit to smallest profit.
iii. Discuss whether this is a fair method of comparing the profits.

c. i. Express the profit on each of the items as a percentage of its price.
ii. List the items from largest profit to smallest profit.
iii. Discuss whether this is a fair method of comparing

the profits.

24. Max bought a car for $6000.00. He sold it to Janine for 80% of the
price he paid for it. Janine sold it to Jennifer at a 10% loss.
Jennifer then sold it to James for 75% of the price she paid. What
did James pay for the car?

What was the total percentage loss on the car from Max to James?

4.6 Goods and Services Tax (GST)

LEARNING INTENTION

At the end of this subtopic you should be able to:
e understand what GST is
e calculate prices before and after GST.

4.6.1 Investigating GST

eles-3625

goods and services. (As with all taxes, there are exemptions, but
these will not be considered here.)
o Goods: A tax of 10% is added to new items that are
purchased, such as petrol, clothes and some foods.
» Services: A tax of 10% is added to services that are paid
for, such as work performed by plumbers, painters
and accountants.

e GST is atax imposed by the Australian federal government on G s

Calculating the amount of GST

The amount of GST on an item can be determined by dividing by 10 if the
price is pre-GST, or by dividing by 11 if the price is inclusive of GST.

+ 10
Price before GST

——>  Amount of GST

Price, including GST
A
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WORKED EXAMPLE 16 Calculating the amount of GST

A packet of potato chips costs $1.84 before GST.

Calculate:

a. the GST charged on the packet of chips

b. the total price the customer has to pay, if paying with cash.

THINK WRITE
. $1.84
a. 1. GST is 10%. Calculate 10% of 1.84. 10% of $1.84 = or $0.184
2. Write the answer in a sentence. The GST charged on the packet of chips is
$0.18 (rounded).
b. 1. Total equals pre-GST price plus GST. $1.84 +30.18 =$2.02
2. Write the answer in a sentence. The total price the customer has to pay is $2.00

(rounded down by the seller).

¢ To calculate the pre-GST cost, when the total you are given includes GST, divide the GST-inclusive amount
by 110 and multiply by 100. This is equivalent to dividing by 1.1.

Finding the cost without GST

cost with GST
11

cost without GST =

WORKED EXAMPLE 17 Calculating prices before GST

A plumber’s hourly charge includes GST. If she worked for 5 hours and
the total bill including GST was $580, calculate her hourly price before GST.

THINK WRITE

1. Calculate the hourly price including GST by $55£ =$116

dividing the total bill by the total number of

hours (5).
2. Calculate the hourly price excluding GST. 110% of pre-GST hourly rate = $116
Pre-GST hourly rate = $11—116
= $105.45
3. Write the answer. The plumber’s hourly rate is $105.45 before GST.
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COLLABORATIVE TASK: Interpreting receipts

Collect some receipts from a variety of different shops. Look for the section of the receipt that details the GST
information. Are any items on your receipts exempt from GST? As a class, collate your findings and determine
any similarities in the GST-exempt items/services.

Resources

eWorkbook Topic 4 Workbook (worksheets, code puzzle and project) (ewbk-1935)

Interactivities Individual pathway interactivity: Goods and Services Tax (GST) (int-4423)
Goods and Services Tax (int-3748)

Exercise 4.6 Goods and Services Tax (GST) learn

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,3,6,8,10, 14,17, 20 2,4,7,9,11,15, 18, 21 5,12, 13, 16, 19, 22

To answer questions online and to receive immediate feedback and fully worked solutions for all questions, go
to your learnON title at www.jacplus.com.au.

Fluency

1. Explain GST in your own words.

2. Does GST apply below? Answer yes or no for each example.
a. Petrol b. A lawyer’s fee c. Hotel accommodation
d. Lounge room carpet e. Floor tiling f. Wages at a fast-food restaurant
3. [EEH The pre-GST price of a packet of laundry powder is $4.50.
a. Calculate the GST on the laundry powder.
b. Calculate the total price including GST.
4. The pre-GST price of a tin of peaches is $2.12.
a. Calculate the GST on the tin of peaches.
b. Calculate the total price including GST.
5. The pre-GST price of 1 kg of jellybeans is $3.85.
a. Calculate the GST on the jellybeans.
b. Calculate the total price including GST.
6. The prices of the following items are inclusive of GST.
Calculate the pre-GST price of each.

a. 1 kg of apples at $3.85
b. A basketball that costs $41.80

7. The prices of the following items are inclusive of GST. Calculate
the pre-GST price of each.

a. 5 kg of potatoes at $6.50
b. A couch that costs $730
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8. Millie buys a pack of batteries and pays 25 cents GST. How much did she pay in total for the batteries?
9. A new bicycle costs $450, including GST. How much is the GST?

Understanding

10. The telephone company Ringtel charges home customers $42.50 per month plus $0.24 per local call.
Determine the monthly phone bill, including GST, if a customer makes 51 local calls in a month.

11. All car rental agencies use similar charging plans. Drivo charges
$44 per day plus $0.47 per kilometre travelled. A customer
wishes to rent a car for four days and travels 1600 km.

Calculate the customer’s total bill, including GST.

12. Expresso is a company that operates in the ‘we-visit-you’
car repair business. It charges $85 per hour plus a flat $40
visiting fee.

a. Set up an expression, which includes GST, for the cost
of a repair that takes ¢ hours.

b. If the repair takes 3 hours and 30 minutes, determine the
final cost.

13. A company that installs floor tiles charges $35 per square metre for the actual tiles, and a fee of $100 plus
$10 per square metre to install the tiles in a home.

Let the area of the floor to be tiled be x m?.

a. Determine an expression, including GST, that represents the total cost of tiling in terms of x.
b. What would be the total cost for a 20 m? floor?

14. To buy my new super-dooper mobile phone outright I must pay $30 per month, including GST, for 3 years.
How much GST will I pay?

15. In the United Kingdom a similar tax, called the value-added tax
or VAT, is levied at 20%. If I paid £67 for a jumper purchased in
a shop on Bond Street, London:
a. how much VAT did I pay
b. what was the pre-VAT price of the jumper?

16. In New Zealand GST is levied at 15% of the purchase price of
goods.
If I buy a pair of jeans and pay NZ$12 in GST, calculate the total
price I paid for the jeans in NZ dollars.

Reasoning

17. Explain what the terms inclusive of GST and exclusive of GST mean.
18. Explain why the amount of GST on an item is not equivalent to 10% of the GST-inclusive price.

19. Explain why the pre-GST price of an item is not equivalent to 10% off the GST-inclusive price.
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Problem solving

20.

21.

22,

The GST rate is 10%. This means that when a business sells

something or provides a service, it must charge an extra 10 of

the price/cost. That extra money then must be sent to the tax
office.

For example, an item that would otherwise be worth $100 now
has GST of $10 added, so the price tag will show $110.

The business will then send that $10 to the tax office, along with
all the other GST it has collected on behalf of the government.

a. Suppose a shopkeeper made sales totalling $15 400.
Determine how much of that amount is GST.

b. Explain whether there is a number they can quickly divide by
to calculate the GST.

Taking GST to be 10%, calculate:
a. the GST payable on an item whose pre-GST price is $P, and the price payable
b. the pre-GST price of an item that costs $4, and how much GST would need to be paid.

In the country Snowdonia, GST is 12.5%. Kira has purchased a new hairdryer that cost 111 kopeks including
GST. There are 100 plens in 1 kopek.

a. Calculate how much GST Kira paid.
b. If 1 Australian dollar =2 kopeks, calculate how much GST Kira would have paid if she had purchased
the hairdryer in Melbourne, where GST is currently 10%.
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4.7 Review
4.7.1 Topic summary

APPLICATIONS OF
PERCENTAGES

Profit and loss

A profit means the selling price > cost price,
i.e. money has been made.

profit = selling price — cost price
* A loss means the selling price < cost price,
i.e. money has been lost.
loss = cost price — selling price
Percentage profit and loss is usually calculated
based on the cost price.

profit or loss 9 100%

percentage profit/loss = -
cost price 1
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Discount

* A discount is a reduction in price.

discount 9 100%
original selling price 1

percentage discount =

» The new sale price can be obtained either by
subtracting the discount amount from the original
price, or by calculating the remaining percentage.
e.g. A 10% discount means there is 90% remaining
of the original selling price.

Percentages

» The term ‘per cent’ means ‘per hundred’.
* Percentages can be converted into fractions and
decimals by dividing the percentage by 100.
77
e.g. 77% = — =0.77
100

* To convert fractions and decimals into percentages,
multiply by 100.
percentage increase/decrease

_ _amount of increase/decrease % @%
B original amount 1
* To find the percentage of an amount, convert the
percentage to a fraction or decimal and then multiply.
e.g. 25% of 48 = 2 X 48 =12
100 1
* To increase a quantity by x%, multiply the quantity by
(100 + x )%.
* To decrease a quantity by x%, multiply the quantity by
(100 — x )%.

Good and Services Tax (GST)

e GST is the Goods and Services Tax. This is a 10% tax
added by the government to the cost of many items

and services.
=10
Price before GST
Amount of GST
Price including GST T



4.7.2 Success criteria

Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic | Success criteria ° O '
4.2 | can convert percentages into fractions and decimals.
| can calculate percentage increases and decreases.
| can calculate a percentage error.
4.3 | can calculate percentages of an amount.
| can increase or decrease a value by a percentage.
4.4 | can calculate the cost of a discounted product.
| can calculate the discount from an initial price and sale price.
4.5 | can calculate profit from cost price and selling price.
| can calculate the selling price of an item from cost price and profit/loss.
| can calculate the cost price of an item from selling price and profit/loss.
4.6 | understand what GST is.
| can calculate prices before and after GST.

4.7.3 Project

The composition of gold in jewellery

You may be aware that most gold jewellery is not

made of pure gold. The materials used in jewellery

are usually alloys, or mixtures of metals. The finest ="
gold used in jewellery is 24 carat and is known as v
fine gold. Gold in this form is very soft and is easily "
scratched. Most metals will form an alloy with

gold; silver, copper and zinc are commonly used "(
in jewellery making. Other metals may be used to !
create coloured gold.
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A table of the composition of some of the common gold alloys used in jewellery is shown below.

Gold name Composition

Gold (24 carat) Gold 100%
Yellow gold (22 carat) Gold 91.67%
Silver 5%
Copper 2%
Zinc 1.33%
Pink gold (18 carat) Gold 75%
Copper 20%
Silver 5%
Rose gold (18 carat) Gold 75%
Copper 22.25%
Silver 2.75%
Red gold (18 carat) Gold 75%
Copper 25%
White gold (18 carat) Gold 75%
Palladium 10%
Nickel 10%
Zinc 5%
Grey-white gold (18 carat) Gold 75%
Iron 17%
Copper 8%
Green gold (18 carat) Gold 75%
Silver 20%
Copper 5%
Blue gold (18 carat) Gold 75%
Iron 25%
Purple gold Gold 80%
Aluminium 20%

Use the table to answer the following questions.

1.
2.

164

Study the table and list the metals used to create the alloys of gold mentioned.

A particular rose-gold bracelet weighs 36 grams. Calculate the masses of the various components in the
bracelet.

How much more gold would there be in a yellow-gold bracelet
of the same mass? What fraction is this of the mass of the
bracelet?

Pink, rose and red gold all contain 75% gold. In addition,

they each contain copper, and pink and rose gold also

contain silver. Describe the effect you feel the composition

of the alloy has on the colour of the gold.

Why does white gold not contain any copper?

Compare the composition of the alloys in red gold and blue gold.
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7. Twenty-four-carat gold is classed as 100% gold. On this basis, an alloy of gold containing 75% gold has a
carat value of 18 carat. Note this fact in the table above. Purple gold is 80% gold. What would its carat
value be?

8. Just as there are various qualities of gold used in jewellery making, the same is true of silver jewellery.
Sterling silver, which is commonly used, is actually not pure silver.

Find out about the composition of silver used in jewellery making. Write a short report on your findings
on a separate sheet of paper.

Resources
eWorkbook Topic 4 Workbook (worksheets, code puzzle and project) (ewbk-1935)

Interactivities Crossword (int-2626)
Sudoku puzzle (int-3186)

Exercise 4.7 Review questions learn

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. Calculate these amounts.
a. $2.45 + $13.20 + $6.05
b. $304.60 — $126.25
c. $9.65x7

2. What is $65.50 =+ 11? (Round your answer to the nearest 5 cents.)

3. Jill purchased a handbag for $250 and later sold it on eBay for
$330.
a. Calculate the percentage profit on the cost price.
b. Calculate the percentage profit on the selling price.
c. Compare the answers to parts a and b.

4. William owns a hairdressing salon and raises the price of men’s
haircuts from $26.50 to $29.95. Determine the percentage by
which he increased the price of men’s haircuts.

Give your answer correct to the nearest per cent.

5. A discount of 18% on a tennis racquet reduced its price by $16.91. Calculate the sale price.

6. A washing machine bought for $129 was later sold for $85. What percentage loss was made on
the sale?

7. Calculate the percentage profit on a sound bar purchased for $320
and later sold for $350.

8. A 15% discount reduced the price of a basketball by $4.83. What
was the original price?
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10.

11.

12.

13.

Tim works in a sports shop. He purchased wholesale golf shirts for $55 each. If he made 163% profit,
determine the sale price of the golf shirts.

The profit on a gaming console is $240. If this is 60% of the cost
price, calculate:

a. the cost price

b. the selling price.

A music store sells an acoustic guitar for $899. If the cost price of
the guitar is $440, determine the profit the store makes, taking
GST into account.

A company made a profit of $238 000. This represents a 10% profit increase compared to the previous
year. Determine last year’s profit.

A camping goods shop operates on a profit margin of 85%. Calculate how much the shop would have
paid for a sleeping bag that sells for $89.95.

Problem solving

14.

15.

16.

17.

166

After a 5% discount, a telephone bill is $79.50. Calculate the original amount of the bill.

Pablo spent $82.20 at the supermarket. If 15% of this was spent on tomatoes priced at $3 per kilogram,
determine the weight of tomatoes purchased.

You buy ten pairs of headphones for a total of $150. Determine the price you should sell six pairs for if
you wish to make a profit of 25% on each pair.

An art dealer sold two paintings at an auction. The first painting sold for $7600, making a 22% loss on
its cost. The second painting sold for $5500, making a profit of 44%.
Explain whether the art dealer made an overall profit or loss.
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18.

19.

20.

21,

22,

1
Jacques’ furniture shop had a sale with — off the usual price of lounge suites. If the original price of a

suite was $5689 including GST, determine the sale price including GST.

Goods listed at $180 were discounted by 22%.
a. Calculate the sale price.

b. If they had sold for $100, determine what the percentage discount would have been.

Steve Smith buys a cricket bat for $85, signs it and donates it for
an auction.

If it sells for $500, calculate:

a. the percentage increase in the bat’s value

b. the dollar value of the signature.

Andrew buys a pair of jeans for $59.95. The original price tag

was covered by a 30% sticker but the sign on top of the rack said

‘Additional 15% off already reduced prices.’

a. Calculate the original price of the jeans. Give your answer
correct to the nearest 5 cents.

b. Determine what percentage of the original cost Andrew ended
up saving.

Café Noir charges a 1% levy on the bill for trading on Sundays.
If the final bill is $55.55, determine the original price, taking
into account that the levy has been charged and then 10% GST
has been added.

To test your understanding and knowledge of this topic, go to your learnON title at

www.jacplus.com.au and complete the post-test.
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook 4.6 Individual pathway interactivity: Goods and Services Tax
(GST) (int-4423) O
Download the workbook for this topic, which includes Goods and Services Tax (int-3748) ]
worksheets, a code puzzle and a project (ewbk-1935) 4.7 Crossword (int-2626) ]
Sudoku puzzle (int-3186) O
Solutions
Download a copy of the fully worked solutions to every question

in this topic (sol-0709
pic( ) There are many resources available exclusively for teachers

Digital documents online.

4.2 SkillSHEET Rounding money to the nearest 5 cents
(doc-6897)
SkillSHEET Converting a percentage to a decimal
fraction (doc-6898)

4.4 SkillSHEET Decreasing a quantity by a percentage
(doc-6899)
SkillSHEET Finding a percentage of a quantity (money)
(doc-6900)

4.5 SkillSHEET Expressing one quantity by a percentage
(doc-6901)
SkillSHEET Increasing a quantity by a percentage
(doc-6902)

OO ooog ™

Video eLessons

4.2 Writing percentages in different ways (eles-3618)
Percentage increases and decreases (eles-3619)
Percentage error (eles-3620)

Decimals, fractions and percentages (eles-1868)

4.3 Calculating percentages of an amount (eles-3621)
Increasing or decreasing a quantity by x% (eles-3622)
Percentage of an amount (eles-1882)

4.4 Applying discount (eles-3623)

4.5 Cost prices and selling prices (eles-3624)

4.6 Investigating GST (eles-3625)

OO0O0OooOodano

Interactivities

4.2 Individual pathway interactivity: Percentages, fractions
and decimals (int-4419)
Percentages, fractions and decimals (int-3741)
Percentage increase and decrease (int-3742)

4.3 Individual pathway interactivity: Finding percentages
of an amount (int-4420)
Percentage of an amount (int-3743)

4.4 Individual pathway interactivity: Discount (int-4421)
Selling price (int-3745)
Discount (int-3744)

4.5 Individual pathway interactivity: Profit and loss (int-4422)
Profit and loss (int-3746)

OOoOoOoooo 0odo

To access these online resources, log on to www.jacplus.com.au.
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Answers .. 11

d. 46.6%
Topic 4 Applications of 15. Bag B will pass. Bag A will not pass.
16. $7.27
percentages $ . |
. 17. Answers will vary. To calculate the percentage, fraction and
Exercise 4.1 Pre-test decimal of a particular brand, the number of phones of that
1. $7.50 brand needs to be divided by the total number of phones.
2. C 14 41
. 1 3 18. a. 0% b. 72% c. E d. ﬁ
3.22%, -,0.31, =, 111%
4 3 19. a. 38% b 3
4- C . . 0 . 21
5. $18.40
6. $76.50 Exercise 4.3 Finding percentages of an amount
7. 5% 1. a. 10 b. 16 c. 3 d. 3
8.D 2.a. 93 b. 6 c. 6 d. 28
9. 19 years 3 months 3.a. 77 b. 39 c. 63 d. 4000
10.D 4.2 66 b. 17 c. 42 d. 95
11. 2.55% . - )
12. B 5.a. 190 b. 55 c. d. 25
13. True 6.a. 13.2 b. 1.9 c. 24.75 d. 11.1
14, 27% 7.a. 58.9 b. 20.8 c. 144 d. 98.4
15. Australia 8.D
) 9.a. $2.70 b. $7.15 c. $5.75 d. $6.05
SECE G LU LS 10.a. $0.20  b. $430 ¢ $0.05 d. $0.05
1.a. 0.24 b. 0.13 c. 0.015 d. 2.5
11.a. $0.10  b. $0.00 c. $0.00 d. $12.65
2.a. 0.47 b. 0.066 c. 1.098 d. 0.1002
: s . . 12.a. $2.20 b. $1.80 c. $73.50 d. $18.00
3.a. — b. — A — d —
a 5 20 c 100 20 13.a. $1.05 b. $2.05 c. $32.20 d. $4.80
. 11 . 41 1 4 101 14. 54000
5 a. 15% b. 85% c. 310%  d. 2.4% 16. $267.50
6.a. 87.5% b. 60% o 83.33% d. 233.33% 17. 114 minutes
7 | 18. $855
7. a. 10%,25%,75%, rt 1.6,2.4,35 19. 23%
1 4 20. a. 36.3kg b. 601b c. 166cm
b. 4.5%,150%,2-,2.8,3,330%,3—
3 5 21.a. 22.5kg b. 32km  c. $9.60
el 22. 110
9. 56.67% 23. 27.9 seconds
10. 30% 24. a. 13608 people b. 17 820 people
UE R 25. 20 years old
e 26. $0.80
S ER R e 27. Sister: 9 years old; grandfather: 90 years old
14.a. 30 28. a. 14
b- Number of Percentage b. 7.69% of students achieved a score of 40 or more, which
Free throw results students of students is just below the state average.
No shots in 3 10% 29. a. 78 minutes b. 282 minutes
One shot in, three 11 36.6% c. 21.6% d. 155.1 minutes
misses 30. 60 years old
Two shots in, two 10 33.3%
misses Exercise 4.4 Discount
Three shots in, one 4 13.3% 1.a. $42 b. $46.25
— 2. a. $49.50 b. $76
All shots in 2 6.6%
3. a. 10% b. 50%
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»

11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.

24.
25.

26.

27.
28.

29.

© ® N o O

1
a. 33-%

b. 25%

3
a. $850 b. $200
a. $83.60 b. $104
a. $64.70 b. $241.50
a. 40% b. 28%
a. 28% b. 22%
.a. $45 b. $45 c. $36
25%
a. Mobile phone $95 b. Surfboard and bike
c. $8.35 d. No
a. $70 b. $280
$62.96
a. $41.65 b. Yes
$75.76
20%
17.3%
60%
$243.70
a. $121.60; $140.80 b. Profit
A
Yes, there is a difference in the meanings. 75% off

$200 = $150 off the price, so you would pay only $50.
3
75% of $200 = $150, i.e. 7 of $200

$1.00/$12.00 x 100% = 8.33%, so this is an 8.33% discount.

Henry pays $954; Sancha pays $991.20. Henry has the
best buy.

No, the statement is not correct. For example, if you have a
cost of $100, a 50% discount = $50 and a 40% discount (on
that $50) = $20.

Total discount = $70; this represents a 70% discount, not
90%.

a. 65% b. 111% c. 94% d. 200%

95% of $63.20 = $60.05; 75% of $79 = $59.25. The two
methods calculate percentages of different amounts so they
result in different answers.

a. 33.33%
b. This deal is worse than the deal offered in part a as it is

equivalent to only a 25% discount; however, it should be
used if you only want to buy two soaps.

Exercise 4.5 Profit and loss

1k

© ® N o a0 M 0 N

a. $5 profit b. $10 profit
a. $37.90 profit b. $8.55 loss
a. $25.20 b. $87
a. $1690 b. $53.25
a. $932 b. $4780.20
a. $36.00 b. $12.50
a. $2660 b. $370.35
a. $545 b. 156%

. $120
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10.

11.

12,
13.
14.
15.

16.
17.
18.
19.
20.
21.

22,

23.

® & 0 T o

1:4
25%
1:5
20%

The ratio of the profit to the cost price as a fraction is the
same as the percentage profit on the cost price.

a. $325

b. 27%

c. 21%

d. The percentage profit is greater on the cost price.

a. $79.95 b. 57%

a. $39 b. $27 c. $274.45 d. $66

a. $960 b. $51.75 c. $685.75

a. $1.00 profit per kg

b. 55.6%

c. 35.7%

d. The percentage profit is greater on the cost price.

a. $77 b. 49% c. 33%

C

172%

50%

60%, 40%; $33 000, $22 000

$103 520

Cost per
item Items sold Sale price  Total profit
$4.55 504 $7.99 $1733.76
$20.00 402 $40.00 $8040.00
$6.06 64321 $9.56 $225123.50

$47.65 672 $89.95 $28 425.60

a. i. $100,$5500, $2.50
ii. Car, shoes, cookies
iii. Not fair; profit should be compared as a proportion of

cost.
b. i. 500%,20.75%,250%

ii. Shoes, cookies, car
iii. Fairer than in part a
i. 83.3%,17.2%, 71.4%
ii. Shoes, cookies, car
iii. Not fair; the profit should be calculated on the cost.

24. James paid $3240. The total percentage loss was 46%.

Exercise 4.6 Goods and Services Tax (GST)

GST is a tax of 10% levied by the Australian federal
government on goods and services.

1.

N o o p

. a

f.

a.

a.

-e. Yes
No
$0.45 b. $4.95
$0.21 b. $2.33
$0.39 b. $4.24
$3.50 b. $38
$5.91 b. $663.64



8. $2.75
9. $40.91

10.
1.
12.
13,
14.
15.
16.
17.

18.

19.

20

21.

22

$60.21

$1020.80

a. 1.1(857+40)
a. 1.1(45x+ 100)
$98.18

a. $11.17

NZ$92

Inclusive includes GST in the total price and exclusive
excludes GST from the total price.

GST is equal to 10% of the pre-GST price, which is

less than 10% of the GST-inclusive price. For example,

if an item costs $100 pre-GST, the GST would be $10

and the GST-inclusive price would be $110. 10% of the
GST-inclusive price would be $11, not $10.

10% off the GST-inclusive price is equal to 99% of the
pre-GST price. For example, if an item costs $100 pre-GST,
the GST would be $10 and the GST-inclusive price would
be $110. Taking 10% off the GST-inclusive price would be
$99, not $100.

b. $371.25
b. $1100

b. $55.83

. a. $1400 b. 11
P 11P 104 A
a. $E’ $W b. $T, $H
. a. 12 kopeks, 1233 plens

b. $4.93 GST; total price ~ $54.27

Project

1

. Metals used as alloying elements with gold are silver, copper,

zinc, palladium, nickel, iron and aluminium.

. 27 g gold, 8.01 g copper, 0.99 g silver

1
.6g, -

6

. From pink to rose to red gold, the percentage of silver

decreases, causing the gold alloy to darken in colour. At
the same time, the percentage of copper increases, also
contributing to the darker colour.

. The copper would colour the gold with its familiar reddish

colour so that it would not be white.

. Red gold and blue gold each have 75% gold and 25% of

another metal. In the case of red gold, the contributing metal
is copper; blue gold contains iron.

7. 19.2 carat

8. Sample responses can be found in the worked solutions in the

online resources.

Exercise 4.7 Review questions

1

W N

N o a M

.a. $21.70

. $5.95

.a. 32%
b. 24.24%
c. The percentage profit is greater on the cost price.

. 13%
. $77.03
. 34%
. 9.375%

b. $178.35 c. $67.55

8. $32.20
9. $144.65

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22,

a. $400
$377.27

$216 364
$48.62

$83.68

4.11kg
$112.50

Loss of $463.03
$4171.93

a. $140.40

a. 488%

a. $100.75
$50

b. $640

b. 44.4%
b. $415
b. 40.5% saved

TOPIC 4 Applications of percentages

171






5 Ratios and rates

LEARNING SEQUENCE

5.1 Overview

5.2 Introduction to ratios
5.3 Simplifying ratios
5.4 Proportion

5.5 Comparing ratios

5.6 Dividing in a given ratio .
5.7 Rates

5.8 Interpreting gra

5.9 Review
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5.1 Overview
Why learn this?

Ratios are used to compare different values. They tell us how
much there is of one thing compared to another. We can use
ratios to compare how many boys there are in a class compared
to girls. The ratio 12 : 17 tells us that there are 12 boys and

17 girls. The symbol : is used to separate the two values.

Ratios are commonly used in cooking and are particularly
helpful if you need to adjust a recipe for more or fewer people.
If a recipe for four people requires two cups of flour to one cup
of water (a ratio of 2 : 1), then if we need to cook for only two
people we can halve the ratio (1 : 0.5) and determine that we
need one cup of flour to half a cup of water. Understanding
ratios is important as they are used in money transactions,
perspective drawings, enlarging or reducing measurements in
building and construction and dividing items equally within

a group.

Rates are ratios that compare quantities in different units.
Imagine you want to compare two different brands of chocolate
to see which is the best value. One chocolate block weighs

250 grams and costs $3.50 and the other weighs 275 grams and
costs $3.66. Since the cheaper chocolate block is also smaller,

you do not know if it is better value than the larger block. Using rates, you will be able to determine which is the
better buy. You will commonly see rates used for pricing petrol, displaying unit prices in supermarkets, paying
hourly wages and determining problems based on speed, time and distance.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the

concepts covered in this topic.

Video Interactivities
elLessons

i _-'_Bigital_ :
documents

Fully worked
solutions
to every
question

eWorkbook
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Exercise 5.1 Pre-test learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1.

10.

11.

[T Select which one of the following options is the simplest form of the ratio 18 : 24.
A.2:3 B.3:4 c.4:3 D.6:8 E.9:12

A school has 3 boys to every 5 girls. A particular class, where this ratio applies, has 15 girls. Calculate
how many boys are in this class.

M4 Select all of the following that are the same as the ratio 5 cm to 1 m.

A.1:20 B.5:100 C.2:50 D.2:25 E. 25 : 500
| mc B hockey season, one team has a ratio for wins, losses and draws of 3 : 4 : 1. The team had
3 draws in the season. What is the total number of games the team played this season?

A.9 B. 12 C.24 D. 8 E. 10

A recipe requires 240 g of flour, 4 eggs and 150 g of butter in order to make a dozen portions.

a. Calculate how much flour is required to make 60 portions.
b. Calculate how many eggs are required for 21 portions.
c. Calculate how many portions can be made using 525 g of butter.

Calculate the value of m in the following proportion equations.
5 10 6

m
a—=— ==
6

12 7T m

In a tennis tournament, Team A won 11 sets out of a possible 18, while Team B won 7 sets out of a
possible 10. Compare these results to determine which team performed better.

Cecil, Darius and Eva combine funds to buy a ticket for a prize worth $2000. They contribute to the
ticket in the ratio 3 : 1 : 4 respectively, and decide that they will split the money in the same ratio if
they win. Calculate how much Cecil would receive if they win the prize.

Express the following as rates in the units given.
a. 464 words written in 8 minutes in the unit words/minute
b. 550 litres of water flowing through a pipe in 12 minutes in the unit kL./h

Write the following ratios in their simplest form.
a.3.5:045 b. - .1 c. 4m*n : 2mn?
10

On signposts, the gradient of a hill can be written as a ratio. Write down the ratio (in its simplest form)
of a hill with the vertical height of 200 m and the horizontal length of 1 km.

200 m

1 km
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12. I3 On a distance—time graph, the horizontal axis is measured in hours, and the vertical axis is
measured in kilometres. From the list select the correct representation for the units of speed.

A. km/h B. kilometre/h C. kms/hours
D. kilometres per hour E. h/km

13. A boy rides a bicycle for 7 hours. Use the graph to choose the correct speeds he travels at and complete
the following sentence.
He travels at for 3 hours, stops for two hours at his friend’s house and then travels

home at a speed of

Kilometres

0 12345678!¢?
Time in hours

14. Three small towns have 7800 residents in total. Towns A and B have a ratio of 2 : 5 residents, while
towns B and C have a ratio of 3 : 1. Calculate how many residents live in town B.

15. A piece of paper (P5) is 15 cm in height and 21 cm in length. A series of papers with the same
height-to-length ratio exists as follows. The next piece of paper in the series is known as P4, and the
height of P4 is equal to the length of P5. The next size, P3, has a height equal to the length of P4.
Following this pattern, calculate the dimensions (height and length in cm) of a P2 piece of paper, giving
your answer as an unrounded decimal.

5.2 Introduction to ratios

LEARNING INTENTION

At the end of this subtopic you should be able to:
e compare quantities using ratios.

5.2.1 Ratios

¢ Ratios are used to compare quantities of the same kind.

¢ In the diagram below, the ratio of blue squares to pink
squares is 2 : 4 (the quantities are separated by a colon).
This is read as ‘2 to 4’. =2:4 =2t04

e The order of the numbers in a ratio is important. If
the ratio of flour to water is 1 : 4, 1 corresponds to the
quantity of flour and 4 corresponds to the quantity of
water.

eles-3767

. ) . ) 1
e Ratios can also be written in fractional form: 1 : 4 <& 4_1

Note: This does not mean that the quantity on the left of the ratio is one quarter of the total.
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Ratios can also be written as percentages; for example, if 20% of a class of Year 8 students walked to
school, then 80% did not walk to school — a ratio of 1 : 4.

Ratios do not have names or units of measurement.

Before ratios are written, the numbers must be expressed in the same unit of measurement. Once the units
are the same, they can be omitted.

Ratios contain only whole numbers.

COLLABORATIVE TASK: Ratio stations

Equipment: coloured blocks or counters (at least three
different colours), paper, pen

1.

o

Set up four stations around the room, each with at least

10 blocks of at least three different colours.

Divide the board into four sections, one for each station so
that people can write their ratios on the board.

In small groups, begin at any station and write at least three
different ratios to describe the relationships between the
blocks. At least one of these ratios must be a ratio of a part
to a whole. Record these ratios in your book, simplifying where possible. Make sure that you write down
what your ratio represents, such as red blocks to blue blocks.

Move around the stations and repeat step 3, visiting all stations if time permits.

Share your findings by writing the ratios on the board.

What is the difference between comparing a part to a whole and comparing a part to another part?

WORKED EXAMPLE 1 Expressing quantities as ratios

Look at the completed game of noughts and crosses and write the ratios of:

a. crosses to noughts
b. noughts to unmarked spaces.
X|O0
X|X|X
o o
THINK WRITE
a. Count the number of crosses and the number of noughts. Write the a. 4:3
two numbers as a ratio (the number of crosses must be written first).
b. Count the number of noughts and the number of unmarked spaces. b. 3:2

Write the two numbers as a ratio, putting them in the order required
(the number of noughts must be written first).

WORKED EXAMPLE 2 Writing a statement as a ratio

Rewrite the following statement as a ratio: 7 mm to 1 cm.

THINK WRITE

1. Express both quantities in the same unit. To obtain whole numbers, 7 mm to 1 cm
convert 1 cm to mm (rather than 7 mm to cm). 7 mm to 10 mm

2. Omit the units and write the two numbers as a ratio. 7:10
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5.2.2 Expressing one part of a ratio as a fraction of the whole

e If you are given a ratio whose parts together represent the whole, you can
express one part of the ratio as a fraction of the whole.

e To express one part of a ratio as a fraction of the whole consider the total
number of parts in the ratio.

e In the example shown, there are 2 blue squares and 4 pink squares giving a
ratio of blue : pink = 2 : 4. The total number of parts in the ratio is
244 =6. The blue squares make up 2 of the 6 total parts and can

eles-3768

therefore be expressed as %

Expressing one part of a ratio as a fraction of the whole

In general, to express a part of a ratio as a fraction of the whole, write the number from the ratio as the
numerator and the sum of both numbers in the ratio as the denominator.

For example, 3 in the ratio 3 : 4 can be expressed as 3 i % of the whole.

WORKED EXAMPLE 3 Expressing one part of a ratio as a fraction of the whole

The number of tries scored by two teams in a rugby match was in the ratio 1 : 3.
Express the number of tries the first team scored as a fraction of the whole number of tries scored.

THINK WRITE

1. Determine the total number of parts in the ratio by 1+3=4
summing the parts.

1
2. Express the first part (1) as a fraction of the whole (4). 7

. 1
3. Write the answer. The first team scored — of the total number of

tries scored.
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5.2.3 Ratios involving more than two numbers

sles:3768 Ratios can be extended to compare more than two quantities of the same kind. Each quantity being
compared should be split by the : symbol.
e For example, if a family has 1 dog, 2 cats and 3 goldfish, the ratio of dogs to cats to goldfishis 1 : 2 : 3.

Resources

eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)

Digital documents SkillSHEET Converting units of length, capacity and time (doc-6888)
SkillSHEET Highest common factor (doc-6889)

Interactivities Individual pathway interactivity: Introduction to ratios (int-4412)
Introduction to ratios (int-3733)

Exercise 5.2 Introduction to ratios learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,6,9, 11, 14,17, 20, 22, 25 2,5,7,10,12, 15, 18, 21, 23, 26 3,8,13, 16, 19, 24, 27

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

total number of spaces to noughts
noughts in the top row to crosses in the bottom row.

Fluency

1. IEEN Examine the completed game of noughts and crosses and write the ratios of: Xlxlo
a. noughts to crosses
b. crosses to noughts 010X
c. crosses to total number of spaces XI X0
d.
e.
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2. Examine the coloured circles shown and then write the following ratios.

a. Black : red b. Red : black c. Aqua: black

d. Black : aqua e. Aqua:red 000 . . . .
3. Examine the coloured circles shown and then write the following ratios. o0

a. Black : (red and aqua) b. Aqua : (black and red) c. Black : total circles

d. Aqua : total circles e. Red : total circles

4. For the diagram shown, write the following ratios in simplest form, a : b.

a. Shaded parts : unshaded parts
b. Unshaded parts : shaded parts
c. Shaded parts : total parts

5. For the bag of numbers shown, write the ratios, in simplest form, of:

even numbers to odd numbers

prime numbers to composite numbers @

numbers greater than 3 to numbers less than 3 ‘ @ @
multiples of 2 to multiples of 5 @

numbers divisible by 3 to numbers not divisible by 3.

¢ 2000

6. A Rewrite each of the following statements as a ratio.

a. 3mm to Smm b. 6sto 19s c. $4 to $11
d. 7 teams to 9 teams e. 1 goal to 5 goals

7. Rewrite each of the following statements as a ratio.

a. 9 boys to 4 boys b. 3 weeks to 1 month c. 3mmto I cm
d. 17 seconds to 1 minute e. 53 cents to $1

8. Rewrite each of the following statements as a ratio.

a. llcmtolm b. 1gto 1kg c. I1Lto2kL
d. 7 hours to 1 day e. 5 months to 1 year

9. Rewrite each of the following statements as a ratio.
a. lkmto27m b. 7 apples to 1 dozen apples c. 13 pears to 2 dozen pears

d. 3 females to 5 males e. 1 teacher to 22 students

10. B Julia purchased 6 apples and 11 mandarins from the local
farmers’ market. Express the number of apples as a fraction of the
whole number of pieces of fruit purchased.

Understanding

11. Out of 100 people selected for a school survey, 59 were junior students,
3 were teachers and the rest were senior students. Write the following

ratios.
a. Teachers : juniors b. Juniors : seniors
c. Seniors : teachers d. Teachers : students

e. Juniors : other participants in the survey
12. Write each of the following as a mathematical ratio in simplest form.
In their chess battles, Lynda has won 24 games and Karen has won 17.
There are 21 first-division teams and 17 second-division teams.

Nathan can long-jump twice as far as Rachel.
At the school camp there were 4 teachers and 39 students.

e oo
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13.

14.

15.

16.

17.

18.

19.

20.

21.

Write each of the following as a mathematical ratio in simplest form.

a. In the mixture there were 4 cups of flour and 1 cup of milk.

b. Elena and Alex ran the 400 m in the same time.

c. The radius and diameter of a circle were measured and their lengths recorded.
d. The length of a rectangle is three times its width.

Write each of the following as a mathematical ratio in simplest form.

On Friday night 9 out of every 10 people enjoyed the movie.

The length of one side of an equilateral triangle is compared to its perimeter.

The length of one side of a regular hexagon is compared to its perimeter.

The number of correct options is compared to the number of incorrect options in a multiple-choice
question containing five options.

g oo

A pair of jeans originally priced at $215 was purchased for $179. State the
ratio of:

a. the original price compared to the selling price
b. the original price compared to the discount.

Matthew received a score of 97% for his Maths test. Write the ratio of:
a. the marks received compared to the marks lost
b. the marks lost compared to total marks possible.

Rewrite the following statements as ratios.

. $3t0 $5t0 $9

. 2 days to 1 week to 2 weeks

. 2 shares to 3 shares to 5 shares

1 principal to 5 teachers to 95 students

o0 T o

Given the following fractions, express the first number in the ratio as a fraction of the whole.
a.3:7 b.4:11 c. 13:12 d 7:2

For each comparison that follows, state whether a ratio could be written and give a reason for your answer.
(Remember: Before ratios are written, numbers must be expressed in the same unit of measurement.)

a. Anna’s mass is 55 kg. Her cat has a mass of 7 kg.

b. Brian can throw a cricket ball 40 metres, and John can throw the same ball 35 metres.
c. The cost of painting the wall is $55; its area is 10 m?.

d. On one trip, the car’s average speed was 85 km/h; the trip took 4 h.

For each comparison that follows, state whether a ratio could be written and give a reason for your answer.
(Remember: Before ratios are written, numbers must be expressed in the same unit of measurement.)

a. Brett’s height is 2.1 m. Matt’s height is 150 cm.
Jonathan apples cost $2.40 per dozen; Delicious apples cost $3.20 per dozen. V /
Mary is paid $108; she works 3 days a week.

David kicked 5 goals and 3 behinds (33 points); his team scored 189 points.

200U

a. If 17% of students in a class have sports training once a week, write as a ratio
the number of students who have sports training once a week compared to the
students who do not.

b. A survey found that only 3% of workers take their lunch to work on a regular
basis. Write as a ratio the number of workers who do not take their lunch to
work compared to those who do.
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Reasoning

22. A recipe to make enough spaghetti bolognaise to feed
four people needs 500 grams of mincemeat. According
to this recipe, how much mincemeat would be needed to
make enough spaghetti bolognaise to feed a group of nine
people? Show all working.

23. Meredith wins two-thirds of her games of netball this
season. Write down her win-to-loss ratio.

24. Why doesn’t a simplified ratio have units?

Problem solving

25. Out of 100 people selected for a school survey, 68 were students, 5 were teachers and the rest were
support staff.

Write the ratio of teachers to students.

Write the ratio of support staff to teachers.

Write the ratio of students to people surveyed.

Write the number of students as both a fraction and a percentage of the number of people surveyed.
Write the number of students as both a fraction and a percentage of the number of teachers surveyed.

200

26. In class 8A, there are 4 boys and 5 girls. In class 8B, there are 12 boys and 15 girls. In class 8C, there are
8 boys and 6 girls.

For each class, write the ratio of boys to girls.

Compare the results from part a to identify the two classes in which the proportions are the same.
Class 8A joins class 8B to watch a program for English. Determine the resulting boy-to-girl ratio.
Class 8C joins class 8B for PE lessons. Determine the boy-to-girl ratio in the combined PE class.

Is the ratio of boys to girls watching the English program equivalent to the ratio of boys to girls in the
combined PE class?

P00

27. The ratio of gold coins to silver coins in a purse is 2 : 5. If there are 10 gold coins in the purse, calculate the
smallest number of coins that needs to be added to the purse so that the ratio of gold coins to silver coins
changes to 3 : 4.
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5.3 Simplifying ratios

LEARNING INTENTION

At the end of this subtopic you should be able to:
e convert between equivalent ratios
e simplify ratios.

5.3.1 Equivalent ratios

eles-3770
* When the numbers in a ratio are multiplied or divided by the same number to obtain another ratio, these

two ratios are said to be equivalent. (This is a similar process to obtaining equivalent fractions.)
e Consider the diagram shown. A cordial mixture can be made by adding one part of cordial concentrate to
four parts of water.

5 5 5
4 4 4
3 + 3 = 3
2 2 2
1 1 1
1 part 4 parts water 5 parts cordial
concentrate mixture

* The ratio of concentrate to water is 1 to 4 and is written as 1 : 4.

* By applying the knowledge of ‘equivalent ratios’, the amount of cordial can be doubled.

* This can be achieved by keeping the ratio of concentrate to water the same by doubling the amounts of both
concentrate and water.

10 10 — 10
K K 9
18 R K
|7 |7 _|7

6 6 6
s + s = ~ s
T4 ~ |4 ~ |4
13 3 |3
T2 2 2
R R R

2 parts 8 parts water 10 parts cordial
concentrate mixture

e The relationship between the amount of concentrate to water is now 2 : 8, as shown in the above diagram.
e The ratios 2 : 8 and 1 : 4 are equivalent. In both ratios, there is 1 part of concentrate for every 4 parts
of water.

Equivalent ratios

Ratios are equivalent if the numbers on either side have the same relationship. They work in the same way
as equivalent fractions.
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5.3.2 Simplifying ratios

eles-3771

e A ratio is simplified by dividing all numbers in the ratio by their highest common factor (HCF). For

example, the ratio 4 : 8 can be simplified to 1 : 2.

¢ Like fractions, ratios are usually written in simplest form; that is, reduced to their lowest terms.

WORKED EXAMPLE 4 Simplifying ratios

Express the ratio 16 : 24 in simplest form.

THINK WRITE

1.

Determine the largest number by which both 16 and 24 can be The HCF is 8.
divided (i.e. the highest common factor).

To go from the ratio with the bigger values to the ratio with the 16 : 24
smaller values, divide both 16 and 24 by 8 to obtain an equivalent

=8 =8
ratio in simplest form. )
2:3
2:3

Write the answer.

WORKED EXAMPLE 5 Simplifying ratios of quantities expressed in different units

Write the ratio of 45 cm to 1.5 m in simplest form.

THINK WRITE
1. Write the question. 45cmto 1.5m
2. Express both quantities in the same unit by changing 1.5 m into cm. 45cm to 150 cm
(I m =100 cm)
3. Omit the unit and write the two numbers as a ratio. 45 : 150
4. Determine the HCF by which both 45 and 150 can be divided. The HCF is 15.
5. Simplify the ratio by dividing both sides by the HCF. 45 - 150
=15 ) =15
3:10
6. Write the answer. 3:10

Simplifying fractional and decimal ratios

184

Sometimes you will come across ratios of quantities that are fractions or decimal numbers. In order to
simplify them, you will first need to convert them into whole numbers.

To convert ratios containing fractions into whole numbers, convert each fraction to the equivalent fraction
with the lowest common denominator, then multiply both sides by the lowest common denominator.

To convert ratios containing decimals into whole numbers, multiply both sides by the power of 10 that
converts both sides into whole numbers.
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WORKED EXAMPLE 6 Simplifying ratios involving fractions

Simplify the following ratios.

2.7 5.5
a. - . — b. = :=
5 10 6 8
THINK WRITE
. . . 2 7
a. 1. Write the fractions in ratio form. a. 5 : T
. . . . 4 7
2. Write equivalent fractions using the lowest common ===
denominator (in this case, 10). 10 10
3. Multiply both fractions by 10. 4 7
1010
x 10 x 10
4:17
4. Check if the remaining whole numbers that form the ratio
can be simplified. In this case they cannot.
5. Write the answer. 4:7
b. 1. Write the fractions in ratio form. b. % : g
. . . . 20 15
2. Write equivalent fractions using the lowest common =— 1=
denominator (in this case, 24). 24 24
3. Multiply both fractions by 24. 20 15
X 24 Q24 ' 24) X 24
20: 15
4. Check if the remaining whole numbers that form the ratio 20: 15
can be simplified. In this case, divide each number by their -5 -5
HCEF, which is 5.
4:3
5. Write the answer. 4:3

WORKED EXAMPLE 7 Simplifying ratios involving decimals

Write the following ratios in simplest form.

a. 2.1t0 3.5 b. 1.4 : 0.75
THINK WRITE
a. 1. Write the decimals in ratio form. a. 2.1:3.5
2. Both decimals have 1 decimal place, so multiplying 21:35
each by 10 will produce whole numbers. % 10 < ) % 10
21:35
3. Determine the HCF of 21 and 35. The HCF is 7.
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4. Simplify the ratio by dividing both sides by the HCF. 21 : 35

+7<3:5>+7

5. Write the answer. 3:5
b. 1. Write the decimals in ratio form. b. 1.4:0.75
2. Because 0.75 has 2 decimal places, multiply each 14:075
decimal by 100 to produce whole numbers. % 100 < ) % 100
140 : 75
3. Determine the HCF of 140 and 75. The HCF is 5.
4. Simplify the ratio by dividing both sides by the HCF. 140 : 75

5< >+5
28 : 15
5

5. Write the answer. 28 :1

Digital technology

Since simplifying ratios follows a similar process to simplifying VEG  Aw
fractions, a calculator can be used to help check your answer. For 2. 1=3.5rfud 37
example, in Worked example 7a the ratio 2.1 to 3.5 was simplified

to3:5.

Using a calculator, input 2.1 + 3.5, then use the decimal-to-fraction
button to display the answer as a fraction in simplest form.

Simplifying ratios containing algebraic terms
e If the ratio contains algebraic terms, divide both parts of the ratio by the highest common factor including
common algebraic terms.

WORKED EXAMPLE 8 Simplifying ratios containing algebraic terms

Simplify the following ratios.

a. 10a®b : 15ab? b. 3mn : 6mn
THINK WRITE
a. 1. Write the ratios. a. 10a2b ; 15ab*
2. Determine the HCF of 10426 and 15ab?. The HCF is 5ab.
10a? 1 2
3. Simplify the ratio by dividing both sides by Sab. Oab, 15ab
Sab Sab
4. Cancel common factors to obtain the ratio in simplest 2a : 3b

form and write the answer.
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b. 1. Write the ratios. b. 3mn : 6mn
2. Determine the HCF of 3mn and 6mn. The HCF is 3mn.

L . s . 3 6
3. Simplify the ratio by dividing both sides by 3mn. L
3mn 3mn
4. Cancel common factors to obtain the ratio in simplest 1:2

form and write the answer.

Resources

eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)

Digital documents SkillSHEET Simplifying fractions (doc-6890)

SkillSHEET Finding and converting to the lowest common denominator (doc-6891)
Interactivities Individual pathway interactivity: Simplifying ratios (int-4413)

Simplifying ratios (int-3734)

Exercise 5.3 Simplifying ratios learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER

1,3,6, 8,10, 12, 14,17, 21, 25, 2,4,7,9, 13,15, 18, 22, 23, 5,11, 16, 19, 20, 24, 28, 31

26, 29 27, 30

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.
Fluency
1. A Express each ratio in simplest form.
a.5:10 b. 6:18 c. 24:16 d. 21:14 e. 15:35
2. Express each ratio in simplest form.

a. 27 :36 b. 45:54 c. 50:15 d. 84 : 144 e. 88:132

3. W Write the following ratios in simplest form.

a. 8cmto 12cm b. $6 to $18 c. 80cmto2m
d. 75 cents to $3 e. 300mL to4L

4. Write the following ratios in simplest form.
a. 500 g to 2.5kg b. $4 to $6.50 c. 2500 m to 2km
d. 30 cents to $1.50 e. 2h45 min to 30 min

5. Write the following ratios in simplest form.

a. 0.8 km to 450 m b. 1% min to 300's c. 3500mgto1.5¢g d. $1.75 to $10.50
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10

11

i Wes | Simplify the following ratios.

1 2 5 6
a. —to — b. — to —
3 3 7 7

. G2 Write the following ratios in simplest form.

a. 11:1l b. ?)ltOZl
4 2 3 2

. Write the following ratios in simplest form.

a. 0.7t0 0.9 b. 0.3:2.1
. Write the following ratios in simplest form.

a. 0.375t0 0.8 b. 0.01 : 0.1
j wes| Simplify these ratios.

a. 2a : 10b b. 6p : 3p
. Simplify these ratios.

a. 36m°n? : 48m*n? b. ab : 4ab®

Understanding

12

13.

14.

15.

16.

. Complete the patterns of equivalent ratios.

1:3
2.6
_:9
_ 12
5.
Complete the patterns of equivalent ratios.
21
4 :2
_ 4
_ 8
20 @ __
Complete the patterns of equivalent ratios.
2:3
4:6
6 .
_ 12
_ 24
Complete the patterns of equivalent ratios.
64 : 32
__:16
__ .8
8 __
_ 1
Complete the patterns of equivalent ratios.
48 : 64
24 1
12 :
08
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@ 37
.025:15
. 1.2:0.875
. 2x% 1 3x

S 10%x: 1003
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3

4
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17. Compare each of the following, using a mathematical ratio
(in simplest form).
a. The Magpies won 8 games and the Lions won 10 games.
b. This jar of coffee costs $4 but that one costs $6.
c. While Joanne made 12 hits, Holly made 8 hits.
d. In the first innings, lan scored 48 runs and Adam scored
12 runs.
18. Compare each of the following, using a mathematical ratio
(in simplest form).
a. During a car race, Rebecca’s average speed was 200 km/h
and Donna’s average speed was 150 km/h.
b. In a basketball game, the Tigers beat the Magic by 105 points to 84 points.
c. The capacity of a plastic bottle is 250 mL and the capacity of a glass container is 2 L.
d. Joseph ran 600 m in 2 minutes while Maya ran the same distance in 96 seconds.
19. One serving of a popular cereal contains:
* 3.6 g of protein ° 0.4goffat
® 20 g of carbohydrate * 1gofsugar
* 3.3 gof dietary fibre * 84 mg of sodium. bl ¢ 3 e
Write the following ratios in simplest form: S Y waet,B-
: <8 F . “.ﬁ’;fuasu
a. Sugar to carbohydrate S
b. Fat to protein
c. Protein to fibre
d. Sodium to protein
20. I Wollongong’s population is 232 000 and Sydney’s population is 5.22 million. The ratio of Wollongong’s
population to that of Sydney is:
A. 2:45 B. 4:9 C. 1:18 D. 9:4 E. none of these.
21. IId When he was born, Samuel was 30 cm long. Now, on his 20th birthday, he is 2.1 m tall. The ratio of his
birth height to his present height is:
A 3:7 B. 1:21 c. 7:10 D. 1:7 E. none of these.
22, [ The cost of tickets to two different concerts is in the ratio 3 : 5. If the more expensive ticket is $110, the
cheaper ticket is:
A. $180 B. $80 C. $50
D. $45 E. $66
23. Il A coin was tossed 100 times and Tails appeared 60 times. The ratio of Heads to Tails was:
A 2:3 B. 3:5 C.3:2 D. 5:3 E. 2:5
24. I Out of a 1.25 L bottle of soft drink, Fran has drunk 500 mL. The ratio of soft drink remaining to the
original amount is:
A 2:3 B. 3:5 C.3:2 D. 5:3 E. 2:5
Reasoning
25. Explain how simplifying ratios is similar to simplifying fractions.
26. Simplify the following three-part ratios, explaining your method.

a. 50:20:15
b. 04:18:2.2
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27. The total attendance at a large outdoor concert was 32 200
people. Of this total, 13 800 people were female.

a.
b.

. What percentage of the crowd was female? How does this

Calculate how many males attended the concert.
Compare the number of females to males by writing the
ratio in simplest form.

Write the number of females as a fraction of the number
of males.

compare with your answer to part c?

28. Simplify the following ratios.

a.

27wxy : 18wy b. 5t:1 c. 6ab:48ab

Problem solving

29. In a primary school that has 910 students, 350 students are in the senior school and the remainder are in the
junior school. Of the senior school students, 140 are females. There are as many junior males as there are
junior females. Write the following ratios in simplest form:

a.

2070

Senior students to junior students

Senior females to senior males

Senior males to total senior students

Junior males to senior males

Junior females to the whole school population

30. Compare the following, using a mathematical ratio (in simplest form).

a.

31. The table shown represents the selling price of a
house over a period of time. Date of sale Selling price

a.

Of the 90 000 people who attended the test match, 23 112 were females. Compare the number of
males to females.

A Concorde jet (no longer used) could cruise at 2170 km/h while a Cessna can cruise at 220 km/h.
Compare their speeds.

A house and land package is sold for $750 000. If the land was valued at $270 000, compare the land
and house values.

In a kilogram of fertiliser, there is 550 g of phosphorus. Compare the amount of phosphorus to other
components of the fertiliser.

Sasha saves $120 out of his take-home pay of $700 each fortnight. Compare his savings with

his expenses.

Compare the purchase price of the house in
December 2006 with the purchase price in
April 2010 as a ratio in simplest form.
Compare the purchase price of the house in
December 2006 with the purchase price in
December 2010 as a ratio in simplest form.
Compare the purchase price of the house in
December 2006 with the purchase price in
March 2014 as a ratio in simplest form.

March 2014 $1.275 million

December 2010 $1.207 million

April 2010 $1.03 million

December 2006 $850 000

. How much has the value of the house increased

from December 2006 to March 2014?
Compare the increase obtained in part d to the purchase price of the house in December 2006 as a ratio in
simplest form.
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5.4 Proportion

LEARNING INTENTION

At the end of this subtopic you should be able to:
e apply the cross-multiplication method to check if a ratio is in proportion
e determine the value of pronumerals in a proportion.

5.4.1 Proportion

eles-3772 . . . .
e A proportion is a statement of equality of two ratios. For example,

12:18=2:3.

e When objects are in proportion, they have the same fractional relationship
between the size of their parts and the size of the whole. For example, the
rectangles below are in proportion to each other.

The following observations can be made:
e When you compare the two-coloured parts of each rectangle, there is

1 blue square for every 2 pink squares; the number of blue squares is 3
of the number of pink squares.
. 1
o When you compare the parts with the whole rectangle, the blue squares form 3 of the whole rectangle,

and the pink squares form the other %

e fa:b=c:dor % = 2 then using cross-multiplication, as shown below:
a c
o
gives: axXd=cXb

e If the cross products (¢ X d and ¢ X b) are equal, then the ratios form a proportion and therefore the pair of
ratios are equivalent.

WORKED EXAMPLE 9 Determining whether a pair of ratios are in proportion

Use the cross-multiplication method to determine whether the following pair of ratios are
in proportion.
6:9; 24:36

THINK WRITE
1. Write the ratios in fraction form. 6 = 2
9 36
2. Perform cross-multiplication. 6 24
9 36
6X%36=216;24%x9=216
3. Check whether the products are equal, to determine 216=216
whether the pair of ratios are in proportion.
4. Write your answer. Therefore, the ratios are in proportion.
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WORKED EXAMPLE 10 Determining the value of a pronumeral in a proportion

Determine the value of a in the proportion % = g
THINK WRITE
1. Write the proportion statement. g = g
2. Cross-multiply and equate the products. @ 6
3 X 9
ax9=6x3
3. Solve for a by dividing both sides of the equation by 9. 9a =18
% _ 18
9 9
a=?2
4. Write your answer. The value of a is 2.

DISCUSSION

Provide an example to explain how proportion statements can be applied to other subject areas.

WORKED EXAMPLE 11 Determining the value of an unknown in a proportion

The ratio of girls to boys on the school bus was 4 : 3. If there were
28 girls, calculate how many boys there were.

THINK WRITE
. . 4 28
1. Let the number of boys be b and write a proportion ===
statement. (Since the first number in the ratio represents 3 b
girls, place the number of girls, 28, as the numerator.)
2. Cross-multiply and equate the products. 4 78
3 x b
4xb=28%3
3. Solve for b by dividing both sides by 4. 4b = 84
4b 84
4 4
b=21
4. Write the answer. There are 21 boys.
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Resources

eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)

Interactivities Individual pathway interactivity: Proportion (int-4414)
Proportion (int-3735)

Exercise 5.4 Proportion learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,5,9, 11, 13, 16, 20, 23, 27, 30 3,6,7,10,14,17,18, 21, 25, 28,31 4,8, 12, 15, 19, 22, 24, 26, 29, 32

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. T Use the cross-multiplication method to determine whether the following pairs of ratios are in

proportion.
2:3;,8:12

2. Use the cross-multiplication method to determine whether the following pairs of ratios are in proportion.
4:7;,8:14
3. Use the cross-multiplication method to determine whether the following pairs of ratios are in proportion.
5:7;10: 14
4. Use the cross-multiplication method to determine whether the following pairs of ratios are in proportion.
5:8;10:16
5. Use the cross-multiplication method to determine whether the following pairs of ratios are in proportion.
7 21
9’ 25
6. Determine whether the following pairs of ratios are in proportion.

3,12
8’ 32
7. Determine whether the following pairs of ratios are in proportion.

14,5
16" 9

8. Determine whether the following pairs of ratios are in proportion.
11 7
12" 8
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9. Determine whether the following pairs of ratios are in proportion.
136
15" 7

10. Determine whether the following pairs of ratios are in proportion.
8. 24
9’ 27

11. Determine whether the following pairs of ratios are in proportion.

3.6
58
12. Determine whether the following pairs of ratios are in proportion.
21, 49
18" 42
13. I Determine the value of a in each of the following proportions.
2 8 6 12 9 3 a 12
14. Determine the value of a in each of the following proportions.
7 14 10 3 3 a 12 a
a —=— b. —=— c. ==— d. ===
a 48 a 15 7 28 10 5
15. Determine the value of a in each of the following proportions.
a 34 b 2 =2 . 228 g 0 =2
12 9 7 a 16 a 45

Understanding

16. IEEN Solve each of the following, using a proportion
statement and the cross-multiplication method.

a. The ratio of boys to girls in a class is 3 : 4. If there are
12 girls, calculate how many boys there are in the class.

b. In a room, the ratio of length to width is 5 : 4. If the
width is 8 m, calculate the length.

c. The team’s win—loss ratio is 7 : 5. Calculate how many
wins it has had if it has had 15 losses.

d. A canteen made ham and chicken sandwiches in the ratio
of 5 : 6. If 20 ham sandwiches were made, calculate how
many chicken sandwiches were made.

e. The ratio of concentrated cordial to water in a mixture is 1 : 5. Calculate how much concentrated cordial
is needed for 25 litres of water.

17. a. The ratio of chairs to tables is 6 : 1. If there are 42 chairs, calculate how many tables there are.

b. The ratio of flour to milk in a mixture is 7 : 2. If 14 cups of flour are used, calculate how much milk is
required.

c. The ratio of protein to fibre in a cereal is 12 : 11. If there are 36 grams of protein, calculate the mass
of fibre.

d. In a supermarket, the ratio of 600 mL cartons of milk to litre cartons is 4 : 5. If there are sixty 600 mL
cartons, calculate how many litre cartons there are.

e. In a crowd of mobile-phone users, the ratio of men to women is 7 : 8. Calculate the number of women if
there are 2870 men.
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18. Although we know that only whole numbers are used in ratios, sometimes in a proportion statement the
answer can be a fraction or a mixed number. Consider the following proportion:

a 7
6 4
axX4=7x6
4a =42
a=10.5

Calculate the value of a in each of the following proportion statements. Write your answer correct to
1 decimal place.

a_38 _

a a
o= b. —=- c. —=— d —=— e. —=—
7 5 5 3 10 9 10 10
19. Calculate the value of a in each of the following proportion statements. Write your answer correct to
1 decimal place.
8 6 a 13 a 9 7

9 7
3. — = — b. — = c. —=-— d —=- e —=
a 7 7 6 6 5 15 a 8

7 9 5 7
a —_—
a

[ QRN

2

20. Write a proportion statement for each situation and then solve the problem. If necessary, write your answer

correct to 1 decimal place.

a. A rice recipe uses the ratio of 1 cup of rice to 3 cups of water.
How many cups of rice can be cooked in 5 cups of water?

b. Another recipe states that 2 cups of rice are required to serve
6 people. If you have invited 11 people, how many cups of rice
will you need?

c. In a chemical compound there should be 15 g of chemical A _
to every 4 g of chemical B. If my compound contains 50 g of :*
chemical A, how many grams of chemical B should it contain?

d. A saline solution contains 2 parts of salt to 17 parts of water. =
How much water should be added to 5 parts of salt?

e. To mix concrete, 2 buckets of sand are needed for every 3 buckets of blue metal. For a big job, how much

blue metal will be needed for 15 buckets of sand?

21. Decide whether a proportion statement could be made for each of the following ratios.

a. Height : age b. Mass : age c. Intelligence : age
d. Distance : time e. Cost : number

22. Decide whether a proportion statement could be made for each of the following ratios.

a. Age : shoe size
b. Sausages cooked : number of people
c. Eggs : milk (in a recipe)
d. Number of words : pages typed
e. Length : area (of a square)
23. I3 Ifl2 = i, then
q m
A.pXg=IXm B.pXIl=gXm C.pxm=IXgq
p. 2= ! E. none of these is true.
m q

24. A 1t o X, then:
3 6

A.x=2andy=4 B.x=1landy=2 C.x=3andy=6
D.x=6and y=12 E. all of these are true.
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23
25, A 1t 3— = 119 then, correct to the nearest whole number, x equals:

A. 13 B. 12 C.34 D. 28 E. 17

26. I The directions on a cordial bottle suggest mixing 25 mL of cordial with 250 mL of water. How much
cordial should be mixed with 5.5 L of water?

A. 0.55mL B.55mL C.55mL D. 550 mL E. 5500 mL

Reasoning

27. In a family, 3 children receive their allowances in the ratio of their ages, which are 16 years, 14 years and
10 years. If the oldest child receives $32, determine how much the other two children receive.

28. Two classes each contain 8 boys. In one class, the ratio of boys to girls is 1 : 2; in the other, itis 2 : 1. If the
two classes combine, determine the new ratio.

29. In jewellery, gold is often combined with other metals. ‘Pink
gold’ is a mixture of pure gold, copper and silver in the ratio of
15:4:1.

‘White gold’ is a mixture of pure gold and platinum in the ratio

of 3:1.

a. Calculate what fraction of both pink and white gold jewellery
is pure gold.

Pure gold is 24 carats and is not mixed with other metals. For most jewellery, however, 18-carat gold
is used.

b. Using your answer to part a, show why jewellery gold is labelled 18 carats.

c. If the copper and silver in an 18-carat bracelet weigh a combined 2 grams, calculate the weight of gold in
the bracelet.

d. If the price of gold is $35 per gram, calculate the cost of the gold in the bracelet from part c.

Problem solving

30. The nutritional panel for a certain cereal is shown.

i uantity per

Sugars are one form of carbohydrate. Calculate the Q;a;(t;ty dafi’lericgtrg?ege . 3(8g servir}llgpwith

ratio of sugars to total carbohydrates in the cereal. Zewingg 301, Sewifge %cup skim milk
31. The solution to this question contains some gaps. Energjy 480K 5.5% s
Rewrite the solution, replacing the empty boxes with Lt it ol L) 2
the appropriate numbers. Fattotal 02¢ 0.3% 03¢
On a map for which the scale is 1 : 20000, what _ aturated | 0.1 5 0.1% 02g

distance in cm represents 2.4 km on the ground? Carbohydrate

) , — total 208 ¢ 6.7% 273¢g
1:20000=xcm : 2.4km — sugars 96¢g 10.7% 16.1¢

1:20000 =xcm : 2.4 x 1000 % 100 cm
1:20000 = x : 240000

o _x
20000 O
;XD_ X XI:I
20000 240000
x=[]

So, [[] cm on the map represents 2.4 km on the ground.

32. A concreter needs to make 1.0 m® of concrete for the base of a garden shed. How many cubic metres of each
of the components should be used?
To make concrete mix, 1 part cement, 2 parts sand and 4 parts gravel are needed.
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5.5 Comparing ratios

LEARNING INTENTION

At the end of this subtopic you should be able to:
* compare two ratios to determine which is larger
e determine the gradient of a slope or hill.

5.5.1 Comparison of ratios

e Given two ratios, it is sometimes necessary to know which is larger. To determine which is larger, we must
compare ratios.

Comparing ratios

To compare ratios, write them as fractions with a common denominator.

WORKED EXAMPLE 12 Comparing ratios

Determine which is the larger ratio in the following pair.

3:52:3

THINK WRITE

. .. . 3 2

1. Write each ratio in fraction form. = -
. 9 10
2. Convert the fractions so that they have a common = =
denominator. 1515
. . . 9 10
3. Compare the fractions: since both fractions have a = < —

denominator of 15, the larger the numerator, the larger
the fraction.

4. The second fraction is larger and corresponds to the Therefore, 2 : 3 is the larger ratio.
second ratio in the pair. State your conclusion.

Resources
eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)

Interactivities Individual pathway interactivity: Comparing ratios (int-4415)
Equivalent ratios (int-3736)
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Exercise 5.5 Comparing ratios learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,9,10,13 2,5,8,11,14 3,6,12,15

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. EEHE Determine which is the greater ratio in each of the following pairs.

a. 1:4,3:4 b.5:9;7:9 c.6:52:5
d.3:57:10 e.7:9;2:3

2. Determine which is the greater ratio in each of the following pairs.
a.2:51:3 b.2:3;3:4 c.5:6;,7:8
d.5:9;7:12 e.9:8;6:5

3. St Mary’s won 2 football matches out of 5. Cessnock won
5 football matches out of 10. Who had the better record?

4. Newbridge won 13 football matches out of 18. Mitiamo won
7 football matches out of 12. Who had the better record?

5. Wedderburn won 12 football matches out of 20. Korong Vale won
14 football matches out of 25. Who had the better record?

6. Gresford won 6 soccer matches out of 13. Morepeth won
13 soccer matches out of 20. Who had the better record?

7. In a cricket match, Jenny bowled 5 wides in her 7 overs and Lisa
bowled 4 wides in her 6 overs. Compare the results to state which
bowler had the higher wides-per-over ratio.

Understanding

i

g. I 1f > > E, then a could be: e
6 5

A 4 B.5 C.6
D.7 E. all of these numbers.

9. I Which of the following must be true if % < %?
A.a<3 B.b>5 C.a<b
D.b>5 E.a=2

Reasoning

10. Jamie likes his cordial strong in flavour and makes some in the ratio of 2 parts water to 5 parts concentrate.
Monique also likes strong cordial and makes some in the ratio of 3 parts water to 6 parts concentrate. Giving
reasons for your answer, determine who made the strongest cordial.
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vertical distance

11. The steepness (or gradient) of a hill can be determined by finding the ratio — - .
. ) ) horizontal distance
The two triangles below represent different hills.

Hill 1 Hill 2

2m

3m

Explain which hill is steeper.
12. Draw a right-angled triangle on a piece of graph paper so that the two sides at right angles to each other are
6 cm and 8 cm. Measure the third side length of the triangle, which should be 10 cm.

a. State the ratio of the three sides of this triangle.

b. If you change the size of your triangle but keep the shape the same, explain what happens to the ratio of
the three sides of the triangle.

c. A piece of string is used to mark out a triangle with its sides in the same ratio as the one you have drawn.
The smallest side of the triangle is 75 cm long. Calculate how long the other two sides are.

Problem solving

13. Janelle purchased a block of chocolate containing 24 small cube-like pieces. She is sharing the block with
her mother Marina. Janelle suggests sharing the block in the ratio 2 : 1 in her favour, while Marina suggests
sharing the block in the ratio 5 : 3. By which ratio should Janelle split the block of chocolate in order for her
to maximise the number of pieces she gets to eat?

14. An internet search for a homemade lemonade recipe O m
yielded the following results. All of the recipes had 3 / - S |
water added, but the sweetness of the lemonade is
determined by the ratio of lemon juice to sugar. For
each of the recipe ratios shown below, determine
the mixtures that have the same taste. If they do not
have the same taste, determine which website has the
sweeter lemonade recipe.
a. Website 1: 3 tablespoons of sugar for every
15 tablespoons of lemon juice
Website 2: 4 tablespoons of sugar for every
20 tablespoons of lemon juice
b. Website 1: 3 tablespoons of sugar for every
9 tablespoons of lemon juice
Website 2: 5 tablespoons of sugar for every 16 tablespoons of lemon juice
c. Website 1: 2 cups of sugar for every 3 cups of lemon juice
Website 2: 5 tablespoons of sugar for every 8 tablespoons of lemon juice
d. Website 1: 3 tablespoons of sugar for every 8 tablespoons of lemon juice
Website 2: 7 tablespoons of sugar for every 12 tablespoons of lemon juice

- :

.|

TOPIC 5 Ratios and rates 199



15. The steepness of a hill can be written as a ratio of the vertical
distance (height) to the horizontal distance. Hill A has a ratio
of 1 : 5 and hill B has a ratio of 7 : 36.

slope.

b. Is this an accurate method of determining the slope?

c. Without using diagrams, investigate another method to
determine which ratio produces the steeper slope.

d. Explain whether your method from part c will always
work when you want to compare ratios.

a. Use diagrams to determine which hill has the steeper | - E:il

iﬁ' &l e
fi ‘Q;“’l "y 3
N >l T

: L s i

5.6 Dividing in a given ratio

LEARNING INTENTION

At the end of this subtopic you should be able to:
e divide a quantity in a given ratio
e use the unitary method to solve ratio problems.

5.6.1 Dividing in a given ratio

les-3774 . . .
ees e When something is shared, we often use ratios to ensure that the sharing is fair.

¢ Consider the following situation.
Two people buy a lottery ticket for $3. They win a prize of $60. How is the prize divided fairly?

Each person contributes $1.50 One person contributes $1 and the other $2

e The contribution for the ticket is in the ratio 1 : 1. | ¢ The contribution for the ticket is in the ratio 1 : 2.
e The prize is divided in the ratio 1 : 1. e The prize is divided in the ratio 1 : 2.
e The 1 : 1 ratio has 1+ 1 =2 total parts. Each e The 1 : 2 ratio has 1 4+ 2 =3 total parts. Person 1

person receives ! of the prize money ($30). paid for 1 part of the ticket and therefore receives
2

% of the prize money ($20); person 2 paid for

2 parts of the ticket and therefore receives % of

the prize money ($40).
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COLLABORATIVE TASK: Sharing and share size

1. As a pair, discuss the answers to the following questions.
a. The lollies in the picture are to be shared between
two people.
b. How do you divide the lollies so that:
i. each person receives the same amount
ii. one person gets twice as many as the other person
iii. for every one lolly that the first person receives,
the other person receives three lollies (i.e. the
lollies are divided in a ratio of 1 : 3)
iv. they are divided in a ratio of 2 : 3?
c. The lollies are now to be shared among three people.
d. How do you divide the lollies so that they are divided
inaratioof 1 :2:3?
e. What fraction does each person receive in part i above?
2. As aclass, discuss the relationship between the ratio in which the lollies were shared and the fraction of
lollies that each person received as a result.
3. How can you determine the fraction of the whole amount each person will receive from the ratio by
which the whole will be divided?

WORKED EXAMPLE 13 Sharing a quantity in a particular ratio

Share the amount of $500 000 in the ratio 3 : 7.

THINK WRITE
1. Determine the total number of parts in the ratio. Total number of parts = 3 + 7
=10
2. The first share represents 3 parts out of a total of 10,  First share = 13—0 X $500 000
so calculate liO of the total amount. = $150000
3. The second share could be calculated in two ways.
Method 1:
The second share is the remainder, so subtract the Second share = $500 000 — $150 000
first share amount from the total amount. = $350000
Method 2:

The second share represents 7 parts out of the total 7
7 Second share = — X $500 000
of 10, so calculate T of the total amount. 10

= $350000

4. Write your answer. First share = $150 000
Second share = $350 000

DISCUSSION

Think of an example where sharing things on the basis of ratios might be considered unfair.
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WORKED EXAMPLE 14 Calculating quantities of components using ratios

Concrete mixture for a footpath was made up of 1 part of
cement, 2 parts of sand and 4 parts of blue metal.
Calculate how much sand was used to make 4.2m?® of concrete.

THINK WRITE
1. Calculate the total number of parts. Total number of parts = 1 +2 44
=7
. 2 3
2. There are 2 parts of sand to be used in the Amount of sand = — X4.2m"
. 2 7
mixture, so calculate ; of the total amount =12m?
of concrete made.
3. Write your answer. 1.2m? sand was used to make 4.2 m? of concrete.

5.6.2 Using the unitary method to solve ratio problems

¢ The unitary method can also be used to solve ratio problems.
e It involves first calculating one part or one unit. This is why it is known as the unitary method.

eles-3775

Applying the unitary method

To use the unitary method, divide the quantity that you are sharing by the total amount of equal parts. Then
multiply each share of the ratio by the quantity that one part represents.

WORKED EXAMPLE 15 Calculating contributions using the unitary method

Elena, Christina and Megan contribute towards a lottery pool in the ratio 1 : 2 : 3.
If they win $1740 between them, use the unitary method to divide the winnings according to how
much they contributed.

THINK WRITE

1. Calculate the total number of parts. Total number of parts = 1 +2 +3
=6

2. Divide the quantity by the total amount of 6 parts = $1740
equal parts to obtain the amount for one unit 6 <( ) o

or part.
1 part = $290
3. Multiply each person’s share by the quantity =~ Elena: 1 part
that one part represents. 290 x 1 =$290
Christina: 2 parts
290 % 2 =$580
Megan: 3 parts
290 x 3 =$870
4. Write the answer. Elena wins $290, Christina wins $580 and Megan
wins $870.
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DISCUSSION

Think of some examples of instances where you need to divide in a ratio other than 1 : 1.

Resources

eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)

Interactivities Individual pathway interactivity: Dividing in a given ratio (int-4416)
Dividing in a given ratio (int-3737)

Exercise 5.6 Dividing in a given ratio learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,9,13,14,17, 20 2,5,8,11,15, 18, 21 3,6, 10, 12, 16, 19, 22

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. Write the total number of parts for each of the following ratios.
a. 1:2 b. 2:3 c. 3:1 d. 3:5 e. 4:9
2. Write the total number of parts for each of the following ratios.
a. 5:8 b. 6:7 c. 9:10 d 1:2:3 e. 3:4:5
3. EIEE Share the amount of $1000 in the following ratios.
a. 2:3 b. 1:4 c. 1:1
4. Share the amount of $1000 in the following ratios.
a. 3:7 b. 7:13 c. 9:11
5. If Nat and Sam decided to share their lottery winnings of $10 000 in the following ratios, how much would

Understanding
7.

each receive?
a. 1:1 b. 2:3 c. 3:2

. If Nat and Sam decided to share their lottery winnings of $10 000 in the following ratios, how much would

each receive?
a. 3:7 b. 7:3 c. 23:27

Rosa and Mila bought a lottery ticket costing $10. How should they
share the first prize of $50 000 if their respective contributions were:
a. $2 and $8 b. $3 and $7 c. $4 and $6

d. $5 and $5 e. $2.50 and $7.50?
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8. 8 Concrete mixture is made up of 1 part cement, 2 parts sand and 4 parts blue metal.

. Calculate how much sand is needed for 7m? of concrete.

. Calculate how much cement is needed for 3.5 m? of concrete.

. Calculate how much blue metal is required for 2.8 m* of concrete.
. Calculate how much sand is used for 5.6 m? of concrete.

. Calculate how much cement is needed to make 8.4 m? of concrete.

O 2 0 T 9O

9. Three of your teachers buy a lottery ticket costing $20. How should they share the first prize of $600 000 if
they each contribute:

$3, $7 and $10

$6, $6 and $8

$1,$8 and $11

$5, $6 and $9

$5, $7.50 and $7.50?

P 20T

10. EBH n 2 family, 3 children receive their allowances in the ratio of their ages, which are 15 years, 12 years
and 9 years. If the total of the allowances is $60, use the unitary method to determine how much each child
receives.

11. In a school, the ratio of girls in Years 8,9 and 10is 6 : 7 : 11. If there is a total of 360 girls in the three year
levels, calculate:

a. how many Year 8 girls there are
b. how many more Year 10 girls there are than Year 8 girls.

12. In a moneybox, there are 5-cent, 10-cent and 20-cent coins in
the ratio 8 : 5 : 2. If there are 225 coins altogether, calculate:

a. how many 5-cent coins are there

b. how many more 10-cent coins than 20-cent coins are there
c. the total value of the 5-cent coins

d. the total value of the coins in the moneybox.

13. I A square of side length 4 cm has its area divided into two
sections in the ratio 3 : 5. The area of the larger section is:
A. 3cm? B. 5cm? C. 8cm?
D. 10cm? E. 16cm?

14. I A block of cheese is cut in the ratio 2 : 3. If the smaller piece is 150 g, the mass of the original block
was:

A.75¢g B.200g C.300¢g D.375¢g E.450¢g
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15. I Contributions of $1.75 and $1.25 were made to the cost of a lottery ticket. What fraction of the prize

should the larger share be?
A. l B. é C.
12 7

D.

(VNN

5
E. —
12

W | W

16. I A television channel that telecasts only news, movies and sport does so in the ratio 2 : 3 : 4 respectively.

How many movies, averaging a length of 1% hours, would be shown during a 24-hour period?

A.2 B. 3 c.4 D.5 E. 6

Reasoning

17. Three angles of a triangle are in the ratio 1 : 2 : 3. What is the magnitude of each angle? Justify your answer.

18. The angles of a quadrilateral are in the ratio 2 : 3 : 4 : 6. What is the difference in magnitude between the
smallest and largest angles? Show your working.

19. The total amount of prize money in a photography competition is $20 000. It is shared between the first,
second and third prizes in the ratio 12 : 5 : 3. The amounts the winners received were $6667, $4000 and
$1667. One of the winners claimed that these amounts were incorrect and asked for a fair share of the
prize money. Explain what mistake was made when calculating the prizes and how much each winner
should receive.

Problem solving
20. The ratio of boys to girls in Year 8 at a school is 3 : 2.
a. If there are 75 boys in Year 8, calculate how many girls there are.

Each class in Year 8 contains 25 students. One class contains boys only, but the remaining classes are a
mixture of boys and girls.

b. Determine how many classes in Year 8 contain a mixture of boys and girls.
c. State the ratio of mixed classes to boys-only classes.

21. The wing of a model aeroplane is 4 cm long, and the scale of the model is 1 : 300.

a. Calculate the ratio of the length of the model’s wing to the length of the wing of the actual aeroplane.
b. Calculate the wing length of the actual aeroplane.

22. a. There are apples, oranges and bananas in a
fruit bowl. The ratio of apples to oranges is

3 : 4, and the number of apples is 3 of the

total number of pieces of fruit. Calculate the
number of bananas.

b. Next to the fruit bowl is a bowl of nuts.
The ratio of cashews to peanuts is 15 : 4,
the ratio of peanuts to walnuts is 4 : 7 and
the ratio of hazelnuts to peanuts is 11 : 4.
Calculate the minimum number of nuts there
can be in the bowl.

Somebody added some macadamias to the nut bowl in part b.
The ratio of peanuts to macadamias is now 1 : 3. Calculate:

c. the number of macadamia nuts added
d. the total number of nuts now in the bowl.
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5.7 Rates

LEARNING INTENTION

At the end of this subtopic you should be able to:

e understand the difference between ratios and rates
e calculate and express rates of two different quantities with correct units.

5.7.1 Rates

eles-3776

e A rate is a particular type of ratio that is used to compare two

measurements of different kinds.

Rates are often used to describe and compare how quantities
change.

Unlike ratios, which compare the same types of quantities
measured in the same unit, a rate compares two different types of
quantities measured in different units.

Rates have units. An example of a rate is speed (measured in
km/h orm/s).

A slash, /, which is the mathematical symbol for ‘per’, is used to separate two different units.

A rate is in its simplest form if it is per one unit.

Consider a ratio of quantities that are measured by different units. If you fill a drink bottle with 50 mL of
water every 1 second, that is a ratio of 50 mL : 1 second. This corresponds to a rate of 50 mL/s.

WORKED EXAMPLE 16 Expressing a rate in simplest form

Express the following statement using a rate in simplest form:
A 30-litre container was filled in 3 minutes.

1.

THINK WRITE

. . . . 30L
A suitable rate would be litres per minute (L/min). Put the Rate = -
capacity of the container in the numerator and the time in 3 min
which it was filled in the denominator of the fraction. — 10L

1 min

Simplify the fraction. = 10 L/min
Write the answer. That is, the container was filled at the

rate of 10 litres per minute.

WORKED EXAMPLE 17 Calculating a rate

Joseph is paid $8.50 per hour as a casual worker. At this rate, calculate how much he receives for
6 hours of work.

THINK WRITE
1. The rate is given in $ per hour, so it tells us the amount of Payment per 1 hour = $8.50
money earned in each hour (the hourly payment).
2. State the number of hours worked. Hours worked =6
3. To calculate the total payment, multiply the hourly payment Total payment = $8.50 X 6
by the total number of hours worked. = $51
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Resources

eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)

Digital documents SkillSHEET Converting a mixed number to an improper fraction (doc-6892)
SkillSHEET Multiplying decimals by 10, 100 and 1000 (doc-6893)
SkillSHEET Multiplying a whole number by a fraction (doc-6894)
SkillSHEET Converting minutes to a fraction of an hour (doc-6895)

Interactivities Individual pathway interactivity: Rates (int-4417)
Rates (int-3738)

Exercise 5.7 Rates learn

Individual pathways

B PRACTISE Hl CONSOLIDATE B MASTER
1,4,7,10, 13, 14, 17, 20, 23, 2,5,8,11,15, 18, 21, 24, 27, 28, 3,6,9,12, 16, 19, 22, 25, 29, 33
26, 30 31, 32

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. 33 Express each of the following statements using a rate in simplest form.

A lawn of 600 m?* was mown in 60 min.

A tank of capacity 350kL is filled in 70 min.

A balloon of volume 4500 cm® was inflated in 15s.
The cost of 10 L of fuel was $13.80.

A car used 16 litres of petrol in travelling 200 km.

P 20T

2. Express each of the following statements using a rate in simplest form.

A 12-m length of material cost $30.

There were 20 cows grazing in a paddock that was 5000 m” in area.
The gate receipts for a crowd of 20 000 people were $250 000.

The cost of painting a 50-m? area was $160.

The cost of a 12-minute phone call was $3.00.

o Q00T

3. Express each of the following statements using a rate in simplest form.

. The team scored 384 points in 24 games.

. Last year 75 kg of fertiliser cost $405.

. The winner ran the 100m in 12s.

. To win, Australia needs to make 260 runs in 50 overs.
. For 6 hours of work, Bill received $159.

4. Express each of the following statements using a rate in simplest form.

The 5.5-kg parcel cost $19.25 to post.

780 words were typed in 15 minutes.

From 6 am to noon, the temperature changed from 10 °C to 22 °C.

When Naoum was 10 years old he was 120 cm tall. When he was 18 years old he was 172 cm tall.
A cyclist left home at 8.30 am and at 11.00 am had travelled 40 km.

O & 0 T O

P 20T

TOPIC 5 Ratios and rates 207



(4]

. Sima is paid $15.50 per hour. At this rate, calculate how much she receives for 7 hours of work.

6. A basketball player scores, on average, 22 points per match. Calculate how
many points he scores if he plays 18 matches.

7. A car’s fuel consumption is 11 L/100 km. Calculate how much fuel it
would use in travelling 550 km.

8. To make a solution of fertiliser, the directions recommend mixing 3 capfuls
of fertiliser with 5 L of water. Calculate how many capfuls of fertiliser
should be used to make 35 L of solution.

9. Anne can type 60 words per minute. Calculate how long she will take to
type 4200 words.

10. Marie is paid $42 per day. Determine how long she needs to work to earn $504.

11. The rate of 1 teacher per 16 students is used to staff a school. How many teachers will be required for a
school with 784 students?

12. Land is valued at $42 per m?. Determine how much land could be bought for $63 000.

¥

e

W

13. On average, a test bowler took 1 wicket every 4.5 overs. Determine how T B
many wickets he took in a season in which he bowled 189 overs. 'l' J

Understanding
14. Identify what quantities (such as distance, time, volume) are changing if the
units of rate are:

a. km/h b. cm?/ sec c. L/km
d. $perh e. $percm.

15. Identify what quantities (such as distance, time, volume) are changing if the
units of rate are:

kL/min
cents/litre
$ per dozen -
kg/year = e e
cattle/hectare.

P00

16. State the units you would use to measure the changes taking place in each of the following situations.
a. A rainwater tank being filled
b. A girl running a sprint race
c. A boy getting taller
d. A snail moving across a path

17. State the units you would use to measure the changes taking place in each of the following situations.

a. An ink blot getting larger
b. A car consuming fuel

c. A batsman scoring runs
d. A typist typing a letter

18. Water flows from a hose at a rate of 3 L/min. Determine how much water flows in 2 h.
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19.

20.

21.

22.

23.

24.

25.

Reasoning
26.

27.

28.

29.

Tea bags in a supermarket can be bought for $1.45 per pack
(pack of 10) or for $3.85 per pack (pack of 25). Determine
which is the cheaper way of buying the tea bags.

Car A uses 41 L of petrol in travelling 500 km. Car B uses
34 L of petrol in travelling 400 km. Determine which car is
more economical.

Coffee can be bought in 250 g jars for $9.50 or in 100 g jars
for $4.10. Determine which is the cheaper way of buying the
coffee and how large the saving is.

I A case containing 720 apples was bought for $180. The cost could be written as:

A. 30 cents each. B. 20 cents each. C. $3.00 per dozen.
D. $2.00 per dozen. E. $2.80 for 10.

T3 Mark, a test cricketer, has a batting strike rate of 68, which means he has made 68 runs for every
100 balls he faced. What is Steve’s strike rate if he has faced 65 overs and made 280 runs? (Note: Each over
contains 6 balls.)

A. 65 B. 68.2 C.71.8 D.73.2 E. 74.1

I3 A carport measuring 8 m X 4 m is to be paved. The paving tiles cost $36 per m? and the tradesperson
charges $12 per m? to lay the tiles. Select how much it will cost to pave the carport (to the nearest $50).

A. $1400 B. $1450 C. $1500 D. $1550 E. $1600

T3 A tank of capacity SOKL is to be filled by a hose whose flow rate is 150 L/min. If the tap is turned on at
8 am, identify when the tank will be full.

A. Between 1.00 pm and 1.30 pm
Between 1.30 pm and 2.00 pm
Between 2.00 pm and 2.30 pm
Between 2.30 pm and 3.00 pm
Between 3.00 pm and 3.30 pm

mOow

Explain the difference between a rate and a ratio.

A chiropractor sees 160 patients every week.

a. Calculate how many patients he sees per hour if he works a 40-hour week.

b. Calculate how long, on average, he spends with each patient.

c. Using these rates, if the chiropractor wants to make at least $10 000 every week, determine the minimum
charge for each patient.

If 4 monkeys eat 4 bananas in 4 minutes, calculate how long
it takes 12 monkeys to eat 12 bananas.

If Bill takes 3 hours to paint a room and James takes 5 hours
to paint a room, calculate how long it will take to paint a
room if they work together.
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Problem solving

30. The Stawell Gift is a 120-m handicap footrace. Runners
who start from scratch run the full 120 m; for other
runners, their handicap is how far in front of scratch they
start. Joshua Ross has won the race twice. In 2003, with
a handicap of 7 m, his time was 11.92 seconds. In 2005,
from scratch, he won in 12.36 seconds. Compare his
results to identify which race he ran faster.

31. Jennifer’s work is 40 km from her home. On the way to
work one morning, her average speed was 80 km/h. Due
to bad weather and roadworks, her average speed for the
trip home was only 30 km/h. Determine how much time
Jennifer spent travelling to and from work on this day.

32. Beaches are sometimes unfit for swimming if heavy rain has washed pollution into the water. A beach is
declared unsafe for swimming if the concentration of bacteria is more than 5000 organisms per litre. A
sample of 20 millilitres was tested and found to contain 55 organisms. Calculate the concentration in the
sample (in organisms/litre) and state whether or not the beach should be closed.

33. a. Earth is a sphere with a mass of 6.0 x 10** kg and a
radius of 6.4 x 10° m.

i. Use the formula V= ; 713 to calculate the volume

of Earth.
ii. Hence, calculate the density of Earth.

b. The planet Jupiter has a mass of 1.9 X 10 kg and a
radius of 7.2 10" m.

i. Calculate the volume of Jupiter.
ii. Calculate the density of Jupiter.

JUPITER

c. Different substances have their own individual density. Does it seem likely that Earth and Jupiter are
made of the same substance? Explain.

5.8 Interpreting graphs

LEARNING INTENTION

At the end of this subtopic you should be able to:
e interpret a variety of graphs
e calculate the gradient of a straight line
 determine speed from a distance—time graph
e determine the units of the gradient of a graph.

5.8.1 Interpretation of graphs

e All graphs tell a story or describe all sorts of data in everyday life.
e Graphs are frequently used in fields outside mathematics, including science, geography and economics.
e They compare two related quantities against each other. As one quantity changes, it affects the other.

eles-3777
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e COVID-19 has seen mathematical modellers continuously track the spread of the virus and record
important data such as the number of new infections each day, the number of deaths per day, the number
of tests conducted and so on. This data has then been represented graphically for people to understand and

interpret it.

For example, the infographic below displays important information regarding COVID-19 cases throughout
Australia using a variety of graphs. Spend some time looking over this infographic and discuss some of the
points of interest with a classmate.

t % Australian Government
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27,317 | 899 24,888
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0 0 23 1
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0.3%

POSITIVE
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0.1% 0.2% 0.1% 0.1%
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¢ To measure the steepness of various slopes and hills, we need to

calculate the gradient.

e Gradient is the ratio of vertical distance to horizontal distance

between any two points. It is equal to

. rise
is often called

vertical distance .
which

horizontal distance’

horizontal run

e The larger the gradient, the steeper the hill.
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Calculating the gradient of a slope

The gradient of a hill (or a slope) is calculated by the formula:

. vertical distance rise
gradient =

horizontal distance run

rise = vertical distance

-

N _/
Y

run = horizontal distance

WORKED EXAMPLE 18 Determining the gradient of a hill

Determine the gradient of the hill (AB) if AC=2m and BC =10m.

952 A
B
10 m C
THINK WRITE
. . . . vertical distance
1. Write the rule for calculating the gradient. Gradient =

horizontal distance

2. The vertical distance is 2 m and the horizontal
distance is 10 m. Substitute these values into 10
the formula for the gradient.

3. Simplify by dividing both numerator and =
denominator by 2.

Distance-time graphs
e Distance—time graphs are used to visually express a journey with
respect to time.
¢ On a distance—time graph, time is represented on the horizontal axis,
and the distance from a reference point (e.g. the starting point) is

Distance from work (km)
N
S
|

represented on the vertical axis. 307
20
10
Speed 0 """";t
) . . 0123456 738
In a distance—time graph, the gradient of the graph represents Time (hours)
the speed.
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e Speed is calculated as:

dist d
speed (s) = 1s.ance( ) d
time () -
e The commonly used units for speed are m/s and km/h. s >’< t

e The greater the gradient (slope), the greater the speed, and vice versa.
¢ A change in direction can be represented on

a distance—time graph by a change in the A
sign of the gradient.

e Each of the sections A, C and D indicates a
constant (steady) speed. Positive gradient

e A steeper line or gradient (e.g. section A)
shows a faster speed than a less steep line
(e.g. section C).

e A horizontal line or the zero gradient
(e.g. section B) shows that the object is
not moving or is at rest.

e The sign of the gradient does not matter
when calculating speed, as speed can never
be negative. In the example shown, section
D shows the highest speed because it is the !

section with the steepest slope. A B C D
Time

Distance—time graph

Zero gradient

Negative gradient

Distance

|
Positive|gradient
|

WORKED EXAMPLE 19 Interpreting graphs

Three graphs (I, IT and III) and three descriptions (a, b and c) are shown below. Match each graph to
the description that best suits it and explain your choice.

y y .

0’ X 0 X 0 X

a. The number of leaves on a deciduous tree over a calendar year
b. The distance run versus the distance from the finishing line for a runner in a 400-m race
c. The weight of a newborn baby in its first year of life

THINK WRITE

a. Deciduous trees lose all of their leaves in y
autumn, and regrow them when the
weather warms up in spring.

0’ X
The number of leaves on a deciduous

tree over a calendar year is best represented by
graph L.

TOPIC 5 Ratios and rates 213



b. As the runner runs further, the distance to
the finish line decreses, so the gradient of the
curve should be decreasing. For example:

As the runner runs, the distance (x) from the
starting line becomes greater and the distance
(y) to the finish line becomes smaller. The
graph should be nearing y = 0. Graph III is the
only graph which does this. The distance run
versus the distance left to run is therefore best
represented by graph III.

Distance

run (m) 0 | 100 | 200 300 400

Distance to
finish (m) 400 1 300 200 100 O

c. Babies grow rapidly at first, and then this The growth rate of babies is quick at first,
growth rate begins to slow. then slows but continues to increase. Graph
y II shows an increasing gradient that becomes
less steep; therefore, graph II best represents
the growth of a baby in the first year.

WORKED EXAMPLE 20 Analysing and interpreting graphs

Use the graph shown to answer the following questions.

a. Identify the units shown on the graph. 401

b. State what a change in the y-value represents.

c. State what a change in the x-value represents.

d. Calculate the gradient of the graph over the section in
which the temperature was rising the fastest.

e. Describe what the gradient represents.

30

Temperature (°C)
[\®)
S

0/\% 78 91011121314151617
Time (hours)

THINK
a. Units are displayed on axis labels.

WRITE

The units shown on the graph are °C (degrees
Celsius) for temperature and hours for time.
b. The y-axis shows the temperature. A change in the y-value indicates a change in
temperature.

c. The x-axis shows time. A change in the x-value indicates a change in

time.
. . rise
d. The temperature is rising the fastest when Gradient = —
the graph is increasing most steeply. This runo
occurs between 6 am and 10 am, when the = 12°C
temperature increases from 20 °C to ~32 °C. 4h
=3°C/h

e. The gradient has units of °C/h, which are

read as degrees Celsius per hour.

The gradient represents the rate at which the
temperature is changing per hour.

214
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COLLABORATIVE TASK: The story of a car trip from Lakes Entrance to Jindabyne

1. As a pair, describe the trip from Lakes Entrance to
Jindabyne shown in the graph. (Distances are
approximate.)

2. What does the flat section of the graph represent?

3. Did the speed increase or decrease after passing
through Cooma?

4. Determine the unit of the gradient of the graph.

Ny
Jindabyne 400,

Cooma —>
300 -

Bombala —
200 -

Cann River —|
100

Orbost —>|

0 1 2 3 4 SEY
Time (hours)

Distance from Lakes Entrance (km)

Resources

eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)
Interactivities Individual pathway interactivity: Interpreting graphs (int-4418)
Interpreting graphs (int-3739)
Gradient (int-3740)

Exercise 5.8 Interpreting graphs learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER

1,4,7,10, 12, 13, 16 2,5,8,11,14,17 3,6,9, 15,18

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.
Fluency

1. State which axis represents distance and which axis represents time on a distance—time graph.

2. If distance is measured in metres (vertical axis) and time is measured in seconds (horizontal axis), state how
speed is measured.

3. The express train through country New South Wales is
delayed for one hour because of a herd of cattle on the line.
State how this event is graphed on a distance—time graph.
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4. IEEEN Determine the gradient of each of the hills represented by the following triangles.

a. A b. C
3m 2m
B D -
3m 3m
C. E d. G
’_\I.Sm
2m
C H 7m
F S5m

5. Draw triangles that demonstrate gradients of:

2 3 4 3 2
a. — b. — c. — d. - e. -
1 1 3 2 5
6. I If the gradient of LN in the triangle shown is 1, then:
A.a>b B.a<b L
C.a=b D.a=1
a
E.b=1

N3

7. I Select which of the following graphs best describes a student walking to school who dawdles at first,
meets up with some friends and drops in at the corner shop before stepping up the pace to get to school

on time.
A. d B. di

0 G 0 7
C.aa D. aa

0 t 0 G

8. I3 Select which of the following graphs best describes a student travelling to school on a bus.

A. 4 B. 44

o
~Y
(@]

C. di D.4

~Y

0 t 0
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9. [EEH Three descriptions (a, b and c) and three graphs (I, Il and IIl) are shown below. Match each graph to
the description that best suits it and explain your choice.

Ly Iy, .y,

=L I

M\ A

0 x 0

a. The number of students in the canteen line over a school day
b. The number of cans in a school’s drink vending machine over a school day
c. The number of students on school grounds over a school day

Understanding

10. The graph shows the distance between Andrea’s car and her house. d
Answer True or False for the following statements.

a. Andrea is travelling faster at point C than at point A. E
b. Andrea is not moving at point B. C
c. Andrea is further away from home at point B compared to B D

point E.
d. At point D Andrea is travelling back towards home. A
e. Andrea is travelling slower at point E than at point C.

0 t
11. Draw sketches to represent each of the stories below and explain your
sketches.

a. The mass of a pig over its lifetime
b. The altitude of a plane during a flight
c. The height of water in a bathtub as it is emptied

Reasoning

12. Describe what different gradients of straight-line segments of
a distance—time graph represent.

13. Describe what a horizontal line segment on a distance—time graph represents.

14. Calculate the speed for segments A, B and C of the distance—time graph shown. If necessary, give your
answers correct to 1 decimal place.

dA
350 ~

(6.5, 300)
C

300 4

250 4
(5, 230)

200
(3,160)

150 - B

Distance (km)

100 A
(1, 60)_~"(2,90)
504 A

Time (hours)

TOPIC 5 Ratios and rates 217



15. B The graph shows the cost of a mobile telephone call. Use the
graph to answer the following questions.

a.

Identify the units shown on the graph.

b. State what a change in the y-value represents.
c.
d. Calculate the gradient for each straight-line section of the graph

State what a change in the x-value represents.

using units.
Describe what the gradient represents.

Problem solving

16. The price per kilogram for 3 different types of meat is illustrated in the
graph shown.

-~ P 2000

Calculate the gradient (using units) for each graph.
State the cost of 1 kg of each type of meat.

State the cost of purchasing 1 kg of lamb.
Calculate the cost of purchasing 0.5 kg of chicken.
Calculate the cost of purchasing 2 kg of beef.
Calculate the total cost of the order in parts c—e.

Cost ($)

$)

~

Cost

17. The graph shown represents the distance travelled by a vehicle versus time.

Copy the graph onto some grid paper and, using red pen, show what the

graph would look like if the vehicle was travelling twice as fast at any point
in time.

18. Draw a distance—time graph to represent the following story.
Jordan decides to take his dog for a walk. He starts off at a

steady, fast pace and continues at this pace for 2 minutes. After
2 minutes, he breaks out into a gentle jog for 3 minutes, before
taking a rest for 30 seconds. Following his rest, he walks back
home in 10 minutes.
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5.9 Review
5.9.1 Topic summary

Equivalent ratios

* Ratios are equivalent if one can be converted into
the other by multiplying or dividing by a factor
(e.g. 1:5=2:10).

» Ratios are generally written in simplest form.

Proportion

e If tworatios a : b and c : d are equivalent,
thena X b=c X d.

* This relationship can be used to find
unknown values.

» Ratios compare quantities in the same unit.

* 1:3isread as ‘the ratio of 1 to 3’.

» Ratios contain only integer values without units.
* They can be converted into fractions.

e.g.2:5$%and%

RATIOS AND RATES

* A rate compares two different types of quantities
in different units (e.g. 12 km/h or 12 cm/day).

* A rate is in simplified form if it is per one unit.

Graphs

¢ Graphs compare one quantity with another.

* The gradient or slope is a measure of how fast one
quantity is changing with respect to another.

¢ A common example is the distance—time graph.

« In this graph, the slope is a measure of the speed.
The greater the slope, the greater the speed.

Dividing an amount in a given ratio

Method 1:

1. Determine the total number of parts in the ratio.
2. Attribute each element of the ratio with a fraction.
3. Use the fractions to share the amount.

e.g. $1400 was shared in the ratio 2 : 5.

The first amount is % X 1400 = $400.
The second amount is % X 1400 = $1000.

Method 2: The unitary method

1. Determine the total number of parts in the ratio.

2. Determine the amount that one part represents.

3. Multiply each person’s share by the amount per one part.

e.g. Using the above example:

Total parts = 7
Each part = @
=$200

The first amount is 2 X 200 = $400.
The second amount is 5 x 200 = $1000.

* To compare ratios, first write
each ratio in fraction form, then
convert the fractions to the lowest
common denominator.

¢ Gradient (steepness of a slope) is a
comparison of horizontal distance
to vertical distance.

vertical distance

radient= ———
& horizontal distance

Speed

* Speed is an example of a rate.

distance

e speed =
P time

total distance travelled

e average speed =
ge sp total time taken
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5.9.2 Success criteria

Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic | Success criteria 9

5.2

5.3

5.4

5.5

5.6

5.7

5.8

| can compare quantities using ratios.
| can convert between equivalent ratios.

| can simplify ratios.

| can apply the cross-multiplication method to check if a ratio is in proportion.

| can determine the values of pronumerals in a proportion.
| can compare two ratios to determine which is larger.

| can determine the gradient of a slope or hill.

| can divide a quantity in a given ratio.

| can use the unitary method to solve ratio problems.

| understand the difference between ratios and rates.

| can calculate and express rates of two different quantities with correct units.

| can interpret a variety of graphs.
| can calculate the gradient of a straight line.
| can determine speed from a distance-time graph.

| can determine the units of the gradient of a graph.

o

9.9.3 Project

The golden ratio

The Greeks believed that using a special ratio of numbers in building
designs, paintings, sculpture etc. would automatically make them
beautiful. This ratio is known as the golden ratio or golden number.
The human body has many examples of the golden ratio.

Work out this number as a decimal correct to 3 decimal places.

Part A

The golden ratio is often represented by phi (¢). One of the interesting relationships of this ratio to the

Vi+1

2

The golden ratio =

design of the human body is that there are:
e five appendages on the torso: arms, legs and head
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e five appendages on each of these: fingers, toes and five openings on the face

e five senses: sight, hearing, touch, taste

and smell.

The golden number is also based on the number 5 because the number phi can be written as:

Leonardo da Vinci’s drawings of the human body emphasised its proportions.

The ratios of the following distances equal
e foot to navel : navel to head
e length of forearm : length of hand

599 %0.5+0.5

the golden ratio:

e length of upper arm : length of hand and forearm.

Your task is to explore the golden ratio as it applies to your body.

Work in pairs to measure parts of your body. In the table below are some of
the measurements you could take. Choose other parts of your body to measure

and find as many golden ratios as possible.

Body measurement (cm)

Foot to navel : navel to head

Length of forearm : length of hand

Length of upper arm : length of hand and

forearm

Part B

Another way to find the golden ratio is by using the Fibonacci sequence:

1,1,2,3,5,8, 13, ...

1. Write the first 20 terms of the sequence in the table.
2. Take the terms two at a time and divide the larger number by the smaller (for example, divide 2 by 1,
3 by 2, 5 by 3), working as accurately as possible. Record your answers in the table.

1
| 1
1
2 2
3 3
2
5 2 1.6
3
8
13 13 1.625
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Resources
eWorkbook Topic 5 Workbook (worksheets, code puzzle and project) (ewbk-1936)

Interactivities Crossword (int-2624)
Sudoku puzzle (int-3185)

Exercise 5.9 Review questions learn

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. On a farm there are 5 dogs, 3 cats, 17 cows and 1 horse. Write the following ratios.
a. Cats : dogs b. Horses : cows c. Cows : cats
d. Dogs : horses e. Dogs : other animals

2. Express each of the following ratios in simplest form.
a. 8:16 b. 24 : 36 c. 35mm : 10cm

d. $2 : 60cents e. 20s: 1% min

3. Express each of the following ratios in simplest form.
a.i:l b. 4:10 c. 56:80
12 3
d. 2hours : 40 min e. 1.5km : 400 m

4. Find the value of n in each of the following proportions.

n 20 n 5 2

a-—=— b. —=- c. —

3 5 28 17 3

5. Determine the value of n in each of the following proportions.
4 12 6 5

a. - b. - ==
5 n n 8

6. The directions for making lemon cordial require the mixing of
1 part cordial to 6 parts water.
a. Express this as a ratio.
b. How much cordial would you have to mix with 9 L of water?

7. Which is the larger ratio?

8. a. Divide $25 in the ratio 2 : 3.
b. Share $720 in the ratio 7 : 5.
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10.

11.

12.

13.

14.

15.

The horizontal and vertical distances between the top and bottom
points of slide A are 3 m and 2 m respectively. For slide B, the
horizontal distance between the top and bottom points is 10 m,
and the vertical distance is 4 m.

a. Calculate the gradients of slide A and slide B.

b. Identify which slide is steeper. Justify your answer.

Three people share a lottery prize of $6600 in the ratio of
4 :5: 6. Determine the difference between the smallest and
largest shares.

A car travels 840 km on 72 litres of petrol. Calculate the fuel consumption of the car in L/100 km.

David’s car has a fuel consumption rate of 12 km/L, and Susan’s

car has a fuel consumption rate of 11km/L.

a. Identify which car is more economical.

b. Calculate how far David’s car can travel on 36 L of fuel.

c. Determine how much fuel (to the nearest litre) Susan’s car
would use travelling 460 km.

A 1kg packet of flour costs $2.80 and a 750 g packet costs
$2.20. Compare the two and state which is the cheapest way to
buy flour.

The sides of a triangle are in the ratio 3 : 4 : 5. If the longest side of the triangle measures 40 cm,
determine the perimeter of the triangle.

To make two %—cup servings of cooked rice, you add % of a cup of rice, i teaspoon of salt and

1 2 . .
1 teaspoon of butter to 15 cups of water. Calculate how many g—cup servings of cooked rice you can

make from a bag containing 12 cups of rice.

Problem solving

16.

17.

18.

19.

Lachlan was driven from Newcastle to Branxton, a distance of 60 km, at an average
speed of 80 km/h. He cycled back at an average speed of 20 km/h. Calculate his
average speed for the whole journey. (Hint: It is not 50 km/h.)

The speed of the space shuttle Discovery in orbit was 17 400 miles per hour. Calculate
this in km/h. (1 kilometre = 0.62 miles)

The rate of ascent of the space shuttle Discovery was 71 miles in 8.5 minutes.
a. Calculate the speed in km/min.
b. Calculate the speed in km/h.

You have a plastic bag that contains 80 tennis balls. The contents in the bag weigh
4 kg (the weight of the plastic bag is insignificant). You add 10 more balls to your
bag. Calculate how much your bag weighs now.
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20.

21.

22,

23.

24,

A cyclist riding at 12 km/h completes a race in 3 h45 min.
a. Calculate the distance of the race.
b. At what speed would he have to ride to complete the race in 3 h.

The steps of a staircase are to have a ratio of rise to run that is to be

5. If the run is 30 cm, calculate the rise.

Travelling from Noort to Bastion takes Dexter 1 hour and 30 minutes
by car at an average speed of 72 km per hour. Dexter stops for

15 minutes in Bastion before travelling to Smoop, which is 163 km
away. The trip from Bastion to Smoop takes him 2 hours and

12 minutes. Calculate his average speed for the whole trip.

It takes Deb 2 hours to mow her lawn. Her son takes 2.5 hours to mow the same lawn. If they work
together using two lawnmowers, calculate how long it will take them to mow the lawn. Give your
answer in hours, minutes and seconds.

The diagram represents the path of a ski lift.

a. Calculate the gradients for each section.

b. Identify where the gradient is the steepest.
c. Calculate the average gradient of the ski lift.

h A
400

350

300
(500, 280)

250

200
(350, 160)
150
100

(100, 60)
50+

T T T T >
0 100 200 300 400 500 d

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Online Resources

Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

Download the workbook for this topic, which includes
worksheets, a code puzzle and a project (ewbk-1936)

Solutions

O

Download a copy of the fully worked solutions to every question
in this topic (sol-0710)

5.2

5.3

5.7

5.2

5.3

5.4
5.5
5.6

5.7
5.8

5.2

5.3

5.4

Digital documents

SkillSHEET Converting units of length, capacity and
time (doc-6888)

SkillSHEET Highest common factor (doc-6889)
SkillSHEET Simplifying fractions (doc-6890)
SkillSHEET Finding and converting to the lowest
common denominator (doc-6891)

SkillSHEET Converting a mixed number to an improper

fraction (doc-6892)

SkillSHEET Multiplying decimals by 10, 100 and 1000
(doc-6893)

SkillSHEET Multiplying a whole number by a fraction
(doc-6894)

SkillSHEET Converting minutes to a fraction of an hour

(doc-6895)

Video eLessons
Ratios (eles-3767)

Expressing one part of a ratio as a fraction of the whole

(eles-3768)

Ratios involving more than two numbers (eles-3769)
Equivalent ratios (eles-3770)

Simplifying ratios (eles-3771)

Proportion (eles-3772)

Comparison of ratios (eles-3773)

Dividing in a given ratio (eles-3774)

Using the unitary method to solve ratio problems
(eles-3775)

Rates (eles-3776)

Interpretation of graphs (eles-3777)

Interactivities

Individual pathway interactivity: Introduction to ratios
(int-4412)

Introduction to ratios (int-3733)

Individual pathway interactivity: Simplifying ratios
(int-4413)

Simplifying ratios (int-3734)

Individual pathway interactivity: Proportion (int-4414)
Proportion (int-3735)

O

OO0 ooodooo o O 0O oo o ood

OoOoOodo oo

5.5 Individual pathway interactivity: Comparing ratios
(int-4415)
Equivalent ratios (int-3736)

5.6 Individual pathway interactivity: Dividing in a given ratio

(int-4416)
Dividing in a given ratio (int-3737)

5.7 Individual pathway interactivity: Rates (int-4417)
Rates (int-3738)

5.8 Individual pathway interactivity: Interpreting graphs

(int-4418)
Interpreting graphs (int-3739)
Gradient (int-3740)

5.9 Crossword (int-2624)
Sudoku puzzle (int-3185)

O000o odoo od

Teacher resources

There are many resources available exclusively for teachers

online.

To access these online resources, log on to www.jacplus.com.au.
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Answers

16.a. 97:3 b. 3:100
Topic 5 Ratios and rates LBCE S E)) LB/l
p_ c. 2:3:5 d. 1:5:95
Exercise 5.1 Pre-test 3 4
18. a. — b. —
1.B * 70 15
2.9 13 g 7
3. A,B,E “ 3 "9
4.C 19. a. Yes (same unit) b. Yes (same unit)
5.a. 1200 g b. 7 eggs c. 42 portions c. No (different units) d. No (different units)
6. a. 2.5 b. 4.2 20. a. Yes (same unit) b. Yes (same unit)
7. Team B c. No (different units) d. Yes (same unit)
8. $750 21.a. 17:83 b. 97:3
9. a. 58 words/minute 22. 1125¢
b. 2.75kL/h 23.2:1
10.a. 70: 9 24. Ratios compare quantities of the same unit, so units are not
b. 7:10 required.
c. 2m:n 25.a. 5:68 b. 27:5 c. 17:25
. 17 68
11.1:5 d. —,68% e. —,1360%
12. A 25 5
13. Skm/h, 7.5 km/h 26. a. Class 8A — 4 :5;class8B —4:5;class8C —4:3
14. 4500 b. Classes 8A and 8B
15. Height = 41.16 cm and length = 57.624 cm SR
d. 20:21
Exercise 5.2 Introduction to ratios e. No
1.a. 4:5 b. 5:4 c. 59 27. Fourteen coins need to be added to the purse. Three silver
d 9:4 e. 1:2 coins and 11 gold coins will change the ratio of gold to
2.a.5:3 b. 3:5 c. 1:5 silver.
d 5:1 e 113 Exercise 5.3 Simplifying ratios
3'2'?‘9‘ b'}fg G5 tla 1:2 b 1:3 c. 3:2
S e b d. 3:2 e. 3:7
L ES sy R S 2.2 3:4 b. 516 c. 10:3
5.a. 4:3 b. 3:4 c. 6:1 d 7:12 e. 2:3
dodnl e 253 3.a 2:3 b 1:3 c.2:5
6.a. 3:5 b. 6:19 c. 4:11 d. 1:4 e. 3:40
d 719 e 1:5 4.2 1:5 b. 8: 13 c. 5:4
7.a. 9:4 b. 3:4 c. 3:10 d 1:5 e. 11:2
d. 17: ] 01
60 e 33100 5.a 16:9 b. 3:10 c. 7:3
8.a. 11:100 b. 1:1000 c. 1:2000 d 1:6
d. 7:24 e. 5:12
6.a. 1:2 b. 5:6 c. 1:2
9. a. 1000 : 27 b. 7:12 c. 13:24 d.3:10 e 51
d. 3:5 e. 1:22
7.a. 5:6 b. 4:3 c. 5:8
10. — d. 65:56
17
8.a 7:9 b. 1:7 c. 1:6
11.a. 3:59 b. 59:38 c. 38:3
d. 3:97 e. 5941 9.a. 15:32 b. 1:10 c. 48:35
12.a. 24: 17 b. 21: 17 c. 2:1 10.a. a:5b b.2:1 c. 2x:3
d. 4:39 11.a. 3m:4 b. 1:4b c. 10%:x°
13.a. 4:1 b. 1:1 c. 1:2 12.1:3
d. 3:1 2:6
14.a. 9:1 b. 1:3 c. 1:6 3:9
d. 1:4 4:12
5:15
15.a. 215:179 b. 215:36
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14.

15.

16.

17.

18.

19.

20.
21.
22.
23.
24.
25.

26.

27.

28.
29.

30.

31.

e p

~] —
W
==
S
o
—_
©
{3/
—_
[\S)
-

> m g > 2R

B

Both ratios and fractions are simplified by multiplying or
dividing by the same number to obtain the lowest form.
a. 10:4:3
b. 2:9:11
a. 18400
b. 3:4

3

c. =

4
d. 42.86%. In part c the number of females was compared

with the number of males (part-to-part comparison),
whereas in part d the number of females was compared
with the total number in the crowd (part-to-whole

comparison).
a. 3x:2 b. 5:¢ c. 1:8
a. 5:8 b.2:3 c.3:5
d 4:3 e. 4:13
a. 929 :321 b. 217:22 c. 9:16
d 11:9 e. 6:29
a. 85:103 b. 50:71 c.2:3
d. $425000 e. 1:2

Exercise 5.4 Proportion

Uo
2.

Yes
Yes

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24.
25.
26.
27.

28.

Yes
Yes
No
Yes
No
No
No
Yes
No
. Yes
.a.a=1 b. a=4 c.a=6
d a=4
a. a=24 b. a=50 c.a=12
d. a=6
a. a=6 b. a=1 c.a=4
d. a=3
a. 9 boys
b. 10m
c. 21 wins
d. 24 chicken sandwiches
e. 5 litres
a. 7 tables
b. 4 cups
c. 33¢g
d. 75 cartons
e. 3280 women
a. 11.2 b. 4.8 c. 2.1
d. 8.1 e. 7.1
a. 9.3 b. 7.7 c. 10.8
d. 11.7 e. 10.3
1 n
a. = ==;n=1.7
3 5
2 n
b. ===—; n=3.7
6 11
15 50
c. —=—;n=13.3
4 n
2 5
d —=—-;n=425
17 n
2 15
e. —=—;n=225
3 n
a. No b. No c. No
d. Yes Yes
a. No b. Yes c. Yes
d. No e. Yes
C
E
A
D
The 14-year-old receives $28 and the 10-year-old

receives $20.
4:5
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29. a. White gold: E; pink gold: §. c. Answers will vary. A sample answer is given here.

b. Because 18—3 —; : %
4 4 36 35
c. 6g — >
d. $210 BE
30.9.6:20.8=6:13 é>%
31 11:20000 = xem : 2.4km Therefore, Hill A is steeper.
1:20000 = xcm : 2.4 x 1000 x 100 cm
1:20000 = x : 240000 d. Yes — the method will always work.
1 X

20000 — 240000 Exercise 5.6 Dividing in a given ratio

X 1.a. 3 b. 5 c. 4 d. 8 e. 13
X 240000 = X 240000
20000 240000 2.a 13 b. 13 c. 19 d. 6 e. 12
x=12
So, 12 ¢cm on the map represents 2.4 km on the ground. 3 . $400, $600  b. $200,8800  c. $500,5500
. a. $300,$700 b. $350,$650 c. $450,$550

32. 0.14m’ cement; 0.29 m’ sand; 0.57 m’ gravel .
5. a. $5000, $5000 b. $4000, $6000 c. $6000, $4000
6
7

Exercise 5.5 Comparing ratios

e

$3000, $7000 b. $7000,$3000 c. $4600, $5400

" o 3 ) ‘]‘0 : ; ) 3 e 653 a. $10000, $40000  b. $15000, $35000
o C c. $20000, $30000 d. $25000, $25000
2.a. 2:5 b. 3:4 c. 7:8 e. $12500, $37 500
d. 7:12 e. 6:5 8.a. 2m’ b. 0.5m’ c. 1.6m’
3. Cessnock had the better record. d. 1.6m’ e. 1.2m’
4. Newbridge 9. a. $90000, $210000, $300000
5. Wedderburn b. $180000, $180 000, $240 000
6. Morpeth c. $30000, $240000, $330 000
7. Jenny d. $150000, $180000, $270000
8. A e. $150000, $225000, $225 000
9.C 10. $25, $20, $15
10. Jamie made the strongest cordial. 11.a. 90 b. 75
11. Hill 1 is steeper. 12. a. 120 b. 45 c. $6
12.a. 3:4:5 d. $19.50
b. The ratio of the 3 sides stays the same. 13. D
c. Im, 1.25m 14. D
13.2:1 15. A
14. a. 3 = i; same taste 16.D
%5 520 17. 30°, 60°, 90°. Sum the ratio parts (1 +2 4 3 = 6), divide
b. —# —: website 1 has the sweeter recipe. the angle sum of a triangle by the total number of ratio parts
371 to calculate the value of 1 ratio part (180 + 6 = 30°), then
- _2_ + §; website 1 has the sweeter recipe. multiply this by the number of ratio parts.
g 37 18. 96°
d. — # —; website 2 has the sweeter recipe. 19. The mistake made when determining the prize amounts was
8 12 . . .
15. 3. Hill A that the tota?l prize money was simply divided by the
o 3.numb.ers in the ratio. The correct amounts should be:
A 1 First prize = $12 000
3 Second prize = $5000
Third prize = $3000
Hill B 20. a. 50 b. 4 c. 4:1
7:36
‘,‘7 21.a. 4:1200 b. 1200 cm
36

1 .
Hill A is steeper. It is difficult to determine which hill 22 = e

has the steeper slope from these diagrams because the b. 37
difference in slope is slight. c. 12
b. Diagrams are accurate only if a scale drawing is used d. 49

and there is significant difference in the scope.
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Exercise 5.7 Rates

US

15.

16.

17.

18.
19.
20.
21.
22,
23.
24.
25.
26.

27.

28.

29.

. a.

a. 10m?/ min b. 5kL/min
c. 300cm’/s d. $1.38/L
e. 8L/100km or 12.5km/L
a. $2.50/m
b. 40 cows/hectare or (250 m*/cow)
c. $12.50/person
d. $3.20/m?
e. 25c¢/min
a. 16 points/game b. $5.40/kg
c. 83 m/s d. 5.2 runs/over
e. $26.50/h
. a. $3.50/kg b. 52 words/min c. 2°C/h
d. 6.5cm/year e. 16km/h
. $108.50
. 396 points
.60.5L
21
. 70 min
. 12 days
.49
. 1500 m?
.42
distance b, volume . capacity
time time distance
money money
d. e.
time length
capacity money money
a. — b. c.
time capacity number
a w . number
time area
a. L/min b. m/s c. cm/year
d. cm/h
a. mm?/ sec b. L/km c. Runs/ball
d. Words/min
360L
Packs of 10
Car A
250 g jar; 75¢
C
C
D
B
A ratio compares two quantities measured in the same

unit, whereas a rate compares two quantities measured in
different units.

a. 4 patients per hour
b. 15 min

c. $62.50 per patient
4 min

7
15 hours or 1 hour 52 minutes 30 seconds

30.
31.

32.
33.

The 2005 race
To work: 30 mins

1
From work: 1 5 hours (1 hour and 20 minutes)

5
Total travel time: 1= hours (1 hour and 50 minutes)

2750 organisms/litre. The beach should not be closed.
a.i. V=1.09807x10*' m®

i. 5464.15kg/m>
b.i. V=1.56346% 10** m’

i. 1215.26kg/m>

c. Earth and Jupiter do not seem to be made of the same
substance, because Jupiter’s density is much lower than
that of Earth.

Exercise 5.8 Interpreting graphs

1.

The vertical axis is distance and the horizontal axis is time.

2. m/s

3. Horizontal line stretching for 60 minutes (with time

11.

© ® N o

measured horizontally)

2 2 3
a1 b. — c. — d —

3 5 14
. a. b. c.

2
3
1 4
1
3
d e.
2
3
5
2

C
D
B
a. II b. III c. I
. a. False b. True c. False
d. True e. False

Personal response required. Example:
a.

Mass

0 Time g

The mass of a pig will steadily increase over time.

Altitude

Y

0 Time
The altitude of a plane will steadily rise until cruising
height, then stay at that height before descending back to
ground.
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Height

-

0' Time
As a bathtub is emptied, the height of the water will
steadily decrease.
12. A steeper gradient represents a faster speed, whereas a
shallow gradient represents a slower speed.
13. Horizontal line segments represent when and where an
object is not moving.
14. A: 60km/h
: 70km/h
:46.7km/h
. Min (time) and $ (cost)

Change in cost

15.

Change in time

2 0 T M NOW

. m=$1.00 per min, m = 50c per min, m = Oc (i.e. free
calls)

e. The gradient represents the increase in cost for each

increase in time.

16.a. Lamb: m = $15/kg

Chicken: m = $10/kg

Beef: m = $7.50/kg

Lamb: $15

Chicken: $10

Beef: $7.50
c. $15
d. $5
e. $15
f. $35

17. Sample responses can be found in the worked solutions in
the online resources.
Students should understand that the distance travelled at the
end of each leg of the journey should not change, but the
time taken to reach the end of each leg should be half the
original time taken.
The amount of time taken for a rest is not affected and, as
such, the overall amount of time taken for the whole journey
will not be exactly half the original time.

18. 4

z

e P R B FR! R S o o
00 2468101214167

Project

=1.618

V541
2

Part A: Sample responses can be found in the worked solutions
in the online resources.

Part B:
1.1, 1,2,3,5,8,13, 21, 34, 55, 89, 144, 233, 377, 610, 987,
1597, 2584, 4181, 6765
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1.

Sequence Ratio Decimal value |
1 _ _
1
1 - 1
1
2
2 - 2
1
3
3 - 1.5
2
5
5 - 1.67
3
8
8 = 1.6
3,
13
13 — 1.625
8
21
21 — 1.61538
13
34
34 —_ 1.61905
21
55
55 — 1.617 65
34
89
89 — 1.61818
55
144
144 —_ 1.61798
89
233
233 — 1.61806
144
377
377 —_— 1.61803
233
610
610 — 1.61804
377
987
987 —_— 1.61803
610
1597
1597 — 1.618 03
987
2584
2584 —_— 1.61803
1597
4181
4181 — 1.61803
2584
6765
6765 —_— 1.61803
4181
Exercise 5.9 Review questions
a. 3:5 b. 1:17 c. 17:3
d 5:1 e. 5:21
a. 1:2 b. 2:3 c. 7:20
d. 10:3 e.2:9
a. 1:4 b. 2:5 c. 7:10
d. 3:1 e. 15:4
a n=12 b. n=20 c. n=12
a. n=15 b. n=9.6 c. n=1.2
a. 1:6 b. 1.5L




b.
. $10, $15 b. $420, $300

. 2 2
. Slide A: —, slide B: =
3 5

. Slide A

. $880
. 8.57L/100km
. a. David’s b. 432km
. 1-kg packet
. 96cm
. 32
. 32km/h
. 28064.5km/h
.a. 13.5km/min b. 808.3km/h
. 4.5kg
. a. 45km b. 15km/h
.20cm
. 68.61 km/h
. 1h6 min 40s
.a. 0.6; 0.4; 0.8

b. The third segment

c. The average gradient is 0.56.







6 Congruence

LEARNING SEQUENCE

6.1 Overview

6.2 Transformations and tessellations
6.3 Congruent figures

6.4 Triangle constructions

6.5 Congruent triangles

6.6 Quadrilaterals

6.7 Review




6.1 Overview
Why learn this?

Whether it be the home where you live, your school or skyscrapers
in the city, you see buildings all the time. The design of buildings
is based on congruence. Congruence is an important application of
geometry. It is used to prove that two shapes are the same. For two
shapes to be congruent, they must be the same size and the same
shape. This means that the interior angles and side lengths must
all be the same. Imagine you are building a house. Think about
how many aspects of your house need to be congruent. Look at the
walls, roof and windows that form the room you are in. Are they
congruent?

All structures that are built are based on the principles of
congruence. Buildings such as the Melbourne Cricket Ground,
the Sydney Opera House or Parliament House in Canberra all use
congruence in their building design.

Understanding the principles of congruence and how to create
shapes that are congruent is important for all elements of building
and design. Occupations such as construction, architecture,
landscape design, interior design, engineering and building
surveying all use congruence.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the

concepts covered in this topic.

Video Interactivities
elLessons '

i _-'_Bigital_ :
documents

Fully worked
solutions
to every
question

eWorkbook
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Exercise 6.1 Pre-test learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1. I Select the triangle that has two sides of equal length and the third side a different length.
A. Isosceles B. Scalene C. Obtuse D. Equilateral E. Acute

2. I Consider the rhombus ABCD. State the congruency relationship between ADEC and AAED.

A B

A. SAS B. SSS C. AAS D. ASA E. RHS

3. Determine whether the following shapes are congruent.

4. Determine whether an equilateral triangle of side length 3 cm is congruent to an equilateral triangle of
side length 2 cm.

5. I Select which one of the following is NOT a congruency test for triangles.
A. SAS — two sides and one angle of a triangle are equal to two sides and one angle of the other
B. AAA — all three angles of a triangle are equal to all three angles of the other
C. AAS - two angles and a side of one triangle are equal to two angles and the corresponding
side of the other

D. SSS — all three sides of a triangle are equal to all three sides of the other
E. ASA — a pair of corresponding angles and a non-included side are equal

6. Explain whether two circles with the same radius are congruent.
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7. I Select the quadrilaterals from the following list that have two diagonals that bisect each other and
four internal triangles that are congruent to each other. Choose all the answers that apply.

A. Rhombus B. Rectangle
C. Square D. Trapezium
E. Irregular quadrilateral

8. Determine the value of the pronumeral x in the following diagram.

83°

9. I3 Select which of the following statements are true for kites. Choose all answers that apply.
A. The opposite angles are equal. D. The diagonals bisect each other.

B. The opposite sides are equal. E. Two pairs of adjacent sides are equal.
C. The diagonals intersect at right angles.
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10. I Select the rule that could be used to demonstrate that the following triangles are congruent.

11.

12,

13.

14.

15.

A. SAS
D. ASA

N p
4.5
Q
6
6 M
4.5\25°
L R

B. SSS
E. None of the above

C. AAS

A P
) 585 . 58
C R

ABC =PQR (ASA)

Write the correct values of angles and sides to prove the congruence of the triangles shown.

a. «ABC

b. BC

c. «.BCA

State the name given to a quadrilateral that has one pair of parallel unequal sides.

Are co-interior angles between parallel lines always equal to each other? Explain your answer.

T3 Select the quadrilateral property that classifies a rectangle as a parallelogram.

. All angles are 90°.
. All sides have equal lengths.

. Opposite pairs of sides are parallel.

A
B
C. Two pairs of adjacent sides are equal.
D
E

. None of the above

Determine the correct relationship between the given angles.

P4

a. «Aand 2C

/

b. A and «B

c. «Band 2C

TOPIC 6 Congruence 237



eles-3860

6.2 Transformations and tessellations

LEARNING INTENTION

At the end of this subtopic you should be able to:
¢ understand the meaning of the terms translation, reflection and rotation
e draw the image of an object after it has been translated
e draw the image of a point that is reflected in a mirror line

e draw an object after rotation

e look at a shape and state whether it has regular, semi-regular or irregular tessellation

e tessellate a basic shape.

6.2.1 Isometric transformations

¢ A transformation occurs when an object undergoes a specific change or movement from one location to

another.

e After a transformation, the original object, O, is called the image, O'.

e Transformations that produce an image of the same size and shape as the original object are said to be

isometric.

¢ Figures that have exactly the same shape and size are said to be congruent (identical).
e [sometric transformations can be the result of translations, reflections, rotations or a combination of these

movements.

Translations

Reflections

Rotations

e A translation is the movement
of an object up, down, left or
right (U, D, L or R) without
flipping, turning or changing
size.

e A reflection is the exact image
of an object as seen in a
Mmirror.

e The object is reflected across
an axis of symmetry (mirror),
which sits midway between the
object and its image.

Axis of
symmetry

* A rotation of an object
involves turning the object
around a particular point by a
certain number of degrees.

e The point is known as the
centre of rotation. The object
may be turned in a clockwise
or anticlockwise direction. The
diagram shows a clockwise
rotation of 180°.

Centre of
rotation

C’ B’
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WORKED EXAMPLE 1 Determining a translation

State how shape a was translated to a’.

THINK WRITE/DRAW

1. Select a vertex of the original object a and
label it A.
Label the corresponding point on the image a’.
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2. Draw a horizontal line from A so that it ends
directly above A’. Draw a vertical line down A
from this point, which ends at A".

3. Count the horizontal units and the vertical 8 units right and 6 units down
units and record the translation.

WORKED EXAMPLE 2 Drawing a reflected image

For each of the following shapes, determine the reflected image in the line given.

a. .
mirror N

AN
N\
N\

A

z

THINK DRAW

a. 1. From each vertex of the given triangle, a.
draw the lines perpendicular to and
extending beyond the mirror line.

2. Points A and B are both 2 units from
the left of the mirror. Since the image is
reversed, the vertices A’ and B’ are 2 units
from the right of the mirror. Furthermore, Ce -—-
point C is 8 units to the left of the mirror.
The corresponding point of the image C' is
8 units to the right of the mirror.

o
>

e et
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3. Join the vertices A’, B’ and C’ to complete
the image. A

b. 1. Draw the lines from points A and B so that b. ™~
they extend beyond the mirror line and are )
perpendicular to it.

(Point C of the given triangle is already on
the mirror line, so nothing needs to be done
to it.)

2. Any point of the object that is on the mirror
line will reflect onto itself. So C’ will
coincide with point C, since point C is on
the mirror line.

Points A’ and B’ are the same distance
from the mirror as points A and B
respectively, but on the other side of it.
(The distances must be measured along
the perpendicular lines.)

3. Join the vertices A’, B’ and C’ to complete I~
the image. I~ A

N B’
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WORKED EXAMPLE 3 Rotating an object

Show the image of the shape after a rotation of 90° (quarter turn)

anticlockwise about point P.

THINK

1. Select any point on the object and label it A.
Join point A with the centre of rotation, point P.
(In this case the points are already joined by the
side of the shape.)
Place the protractor so that its centre is on P, its
zero is on the line AP and its scale increases in an
anticlockwise direction. Measure the 90° angle.
The image point A’ is as far from the centre of
rotation, P, as point A (5 units in this case).

2. Repeat step 1 for some other points. Use these
points as a guide to complete the image.
Label the image @’. (You may wish to highlight
it, using a different colour.)

DRAW

Ae

Av
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Digital technology

Geometry packages can assist in building your understanding of translations, reflections and rotations,
allowing you to play with and visualise concepts. There are many free online geometry tools available, such
as Desmos or GeoGebra Classic. The following screen shows constructions of the image of a triangle that
have been reflected in a mirror line and rotated 90° anticlockwise. Use one of these free geometry packages
to explore the transformations discussed in this subtopic.

Construct  Transioem « - F

Dofino Transiormaton v

*, Roteton #1
* Angle 90

. Refiection o1

6.2.2 Tessellations

eles-see! e Tessellations are patterns created by repeated transformations of a shape or a group of shapes so that an
entire surface is covered. Each shape shares its edges with its neighbouring shapes.
e A regular tessellation is made ¢ If the same combination of e Any tessellation that is not
up of copies of the same single regular polygons meets at regular or semi-regular
regular polygon. The honey cells each vertex, it is called a semi- is classed as an irregular
(containing regular hexagons) in regular tessellation. tessellation. The image shows
the image show an example of a An example is shown in the an irregular tessellated rock
regular tessellation. image of the flooring. pavement located in the Bouddi
National Park on the Central
Coast of New South Wales.
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WORKED EXAMPLE 4 Identifying shapes and types of tessellations

a.
b.

Identify the shapes in the tessellation shown.
State whether this is an example of a regular, semi-regular or
irregular tessellation.

THINK WRITE

a.

b.

The tessellation is made up of hexagons and  The tessellation is made up of hexagons and triangles.
triangles, which are regular polygons.

There is more than one type of regular polygon This is a semi-regular tessellation.
used, so this is a semi-regular tessellation.

DISCUSSION

Which regular polygons will tessellate on their own without any spaces or overlaps? Explain, using
mathematics, why not all regular polygons will tessellate.

COLLABORATIVE TASK: Making irregular tessellations

Equipment: ruler, coloured card, scissors, sticky tape

1.
2.

Measure, draw and cut out 12 rectangles with dimensions 8 cm by 4 cm.

Use your rectangles to create as many different tessellations as you can. Share your results with a
classmate.

Draw a simple shape over one of your rectangles so that the shape and the rectangle share an edge. Cut
out the shape and use sticky tape to fix it into position on the exact opposite side of the rectangle (the
changes to the rectangle are balanced). An example is shown in the diagram.

Sticky tape
c /
> | D D

Start Finish

N7

Copy your new shape onto the remaining rectangular pieces and then arrange the new shapes into a
tessellation. Draw the resulting pattern in your workbook.

Write a statement about how tessellations can be created from irregular shapes. Make up a tessellation
using irregular shapes of your own and share it with your classmates.

244
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Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Digital documents SkillSHEET Translation of a point (doc-6596)
SkillSHEET Reflection of a point (doc-6597)
SkillSHEET Reflection of an object (doc-6598)
SkillSHEET Rotation of a point (doc-6599)
SkillSHEET Rotation of an object through 180° (doc-6600)

Interactivities Individual pathway interactivity: Transformations and tessellations (int-8339)
Transformations and the Cartesian plane (int-2368)

Exercise 6.2 Transformations and tessellations learn
Individual pathways

H PRACTISE Il CONSOLIDATE H MASTER
1,4,7,11,12, 18, 21 2,5,8,10, 13, 14, 15, 19, 22 3,6,9, 16, 17, 20, 23

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

Use the figures on the grid below to answer questions 1 to 3.

LN ; <> @ﬁ
TZC\a @T .
&D > %Mm

—— Object —— Image

1. 30 State the translation applied to each object a—d.
2. State the translation applied to each object e—h.

3. State the translation applied to each object i—L.
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4. Copy the following objects onto graph paper and draw the images created by the designated

transformations.

a. b. C.
2 squares right 3 squares left 2.5 squares right
4 squares down 2 squares up 1.5 squares up

5. Draw the following translations to the shapes shown.

a.

6 left, 2 down 2 right, 3 up

8 right, 1 down 2 left, 7 up
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6. Translate the following objects as specified under the figures.

a.

b.

4 left, 2 down;

3right, 4 u

6 left, 2 down; 8 right, 3 down

2 right, 4 down; 6 right, 3 down; 2 right, 2 down

7 right, 5 up; 2 right, 3 up; 8 left, 2 down;
7 left, 1 down

7. IEEA For each of the following shapes, sketch the reflected image in the line given.

a.
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8. IE For each of the following shapes, sketch the reflected image in the line given.

a. . b.

7

9. Sketch the reflected image for each of the following shapes.

a. b.
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10. Draw the image of each of the following shapes, rotated about point P.
a. b.

v}
v}

Rotated 90° clockwise Rotated 90° anticlockwise
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ckwise

ticlo

Rotated 180° an

h ellation
ellation is regular, semi-regular or

i. identify the shapes in the tess
ii. state whether the tess

11. B For each of the following tessellations:




Understanding

12. Determine which of the following pairs of shapes are congruent.

a.
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13. LI If an object is translated 3 up, 2 left; 5 right, 4 down; 6 left, its final position (related to the original one)
1s:

A. 7 up, 3 right B. 1 up, 3 left C. 7 up, 3 left D. 1 down, 3 left E. 1 down, 3 right
14. Show that each of the following shapes can produce a tessellation.

a. b.

15. State whether the following statements are True or False.

A shape that has been translated is congruent to the original one.

A shape that has been rotated is congruent to the original one.

A shape that has been reflected is congruent to the original one.

A shape that has been translated and then rotated is not congruent to the original one.
A shape that has been enlarged is congruent to the original one.

A shape that has been reduced is not congruent to the original one.

-~ P Q2000

16. Draw the image for each of the following objects, using the transformations specified under the figures.

a. i b.
|
|
I
|
|
|
i
|
| b
I
:
I
|
|
a | N (S S A N A (U AN [ AU A AU SR (S S SN N S N S S S N S
|
:
|
I
|
|
|
|
|
|
I
|
|
I
|
|
|
|
|
|
|
Reflected in the mirror and then translated Translated 3 up, 4 right and then reflected
2 units down and 3 units left in the mirror
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Translated 1 up, 4 left, reflected in the
mirror and then translated 6 up, 2 right

17. Draw an equilateral triangle that has edges of 4 cm. Remove a piece from one edge of the triangle and make
the balanced change. Show that the modified shape will tessellate.

Reasoning

18. Il The diagram shows an object and its image after a certain transformation(s). Giving reasons, choose the

correct answer.

Image

N

Object

The object was reflected.

The object was translated.

The object was rotated.

The object was reflected and then translated.
The object was reflected and then rotated.

moowp»

19. If the final position of an object is 3L 4U relative to the original position, describe a series of translations
that could have occurred.
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20. Determine which of the three letters in the following figure is changed after it is rotated 180° clockwise
about the point labelled P. Draw one other letter of the alphabet that is changed after rotating 180° clockwise
about the point P.

Problem solving

21. Determine the difference between translation, rotation and reflection of an image.

22. In a game of draughts, a counter is removed from the board when another counter jumps over it. Four
counters are arranged on the corner of a draughts board as shown.

A B C D

@

Use three horizontal, vertical or diagonal jumps to remove all three pink counters, leaving the single blue
counter.
Copy and complete the table to show your working.

Jump From To
1
2
3
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23. Copy the following objects onto graph paper. Draw the images created by the given transformations.

a. : b.
|
]
[}
]
]
I
I
:
I
| Axis of
1<~ symmetry
|
I
I
]
|
[}
]
I
]
I
]
]
I
]
I
|
Translate 1 square right, 2 squares down and Reflect in the axis of symmetry E and then in
reflect in the axis of symmetry. the axis of symmetry F.
c d. i
[}
E i
"""""""" C TN D

Axis of symmetry

/

Axis of
symmetry
Reflect in the axis of symmetry. Rotate 90° Rotate anticlockwise 120° around vertex D and
clockwise and then 180° around point C. then reflect in the axis of symmetry.
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6.3 Congruent figures

LEARNING INTENTION

At the end of this subtopic you should be able to:
* understand the meaning of congruent figures
e identify congruent shapes.

6.3.1 Identifying congruent shapes

eles-3862 . . .

e Congruent figures are identical in size, number of
vertices and shape.

e The transformations of reflection, rotation and
translation do not change the shape and size of a figure.
The original and transformed figures are said to be
congruent.

¢ The symbol used for congruence is =. This is read as
‘is congruent to’.

e When writing congruence statements, we name the
vertices of the figures in corresponding (or matching)
order.

e Sometimes you will need to rotate, reflect or translate
the figures for them to be orientated the same way.

Identifying congruent shapes

If, through one or more translations, rotations and reflections, one shape can lie exactly on top of another,
then these two figures are congruent.

e The figures shown are congruent. For the triangle, you can write ABC = DEF; for the pentagon, you can
write ABCDE =PQRST.

R S

B Mirror line E
]
I
I
]
]
I
]
I
I
]
]
|
I
1l [ 1

A IT C : F I D
]
I
I
]
|

A i 3o Q I i
]
i

E 04 i g
! T
i
I
I
]

Note that equivalent sides and angles are labelled with the same symbol.
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WORKED EXAMPLE 5 Identifying congruent shapes

Select a pair of congruent shapes from the following set.
a. b. @

THINK

Figures a, b and c have the same shape (i.e. a semicircle). Figure d is not a

semicircle and thus is not congruent to any other figures. Figure c is larger than

d.

WRITE
Shape a = Shape b

figures a and b so it’s not congruent to either of them. Figures a and b are identical
in shape and size (b is a reflection of a), and therefore are congruent to each other.

¢ From Worked example 5, we can see that any two semicircles of the same size are congruent. This means
that any two semicircles with equal radii are congruent. Likewise, if any two circles have the same radius,

then they must be congruent.

WORKED EXAMPLE 6 Calculating the value of variables

Calculate the value of the variables in the following pair of congruent triangles.

THINK

1. Since AABC = APQR, the corresponding angles are equal in size.
Corresponding angles are included between the sides of equal length. So, by
looking at the markings on the sides of the triangles, we can conclude that:
£BAC corresponds to ZQPR
£ABC corresponds to ZPQR
£ACB corresponds to ZPRQ.

So, match the variables with the corresponding angles whose sizes are given.

2. In congruent triangles, the corresponding sides are equal in length. Using
the markings on the sides of the triangles, observe that the unknown side PQ
corresponds to side AB. State the value of the variable (which represents the
length of PQ).

P
65°
__m
y
Q
WRITE
= 65°
y = 80°
z=135°
m=5cm
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Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Digital documents SkillSHEET Naming angles and shapes (doc-6915)
Skill[SHEET Calculating angles in triangles (doc-6916)

Interactivities Individual pathway interactivity: Congruent figures (int-4424)
Congruent figures (int-3749)

Exercise 6.3 Congruent figures learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,13, 16, 17, 20, 22, 25 2,5,8,11,14,18, 21, 23, 26 3,6,9,12, 15,19, 24, 27

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. I State whether the following shapes are congruent.

[

2. State whether the following shapes are congruent.

I

3. State whether the following shapes are congruent.

4. State whether the following shapes are congruent.
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5. State whether the following shapes are congruent.

6. State whether the following shapes are congruent.

A

7. B Congruent triangles are given below. Determine the value of the pronumeral x.

A C P R
25° X
1 4 1 4
B Q

8. Congruent triangles are given below. Determine the values of the pronumerals x and y.

A P
40° y
70° 70° x
B C Q R

9. In the congruent triangles shown below, evaluate the values of the pronumerals x and y.

A

40° ft D

55°

B C

10. In the congruent triangles shown below, determine the values of the pronumerals x, y and z.

A

30°

30°
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11. In the congruent triangles shown below, determine the values of the pronumerals x, y and z.

B

12. In the congruent triangles shown below, e

35°

B

13. I Determine which of the following is

40°

852/ \

A. a only B.aand b
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A

100°

C

valuate the values of the pronumerals x and y.

P

A

C R

congruent to the triangle immediately below.

8 cm
40°
5cm
b.
8 cm 5cm
40°
d.
8 cm
40°
5cm
C. d only D.bandd

E. None of the above



Understanding

14. Plot the following coordinates on a Cartesian plane: (1, —1),
(1,0), (1, 1), (2, 1), (1,2), (1,3), (2,3), (3, 3). Join the points with
straight lines to make the shape of the letter F.

a. Reflect this figure in the y-axis and draw the translated figure
on a Cartesian plane.

b. Translate the original figure by three units to the right and
two units down, and draw the translated figure on a Cartesian
plane.

c. Rotate the original figure 90° clockwise about the origin and
draw the translated figure on a Cartesian plane.

d. Look at the transformations in parts a, b and c. Determine
whether the shapes are congruent.

15. Determine the values of the pronumerals x and y.

A

1

Bl T | T T T T
6-5 432 —110_ 1
2
—3
_4_
—54

6-
\

=Y

N —
o —
-
W —
o\ —

30°

D

16. Evaluate the values of the pronumerals x, y and z.

K 6 cm N

17. Determine the value of the pronumeral x.

64° 64°
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18. Evaluate the values of the pronumerals w, x, y and z.

7 cm 7 cm
L D
w \'%
19. Determine the value of the pronumeral x.
5cm ¢ 5cm
F 68° 68° H
8 cm
X
E
20. Evaluate the values of the pronumerals x and y.
X
[
X
3cm
W
y
45°
45° 45°
Z Y
21. Determine the values of the pronumerals x and y.
A

Jos]
@!

E 9cm D
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Reasoning

22. If two triangles look identical, determine two things that you could do to check whether they are congruent.
23. When we write a congruence statement, explain why the vertices are listed in corresponding order.
24. Discuss an example to show that triangles with two angles of equal size and a pair of non-corresponding

sides of equal length may not be congruent.

Problem solving

25. Two rectangles both have an area of 20 m?. Determine whether they are necessarily congruent.

26. Given that the right-hand triangle is congruent to the left-hand triangle in the figure shown, determine the
values of the pronumerals a, b and c.

15cm

58°

27. Evaluate the values of the pronumerals a, b, ¢, d, and e in the triangles within the rectangle shown.

18 cm

b 110°

3d c 15cm

9e

6.4 Triangle constructions

LEARNING INTENTION

At the end of this subtopic you should be able to:
e construct triangles using a ruler, protractor and a pair of compasses.

6.4.1 Constructing a triangle given three side lengths

e Using a ruler, protractor and a pair of compasses,
you can construct any triangle from three pieces of
information.

e Sometimes, only one triangle can be drawn from the
information. Sometimes more than one triangle can be
drawn.

e If the lengths of the three sides of a triangle are
known, it can be constructed with the help of a ruler
and a pair of compasses.

eles-3863
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WORKED EXAMPLE 7 Constructing a triangle given three side lengths

Using a ruler and a pair of compasses, construct a triangle with side lengths 15 mm, 20 mm
and 21 mm.

THINK DRAW

1. Rule out the longest side (21 mm). ° T °

2. Open the compasses to the shortest side length (15 mm).
3. Draw an arc from one end of the 21 mm side.

4. Open the compasses to the length of the third side (20 mm) and
draw an arc from the other end of the 21 mm side.

5. Join the point of intersection of the two arcs and the end points
of the 21 mm side with lines.

15 mm 20 mm

21 mm

6.4.2 Constructing a triangle given two angles and the side
G between them

e If the size of any two angles of a triangle and the length of the side between these two angles are known,
the triangle can be constructed with the aid of a ruler and a protractor.

WORKED EXAMPLE 8 Constructing a triangle given two angles and the side between them

Use a ruler and protractor to construct a triangle with angles 40° and 65°, and the side between them
of length 2 cm.

THINK DRAW
1. Rule a line of length 2 cm.
2. Place the centre of your protractor on one end point of the line

and measure out a 40° angle. Draw a line so that it makes an
angle of 40° with the 2 cm line.

40°
2 cm
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3. Place the centre of your protractor on the other end point of the
2 cm line and measure an angle of 65°. Draw a line so that it
makes a 65° angle with the 2 cm line.

<
<

4. If necessary, continue the lines until they intersect each other
to form a triangle.

6.4.3 Constructing a triangle given two sides and the angle
o3 petween them

¢ The angle between two sides is called the included angle.
e If the length of two sides and the size of the included angle are known, the triangle can be constructed with
a protractor and a ruler.

WORKED EXAMPLE 9 Constructing a triangle given two sides and the included angle

Use a ruler and protractor to construct a triangle with sides 6 cm and 10 cm long, and an angle of 60°
between them.

THINK DRAW
1. Rule a line 10 cm long.

2. Place the centre of your protractor on one end point of the line
and mark an angle of 60°. Note: These figures have been reduced.

60°
i 10 cm i
3. Join the 60° mark and the end point of the 10 cm side with the
straight line. Extend the line until it is 6 cm long. 6 cm
60°
10 cm
4. Join the end points of the two lines to complete the triangle.
6 cm
60°
10 cm
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Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Interactivities Random triangles (int-2369)
Individual pathway interactivity: Triangle constructions (int-4425)

Exercise 6.4 Triangle constructions learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER

1,5,8 2,4,6,9,10 3,7, 11

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www .jacplus.com.au.

Fluency
1. Using a ruler and a pair of compasses, construct 2 congruent triangles with the following side lengths.

a. 7cm, 6 cm, 4 cm b. 5cm, 4cm, 5cm c. 6¢cm, Scm, 3 cm
d. 6¢cm, 6 cm, 6 cm e. 7.5¢cm, 4.5 cm, 6 cm f. An equilateral triangle of side 3 cm

2. BE Use a ruler and protractor to construct a triangle with:

angles 60° and 60°, with the side between them 5 cm long
angles 50° and 50°, with the side between them 6 cm long
angles 30° and 40°, with the side between them 4 cm long
angles 60° and 45°, with the side between them 3 cm long
angles 30° and 60°, with the side between them 4 cm long
angles 65° and 60°, with the side between them 3.5 cm long.

-~ P 2000

3. EE Use a ruler and protractor to construct a triangle with:

two sides 10 cm and 5 cm long, with an angle of 30° between them
two sides 8 cm and 3 cm long, with an angle of 45° between them
two sides 6 cm and 6 cm long, with an angle of 60° between them
two sides 4 cm and 5 cm long, with an angle of 90° between them
two sides 7 cm and 6 cm long, with an angle of 80° between them
two sides 9 cm and 3 cm long, with an angle of 110° between them.

-~ P 2000

Understanding

4. a. Use your ruler and compass to draw an isosceles triangle with two sides 5 cm long and one side 7 cm.
b. Use your protractor to measure the size of the largest angle.

c. Complete this sentence using one of the words below: This triangle is an -angled triangle.
i. acute ii. right iii. obtuse
Reasoning

5. a. Construct a triangle with angles of 45°, 55° and 80°.
b. Determine the number of different triangles that can be constructed from this information. Justify your

answer.

6. Construct a right-angled triangle with the longest side 13 cm and one of the other sides 5 cm.
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7. Mike and Susan were constructing a triangle ABC where angle ABC =30°, BC=12 cm and AC =8 cm.
Mike’s triangle was an acute-angled triangle and Susan’s was an obtuse-angled triangle. Draw both

triangles.

Problem solving

8. Use a ruler and protractor to construct triangles with the following features.

10.

11.

® & O T o

. Use a ruler and protractor to construct triangles

with the following features.

a. Edge lengths of 5.2 cm and 3 cm and an angle
between them of 40°

b. Edge lengths of 2.5 cm and 2.5 cm and an
angle between them of 60°

c. Edge lengths of 28 mm and 40 mm and an
angle between them of 120°

d. Edge lengths of 63 mm and 33 mm and an
angle between them of 135°

e. Aright-angled triangle with edge lengths of
4.5 cm and 2.5 cm creating the right angle

A forestry ranger informs the CFA that he sees
smoke rising from behind a mountain range at
40° east of due north from his park office. The
CFA chief sees the same smoke at an angle of 30°
west of due north from her station.

Trace the map shown into your workbook and
mark the location of the fire.

A bushwalker is injured and cannot walk. Before
the battery of his mobile phone died, he reported
that he was equidistant from the peak of Mount
Buller and Sheepyard Flat where he parked his
car. He estimated that he had walked 6 km and
had crossed Howqua River before his fall.

At rescue headquarters, the SES captain looked
at a map. Sheepyard Flat is approximately 10 km
from Mount Buller.

Trace the map shown into your workbook and
draw the point where the SES should send the
rescue helicopter.

. Angles 30° and 90° with a 3-cm edge between them

. Angles 45° and 45° with a 2.5-cm edge between them

. Angles 60° and 100° with a 40-mm edge between them

. Angles 22° and 33° with a 33-mm edge between them

. Isosceles triangle with adjacent angles of 57° and a 4-cm baseline

@ Wolf Flat

Alpine village

Camping

10 km

Mirimbah

Mount Buller
Alpine
1 Village

Neo

-
Sheepyard
Flat
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6.5 Congruent triangles

LEARNING INTENTION

At the end of this subtopic you should be able to:
¢ understand the conditions required for two triangles to be congruent
e determine unknown side lengths and angles using congruence conditions.

® 6.5.1 Congruent triangles

eles-3867 . . . . . . . .
e A triangle can be described with three pieces of information about side length and/or angle size.

"

P

H

e If three angles are known, an infinite number of triangles can be drawn.
For example, the triangles below have angle sizes of 60°, 40° and 80°, but they are not congruent as their

side lengths are not equal.
.. If only three angles are known, this is not a test for congruency.

80°
80°
60° 40° 60° 40°
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* There can be two possible triangles drawn from two sides and the
non-included angle. In the following diagram, triangles ABC and
ABD both have sides of 7 cm and 4 cm, and an angle of 30° between
the 7-cm side and the unknown side.

.. If two sides and the non-included angle are given, this is not a test
for congruence.

6.5.2 Congruency tests

eles-3868
e There are four tests that can be used to demonstrate that two triangles are congruent.
e It is not enough for the diagrams to look the same; you need evidence.

Congruence test Example Description
Side-side-side Three corresponding sides
(SSS) are equal in length.

Side-angle-side Two corresponding sides
(SAS) are the same length and
the corresponding angle
between them is equal.

Angle-angle-side Two corresponding

(AAS) angles are equal and one

Note: Any order is corresponding side is equal

accepted — AAS, in length.

ASA or SAA.

Right angle— M : Two right-angled triangles

hypotenuse-side have equal hypotenuse

(RHS) lengths and one other
corresponding side is equal
in length.

- :

Note: Congruent sides in each congruent pair are the same colour.
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WORKED EXAMPLE 10 Proving congruence using congruency tests

Select the triangles that are congruent. Give a reason for your answer.

B E H
5 cm
F
3cm % 3cm
3cm
C G
/D 5Scm S5cm A
A D J

THINK WRITE

In all three triangles, two B H

given sides are of equal length
(3cmand 5 cm).

In triangles ABC and JHG, the
included angle is 30°. In triangle
EFD, 30° is not the included angle. C

/) 5cm 5cm L\

A J
AABC = AJHG (SAS)

3 cm 3 cm

WORKED EXAMPLE 11 Calculating the value of variables using congruent triangles

Given that AABD = ACBD, calculate the value of the variables.

THINK

1. The corresponding sides are equal in length. B AABD = ACBD
AABD =ACBD AB =CB
AB and CD are unknown. x=8cm
AB corresponds to CB. CD =AD
CD corresponds to AD. y=4cm

2. The corresponding angles are equal.
£BAD is unknown.
£BAD corresponds to ZBCD.

«4BAD = #BCD
z=22°
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WORKED EXAMPLE 12 Proving two triangles are congruent using congruency tests

Prove that AMNP is congruent to AMNQ.

M
p Q
N
THINK WRITE
1. Study the diagram and state which sides and/or angles are equal. NP = NQ (given)
PM = QM (given)
MN is common.
2. Select the appropriate congruency test (in this case SSS, as the ANPM = ANQM (SSS)

triangles have all corresponding sides congruent in length).

Resources

eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Interactivities Individual pathway interactivity: Congruent triangles (int-4426)
Congruent triangles (int-3754)
Congruency tests (int-3755)
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Exercise 6.5 Congruent triangles learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,12,15, 17, 20 2,5,8,11,13, 16, 18, 21 3,6,9, 14,19, 22

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. IEX For this pair of congruent triangles, state the correct congruency test and give a reason for your
answer.
P
4 cm 2em 4 cm
2cm
C
R
5cm 5em
B Q

2. For this pair of congruent triangles, state the correct congruency test and give a reason for your answer.

P A

R C

3. For this pair of congruent triangles, state the correct congruency test and give a reason for your answer.

N P

4.5

M 45\ 25°
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4. For this pair of congruent triangles, state the correct congruency test and give a reason for your answer.

A P

. 58° [ 300 58° [
32 C . R

5. Identify which of the triangles in the following figure are congruent. Give a reason for your answer.

B

D C

6. Identify which of the triangles in the following figure are congruent. Give a reason for your answer.

H

J

7. RN Determine the value of the pronumeral x in the following pair of congruent triangles. All side lengths

are in centimetres.
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8. Determine the value of the pronumeral x in the following pair of congruent triangles.

9. Determine the values of the pronumerals x, y and z in the following pair of congruent triangles.

10. For the following pair of congruent triangles, determine the values of the pronumerals x and y.

8 250 y

11. For the following pair of congruent triangles, determine the values of the pronumerals x, y and z.

Understanding
12. EA For each of the following, prove that:

a. D b. A C. P

Q R S

A C
APQR = APSR

ADBA = ADCA AABC = AADC
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13. Draw an example of two different triangles that have two corresponding equal sides and one pair of equal
angles.

14. Draw an example of two different triangles that have three pairs of equal angles.

15. State whether the following triangles are congruent. Give a reason for your answer.
(Hint: Use Pythagoras’ theorem for this question.)

A L
5 5
3
B C M 4 N

16. State whether the following triangles are congruent. Give a reason for your answer.

Reasoning

17. Explain why triangles with two sides of equal length and a non-included angle of equal size may not be
congruent.

18. Identify an example to show that triangles with two angles of equal size and a pair of non-corresponding
sides of equal length may not be congruent.

19. All triangles have three sides and three angles. Using mathematical reasoning, including examples, give the
minimum information required to construct a unique triangle.

Problem solving

20. When using the congruency rule ASA, discuss why it is not necessary for the side to be between the two
angles.

21. Construct triangles with the following features.

a. Edge lengths of 5.2cm and 3 cm and an angle of 45° between them.
b. Edge lengths of 2.5 cm and 2.5 cm and an angle of 60° between them.
c. Edge lengths of 28 mm and 40 mm and an angle of 120° between them.

22. In an equilateral triangle, the midpoints of the sides are labelled D, E and F. Prove that triangle DEF is an
equilateral triangle.
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6.6 Quadrilaterals

LEARNING INTENTION

At the end of this subtopic you should be able to:
e understand the properties of different types of quadrilaterals
e apply knowledge of congruence to verify the properties of different types of quadrilaterals.

6.6.1 Review of terms and rules

les-3869
o e A shape that has 4 sides is a quadrilateral. The figure ABCD is B

therefore a quadrilateral.
e The sum of the interior angles at the four vertices of a quadrilateral
is 360°.
LA+ 2B+ £C+ £D =360°

e «ABC and ZADC are opposite angles and so are «£BCD and #BAD.

e BC and AD are opposite sides (sides that do not intersect) and so are A

AB and CD.
e Diagonals AC and BD connect opposite angles but do not bisect each other.

Properties of quadrilaterals
* By considering triangles in quadrilaterals, the properties of quadrilaterals can be determined.

Types of quadrilaterals
¢ All quadrilaterals can be subdivided into two major groups: parallelograms and other quadrilaterals.
e Parallelograms are quadrilaterals with two pairs of opposite sides that are parallel.
e The table below shows quadrilaterals that belong to either of these two groups, and their properties.

Parallelograms Property: There are two pairs of parallel sides.
Square All sides are equal in length.
. % . All angles are 90°.
AN S Diagonals bisect each other at right angles.
\)X %/
/ . % N
Rectangle Opposite sides are equal in length.
- | _ All angles are 90°.
S e Diagonals bisect each other.
e A
A /A
- -7 | \\ ~
I
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All sides are equal in length.
Opposite angles are equal in size.
Diagonals bisect each other at right angles.

Opposite sides are equal in length.
Opposite angles are equal in size.
Diagonals bisect each other.

Other quadrilaterals Property: Opposite sides are not all parallel.
Trapezium There is one pair of parallel sides.
Kite Two pairs of adjacent sides are equal in length.

Angles between unequal sides are equal in size.
Diagonals intersect at right angles.

Irregular quadrilateral Looks like none of the above (possesses no special properties).

DISCUSSION

Which professions would use the knowledge of angles in triangles and quadrilaterals?
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6.6.2 Angles and parallel lines

eles-3870
e Parallel lines are lines that do not intersect. They are marked with the same number of arrowheads.

e A straight line cutting a parallel line is called a transversal.

Parallel lines

N

Transversal

¢ Corresponding angles are equal in magnitude.
For example, in the diagram, a=e,c=g, b=fand d=h.
e Vertically opposite angles are equal in magnitude.
For example, in the diagram,a=d, b=c,f=gand e=h.
¢ Alternate angles are equal in magnitude.
For example, in the diagram, c =fand d =e.
e Co-interior angles (also known as allied angles) sum to 180°.
For example, in the diagram, ¢ + e = 180° and d + f= 180°.
e Angles and parallel lines can be used to establish congruency of triangles in parallelograms.

WORKED EXAMPLE 13 Verifying properties of a parallelogram

When a diagonal is drawn in a parallelogram, two pairs of equal angles are formed, as shown
(alternate angles).

A B

D C
a. State the congruency relationship between the two triangles formed, giving a reason.
b. Hence write a relationship between:
i. ABand DC ii. DA and CB iii. ZBAD and ZBCD.

c. Draw a conclusion about:

i. opposite sides of a parallelogram ii. opposite angles of a parallelogram.
THINK WRITE
a. There are two equal angles, and BD is in a. «ABD = «CDB (given)
both triangles. #ADB = ~CBD (given)

BD is common to both.
2ABD = 2CDB (AAS)
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b. i. AB and DC are corresponding sides in the b. i. AB=DC

triangles.
ii. DA and CB are corresponding sides in the ii. DA=CB
triangles.
iii. «BAD and zBCD are corresponding angles. iii. «BAD=«BCD
c. i. AB and DC are opposite sides. DAand CBare c. i. AB =DC and DA = CB; therefore,
opposite sides. opposite sides are equal.
ii. «BAD and ZBCD are opposite angles. ii. «BAD=_2«BCD
«ABC and £ADC are opposite angles. 2ABD = ~CDB (given)
£ADB = 2CBD (given)
.. £ABC=2«ADC
Opposite angles are equal.
Resources
eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Digital document SkillSHEET Angles and parallel lines (doc-6917)
Video eLesson  Parallel lines (eles-2309)

Interactivities Individual pathway interactivity: Quadrilaterals (int-4427)
Quadrilaterals (int-3756)

Exercise 6.6 Quadrilaterals learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,13, 16, 19, 22, 23, 26, 2,5,8,11,14,17, 20, 24, 27, 30 3,6,9,12, 15, 18, 21, 25, 28, 31
29

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
EEH Use parallelogram WXYZ to answer questions 1—4.

1. State the congruency relationship between AWXA and
AYZA, giving a reason.

2. State the relationship between WA and YA.
3. State the relationship between XA and ZA.

4. State whether the diagonals bisect each other.
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Consider the rhombus ABCD. We know that the diagonals bisect each other, because the rhombus is also a
parallelogram. Use this information to answer questions 5-7.

5.

10.

11.

State the congruency relationship between AABE and ABEC,
giving a reason.

. State the relationship between ZAEB and 2CEB.
. State the relationship between ZABE and ZCBE.

. Consider the rhombus ABCD. Determine the magnitude of

£AEB.

. Consider the rhombus ABCD. State whether the diagonals bisect

the angles.

Consider the rectangle PQRS.
Show that APQR and ASRP are congruent.

Consider the rectangle PQRS.
Describe the diagonals of the rectangle.

Use kite ABCD to answer questions 12—22.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Show that AABD and ACBD are congruent.
Describe ZABD and 2CBD.

Describe «BAD and ZBCD.

Describe «ZBDA and «BDC.

Describe AE and CE.

Describe ZAEB and #CEB.

State whether ABEC and ADCE are congruent.

State whether the opposite sides in the kite are equal.
State whether the opposite angles are equal.

State whether the diagonals bisect each other.
State whether the diagonals intersect at 90°.

State whether the diagonals bisect the angles.

Understanding

23.

The quadrilateral PQRS has opposite sides that are equal.

a. Show that the triangles are congruent.
Complete the following.

ZQPR =

ZQRP=

QP is parallel to .

QR is parallel to .

State what type of quadrilateral PQRS is.

-~ 0® 9 00T
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24,

25.

In quadrilateral ABCD, AB and DC are both parallel and equal in length.

. Identify one pair of alternate angles.

. Show that the two triangles are congruent.

. Hence demonstrate that BC and AD are parallel.
. State what type of quadrilateral ABCD is.

0 T O

Draw a quadrilateral MNOP and use 2 pairs of adjacent triangles to show
that the sum of the interior angles of a quadrilateral is 360°.

Reasoning

26.

27.

28.

WXYZ is a quadrilateral where ZXYW = 2YWZ.
Use mathematical reasoning to determine what type of quadrilateral it is.

Explain why it is important to be able to show congruency using mathematical
reasoning.

The diagram shows five squares drawn
among a network of dots. The dots represent
a corner of a square and no two squares share
a corner, although some squares can share

Q!

3> ¢
lwX

>
=

part of a side. Use the network of dots below
to draw squares that follow the same rules —

that is, with corners represented by the dots
and no two squares sharing a corner.

Determine how many squares can be drawn. /
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Problem solving

29. The frame of the swing shown in the following photograph is a trapezium. The diagonal sides make an angle
of 73° with the ground. Evaluate the angle, x, that the horizontal crossbar makes with the sides.

30. The pattern for a storm sail for a sailboard is shown in the photograph. Determine the size of each
interior angle.

31. a. Prove that a quadrilateral can have no more than one interior angle that is greater than 180°.
b. If all interior angles are integers, determine the largest possible interior angle that a quadrilateral can
have.
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6.7 Review
6.7.1 Topic summary

Notation

CONGRUENCE

e The symbol used for congruence is =. This is said as
‘is congruent to’.

* In congruence statements, the verices of both figures

Congruent figures are written in corresponding order.

e.g. ABC = DEF

» Congruent figures are identical in size and shape. . .

* Transformations such as reflections, translations and B Mirror line E
rotations do not change shape and size.

* Once figures have been identified as congruent,
unknown values can be found.

» Tessellations are patterns created by repeated
transformations of a shape or a group of shapes so that

an entire surface is covered. A C F D
Angles and parallel lines Congruent triangles
* Properties of parallel lines are used to identify * Congruent triangles have the same three angles and
congruency in quadrilaterals. corresponding side lengths.
» There are four tests to determine congruency:
bx‘\a . Congruence test Example

yud d

Parallel lines

\

‘ Side-side-side
(SSS)
e
Ve
—— Transversal

Side-angle-side

¢ Equal angles: (SAS)

* Corresponding angles, e.g.a=e,d=h,b=f
* Alternate angles, e.g. d=e,c=f
* Vertically opposite angles, e.g. d =a, c = b,

Angle-side-angle

feg hoe (ASA)
* Supplementary angles:
» Co-interior angles, e.g. e + ¢ = 180°, d + f= 180°
Right angle—
hypotenuse-side
(RHS)

Properties of quadrilaterals

e The sum of the four interior angles is 360°.
* Key types:
* Square, rectangle, kite, parallelogram, rhombus, trapezium
» Key properties:
» Diagonals bisect each other: square, parallelogram, rhombus, rectangle
» Diagonals intersect at right angles: square, thombus, kite
* Opposite pairs of angles are equal: square, parallelogram, rhombus, rectangle
* Opposite sides are parallel: square, parallelogram, rhombus, rectangle, trapezium (one pair)
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6.7.2 Success criteria

Tick a column to indicate that you have completed the subtopic and how well you think you have understood it

using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic | Success criteria

L ARAR

| can draw an object after a rotation.

| can tessellate a basic shape.

6.3 | understand the meaning of congruent figures.

| can identify congruent shapes.

conditions.

6.6 | understand the properties of different quadrilaterals.

types of quadrilaterals.

6.2 | understand the meaning of the terms translation, reflection and rotation.
| can draw the image of an object after it has been translated.

| can draw the image of a point that is reflected in a mirror line.

| can identify regular, semi-regular or irregular tessellations in a picture.

6.4 | can construct triangles using a ruler, protractor and a pair of compasses.

6.5 | understand the conditions required for two triangles to be congruent.

| can determine unknown side lengths and angles using congruence

| can apply knowledge of congruence to verify the properties of different

6.7.3 Project

Puzzling constructions

How well do you know the properties of different triangles and
quadrilaterals? This activity will challenge you to create as many
triangles and quadrilaterals as you can from three different types of
puzzles.

Follow the instructions in this activity to create your three puzzles.
Draw each shape onto a firm sheet of A4 paper. Carefully space the
puzzles so they will all fit onto one sheet.
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Three-piece triangle

e Construct an equilateral triangle with side lengths of 10 cm. Mark the centre of
each side.

e Lightly rule a line from each corner to the midpoint on the opposite side.
These lines will intersect at one point.

e From this point, rule a line to the top corner. Rule another line parallel to the
base side that goes through the centre point. Cut out the three shapes.

1. Name the three shapes created in this puzzle. List the main properties of
each shape.

2. Use any number of pieces to construct as many triangles and quadrilaterals as you can. Draw
each solution and list the main properties of each shape.

Three-piece square

e Draw a square with side lengths of 10 cm. Mark the centre of the top and right
sides.

e Rule a line from the centre of the top side to the bottom right corner.

¢ Rule another line from the bottom left corner towards the centre on the right side.
Stop when you meet the previous line. Cut out the three shapes.

3. Name the three shapes created in this puzzle. List the main properties of
each shape.
4. Repeat question 2 using the pieces from this puzzle.

Four-piece rectangle

¢ Draw a rectangle measuring 20 cm by 5 cm.
e Mark the centre of the long side and divide the rectangle into two.
e Rule a diagonal line in each smaller rectangle. Cut out the four shapes.

5. What do you notice about the shapes you created? List their main properties.
6. Repeat question 2 using the pieces from this puzzle.
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Resources
eWorkbook Topic 6 Workbook (worksheets, code puzzle and project) (ewbk-1937)

Interactivities Crossword (int-2728)
Sudoku puzzle (int-3187)

Exercise 6.7 Review questions learn

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. Identify whether these shapes are congruent.

2. Identify whether these shapes are congruent.

3. Identify whether these shapes are congruent.
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4. Prove that the following triangles are congruent, giving a reason. Hence, determine the length of the
side marked with a pronumeral.

5. Determine the length of the side marked with a pronumeral.

P Q

5 cm X

R S

6. Determine the length of the side marked with a pronumeral.

A

23 mm X

C

7. Triangles PQR and PST are congruent. Determine the values of the pronumerals x, y and z.

10 mm

Q R

11 mm
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8. Complete the following table summarising the properties of quadrilaterals.

Properties of
quadrilaterals | Parallelogram| Rhombus Rectangle Square Kite

Opposite sides
are parallel.

Opposite sides
are equal.

All sides are
equal.

All angles are
90°.
Diagonals are
equal.

Diagonals bisect
each other.
Diagonals
intersect at 90°.
Diagonals bisect
angles.

9. The following figures have not been drawn to scale and appear to be congruent. Use the measurements
given to determine whether or not they are congruent.

6 cm 6 cm

3cm 30 mm

10. Use the measurements given to determine whether or not these triangles are congruent.
‘
AN
11. Use the measurements given to determine whether or not these circles are congruent.

® &
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12.

Use the measurements given to determine whether these triangles are congruent or not.

A A

Problem solving

13.

14.

15.

16.

17.

18.

19.

20.

State whether the following shapes are congruent. Give a reason for your answer.

n
b
A /80
a m

State whether the following shapes are congruent. Give a reason for your answer.
G

>
)

B 5 C E

State whether the following shapes are congruent. Give a reason for your answer.

>

A classmate had two right-angled triangles and measured an angle of each. One triangle had an angle of
43° and the other had an angle of 47°. She decided that they were not congruent. Explain whether she
is correct.

In a quadrilateral PQRS, PQ =RS and ZPQR = ZRSP. Suzie claims that the quadrilateral must be a
parallelogram. Is her claim correct? If yes, give evidence to justify the claim. If no, draw a diagram to
demonstrate how her claim is wrong.

In a rectangle WXYZ, M is the midpoint of WX. Show that MZ=MY.

ABCD is a square. E is a point on AB. F is a point on BC. G is a point on CD and H is a point on DA.
If AE =BF = CG = DH, determine the type of quadrilateral EFGH is. Justify your answer.

Explain, using mathematical reasoning, whether squares and thombuses are special examples of kites.

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Omlﬂe ReSOurCGS Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook Teacher resources

Download the workbook for this topic, which includes There are many resources available exclusively for teachers
worksheets, a code puzzle and a project (ewbk-1937) [0 online.
Solutions

Download a copy of the fully worked solutions to every question
in this topic (sol-0711) O

Digital documents

6.2 SkillSHEET Translation of a point (doc-6596)
SkillSHEET Reflection of a point (doc-6597)
SkillSHEET Reflection of an object (doc-6598)
SkillSHEET Rotation of a point (doc-6599)
SkillSHEET Rotation of an object through 180°
(doc-6600)

6.3 SkillSHEET Naming angles and shapes (doc-6915)
SkillSHEET Calculating angles in triangles (doc-6916)

6.6 SkillSHEET Angles and parallel lines (doc-6917)

Ooood oodd

Video eLessons

6.2 Isometric transformations (eles-3860)
Tessellations (eles-3861)

6.3 Identifying congruent shapes (eles-3862)

6.4 Constructing a triangle given three side lengths
(eles-3863)
Constructing a triangle given two angles and the side
between them (eles-3865)
Constructing a triangle given two sides and the angle
between them (eles-3866)

6.5 Congruent triangles (eles-3867)
Congruency tests (eles-3868)

6.6 Review of terms and rules (eles-3869)
Angles and parallel lines (eles-3870)
Parallel lines (eles-2309)

Oooodoo o o odd

Interactivities

6.2 Individual pathway interactivity: Transformations and
tessellations (int-8339)
Transformations and the Cartesian plane (int-2368)
6.3 Individual pathway interactivity: Congruent figures
(int-4424)
Congruent figures (int-3749)
6.4 Random triangles (int-2369)
Individual pathway interactivity: Triangle constructions
(int-4425)
6.5 Individual pathway interactivity: Congruent triangles
(int-4426)
Congruent triangles (int-3754)
Congruency tests (int-3755)
6.6 Individual pathway interactivity: Quadrilaterals
(int-4427)
Quadrilaterals (int-3756)
6.7 Crossword (int-2728)
Sudoku puzzle (int-3187)

Oo0odo ood o odog od

To access these online resources, log on to www.jacplus.com.au.
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Answers c.

Topic 6 Congruence

Exercise 6.1 Pre-test
1. A
2.B C

3. No, the shapes are not congruent. They have different shape
and size and, therefore, different areas.

4. These triangles, as described, have different side lengths;
they are not congruent. 5. a.

B a
. Yes, they are congruent.

.Aand C

83°

C

10. A

11. a. «PQR b. QR c. ZQRP

12. Trapezium: a quadrilateral, with one pair of parallel unequal
sides

© ® N o &

13. No, not always. Co-interior angles can be equal, but aren’t
always equal. b.
14. D

15. a. Vertically opposite b. Corresponding b’
c. Alternate

Exercise 6.2 Transformations and tessellations

1. a:1R2U b: 19R 2D
c:4L 5D d: 10L

2. e:2R4U f: 2R

g:2R9U h: 11L 8D
3. i:4L 1D j:6R

k: 7L 5D 1: 2L 8U c.
4. a.
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b. True
e. False

i. Quadrilaterals and triangles
ii. Irregular

i. Equilateral triangle

ii. Regular

i. Dodecagon, hexagon, square

ii. Semi-regular
i. Square, equilateral triangle
ii. Semi-regular

. Congruent b. Congruent
. Congruent d. Not congruent




17. Answers will vary. A sample response is shown.

7
AV

18. D

19. Responses will vary. One example is 4R 1U, 7L 3U.

20. The letter D is changed after a rotation. Letters such as T or
V would also change after a rotation of 180°.

21. A translation involves moving up, down, left or right.
A reflection is a mirroring along an axis of symmetry.
A rotation is turning about a centre of rotation.

s Jump From To
1 Al A3
2 A3 Cl
3 Cl Al

23.

Axis of
symmetry
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Axis of
symmetry

/D

Exercise 6.3 Congruent figures

1.

These shapes are not identical and therefore they are not
congruent.

. These shapes are not identical and therefore they are not

congruent.

3. The shapes are identical and therefore they are congruent.

4. The shapes are not identical and therefore they are not

296

. a. YA

congruent.

. These shapes are not identical and therefore they are not
congruent.

. These shapes are identical and therefore they are congruent.
x=25°

. x=70°, y=40°

. x=40°, y=55°

. x=30°, y=30° z=120°
. x=40°, y=40°, z=100°
. x=35° y=55°

.C

=Y
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15.
16.
17.
18.
19.
20.
21.
22,
23.
24.

25.

26.
27.

=Y

|
(o)}

|
W

|
%)

|
N8}

|
—

(=)
L.
S}
%)
&
o\ —

A

I I T 0 I T
6-5-4-32-300 4 3 3456

(

—6
\

d. Yes, they are congruent. Translations, reflections and
rotations do not change the size or shape of an object.

x=30° y=160°
x=75° y=60° z=45°

x=8cm

w=y=70° x=7z=>55°
x=8cm
x=45°%y=3cm

x=58° y=165°

Check corresponding angles and side lengths.
To indicate which vertices match on each shape
Answers will vary. A sample answer is shown.

No. For example, one rectangle could have dimensions of
2 m by 10 m and the other 4 m by 5 m.
a=15cm,b=92°¢=58°
a=35°b=55°¢c=70°d=5cm,e=2cm

Exercise 6.4 Triangle constructions

1.

2.

3.

Sample responses can be found in the worked solutions in
the online resources.
Sample responses can be found in the worked solutions in
the online resources.
Sample responses can be found in the worked solutions in
the online resources.



. a.

. a. Sample responses can be found in the worked solutions
in the online resources.

90
c. Acute

[

. a. Sample responses can be found in the worked solutions
in the online resources.

b. Many triangles could be drawn with the angles shown in
part a. Each triangle could be similar to the one shown;
i.e. same shape but different size.

. Sample responses can be found in the worked solutions in
the online resources.

. Sample responses can be found in the worked solutions in

the online resources.
\45°  45°

4

3cm

2.5cm
[ d. ..
33 mm
100°
\60° /7
40 mm

.

4 cm

3cm

407

5.2cm

2.5cm

’,

2.5cm

28 mm

\

40 mm

)

63 mm

2.5cm

;

4.5cm

11. 10 km

Mirimbah

Mount Buller
4 Alpine
Village
\ Il
Sheepyard ! 6 km
Flat

HOWq\)‘b

Bushwalker

Exercise 6.5 Congruent triangles
. AABC = APQR (SSS)
. AABC = APQR (SSS)
. ALMN = APQR (SAS)
. AABC=APQR (ASA)
. AABE = AADE (SSS)
. AFKJ = AGKH (SSS)
x=3
x=83°
. x=75°y=25°27=80°
. x=25%y=8
.x=35% y=2=55°, n=m=90°
.a. AB=AC
BD=CD
AD is common.
ADBA = ADCA (SSS)
b. AB=AD
AC is common.
£4BAC = £ZDAC
AABC = AADC (SAS)
c. PQ=PS
PR is common.
£PRQ = «PRS =90°
APQR = APSR (RHS)

© O N O O A W N =

- - -
N = O
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13.

14.

15.
16.
17.
18.

19.

20.

21.

There are multiple correct answers. One possible answer is
shown.

There are multiple correct answers. One possible answer is
shown.

Congruent (SSS)
Congruent (ASA)
The third side and the other two angles can be different.
15 cm and 15cm
20°  89° 89°  20°

There are multiple correct answers. One possible answer is

shown.

If a triangle is unique, there isn’t another triangle that has

the exact same side lengths and shape.

® For any triangle, if two angles are known, the third angle
can always be found. Having two angles will only give
shape, not size, so many different triangles can be drawn.

® [f one side and two angles are known, there is only one
triangle that can be drawn (e.g. one side of 5 cm and
angles of 30° and 20°).

® [f three sides are given, only one triangle can be drawn
(e.g. sides of 3cm, 4 cm and 5 cm).

® For any triangle, given two sides and an included angle,
only one triangle can be drawn (e.g. side lengths 10 cm,
8 cm and the angle between them being 20°).

e [f the given angle is not between the given side lengths,
many different triangles can be drawn.

N

0 N O O O

There are multiple correct answers. A sample response is
given below.

When using the congruency rule ASA, it is not necessary
for the side to be between the angles because the two angles
determine the third angle, so whichever side has been given

will lock in the shape. 1

5.2 cm

2.5cm
17

2.5cm
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22,

12.
13.
14.
15.

16.
. 2AEB = 2CEB =90°
18.
19.

C.

40 mm

There are multiple correct answers. This is one solution for
triangle ABC with side length 6 cm. You may choose other
side lengths.

In ABDF:

BD=BF=3cm
«#DBF = 60°

.. 2BFD = #BDF = 60°

.. ABDF is equilateral, and DF =3 cm.
Similarly, in ACEF:

CE=FC=3cm
ZFCE = 60°
.. AEFC = AFEC = 60°
.. ACEF is equilateral, and EF = 3 cm.
EF =DF

ZDFE = 180° — (60° + 60°)
= 60°

.. ADEF is equilateral, and DE = DF = EF =3 cm.

Exercise 6.6 Quadrilaterals
1. AWXA = AYZA (ASA)
. WA = YA; the diagonals of a parallelogram bisect each

other.

. XA =ZA; these two lines form one diagonal.

. Diagonals bisect each other.

. AABE = ACBE (SSS)

. 2«AEB = 2CEB

. 2ABE = ZCBE

. 90°, as they are formed by the diagonals bisecting

each other. They are both right angles. They are also
supplementary angles.

. Yes, diagonals bisect the angles.
10. APQR = ASRP (SAS)
. Triangles PQR and PSR are congruent; therefore, PR & SQ,

the diagonals of a rectangle, are equal.
AABD = ACBD (SSS)

«£ABD = 2CBD

4BAD = «BCD

Yes, because triangles ABD and CBD are congruent:
#BDA = #BDC

AE=CE

No, they are not congruent.

No. Two pairs of adjacent sides in a kite are equal, not the
opposite sides. Only one pair of opposite angles are equal
(«BAD = «BCD; £ABC does not equal ZADC).



20. No. One diagonal bisects the other. Project

21. Yes. The diagonals intersect at right angles. 1. Two right-angled triangles and one trapezium with two
22. No. One diagonal bisects the unequal angles. parallel sides
23.a. AQPR = ASRP (SSS) 2. Some possible solutions are shown.
b. «SRP
c. ZSPR
d. RS 3
e. PS
Gl S Equilateral triangle Irregular quadrilateral
24. a. ZBAC=«DCA with two pieces; with two pieces; all sides
b. AABC=ACDA (SAS) all angles are 60°. have different lengths.
c. «BCA = «DAC (alternate angles) 3. One large and one smaller right-angled triangle, and an
d. Parallelogram irregular quadrilateral
25. All quadrilaterals can be divided into two adjacent triangles. 4. Some possible solutions are shown.
The interior angle sum of a triangle is 180°, so the interior
angle sum of a quadrilateral is equal to 360° (180° X 2).
26. Trapezium
27. It is not enough for diagrams to look the same. A
Mathematical reasoning is evidence for congruence.
28. A

Right-angled triangle Irregular quadrilateral ~ Trapezium with
with two pieces with two pieces two pieces

Right-angled triangle  Parallelogram with ~ Rectangle with
with three pieces three pieces three pieces

*

5. Four identical right-angled triangles

6. There are multiple correct answers. Some possible solutions
are shown below.

Six squares can be drawn. A . ‘

29. x=107° Isosceles triangle ~ Parallelogram with ~ Irregular quadrilateral
30. 50°,70°, 110°, 130° with two pieces two pieces with three pieces
31. a. There are multiple correct answers. One possible answer

is shown.

A quadrilateral can have no more than one angle

of 180°.

For example, if a quadrilateral were to have angles

of 180°, the angle sum would be 360°, which is the Kite with Rhombus with all

maximum interior angle sum of a quadrilateral. If it were two pieces four pieces

to have three angles of 180°, the angle sum would be
540°, which is greater than the maximum interior angle ~ Exercise 6.7 Review questions
sum of a quadrilateral.

b. 357°

1. Yes, these shapes are congruent.

2. No, these shapes are not congruent.
3. Yes, these shapes are congruent.

4. AABC=APQR (ASA), x=5cm
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5. APQR = AQPS (ASA), x=5cm
6. AABC = AADC (SAS), x =23 mm
7. APQR = APST (SAS),

x=10mm, y=11mm, z= 12 mm

8. See the table at the bottom of the page.*

9. Congruent

20. There are multiple correct answers. One possible answer is
shown below.
A square and a thombus could be considered a special form
of kite. A square has two pairs of parallel sides and four
right angles, and all four of its sides are equal. It is also a
rectangle and a parallelogram. A rthombus is defined as a
parallelogram with four equal sides. A square is also a right-

10. Not congruent angled rhombus. Kites have two pairs of adjacent sides that

11. Congruent are equal.

12. Congruent

13. No, because the included angles are different sizes.

14. Yes, SAS

15. Yes, AAS

16. She is not correct to state that they are not congruent. The

angles are the same, so if the side lengths are also equal,
they will be congruent.

17. Suzie’s claim is not correct.

S
P
Q . R
This quadrilateral is also possible.
PQ=RS and ZPQR = «RSP

18. There are multiple correct answers. One possible answer is

shown below.
M represents the halfway point of WX. Drawing MZ and
MY produces two congruent right-angled triangles. The
triangles are congruent because they have two side lengths
and one angle that are similar. Therefore, MZ and MY must
be equal as well.
w M X

—
Z Y

19. Square.

Since AE =BF = CG =DH, this means that
EB =FC=GD=HA. This creates four congruent right-
angled triangles (SAS). Therefore, all the hypotenuses
of the four right-angled triangles must be equal. That is,
EF =FG = GH =HE. This means that EFGH is a square.

*8. Properties of quadrilaterals Parallelogram Rhombus Rectangle Square Kite
Opposite sides are parallel. v v v v X
Opposite sides are equal. v v v v X
All sides are equal. X 4 X v X
All angles are 90°. X X v v X
Diagonals are equal. X X v v X
Diagonals bisect each other. v 4 4 v X
Diagonals intersect at 90°. X v X v v
Diagonals bisect angles. X v X v X
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Semester review 1

The learnON platform is a powerful tool that enables students to complete revision independently and allows
teachers to set mixed and spaced practice with ease.

Student self-study

Review the Course Content to determine which topics and subtopics you studied throughout the year. Notice
the green bubbles showing which elements were covered.

learnCl]) iscarance Metre Ques 8 A veacrer [EEE ot secmenoe ac 2

Ountooard » Course Content

1 Choose assignment type 2 Fitec hurmer

|
C

cores Detewen 3% and 650 [ Hegnagnt iow scoces of £5% of less. t0 dentiy prodiem aress l

messcamegns § f

Use these and other tools to help identify areas of strengths and weakness and target those areas for
improvement.
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Teachers

It is possible to set questions that span multiple topics. These assignments can be given to individual students, to
groups or to the whole class in a few easy steps.

Go to Menu and select Assignments and then Create Assignment. You can select questions from one or many
topics simply by ticking the boxes as shown below.

-

Select your content

D

& Tl ety

Once your selections are made, you can assign to your whole class or subsets of your class, with individualised
start and finish times. You can also share with other teachers.

Assign your content

m m RS e oo 3
Mrgrve roe

|Eee

More instructions and helpful hints are available at www.jacplus.com.au.
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7 Algebra

LEARNING SEQUENCE

7.1 Overview
7.2 Using pronumerals
7.3 Substitution
7.4 Substituting positive and negative numbers
7.5 Number laws
7.6 Adding and subtracting terms
7.7 Multiplying and dividing terms .
Expanding brackets
Factorising
Review
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7.1 Overview
Why learn this?

Algebra is a fundamental building block of mathematics,
used to create many of the things we use every day.
Without algebra there would be no television, no
smartphones and no internet — it would not be possible
to have anything electrical at all. In its simplest form,
algebra involves solving problems and working out
unknown values. It is a systematic way of expressing and
solving equations and is used to make problems easier.
Studies of the Babylonians show that algebra has been
used for over 4000 years.

Imagine you have $50 to spend at a bookstore and you
select a book that costs $20. How much do you have left
to spend on something else? Or you have a room that

is 5 metres long in which you need to fit 10 chairs, all
of which are 70 cm wide. It is possible? You may not
realise it, but solving problems such as these involves
using algebra.

Algebra is also used in many fields such as medicine,
engineering, science, architecture and economics. If you
wish to use geometry to build structures, or modelling
to study financial markets or create new groundbreaking
technology, algebra will be at the heart of your work.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources summary at the end of this topic provides a full list of what’s available to help you learn the
concepts covered in this topic.

Fully worked
solutions
to every

Video Interactivities
elLessons

question

eWorkbook
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Exercise 7.1 Pre-test learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1.

10.

11.

12.

13.

[ Today Esther is y years old. Select all possible expressions that represent Esther’s age in four
years’ time.

A. 4y B.4+y C.y—4 D.y+4 E. 4
Calculate the values of the following expressions if 7= 10.

a. t+7 b. 3t c. —=2t+5 d. 7~
Simplify the following expressions.

a. 2a+5a b. 4da—a c. 3ab+ 2ba

The area of a triangle is calculated using the formula A = %bh.

a. Calculate the area of a triangle with »=20cm and 7= 6 cm.
b. Calculate the area of a triangle with » =7.6 cm and & =2.4 cm, correct to 2 decimal places.

State whether the following statement is True or False. If a number pattern has the formula 4n + 1,
where 7 is an integer, any value in that pattern will be odd.

If a has a value of 6 and b has a value of —3, calculate the values of the following expressions.
a. 3a+2b b. a—b CcY % d. a+b

. I Identify which one of the following operations follows the Commutative Law.

A. Addition B. Subtraction C. Multiplication
D. Division E. None of the above
State whether the following statement is True or False.

Ifx=-5y=—-3andz=-2,thenx—y+z=x—(y —2).

Simplify the following expressions.
a. Sa—2b—2a—-3b b. 7f+3-2f—1 c. Sab—2ab+a

Simplify the following expressions.

45
a. 4xXxX2x X3y b. L

20p

Expand the following and simplify (if possible).
a. 5(m+10) b. 3m(2m — 5p) c. 3m(m+ 5¢t) + 2t(3m — 1)

T From the list of terms, select the highest common factor in all three of these expressions:
8mn, 6m* and 4mnp.

A. 24m*np B. 2m C. 4m D. 2mn E. 2m?

Factorise the following expressions.
a. 4dmn+16 b. 3p’q—12pq?
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14. Simplify the following as far as possible, but do not expand the brackets.
42 2

5(t—1)° T30—1)

15. If the first number in a series of consecutive odd numbers is written as n, write the simplest expression
for the mean of the first five terms.

7.2 Using pronumerals

LEARNING INTENTION

At the end of this subtopic you should be able to:
e understand the meaning of and use the words pronumeral, term, expression, coefficient and
constant term
e write simple algebraic expressions.

7.2.1 The language of algebra

e Like English, French or a computer language, algebra is a type of language.
e In algebra there are important words that we need to be familiar with. They are pronumeral, term,
expression, coefficient and constant term.

eles-3906

Pronumerals

e A pronumeral is a letter or symbol that is used in place of a number.

e Pronumerals are used to write general expressions or formulas and will
allow us to determine their value when the values of the pronumerals
become known.

. . 1
For example, the area of a triangle can be written as A = —bh and
contains the pronumerals b and 4. Once we know the actual length
of the base, b, and the height, 4, of a triangle, we can determine its area

using the formula.
e A pronumeral may also be described as a variable.

Terms, expressions, coefficients and constant terms

e A term is a group of letters and numbers that form an expression and
are separated by an addition or subtraction sign.
¢ A coefficient is the number part of the term. Term
* A constant term is a number with no pronumeral attached to it. Constant term
e An expression is a mathematical statement made up of terms, operation
symbols and/or brackets.
For example, 4xy 4+ 5x — 6 is an expression made up of three terms: dxy +5x-6
4xy, 5x and —6.

Coefficient Pronumeral

. Expression
Algebra basics

e When we write expressions with pronumerals, the multiplication sign is omitted. For example, 8n means

‘8 xn’ and %bh means ‘% XbXh.

e The division sign is rarely used. For example, y + 6 is usually written as %
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e When reading senarios related to mathematics:
o the words ‘sum’ or ‘more than’ refer to addition
« the words ‘difference’ or ‘less than’ refer to subtraction
« the words ‘product’ or ‘times’ refer to multiplication
« the word ‘quotient’ refers to division
« the word ‘square’ refers to the power of 2 (a number multiplied by itself).

WORKED EXAMPLE 1 Writing algebraic expressions from words

Suppose we use b to represent the number of ants in a nest.

. Write an expression for the number of ants in the nest if 25 ants died.

. Write an expression for the number of ants in the nest if the original ant population doubled.

. Write an expression for the number of ants in the nest if the original population increased by 50.
. What would it mean if we said that a nearby nest contained b + 100 ants?

. What would it mean if we said that another nest contained » — 1000 ants?

® & 0 T o

-h

. Another nest in very poor soil contains 2 ants. How much smaller than the original is this nest?

THINK WRITE
a. The original number of ants (b) must be reduced by 25. a. b—25

b. The original number of ants (b) must be multiplied by 2.  b. 2/
It is not necessary to show the X sign.

. b+50

. The nearby nest has 100 more ants.

c. 50 must be added to the original number of ants ().

(2]

d. This expression tells us that the nearby nest has 100
more ants.
e. This expression tells us that the nest has 1000 fewer ants.  e. This nest has 1000 fewer ants.

o}

f. The expression b means b + 2, so this nest is half the size f. This nest is half the size of the original

of the original nest. nest.

COLLABORATIVE TASK: Algebraic symbols in other contexts

Use the internet to research where algebraic symbols are used in other contexts; for example, when
representing cells in a spreadsheet. As a class, compile the responses into a list and analyse the different
contexts in which variables appear.

Resources

eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Digital document SkillSHEET Alternative expressions used to describe the four operations (doc-6922)

Interactivities Individual pathway interactivity: Using pronumerals (int-4429)
Using variables (int-3762)
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Exercise 7.2 Using pronumerals learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,12,15 2,5,8,11,13, 16 3,6,9, 14,17

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
W WE1] Suppose we use x to represent the original number of ants in a nest.

a. Write an expression for the number of ants in the nest if 420 ants
were born.

b. Write an expression for the number of ants in the nest if the original §\<
ant population tripled. _——

c. Write an expression for the number of ants in the nest if the original o ) 5 R
ant population decreased by 130. i > e ﬁ\“'n
d. State what it would mean if we said that a nearby nest contained : ' 3 'é},’ ;-_‘?} ' : .,_“
x4+ 60 ants. B e

e. State what it would mean if we said that a nearby nest contained x — 90 ants.
f. Another nest in very poor soil contains — ants. Determine how much smaller this nest is than the original.

2. Suppose x people are in attendance at the start of an AFL match.

a. If a further y people arrive during the first quarter, write an expression for the number of people at
the ground.

b. Write an expression for the number of people at the ground if a further 260 people arrive prior to the
second quarter commencing.

c. At half-time, 170 people leave. Write an expression for the number of people at the ground after they
have left.

d. In the final quarter, a further 350 people leave. Write an expression for the number of people at the
ground after they have left.

3. Imagine that your cutlery drawer contains a knives, b forks and ¢ spoons.

a. Write an expression for the total number of knives and forks you have.

b. Write an expression for the total number of items in the drawer.

c. You put 4 more forks in the drawer. Write an expression for the number of forks that are in the
drawer now.

d. Write an expression for the number of knives in the drawer after 6 knives are removed.

4. If y represents a certain number, write expressions for the following numbers.

a. A number 7 more than y b. A number 8 less than y
c. A number that is equal to five times y

5. If y represents a certain number, write expressions for the following numbers.

a. The number formed when y is subtracted from 14
b. The number formed when y is divided by 3
c. The number formed when y is multiplied by 8 and 3 is added to the result

6. Using a and b to represent numbers, write expressions for:

a. the sum of a and b b. the difference between a and b
c. three times a subtracted from two times b d. the product of a and b.
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7. Using a and b to represent numbers, write expressions for:

twice the product of a and b
the sum of 3a and 7b
a multiplied by itself

e o oTo

. If tickets to a basketball match cost $27 for adults and $14 for

children, write an expression for the cost of:

a. y adult tickets
b. d child tickets
c. radult and A child tickets.

Understanding

9. The canteen manager at Browning Industries orders m Danish

a multiplied by itself and the result divided by 5.

pastries each day. Write a paragraph that could explain the table below.

Number of Danish pastries
Time available for sale
9:00 am m
9:15 am m—1
10:45 am m—12
12:30 pm m—12
1:00 pm m—30
5:30 pm m—30

10. Naomi is now ¢ years old.

11.

Calculate Naomi’s age 5 years ago.

e o0 To

Write an expression for her age in 2 years’ time.
Write an expression for Steve’s age if he is g years older than Naomi.

Naomi’s father is twice her age. Calculate his age.

James is travelling by train into town one particular evening and observes that there are ¢ passengers in his
carriage. He continues to take note of the number of people in his carriage each time the train departs from a

station, which occurs every 3 minutes.
The table below shows the number of passengers.

'-

W LWL
DS

/f\

’ V
\ 4
.

Time (pm) Number of passengers
7:10 t
7:13 2t
7:16 2t+12
7:19 41412
7:22 4r+7
7:25 t
7:28 t+1
7:31 t—38
7:34 r—12
a. Write a paragraph explaining what happened.
b. Determine when passengers first began to leave the train.
c. Determine the time at which the carriage had the most passengers.
d. Determine the time at which the carriage had the fewest passengers.
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Reasoning

12. List some reasons for using variables instead of numbers.

13. A microbiologist places m bacteria onto an agar plate. She counts the number of bacteria at approximately
3-hour intervals from the starting time. The results are shown in the table below.

Time Number of bacteria
9:00 am m

Noon 2m
3:18 pm 4m
6:20 pm 8m
9:05 pm 16m
Midnight 32m— 1240

e ooy

14. n represents an even number.

Is 3n odd or even? Justify your answer.

e 0o

Problem solving

Explain what happens to the number of bacteria during the first 4 intervals.
Determine the possible cause of this bacterial increase.

Explain what is different about the last bacteria count.

Explain the cause of the difference in the bacteria count in part c.

Is the number n + 1 odd or even? Explain your answer.

Write an expression for the next three even numbers that are greater than n.
Write an expression for the even number that is 2 less than #.

15. Determine the 5 consecutive numbers that add to 120.

16. a. If the side of a square tile box is x cm long and the height is & cm, write expressions for the total surface

area and the volume of the tile box.

b. If a rectangular tile box has the same width and height as the square tile box in part a but is one and a half
times as long, write expressions for the total surface area and the volume of the tile box.

c. If the square tile box in part a has a side length of 20 cm and both boxes in parts a and b have a height of
15 cm, evaluate the surface area and volume of the square tile box and the surface area and volume of the
rectangular tile box using your expressions.

17. Bill was describing his age to a group of people using two different algebraic expressions. Four times a
certain number minus one and three times a certain number plus three both reveal Bill’s age.
Dertermine the number used and Bill’s age.
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7.3 Substitution

LEARNING INTENTION

At the end of this subtopic you should be able to:
e substitute values into algebraic expressions.

7.3.1 Substitution of values

e If the value of a variable (or variables) is known, it is possible to evaluate (work out the value of) an
expression by using substitution. The variable is replaced with its value.
e Substitution can also be used with a formula or rule.

WORKED EXAMPLE 2 Substituting values into expressions

Evaluate the following expressions if a =3 and b = 15.

a. 6a b. 7a — %
3
THINK WRITE
a. 1. Substitute the correct value for the variable (a) and a. ba=6x%x3
insert the multiplication sign.
2. Evaluate and write the answer. =18
2 2x%1
b. 1. Substitute the correct values for each variable and b. 7a— —b =7%X3— X139
insert the multiplication signs.
2. Perform the first multiplication. =21— 2 X315
e 30
3. Perform the second multiplication. =21-— =
4. Perform the division. =21-10
5. Perform the subtraction and write the answer. =11

WORKED EXAMPLE 3 Substituting values into an equation

The formula for calculating the area (A) of a rectangle of length / and width w is A =1 x w. Use this
formula to determine the area of the following rectangle.

270 m
| [32m
THINK WRITE
1. Write the formula. A=IxXw
2. Substitute the value for each variable. =270 x 32
3. Perform the multiplication and state the correct units. = 8640 m?
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DISCUSSION

Why might mathematicians, scientists, accountants and other professionals use variables in their work
instead of numbers?

7.3.2 Working with brackets

e Brackets are grouping symbols. The expression 3(a + 5) can be thought of as ‘three groups of (a+5)’, or
(@a+5+(@+5)+@+)53).

e When substituting into an expression with brackets, remember to place a multiplication sign (X) next to the
brackets. For example, 3(a +5) is thought of as 3 X (a + 5).

eles-3908

Evaluating expressions with brackets

Following operation order, evaluate the brackets first and then
multiply by the number outside the brackets.

WORKED EXAMPLE 4 Substituting into expressions containing brackets

a. Substitute » =4 and s = 5 into the expression 5(s + r) and evaluate.
b. Substitute =4, x =3 and y =5 into the expression 2x(3f — y) and evaluate.

THINK WRITE
a. 1. Place the multiplication sign back into the expression. a. 5(s+r)=5X(s+r)
2. Substitute the correct values for the variables. =5xX(5+4)
3. Evaluate the expression in the pair of brackets first. =5X%9
4. Perform the multiplication and write the answer. =45
b. 1. Place the multiplication signs back into the expression. b. 2x(3t—y) =2XxX3Xt—Yy)
2. Substitute the correct values for the variables. =2X3X(Bx4-5)
3. Perform the multiplication inside the pair of brackets. =2X3x%x(12-95)
4. Perform the subtraction inside the pair of brackets. =2X3X%x7
5. Perform the multiplication and write the answer. =42
Resources

eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Video eLesson Substitution (eles-1892)

Interactivities Individual pathway interactivity: Substitution (int-4430)
Substitution (int-3763)
Working with brackets (int-3764)
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Exercise 7.3 Substitution learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,8,5,7,9, 15,18, 21, 24 2,6,10, 11,13, 16, 17, 22, 25 4,8,12,14, 19, 20, 23, 26

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. I Solve the following expressions, if a=2 and b =5.
a. 6b b.g c.a+7 d.a+b

2. Evaluate the following expressions, if a =1 and b =3.

a.b—a b.5+§ c. 3a+9 d. 2a+3b

3. Solve the following expressions, if a=4 and b = 10.
8 25

a. — b. — c. ab d. 50 —30
a b
4. Evaluate the following expressions, if =3 and b =5.
a. 6b—4a b L o 242 g 2-2
5 a b a b
5. I Substitute r=5 and s =7 into the following expressions and solve.
a. 3(r+s) b. 2(s—r) c. 1(r+s) d. 9(s—r)
6. Substitute r =2 and s =3 into the following expressions and evaluate.
a. s(r+3) b. s2r—4) c. 3r(r+1) d. rs(3+s)
7. Substitute r=1 and s = 2 into the following expressions and solve.
a. 11r(s—1) b. 2r(s—r) c. s(4+3r) d. 7s(4r—2)
8. Substitute r =5 and s =7 into the following expressions and evaluate.
a. s(3rs+7) b. 5r(24 — 2s) c. Ssr(sr+ 3s) d. 8r(12—)
9. Solve the following expressions, if d =5 and m =2.
a. —3d b. —2m c. 6m+5d d. #
10. Evaluate the following expressions, if d =10 and m =4.
a. 25m—2d b. 12 c. 4dm—21 o B_m
15 d 4
Understanding
11. Substitute x =6 and y = 3 into the following expressions and solve.
13y 4xy
a. 3.2x+ 1.7y b. 11y —2x c. — —2x d —
3 15
12. Substitute x =4 and y =1 into the following expressions and evaluate.
a. 4.8x—3.5y b. 8.7y —x c. 12.3x—9.6x d. % - %
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13.

14.

15.

16.

17.

18.

19.

20.

Solve each of the expressions below, if x=2, y=4 and z=17.

a. (7—£> 4y b. §(xz+y—3) c. (y+2)E d. 2x(xyz—35)
X x X

Evaluate each of the expressions below, if x=3, y=5and z=9.
a. 12— 1)(z+3) b. (3x—7)<2—7+7> c. —2(4x+1)<§—3> d. —3(2y—11)<£+8>
x z X

KT The area (A) of a rectangle of length / and width w can be found using the formula A = lw. Calculate
the area of the following rectangles.

a. Length 12 cm, width 4 cm b. Length 200 m, width 42 m c. Length 4.3 m, width 104 cm

The formula ¢ =0.1a + 42 is used to calculate the cost in dollars (c) of renting a car for one day from Poole’s
Car Hire Ltd, where a is the number of kilometres travelled on that day.
Determine the cost of renting a car for one day if the distance travelled is 220 kilometres.

The formula for the perimeter (P) of a rectangle of length /
and width w is P =2/ + 2w. This rule can also be written as
P =2(l+w). Use the rule to determine the perimeter of
rectangular comic covers with the following measurements.
a. [=20cm, w=11cm b. [=27.5cm, w=21.4 cm

The formula for the perimeter (P) of a square of side length / is
P =41. Use this formula to calculate the perimeter of a square
of side length 2.5 cm.

The formula F = gC + 32 is used to convert temperatures

measured in degrees Celsius to an approximate Fahrenheit
value.

F represents the temperature in degrees Fahrenheit (°F) and C
the temperature in degrees Celsius (°C).

a. Calculate the value of F when C =100 °C.

b. Convert 28 °C to Fahrenheit.

c. Water freezes at 0 °C. Calculate the freezing temperature of
water in Fahrenheit.

A rule for finding the sum of the interior angles in a many-sided figure such
as a pentagon is S = 180(n — 2)°, where S represents the sum of the angles
inside the figure and n represents the number of sides.

The diagram shows the interior angles in a pentagon.

Use the rule to find the sum of the interior angles for:

a. a hexagon (6 sides)

a pentagon

a triangle

a quadrilateral (4 sides)

a 20-sided figure.

2070
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Reasoning
2

4x . . . .
21. Ben says that B = 2x. Emma says that is not correct if x =0. Explain Emma’s reasoning.
X

22. It can be shown that (x — a)(x — a) = x> — 2ax + a*. By substitution, show that this is true if:
a.x=4,a=1 b. x=3p, a=2p c. x=0.

23. The width of a cuboid is x cm.
a. If the length is 5 cm more than the width and the height is 2 cm less than the width, determine the
volume, V cm?, of the cuboid in terms of x.
b. Evaluate Vif x equals 10.
c. Explain why x cannot equal 1.5.

Problem solving

24. The dimensions of the figure are given in terms of m m+n
and n. Write, in terms of m and n, an expression for:
a. the length of CD
b. the length of BC 2m + 4n C D
c. the perimeter of the figure.
Show all of your workings.

3n—m

F 2m + 5n E
25. On the space battleship RAN Fantasie, there are p Pletons, each with 2 legs, (p—50) Argors, each with 3 legs,
and (2p + 35) Kleptors, each with 4 legs.

a. Determine the total number of legs, L, on board the Fantasie, in terms of p, in simplified form.
b. If p =200, find L.

26. Answer the following question.

a. Determine an expression for the area of a triangle whose base length is (m + n) cm and whose height is
(m—n)cm.

b. If m =15 and n =6, evaluate the area of the triangle.

Show that m > n.

d. Determine what happens to the triangle as m and n move closer in value.

o
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7.4 Substituting positive and negative numbers

LEARNING INTENTION

At the end of this subtopic you should be able to:
e evaluate algebraic expressions that involve positive and negative numbers.

7.4.1 Substituting integer numbers

les-3909
o e If the variable you are substituting for has a negative value, simply remember the following rules for

directed numbers.

Addition and subtraction of positive and negative integers

* When the operator and the sign of a number are the same, use addition.
For example, 5 —(—4) =5+4 or 5+ (+4)
=5+4
* When the operator and the sign of a number are different, use subtraction.
For example, 5 — (+4) =5—4 or 5+ (—4)
=5-4

Multiplication and division of positive and negative integers

* When multiplying or dividing two integers with the same sign, the answer is positive.
For example, —10 X —2 =420
° When multiplying or dividing two integers with different signs, the answer is negative.

For example, +—?2 =1—2

WORKED EXAMPLE 5 Substituting positive and negative numbers

a. Substitute m =5 and n = —3 into the expression m — n and evaluate.
b. Substitute a = —2 and b = —1 into the expression 2a + b and evaluate.
c. Substitute x = —4 and y = —3 into the expression 5y(6 + x) and evaluate.

THINK WRITE
a. 1. Substitute the correct values for the variables. a.m—n=5—(=-3)
2. Combine the two negative signs and add. =543
3. Write the answer. =8
b. 1. Insert the multiplication sign between 2 and a. b. 2a+b=2Xa+b
2. Substitute the correct values for the variables and multiply. =2X—-2+(-1)
3. Combine the different signs. =—4+(-1)
4. Perform the subtraction. =—4-—1
5. Write the answer. ==5
c. 1. Insert multiplication signs between 5, y and (6 + x). Sy(6+x)=5XyX(6+x)
2. Substitute the correct values for the variables. =5X-3X%X(6+(—4))
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3. Perform the multiplication outside the brackets. =—15%(6+(—4))

4. Inside the set of brackets, combine the different signs and =—15%x(6—-4)
subtract.
5. Follow BIDMAS and evaluate the brackets first. =—15%2
6. Perform the multiplication and write the answer. =-30
Resources
eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Digital documents SkillSHEET Order of operations Il (doc-6923)
SkillSHEET Order of operations with brackets (doc-6924)
SkillSHEET Operations with directed numbers (doc-6925)

Interactivities Individual pathway interactivity: Substituting positive and negative numbers (int-4432)
Substituting positive and negative numbers (int-3765)

Exercise 7.4 Substituting positive and negative numbers learn
Individual pathways

Bl PRACTISE Bl CONSOLIDATE B MASTER

1,3,5,6,10,13, 16 2,6,8,11,14,17 4,7,9,12,15, 18

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all

questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. IEA substitute m = 6 and n= —3 into the following expressions and solve.

a.m+n b. m—n c.n—m d.n+m

2. Substitute m =3 and n =2 into the following expressions and evaluate.

a. 2n—m b. n+5 c.2m+n—4 d. =5n—m
3. Substitute m =—4 and n =-2 into the following expressions and solve.
mn 4m 4m 12
a. — b. c. — d —
8 n—=6 n 2n
4. Substitute m = 6 and n = —3 into the following expressions and evaluate.
a2y b. 6mn— 1 o~ 415 d 14-22
n 2 2 9

5. IEE Substitute a = —4 and b= —5 into the following expressions and solve.
a.a+b b.a—b c. b—2a d. 2ab

6. Substitute @ =4 and b =5 into the following expressions and evaluate.

a. —2(b—a) b.a—b—4 c. 3a(b+4) d.

S
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7. Substitute a = —4 and b =5 into the following expressions and evaluate.

a. 16 b. 6b c. (a—=5)(8—-0b) d. 9—a)b-3)
da 5

8. I Substitute x =8 and y = —3 into the following expressions and solve.
a. 3(x—2) b. x(7+y) c. S5y(x—=1T7) d. xy(7 —x)
9. Substitute x =8 and y = —3 into the following expressions and evaluate.

a. B+0G+Y) b. 2(5—)

c. <5—1> <§+4> d. 3(x—1)<z+2>
4 6 3

Understanding

2q(r—3
10. If g=4 and r= -5, solve M
2r+2
3a
11. If a=17 and b = 13, evaluate 5 1(b—a).
3(—pg —p?)

12. If p=—-2 and g = -3, evaluate
q+2p

Reasoning
13. a. Complete the following table by substituting the values of x into x.

X -4 -3 -2 -1 0 1 2 3 4
P

b. Explain what you notice about the values of x* for values of x with the same magnitude but opposite sign.

14. Consider the expression 1 — 5x. If x is a negative integer, explain why the expression will have
a positive value.

15. Consider the equation (a — b)(a + b) = a* — b*.

a. By substituting @ =-3 and b =-2, show that this is true.
b. By substituting @ =—¢ and b =—-2¢, show that this is true.

Problem solving

16. Explain what can be said about the sign of x.

. . . r=x)(x+r . o .
17. If x = —2r is substituted into %, will the answer be positive or negative if:
r—2x
a. r>0 b. r<0?

Show your working.

18. A circle is cut out of a square.

a. If the side length of the square is x, the radius of the circle
is 0.25x and the area of the circle is approximately 0.196x?,
determine an expression for the remaining area.

b. Evaluate the area when x = 2 by substituting into your
expression. Give your answer to 3 decimal places.

c. Determine the largest radius the circle can have.
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7.5 Number laws

LEARNING INTENTION

At the end of this subtopic you should be able to:
e understand the Commutative, Associative, Identity and Inverse laws
e apply the Commutative, Associative, Identity and Inverse laws to algebraic expressions.

7.5.1 Commutative Law

eles-3910 . . . . ) .
e When dealing with any expression involving numbers, we must obey particular rules.

e The Commutative Law refers to the order in which two numbers are added or multiplied.
e The Commutative Law holds true for addition and multiplication but not for subtraction or division.

The Commutative Law for addition

e The Commutative Law for addition states that:
X+y=y+x
For example,34+2=5and2+3=5
e This law does not hold true for subtraction.
For example, 3 —2#2 -3
The Commutative Law for multiplication
e The Commutative Law for multiplication states that:
XXy=yXx
For example, 3X2=6and 2X3 =6

e This law does not hold true for division.
For example, 3 +2#2+3

WORKED EXAMPLE 6 Testing the Commutative Law

Evaluate the following expressions if x =4 and y = 7. Comment on the results obtained.

a.i. x+y b.i. x—y c.i. xXy d.i. x+y
i. y+x ii. y—x ii. yXx ii. y+x
THINK WRITE
a. i. 1. Substitute the correct value for each variable. a. i. x+y=4+7
2. Evaluate and write the answer. =11
ii. 1. Substitute the correct value for each variable. i. y+x=7+4
2. Evaluate and write the answer. =11
3. Compare the result with the answer you The same result is obtained; therefore,
obtained in part a i. order is not important when adding
two terms.
b. i. 1. Substitute the correct value for each variable. b. i. x—y=4-7
2. Evaluate and write the answer. =-3
ii. 1. Substitute the correct value for each variable. i. y—x=7-4
2. Evaluate and write the answer. =3 >
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. Compare the result with the answer you

obtained in part b i.

. Substitute the correct value for each variable.
. Evaluate and write the answer.
. Substitute the correct value for each variable.

. Evaluate and write the answer.

Two different results are obtained;
therefore, order is important when
subtracting two terms.

. xXy=4X%T7
=28

ii. yXx=7x4
=28

The same result is obtained; therefore,
order is not important when multiplying

3. Compare the result with the answer you
obtained in part c i.

two terms.
d. i. 1. Substitute the correct value for each variable. d. i. x+y=4-+7
. 4
2. Evaluate and write the answer. = ; (~0.57)
ii. 1. Substitute the correct value for each variable. i. yrx=7+4
. 7
2. Evaluate and write the answer. = 7 (1.75)

Two different results are obtained;
therefore, order is important when
dividing two terms.

3. Compare the result with the answer you
obtained in part d i.

7.5.2 Associative Law

e The Associative Law refers to the grouping of three numbers that are added, subtracted, multiplied or
divided.
e It holds true for addition and multiplication but not for subtraction or division.

eles-3911

The Associative Law for addition

e The Associative Law for addition states that:
x+y)+z=x+Q@y+2)=x+y+z
For example, 3+4)+5=7+5=12and
3+4(4+5)=3+9=12
e This law does not hold true for subtraction.
For example, 3—4)—5#3—-(4—-5)

The Associative Law for multiplication

e The Associative Law for multiplication states that:
XXy)Xz=xX({yXZ)=XXyXZ
For example, (2X3) X4 =6 X4 =24 and
2X(B3%x4)=2x%x12=24
e This law does not hold true for division.
For example, (2+3)+4#2+(3+4)
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WORKED EXAMPLE 7 Testing the Associative Law

Evaluate the following expressions if x = 12,y = 6 and z = 2. Comment on the results obtained.

a i x+Q@+2) b.i. x—(y—2)
i. x+y)+z i. @—y)—z
THINK
a. i. 1. Substitute the correct value for each variable.

2.

3.

Evaluate the expression in the pair of brackets.

Perform the addition and write the answer.

. Substitute the correct value for each variable.

Evaluate the expression in the pair of brackets.

Perform the addition and write the answer.

Compare the result with the answer you
obtained in part a i.

. Substitute the correct value for each variable.

Evaluate the expression in the pair of brackets.

Perform the subtraction and write the answer.

. Substitute the correct value for each variable.

Evaluate the expression in the pair of brackets.

Perform the subtraction and write the answer.

Compare the result with the answer you
obtained in part b i.

. Substitute the correct value for each variable.

Evaluate the expression in the pair of brackets.

Perform the multiplication and write the
answer.

. Substitute the correct value for each variable.

Evaluate the expression in the pair of brackets.

Perform the multiplication and write the
answer.

Compare the result with the answer you
obtained in part c i.

. Substitute the correct value for each variable.

Evaluate the expression in the pair of brackets.

Perform the division and write the answer.

c.i. xX(yX2) d.i. x+(@y+2)
ii. (xXy)Xz ii. (x+y)=z
WRITE
a. i. x+(+2)=124+(6+2)
— 218
=20

i. @+y)+z=012+6)+2
=18+2
=20

The same result is obtained; therefore,
order is not important when adding

3 terms.
b. i. x—(y—2=12—-(6-2)
=12-4
=8
i. k—y)—z=(12-6)—2
=6—2
=4
Two different results are obtained;
therefore, order is important when
subtracting 3 terms.
c. i. xX(yXz)=12%X(6X%X2)
=12x12
= 144
ii. (xXy)Xz=(12%x6)%x2
=72%x2
= 144
The same result is obtained; therefore,
order is not important when multiplying
3 terms.
d i x-0+2=12=(6+2)
=12+3
=4
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ii. 1. Substitute the correct value for each variable. i. x+y)+z=(12+6)=2

2. Evaluate the expression in the pair of brackets. =2:2

3. Perform the division and write the answer. =1

4. Compare the result with the answer you Two different results are obtained;
obtained in part d i. therefore, order is important when

dividing 3 terms.

|dentity Law

e The Identity Law for addition states that when zero is added to any number, the original number remains
unchanged.
E.g.5+0=04+5=5

e The Identity Law for multiplication states that when any number is multiplied by 1, the original number
remains unchanged.
Eg.3x1=1x3=3

¢ Since variables take the place of numbers, the Identity Law applies to all variables.

x+0=0+x=x
xxl=1Ixx=x

Inverse Law

e The Inverse Law for addition states that when a number is added to its additive inverse (opposite sign),
the result is 0.
E.g.5+(-5=0

e The Inverse Law for multiplication states that when a number is multiplied by its multiplicative inverse
(reciprocal), the result is 1.

1
Eg3x-=1

¢ Since variables take the place of numbers, the Inverse Law applies to all variables.

x+(—x)=—x+x
=0

XX —=-=XX

=1

DISCUSSION

Do the Identity and Inverse laws also apply to subtraction and division? If they do, how would they work?

Resources

eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Interactivities Individual pathway interactivity: Number laws (int-4433)
Commutative Law (int-3766)
Associative Law (int-3767)
Identity Law (int-3768)
Inverse Law (int-3769)
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Exercise 7.5 Number laws learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,13, 16, 19, 21, 23, 26 2,5,8,11,14,17, 20, 22, 24, 27 3,6,9,12, 15, 18, 25, 28

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. m Calculate the values of the following expressions if x =3 and y = 8. Comment on the results
obtained.
a. i. x+y b. i. 5x+2y c. i. x—=y d. i. 4x—>5y
ii. y+x ii. 2y+5x i. y—x ii. 5y—4x
2. m Determine the values of the following expressions if x=—2 and y=5. Comment on the results
obtained.
a. i. xXy b. i. 4xXy c. i. x+y d. i. 6x+3y
ii. yXx ii. yX4x i. y+x ii. 3y+6x

For questions 3—14, indicate whether each is true or false for all values of the variables.

3. a+5b=5+a

4, 6x—2y=2y—6x
5. 7c+3d=-3d+7c
6. 5Xx2xXx=10x?
7. dx X —y=—yX4x

8. 4X3xxXx=12xXx
> _3r

3r 5p

10. =7i—2j=2j+7i
11. =3y +4x=4x+ -3y
12. —2¢+3d=3d—2c

13, 238
3s 0
14. ISX—%z%X—IS
3
15. Calculate the values of the following expressions if x =3,y =28 and z =2. Comment on the results
obtained.
a. . x+(+2 b. i. 2x+(y+52) c. i. 6x+Q2y+32)
i. x+y)+z ii. 2x+y)+5z ii. (bx+2y)+3z
16. Determine the values of the following expressions if x =3,y =28 and z=2. Comment on the results obtained.
a. i. x—(y—2)
ii. @x—y)—z
b. i. 3x—(8y—62)
ii. Bx—8y)—=6z
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17. Calculate the values of the following expressions if x =8, y=4 and z=—2. Comment on the results

obtained.
a. i. xX(yXz) b. i. xX(—=3yXx4z) c. i. 2xxX(Byx4z)
ii. xXy)Xz ii. (xX—=3y)x4z ii. (2xXx3y)x4z
18. Determine the values of the following expressions if x =8,y =4 and z= —2. Comment on the results
obtained.
a. i. x+(y+2) b. i. x+2y+32) c. i. = x+(05y+22)
i. x+y)+z ii. (x+2y)+3z ii. (—x+5y)+2z

Understanding

19. Indicate whether each of the following is true or false for all values of the variables except 0.

a.a—0=0 b. ax1000000=0 c. 15t><—%:1
t

20. Indicate whether each of the following is true or false for all values of the variables except 0.

a.3d><i=1 b.§+§=l c.l—lt=0

3d 9y 9y 0

21. I The value of the expression x X (—3y X 4z) when x=4,y=3 and z = =3 is:

A. 108 B. —432 C. 432 D. 112 E. —108
22. I The value of the expression (x — 8y) — 10z when x =6,y =5 and z = —4 is:

A =74 B. 74 c. —6 D. 6 E. =36
Reasoning

23. The Commutative Law does not hold for subtraction. Discuss the results of x —a and a — x.

24. Evaluate each of the following expressions for x=-3, y=2 and z=-1.
a. 2x—(By+22) b. xX(y—22)

25. a. If x=-1,y=-2 and z=-3, determine the value of:
i. (—x—y)—z ii. —x—(Q+2)
b. Comment on the answers with special reference to the Associative Law.

Problem solving

26. Complete the following sentence.
The Commutative Law holds true for and . It does not hold true for
and

27. Evaluate the following expressions if a =2, b =—3 and ¢ = —1. Comment on the results obtained.

a. i. axb+c

ii. c+bXa
b. i. a—b+c

ii. b—a+c
c. i.a+c

ii. c+a

28. Answer the following questions.

a. Determine the additive inverse of (3p —4¢q).

b. Determine the multiplicative inverse of (3p —4q).

c. Evaluate the answers to parts a and b when p=—1 and ¢ =3.

d. Determine what happens if you multiply a term or pronumeral by its multiplicative inverse.
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7.6 Adding and subtracting terms

LEARNING INTENTION

At the end of this subtopic you should be able to:
e simplify algebraic expressions by combining like terms.

7.6.1 Simplification of algebraic expressions

eles-3914 . . . . . . . .
e Expressions can often be written in a simpler form by collecting (adding or subtracting) like terms.

¢ Like terms are terms that contain exactly the same pronumerals, raised to the same power (coefficients
don’t need to match).

Like terms Unlike terms
3x and 4x are like terms. 3x and 3y are unlike terms.
3ab and Tab are like terms. 7ab and 8a are unlike terms.
2bc and 4c¢b are like terms. 8a and 34’ are unlike terms.
3g” and 45g” are like terms.

e To understand why 2a + 3a can be added but 2a + 3ab cannot be added, consider the following identical
bags of lollies, each containing a lollies.

3211

e As each bag contains the same number of lollies (a), we have 5 bags of a lollies. Therefore 2a + 3a = 5a.
e Then consider the following 2 bags containing a lollies and 3 bags containing a X b Iollies.

\Y \V{ \Y{
+ /faxb axb axb
lollies) \lollies) \lollies

e Since we have bags containing different amounts of lollies, the expression cannot be simplified.
e Therefore all we can say is that we have 2 bags containing a lollies and 3 bags containing ab lollies,
2a+3ab=2a+ 3ab.

Simplifying algebraic expressions

e Like terms are terms that contain exactly the same pronumerals, raised to the same power (the
coefficients don’t need to match).

¢ Algebraic expressions can be simplified by combining like terms.
For example, 2a + 3a =5a

e Expressions can be rearranged to place like terms next to each other where necessary by ensuring that
the signs of the terms remain the same.
For example, 4a+b—3a=4a—3a+b=a+b

e Unlike terms cannot be combined.
For example, 2a + 3ab cannot be simplified any further.

TOPIC 7 Algebra 327



WORKED EXAMPLE 8 Simplifying algebraic expressions

Simplify the following expressions.
a. 3a+5a

b. 7ab — 3a — 4ab
c.2c—6+4c+15

THINK WRITE
a. 1. Write the expression and check that the two terms a. 3a+5a
are like terms — that is, they contain exactly the same
pronumerals.
2. Add the like terms and write the answer. =8a
b. 1. Write the expression and check for like terms. b. 7ab—3a—4ab
2. Rearrange the terms so that the like terms are together. =7Tab—4ab—3a

Remember to keep the correct sign in front of each term.

3. Subtract the like terms and write the answer. =3ab —3a
c. 1. Write the expression and check for like terms. c. 2c—6+4c+15
2. Rearrange the terms so that the like terms are together. =2c+4c—6+15
Remember to keep the correct sign in front of each term.
3. Simplify by collecting like terms and write the answer. =6c+9
DISCUSSION

How might you explain the important points to remember when showing someone else how to collect like
terms in an algebraic expression?

Resources

eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Digital documents SkillSHEET Combining like terms (doc-6926)
SkillSHEET Simplifying fractions (doc-6927)

Video eLesson Simplification of expressions (eles-1884)

Interactivities Individual pathway interactivity: Adding and subtracting terms (int-4434)
Simplifying expressions (int-3771)
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Exercise 7.6 Adding and subtracting terms learn

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,13, 16, 19, 22 2,5,8,11,14,17, 20, 23 3,6,9,12, 15, 18, 21, 24

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

"W WEsa Simplify the following expressions.
a. 4c+2c b. 2c—5c¢ c.3a+5a—-4a

2. Simplify the following expressions.

a. 6g —5q b. —h—2h c. 7x—5x
3. Simplify the following expressions.
a. 3a—T7a—2a b. =3f+7f c.4p—"Tp
4. Simplify the following expressions.
a. =3h+4h b. 116 +2b+5b c. Tt—8t+4t
5. Simplify the following expressions.
a. 5p+3p+2p b. 9g+ 12g —4g c. 18»—4b—11b
6. Simplify the following expressions.
a. 13t —4r4+5t¢ b. —11j+4j c. —121+21-51

7. Simplify the following expressions.
a. 3x+7x—2y b. 3x+4x—12 c. 11+5f-T7f
8. Simplify the following expressions.
a. 3u—4u+6 b. 2m+3p+5m c. =3h+4r—2h
9. Simplify the following expressions.
a. lla—5b+6a b. 9r—=7+5 c. 12—-3g+5
10. Simplify the following expressions.
a.2b—6—-4b+18 b. 11-12h+9 c. 12y—3y—Tg+5¢g—6
11. Simplify the following expressions.
a. 8h—6+3h—-2 b. 11s—6t4+4t—"7s c. 2m+13l—-Tm+1
12. Simplify the following expressions.
a. 3h+4k—16h—k+7 b. 13+5t—9r—8 c.2g+5+5¢g-17

Understanding
13. Simplify the following expressions.

a. x> +2x? b. 3y? +2y° c. @’ +3a’
14. Simplify the following expressions.

a. d* +6d* b. 7g*> —8¢> c. 3y’ +7y}
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15. Simplify the following expressions.

a. a*+4+3a*+5 b. 11x2—6+12x2+6

16. Simplify the following expressions.
a. 3a*> +2a+5a* +3a b. 11b—3b> +4b* + 12b
17. Simplify the following expressions.
a. 1182 +17—-4g+5-¢° b. 12ab + 3 + 6ab

18. Simplify the following expressions.
a. 4fg+2s—fg+s
b. 1lab+ab—->5
c. 18ab? —4dac +2ab* — 10ac

Reasoning

19. Discuss what you need to remember when checking for like terms.

c. 122 —3+7—5%

c. 61> —6g—5+2g—17

c. l4xy +3xy —xy —5xy

20. Three members of a fundraising committee are making books of tickets

to sell for a raffle. Each book of tickets contains ¢ tickets.

If the first person has 14 books of tickets, the second person has 12
books of tickets and the third person has 13 books of tickets, write an

expression for:

a. the number of tickets that the first person has

b. the number of tickets that the second person has
c. the number of tickets that the third person has
d. the total number of tickets for the raffle.

21. Explain, using mathematical reasoning and with diagrams if necessary,

why the expression 2x + 2x> cannot be simplified.

Problem solving

22. Write an expression for the total perimeter of the following shapes.

a. x+5 b.

x+2

1.5x
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23. Rose owns an art gallery and sells items supplied to her
by various artists. She receives a commission for all
items sold.

Rose uses the following method to keep track of the

money she owes the artists when their items are sold.

e Ask the artist how much they want for the item.

e Add 50% to that price, then mark the item for sale at
this new price.

e When the item sells, take one-third of the sale price as
commission, then return the balance to the artist.

Use algebra to show that this method does return the

correct amount to the artist.

7.7 Multiplying and dividing terms

LEARNING INTENTION

At the end of this subtopic you should be able to:
e simplify algebraic expressions by multiplying and dividing variables and constants.

7.7.1 Multiplying expressions with pronumerals

° When we multiply variables, the Commutative Law holds (as already stated), so order is not important.
For example:

eles-3915

3X6=6%3
6XWw=wX6
aXb=bXa

e The multiplication sign (X) is usually omitted for reasons of convention.
3XgXh=3gh
2X X2 Xy=2x%y

e Although order is not important, conventionally the pronumerals in each term are written in alphabetical
order.
For example:

2x b2 Xaxc=2ab*c
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WORKED EXAMPLE 9 Multiplying algebraic expressions

Simplify the following.

a. Sxdg b. —3d X 6ab x 7
THINK WRITE
a. 1. Write the expression and insert the hidden a. SX4g=5%x4xg
multiplication signs.
2. Multiply the numbers. =20Xg
3. Remove the multiplication sign. =20g
b. 1. Write the expression and insert the hidden b. —3d X 6ab X7
multiplication signs. =—-3XdX6XaxXbxT
2. Place the numbers at the front. =—3X6XT7XdXaxb
3. Multiply the numbers. =—126XdXxaxb
4. Remove the multiplication signs and place the = —126abd

variables in alphabetical order to write the answer.

7.7.2 Dividing expressions with pronumerals

les-3916 - . . . . . . N .
ees * When dividing expressions with variables, rewrite the expression as a fraction and simplify by cancelling.

¢ Remember that when the same variable appears as a factor of both the numerator and denominator, it may
be cancelled.

WORKED EXAMPLE 10 Dividing algebraic expressions

16
a. Simplify Tf . b. Simplify 157 + (3n).
THINK WRITE
16
a. 1. Write the expression. a. Tf
o : : : - 16f
2. Simplify the fraction by cancelling 16 with 4 (divide =—
both by 4). A
_Y
1
3. Write the answer. =4f
b. 1. Write the expression and then rewrite it as a fraction. b. 15n+(3n) = 135_n
n
- . . . . 15y
2. Simplify the fraction by cancelling 15 with 3 and n with n. = W
_ 2
1
3. Write the answer. =5
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WORKED EXAMPLE 11 Dividing algebraic expressions

Simplify —12xy + (27y).

THINK WRITE
. . . . 12xy
1. Write the expression and then rewrite it as a fraction. —12xy = (27y) = — b
y
. . . . . .. & J/ny
2. Simplify the fraction by cancelling 12 with 27 (divide both ===
by 3) and y with y. 27y
3. Write the answer. = _%

7.7.3 Simplifying expressions with indices
sesFT Write the expression in an expanded form.

e If the algebraic term is a fraction, cancel any common factors.
e Place the coefficients in front, as the orders of terms are not important when multiplying.
e Multiply and divide the coefficients and the pronumerals.

WORKED EXAMPLE 12 Simplifying algebraic expression containing indices

Simplify the following.

a. 3m3 x2m b. 5p'% x 3p?
c. 36x7 + (12x%) 64"
12y*
THINK WRITE
a. 1. Write the expression. a. 3m’x2m
2. The order is not important when multiplying, so =3X2xXm>xXm
place the numbers first.
3. Multiply the numbers. =6Xm’Xm
4. Multiply the pronumerals. =6xm’t!
5. Write the answer. =6m*
b. 1. Write the expression. b. 5p'°x 3p?
2. The order is not important when multiplying, so =5x3xp''xp?
place the numbers first.
3. Multiply the numbers. =15xp''xp?
4. Multiply the pronumerals. =15xp!o+3
5. Write the answer. = 15p"3
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c. 1. Write the expression and show it as a fraction. c. 36x" =+ (12x4)

. 36x’
12x*
. 3x7
2. Divide the numbers. ==
X
3. Divide the pronumerals and write the answer. =3x"~4
=
6y x 4y®
d. 1. Write the expression. ) 4y
12y
24y!!
2. Perform the multiplication in the numerator. = o
}?
2yl 1
3. Divide the numbers. ==
y
4. Divide the pronumerals and write the answer. =2yll—*
= 2y7

7.7.4 The order of operations

e When working with algebra, the order of operations (BIDMAS) still applies.
e Remember that, when dealing with fractions, the numerator and denominator should be evaluated first
before simplifying the fraction.

WORKED EXAMPLE 13 Simplifying algebraic expressions using BIDMAS

16g x (8g +3g)

eles-3918

Simplify
g — 8
THINK WRITE
16gx (8g+3 l6gx 11
1. Evaluate the expression inside the brackets. g% (8g + 3¢) — g
5¢—8 S5g—¢
L 176g>
2. Carry out the multiplication on the numerator. = 5
8§—8
. . 176g>
3. Carry out the subtraction on the denominator. = 7
4
44g2
4. Divide the numbers. =&
8
5. Divide the pronumerals and write the answer. = 44g°!
=44g
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COLLABORATIVE TASK: Communicate!

1.

All students in the class should form pairs. One person in each pair will be a scribe and the other will be
a communicator. The scribe can do only what the communicator tells them and cannot speak. The
communicator can tell the scribe only the steps required to solve the problem. They cannot provide the
scribe with the actual answer.

Following the guidelines in step 1, the communicator should list the steps required to simplify the
following expression: —12cd” + (9d). The scribe should complete the question without speaking (the
scribe must strictly follow the instructions given by the communicator). Once finished, the pair should
discuss whether the answer is correct and adjust their working where required.

Each pair should swap roles and, using the same procedure, simplify the second expression:

60m’n <+ (55mnp)

Discuss the difficulties faced when acting as the communicator and then as the scribe. Has this activity
strengthened your understanding of dividing pronumerals?

Resources

eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Interactivities Individual pathway interactivity: Multiplying and dividing terms (int-4435)
Dividing expressions with variables (int-3773)

Multiplying variables (int-3772)

Exercise 7.7 Multiplying and dividing terms

Individual pathways

B PRACTISE Bl CONSOLIDATE

1,4,7,10, 13,17, 19, 22, 25, 28 2,5,8,11, 14, 16, 20, 23, 26, 29

learn

B MASTER
3,6,9,12, 15, 18, 21, 24, 27, 30

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all

questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. IEEA Simplify the following.

a. 4X3g b. 7X3h . 4dx6 d. 3zX5
2. Simplify the following.

a. 5tx7 b. 4 X 3u . TX6p d. 7gyx3
3. Simplify the following.

a. 4x X 6g b. 10a X 7h . 9mx4d d. 3c¢Xx5h
4. Simplify the following.

a. 2X8wx3x b. 1labx3dx7 . léxy x 1.5 d. 3.5xx 3y
3 WE10] Simplify the following.

a. 8—2f b. 63—h 13& d. 9g =3
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6. Simplify the following.
a. 10r<+5 b. 4x + (2x)

7. Simplify the following.

a. l4g+(Q2lg) b. 3
6x
8. Simplify the following.
a. 27Th+(3h) b. 20d
48d
9. Simplify the following.
15
a. 15 b. 12¢d +4
3
10. Simplify the following.
132mnp 1lad
a. b.
60np 66ad
11. Simplify the following.
a. 3x-=5f b. —6X —2d
12. Simplify the following.
a. Shx8jx—k b. 75x X 1.5y

13. IIEEN Simplify the following.

—4a —1lab
a. — b.
8 33b
14. Simplify the following.
—32¢ b. —12xy + (48y)
a —— =1 2xy +
4041 ymEY
15. Simplify the following.
a. 34ab + (—17ab) b, 2240
—3a

16. Simplify the following.

28def
a.
184

b. —72xyz + (28yz)

Understanding

17. EEH Simplify the following.
a. 2aXa b. =5p X —5p

18. Simplify the following.
a. —Sxy X4 x8x b. 7pgX3pX2q

19. Simplify the following.

a. 2mn X —3X2nx0 b. w?x X —9z% X 2xy?
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. 8r+(4r) d. 16_m
8m
12h
. — d. 50g + (75
ah g+ (758)
64
s d. 811+ (271)
44q
8xy
. — d. 24cg+24
12
bh
. 18adg + (45a d —
g = (45ag) -
c. 1lax—3g

c. 12rtx =3zx4p

. 60jk + (—5k) d. —3h = (—6dh)
12ab o Dfsh
" —14ab " 30ghj
—7d
- d. —60mn = (55mnp)
35gh
54pq q - 1210c
' 36pgr " 1320ct
. —=5X3xX2x d. abXx7a
. SmXnXb6ntXx—t d. =3 XxyzX —=3zX -2y
. 2a* % 3d’ d. 2x%y3 x x°



20. Simplify the following.

25p'2 x 44’ 8x3 X 7y? x 272
0. 20m7 = (") 2pxdg’ . EEXTPX22
15p% x 8¢* 6x X 14y
21. Simplify the following.
3.2 5b _4b 5
a. —X— b. —X— c. WX —
a a 2 3 w?
22. Simplify the following.
_Sht  —12hk L ot 18
3dk " 9dt Tgn g " 4g 6h

23. IEEN Simplify the following.
a. 2x% 4+ 3x X 4x b. 4p> x (5p° = 3p°)

24. Simplify the following.
. 5% X (4y —2y) 5 (25% + 65%) X (61 — 31)
' X%y . 6

Reasoning

axabx3b?
5a%b?

N
" 2s 5t

dxy  x

“Twz 14z

S5sX (11s—5s)
c. ——=

65 —3s

(Ba—2a) X (5bc + 2bc)

C.

abc

25. Explain how multiplication and division of expressions with variables are similar to multiplication and

division of numbers.

. . . X . . X
26. Explain why x + (yz) is equivalent to — and x + (y X z), but is not equivalent to x +y X z or — X z.
Yy

vz

27. The student’s working here shows incorrect cancelling. Explain why the working is not correct.

2+ 5/’
2y

Problem solving

2x—By+2
28. Evaluate M ifx=2, y=-1and z=-4.
—(—x—y)+z
X(y—2
29. Evaluate u ifx=-2,y=5and z=-1.
3x—(y—2)

30. Two containers of lollies are placed one on top of the other.

a. Write an expression for the volume of each of the containers shown.

(Hint: The volume of a container is found by multiplying the length
by the width by the height.)

b. Determine how many times the contents of the smaller container
will fit inside the larger container. (Hint: Divide the volumes.)
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7.8 Expanding brackets

LEARNING INTENTION

At the end of this subtopic you should be able to:
e expand algebraic expressions containing brackets using the Distributive Law.

7.8.1 The Distributive Law

les-3919
oes e The expression 3(a + b) means 3 X (a + b) or (a + b) + (a + b) + (a + b); when simplified, this becomes

3a+3b.
That is, 3(a + b) =3a + 3b.
e Removing brackets from an expression is called expanding the expression.
e The rule that we have used to expand the expression above is called the Distributive Law.

The Distributive Law
The Distributive Law can be used to expand brackets and states that:

ab+c)=axb+axc
=ab +ac

For example, 3(x+y)=3Xx+3 Xy
=3x+ 3y

e The Distributive Law can be demonstrated using the concept of rectangle areas.
e The expression a(b + c) can be thought of as finding the area of a rectangle with width a and length b + ¢,
as shown below.

ac

Therefore, arca=a(b+c)=aX (b+c)=ab+ac.
¢ An expression containing a bracket multiplied by a number (or pronumeral) can be written in expanded or
factorised form.

factorised form = expanded form
3(a+b=3a+3b

¢ Expanding and factorising are the inverse of each other.
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WORKED EXAMPLE 14 Expanding algebraic expressions

Use the Distributive Law to expand the following expressions.
a. 3(a+2) b. x(x —15)

THINK

a. 1. Write the expression.

2. Use the Distributive Law to expand the brackets.

3. Perform the multiplication and write the answer.

ALTERNATIVE APPROACH

a. 1. Think of 3(a + 2) as finding the area of a rectangle with
width 3 and length a + 2.
Draw a diagram to represent this situation and determine
the areas of each smaller section.

2. Answer the problem by adding all the areas together.

Write the expression.

Use the Distributive Law to expand the brackets.

@ np o2

Perform the multiplication and write the answer.

ALTERNATIVE APPROACH

b. 1. Think of x(x — 5) as finding the area of a rectangle with
length x and width x — 5.
Draw a square with dimensions x and x and determine its
area.
To correctly represent x — 5 we need to take away 5 units
from one of the sides of the square. This is shown by the
shaded section outlined in pink. This is the piece we will
need to remove from the original square.

2. Determine the area of the original square and the area of
the piece to be removed from the square.

3. Determine the area of the newly formed rectangle by
subtracting the area of the shaded section from the areas
of the larger square.

4. Write the answer.

WRITE

e
a. 3(a+2)=3@@+2)

=3Xa+3X%X2
=3a+6
a i)

1

3 3a .6

|

3(a+2)=3a+6

AN
b. X(x—=5)=x(x-75)

=xXx+xX-=5

=x%—5x
e
B X R x—5
——-—I
1
!
|
X P x 5x |
]
)
]
]
O
-
5

Area of square = x?
Area to be removed = 5x

Area of new rectangle = x> — 5x

x(x—5)=x*—5x

e Some expressions can be simplified further by collecting like terms after any brackets have been expanded.
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WORKED EXAMPLE 15 Expanding algebraic expressions

Expand the expressions below and then simplify by collecting any like terms.
a. 3x—5)+4
c. 2xQQy+3)+3x(y+1)

b. 43x+4)+7x + 12
d. dx2x—1)—-32x—1)

THINK WRITE
A
a. 1. Write the expression. a. 3x-5)+4
2. Expand the brackets. =3Xx+3X-5+4
=3x—15+4
3. Simplify by collecting the like terms =3x—11
(—15 and 4) and write the answer.
7T
b. 1. Write the expression. b. 4B3x+4)+7x+ 12
2. Expand the brackets. =4X3x+4%x4+Tx+12
=12x+16+7x+ 12
3. Rearrange so that the like terms are together =12x+7x+16+12
(optional).
4. Simplify by collecting the like terms and =19x+28
write the answer.
) ) AT AT
c. 1. Write the expression. c. 2x(3y+3)+3x(y+ 1)
2. Expand the brackets. =2xX3y+2xX3+3xXy+3xX1
= 6xy + 6x + 3xy + 3x
3. Rearrange so that the like terms are together = 6xy + 3xy + 6x + 3x
(optional).
4. Simplify by collecting the like terms and =9xy+9x
write the answer.
T I
d. 1. Write the expression. d. 4x2x-1)-32x-1)
2. Expand the brackets. Take care with negative =4xX2x+4xX—1—-3%X2x—3x—1
terms. =8x? —4x—6x+3
3. Simplify by collecting the like terms and =8x*>—10x+3
write the answer.
Resources
eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Video eLesson Expanding brackets (eles-1888)

Interactivities Individual pathway interactivity: Expanding brackets (int-4436)

Expanding brackets: Distributive Law (int-3774)
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Exercise 7.8 Expanding brackets learn

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,4,7,9,11,14,19, 22 2,5,8,12, 15,17, 20, 23 3,6,10, 13, 16, 18, 21, 24

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. E8 Use the Distributive Law to expand the following expressions.
a. 3(d+4) b. 2(a+5) c. 4x+2)

2. Use the Distributive Law to expand the following expressions.
a. S5(r+7) b. 6(g+6) c. 2(t—3)

3. Use the Distributive Law to expand the following expressions.
a. 7(d+8) b. 92x—6) c. 12(4+¢)

4. Use the Distributive Law to expand the following expressions.
a. 11(r=2) b. 32t—6) c. H(t+3)

5. Use the Distributive Law to expand the following expressions.
a. x(x+4) b. glg+7) c. 2g(g+5)

6. Use the Distributive Law to expand the following expressions.
a. 33x—2) b. 3x(x— 6y) c. 5y(3x—9y)

7. Use the Distributive Law to expand the following expressions.
a. 502y —5) b. =3(c+3) c. =5GBx+4)

8. Use the Distributive Law to expand the following expressions.
a. —4f(5-2f) b. 9x(3y—2) c. —3h(2b—6h)

9. Use the Distributive Law to expand the following expressions.
a. 4a(5b+3c) b. —3a(2g —7a) c. 5a(3b+6¢)

10. Use the Distributive Law to expand the following expressions.
a. —2w(9w —5z) b. 12m(4m+ 10) c. —3k(—2k+5)

Understanding

11. E3H Expand the expressions below and then simplify by collecting any like terms.
a. 765x+4)+21 b. 3(c—=2)+2 c. 2¢(5—c)+12¢

12. Expand the expressions below and then simplify by collecting any like terms.
a. 6(v+4)+6 b. 3d(d—4)+2d* c. 3y+4Q2y+3)

13. Expand the expressions below and then simplify by collecting any like terms.
a. 24r+r(2+r) b. 5-3g+6(2g—-17) c. 42f-3g)+3f-17

14. Expand the expressions below and then simplify by collecting any like terms.
a. 12+5(r—=5)+3r b. 12gh+3g(2h—9)+3g c. 3(2t+8)+5t—23

15. Expand the expressions below and then simplify by collecting any like terms.
a. 4d+7)-3d+2) b. 6Q2h+1)+2(h—-3) c. 38m+2)+2(6m—>5)

16. Expand the expressions below and then simplify by collecting any like terms.
a. 94f+3)—-42f+7) b. 2a(a+2)—5@®+17) c. 32— +2(t+1)
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17. Expand the expressions below and then simplify by collecting any like terms.

a. 3hQ2k+7)+4k(h+5) b. 6n(3y+7)—3n8y+9) c. 4g(5m+6)—6(2gm+3)
18. Expand the expressions below and then simplify by collecting any like terms.

a. 7c(2f—3)+3c(8—-f) b. 7x(4 —y)+2xy—29 c. 8m(Tn—2)+3nd+7Tm)
Reasoning

19. Using the concept of area as shown in this section, explain with diagrams and mathematical reasoning why
506+4+2)=5x6+5X%2.

20. Using the concept of area as shown in this section, explain with diagrams and mathematical reasoning why
4x—y)=4Xx—4Xy.

21. Discuss why the Distributive Law doesn’t apply when there is a multiplication sign inside the brackets —
that is, for a(b X ¢).

Problem solving

22. The price of a pair of jeans is $50. During a sale, the price of the jeans
is discounted by $d.

a. Write an expression to represent the sale price of the jeans.

b. If you buy three pairs of jeans during the sale, write an expression
to represent the total purchase price:
i. containing brackets

ii. in expanded form (without brackets).
c. Write an expression to represent the total change you would receive

from $200 for the three pairs of jeans purchased during the sale.

23. A triptych is a piece of art that is divided into three sections or panels. The middle panel is usually the
largest and it is flanked by two related panels.

a. Write a simplified expression for the area of each of the three paintings (excluding the frame).

Write a simplified expression for the combined area of the triptych.

c. The value of fis m 4+ 102.5. Substitute (m + 102.5) into your combined area formula and simplify the
expression.

d. The actual value of m is 122.5 cm. Sketch the shape of the three paintings in your workbook and show the
actual measurements of each, including length, width and area.

=
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24. Expressions of the form (a + b)(c + d) can be expanded by using the Distributive Law twice. Distribute one
/7 XA

—
of the factors over the other; for example, (a + b)(c + d).
The expression can then be fully expanded by applying the Distributive Law again. Fully expand the

following expressions.
a. @+ 1Dx+2) b. (a+3)a+4) c. (c+2)(c—3)

7.9 Factorising

LEARNING INTENTION

At the end of this subtopic you should be able to:
e factorise algebraic expressions.

7.9.1 Factorising algebraic expressions

¢ Factorising is the opposite process to expanding.

e To factorise a single algebraic term, the term must be broken up into all the factors of its individual parts.
For example, 10xy=2X5XxXy and 6abc=2X3XaXbXc.

e Factorising more than one algebraic term involves identifying the highest Factorising
common factors of the algebraic terms.

e To find the highest common factor of the algebraic terms:
1. find the highest common factor of the number parts
2. find the highest common factor of the variable parts
3. multiply these together.

eles-3920

3x+ 1) 3x+3

Expanding

Factorising algebraic expressions

To factorise an expression, place the highest common factor of the terms outside the brackets and the
remaining factors for each term inside the brackets.

For example, 3a + 6ab =3a(1 + 2b)

WORKED EXAMPLE 16 Determining the HCF of algebraic terms

Determine the highest common factor of 6x and 10.

THINK WRITE
1. Calculate the highest common factor of the number parts.
Break 6 down into factors. 6=3X @
Break 10 down into factors. 10=5%xQ2)
The highest common factor is 2. HCF=2
2. Calculate the highest common factor of the variable parts. The HCF of 6x and 10 is 2.

There isn’t one, because only the first term has a variable part.
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WORKED EXAMPLE 17 Determining the HCF of algebraic terms

Determine the highest common factor of 14fg and 21gh.

THINK WRITE

1. Determine the highest common factor of the number parts.
Break 14 down into factors. 14=7) x 2
Break 21 down into factors. 21 = @ % 3
The highest common factor is 7. HCFE=7

2. Find the highest common factor of the variable parts.

Break fg down into factors. 12=X(9)
Break gh down into factors. gh= @ X h
Both contain a factor of g. HCF=g
3. Multiply these together. The HCF of 14fg and 21gh is 7g.

WORKED EXAMPLE 18 Factorising algebraic expressions

Factorise the expression 2x + 6.

THINK WRITE
1. Break down each term into its factors. 2x+6=Q)xx+Q2)x 3
2. Write the highest common factor outside the brackets. =2X((x+3)

Write the other factors inside the brackets.

3. Remove the multiplication sign. =2(x+3)

WORKED EXAMPLE 19 Factorising algebraic expressions

Factorise 12gh — 8g.

THINK WRITE
1. Break down each term into its factors. 12gh — 8¢
=@Bx3x@xh—Bx2x(®)
2. Write the highest common factor outside the brackets. =4XgX(BXxh—-2)
Write the other factors inside the brackets.
3. Write the answer by removing the multiplication signs. =4g(3h—2)
Resources
eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Digital document SkillSHEET Highest common factor (doc-6928)

Video eLesson  Factorisation (eles-1887)

Interactivities Individual pathway interactivity: Factorising (int-4437)
Factorising (int-3775)
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Exercise 7.9 Factorising learn
Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,12,14,16, 19 2,5,8,10,13, 17,20 3,6,9,11, 15,18, 21

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
1. B8 Determine the highest common factor of the following.
a. 4and 6 b. 6and9 c. 12and 18 d. 13 and 26
2. Determine the highest common factor of the following.
a. 14and 21 b. 2xand 4 c. 3xand9 d. 12aand 16

3. Determine the highest common factor of the following.

a. 2ghand 6g b. 3mn and 6mp c. 1laand 22b d. 4ma and 6m
4. Determine the highest common factor of the following.

a. 12ab and 14ac b. 24fg and 36gh c. 20dg and 18ghq d. 11gland 33Ip

5. Determine the highest common factor of the following.

a. 16mnp and 20mn b. 28bc and 12¢ c. 4cand 12¢d d. xand 3xz

6. EIEE Factorise the following expressions.

a. 3x+6 b. 2y +4 c. 8&x+12 d. 6f+9
7. Factorise the following expressions.

a. 2d+38 b. 2x—4 c. 11h+121 d. 45— 16
8. Factorise the following expressions.

a. 12g—24 b. 14—4b c. 48 —12¢q d. 16+ 8f

9. IEH Factorise the following. Check your answers by expanding the factorised expression.
a. 3gh+12 b. 2xy + 6y c. 14g—"gh d. 16jk—2k
10. Factorise the following. Check your answers by expanding the factorised expression.
a. Tmn+6m b. 5a— 15abc c. 8r+ 14rt d. 4b — 6ab
11. Factorise the following. Check your answers by expanding the factorised expression.
a. 14x—21xy b. 11jk+ 3k c. 12ac —4c+3dc d. 4g+8h—16

Understanding

12. Determine the highest common factor of 4ab, 6a>b* and 1243b.

13. Determine the highest common factor of 18¢?f, 42efg and 30 fg>.

3x+9
14. Simplify —12_
Py 12 T 1sx
2 _
15. Simplify & x 12X =10%
X 4+ 8x
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Reasoning

16. Discuss some strategies that you can use to determine the highest common factor.

17. A farmer’s paddock is a rectangle of length (2x — 6) m and width (3x + 6) m.

a. Determine the area of the paddock in factorised form. Show your working.
b. State the smallest possible value of x. Explain your reasoning.

18. Simplify (5ax?y — 6bxy + 2ax*y — bxy) + (ax*> — bx). Show your working.
Problem solving

4x—4 ><15x+15>< 6x—12
10x—20" 3x—=3 ~ 20x+20

19. Factorise and hence simplify

20. Some expressions can be factorised by first grouping the terms, then factorising and removing the common
factor. For example:

xy+4y+3x+12 = y(x+4)+3x+4)
= x+4HQy+3)

Factorise the following by grouping first.

a. mn+3m+9n+27
b. —10xt+30x—2t+6

21. A cuboid measures (3x — 6) cm by (2x + 8) cm by (ax — 5a) cm.

a. Write an expression for its volume.
b. If the cuboid weighs (8x — 16) g, determine a factorised expression for its density in g/cm?.

zv ,J', L
] :-“i‘
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7.10 Review

7.10.1 Topic summary

Algebraic expressions Substitution

* Algebraic expressions contain variables » Substitution is the process of replacing a
or pronumerals. variable with a value.
A variable or pronumeral represents a value e The value of the expression can then be
in an expression. evaluated.
* When writing expressions, the multiplication e.g. 4(5—x) when x = -3 becomes:
and division signs are omitted. 4(5-(=3))
eg.Sxaxb=5ab =4(5+3)
6-x=20 =4x8
* =32

* Like terms are terms with exactly the same
pronumerals, raised to the same power.
* Only like terms can be added or subtracted.
e.g. 2x and —4x are like terms.
3ab and 5ha are like terms.
2x and —x? are not like terms.

ALGEBRA

e When multiplying, multiply the numbers * The Commutative Law holds true for multiplication and
and write the pronumerals in alphabetical addition and states that the order in which multiplication or
order. Remove the multiplication sign. addition happens does not matter.
e.g. Sab x 2a%bc = 10a3b*c xxy=yxxand x+y=y+x

» When dividing, write the division as a * The Associative Law holds true for multiplication and addition
fraction and simplify by cancelling. and states that when adding or multiplying more than two terms,
e 12d%bde - (4a2b) _ 12a2b%c 3 it does not matter how th_e terms are giouped together.

4a%b (xxy)xz=xx(Xxz)= (xxX7) XYy
 Don’t forget BIDMAS. C+y+z=x+@+2)= x+2)+y

» The Distributive Law states that multiplying a number by a
group of numbers added together is the same as doing each
multiplication separately and then adding.

alb+c)=ab + ac
e The Identity Law states that adding O to a number or multiplying

s a number by 1 leaves the original number unchanged.

xxl=1xx=x
e The Inverse Law states that when a number is added to its
additive inverse, the result is 0, and when a number is multiplied
by its reciprocal, the result is 1.

 Factorising is the opposite of expanding.

* First identify the highest common factor,
then place this factor outside the brackets.
The remaining factors of each term are
inside the brackets. X+()=x-x=0
e.g. 20xy — 15x = 5x(4y - 3) xx%=x=1

X
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7.10.2 Success criteria

Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic | Success criteria 9 0 '

7.2 | can write simple algebraic expressions.
| know the meaning of the words pronumeral, term, expression, coefficient
and constant term.

7.3 | can substitute values into algebraic expressions.

7.4 | can evaluate algebraic expressions that involve positive and negative
numbers.

7.5 | can apply the Commutative, Associative, Identity and Inverse laws to
algebraic expressions.

7.6 | can simplify algebraic expressions by combining like terms.

7.7 | can simplify algebraic expressions by multiplying and dividing variables and
constants.

7.8 | can expand algebraic expressions containing brackets using the Distributive
Law.

7.9 | can factorise algebraic expressions.

7.10.3 Project

Readability index

Since you first learned how to read, you have probably
read many books. These books would have ranged
from picture books with simple words to books with
short sentences. As you learned more words, you read
short stories and more challenging books.

Have you ever picked up a book and put it down
straight away because you thought there were too many
‘difficult words’ in it?

The reading difficulty of a text can be described by a
readability index. There are several different methods
used to calculate reading difficulty, and one of these
methods is known as the Rix index.

The Rix index is obtained by dividing the number of
long words by the number of sentences.

P
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1. Use a variable to represent the number of long words and another to represent the number of sentences.
Write a formula that can be used to calculate the Rix index.

When using the formula to determine the readability index, follow these guidelines:
¢ A long word is a word that contains seven or more letters.
e A sentence is a group of words that ends with a full stop, question mark, exclamation mark, colon or
semicolon.
e Headings and numbers are not included and hyphenated words count as one word.

Consider this passage from a Science textbook.

A fatal fall . . . or was it murder?

In 1991, some German hikers found a body preserved in ice near the ltaly—Austria border. Scientists
used radiometric dating and found that the body was about 5300 years old! They thought that the
person, known now as the Iceman, had died of hypothermia (extreme cold).

Ten years later, another group of scientists using high-tech X-rays found the remains of an arrowhead
lodged near his left lung. Specialists have not yet confirmed whether the Iceman fell back onto his
arrow, or if he was murdered. And without any witnesses to question, the truth may never be known!

2. How many sentences and long words appear in this passage of text?
3. Use your formula to calculate the Rix index for this passage. Round your answer to 2 decimal places.

Once you have calculated the Rix index, the table shown Rix ind Equivalent ¢ level
can be used to work out the equivalent year level of the

passage of text. Below 0.2 1
4. What year level is the passage of text equivalent to? 0.2-0.49 2
0.5-0.79 3
When testing the reading difficulty of a book, it is not 0.8-1.29 4
necessary to consider the entire book. 132179 5
Choose a section of text with at least 10 sentences 1.8-2.39 6
and collect the required information for the formula. 2.4-2.99 7
5. Choose a passage of text from one of your school 3.0-3.69 3
books, a magazine or newspaper. Calculate the Rix 37-4.49 9
index and use the table to determine the equivalent 45-529 0
year level.
6. Repeat question 5 using another section of the 5.3-6.19 11
book, magazine or newspaper. Did the readability 6.2-7.19 12
level change? Above 7.2 University level

7. On a separate page, rewrite the passage from
question 5 with minimal changes so that it is now suitable for a higher or lower year level.
Explain the method you used to achieve this. Provide a Rix index calculation to prove that you changed
the level of reading difficulty.

Resources
eWorkbook Topic 7 Workbook (worksheets, code puzzle and project) (ewbk-1938)

Interactivities Crossword (int-2630)
Sudoku puzzle (int-3188)
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Exercise 7.10 Review questions learn

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. Using x and y to represent numbers, write expressions for the following:
a. The sum of x and y b. The difference between y and x
c. Five times y subtracted from three times x d. The product of 5 and x

2. Using x and y to represent numbers, write expressions for the following:
a. Twice the product of x and y b. The sum of 6x and 7y
c. y multiplied by itself d. 2x decreased by 7

3. If tickets to the school play cost $15 for adults and $9 for children, write an expression for the cost of:

10.

a. x adult tickets b. y child tickets
c. k adult tickets and m child tickets.

Jake is now m years old.

a. Write an expression for his age in 5 years’ time.

b. Write an expression for Jo’s age if she is p years younger than Jake.
c. Jake’s mother is 5 times his age. Calculate her age.

Calculate the value of the following expressions if a=2 and b = 6.
a. a+b b. b—a c.5+§ d. 3a+7
Determine the value of the following expressions if a =2 and b = 6.
a. 2a+3b b. 20 c. 3b—2a d. b
a a

The formula C = 2.2k + 4 can be used to calculate the

cost in dollars, C, of travelling by taxi for a distance of
k kilometres. Calculate the cost of travelling 4.5 km m
by taxi. = ’, ¢ =\

The area (A) of a rectangle of length / and width w can w‘i’i Y
be found using the formula A = Iw. £
Calculate the width of a rectangle if A =65 cm? and
[=13cm.

Substitute » =3 and s =5 into the following

expressions and evaluate.

a.5(r+s)

b.8(s—r1)

c.s2r—3)

Substitute » =3 and s =5 into the following expressions and evaluate.

a. rs(7+s) b. 2(5—-7r) c. s*(s+15)
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11. Calculate the values of the following expressions if a =2 and b = —5.
a. b(a—4) b. 12—a(b—3) c. Sa+6b

12. State whether this equation is true or false for all values of the variables: 7x — 10y = 10y — 7x
13. State whether this equation is true or false for all values of the variables: 16 X 2x X x = 32x?

14. State whether this equation is true or false for all values of the variables: 9x X —y = —y X 9x

15. State whether this equation is true or false for all values of the variables: 5%{ = %

16. State whether this equation is true or false for all values of the variables: 21 X _73_x = 73_x X =21

17. Simplify the following.

a. 3x7g b. 63y c. 7dx6 d. —3zX%8
18. Simplify the following.
a. —3gh+(—6g) b, 2 o —36ayi(=12y)  d. 8"
C s " 20stv CoEITY " 30gh

19. Simplify the following by collecting like terms.
a. dx+11—2x b. 2¢+5—g—6 c. 2xy+7xy d. 122 +3t+32 -t

20. Expand the following and then simplify by collecting like terms.
a. 2(x+5)+5(x+1) b. 2g(g—6)+3g(g—7) c. 33t—4)—62t—9)

21. Factorise the following expressions.
a. 3g+12 b. xy+ 5y c. 5n—20

22. Factorise the following expressions.
a. 12mn+4pn b. 12g —6gh c. 12xy—36yz

Problem solving

23. Using only +, —, X, (), complete the following equations to demonstrate the Distributive Law.
a3 2 1=3 2 3 1 b. -10 8§ -6 —-10=-10 8 -6
c.8 6 5=8 5 6 8

24. The base of a box has a length of (x +4) cm and a width of x cm.

a. Draw a diagram of the base, labelling the length and the width.

b. Write an expression for the area of the base of the box.

c. Expand part b.

d. If x =3, determine the area of the base of the box.

e. If the height of the box is x cm, determine an expression for the volume of the box.
f. Determine the volume of the box if x is 3 cm.

25. Stephanie bought a skirt, a T-shirt and a pair of shorts during Target’s annual sale. She spent $79.00.

She paid $9 more for the T-shirt than for the shorts, and $7 more for the skirt than for the T-shirt. How
much did the skirt cost?
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26. Aussie Rules Football is played in many Australian states. The scoring for the game is in goals (G) and
behinds (B). Each goal (G) scores six points and each behind (B) scores one point.

To calculate the total number of points (P) scored by a team, %]

use the rule P =6G + B.

a. State the variables in the rule.

b. State the expression in the rule.

c. A team scored 11 goals and 10 behinds. Determine the
total number of points the team scored.

d. A second team scored 9 goals and 18 behinds. Determine
the total number of points the team scored.

e. Determine the number of goals and behinds a team might
have scored if its total score was 87 points and it scored
more than six goals.

27. Bobby the painter has two partially used 10-litre tins of paint, A and B.
There is more paint in Tin A than in Tin B. He mixes the paint in the
following fashion.

e He pours paint from Tin A into Tin B until the volume of paint in Tin B
is doubled.

¢ He pours paint from Tin B into Tin A until the volume of paint in Tin A
is doubled.

e He pours paint from Tin A into Tin B until the volume of paint in Tin B
is doubled.

If Tin A originally contained x litres of paint and Tin B contained y litres of paint, determine an

expression in terms of x and y for the volume of paint in Tin A after Bobby finished mixing.

28. If you add the first and last of any three consecutive integers together, determine a relationship to the
middle number.

29. The Flesch-Kincaid Grade Level formula is used to determine the readability of a piece of text. It
produces a 0 to 100 score that can be used to determine the number of years of education generally
required to understand a particular piece of text. The formula is as follows:

total syllabl
030 < total words ) L 1l8 < otal sylla es> P
total sentences total words

Text suitable for a Year 8 student should have a value of roughly 8. A passage of text contains
30 sentences, with 500 words and 730 syllables. Explain whether this would be suitable for a Year 8
student.
30. Consider the expression A0+
This is called a power tower.
Evaluate the last digit of the resulting number when x = 2.
Note: You will have to look at patterns to determine the answer, as a calculator will not give you an
exact answer to the power.

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

Download the workbook for this topic, which includes
worksheets, a code puzzle and a project (ewbk-1938)

Solutions

Download a copy of the fully worked solutions to every
question in this topic (sol-0712)

7.2

7.4

7.6

7.7

7.2
7.3

7.4

7.5

7.6

1.7

7.8

7.9

Digital documents

SkillSHEET Alternative expressions used to describe
the four operations (doc-6922)

SkillSHEET Order of operations Il (doc-6923)
SkillSHEET Order of operations with brackets
(doc-6924)

SkillSHEET Operations with directed numbers
(doc-6925)

SkillSHEET Combining like terms (doc-6926)
SkillSHEET Simplifying fractions (doc-6927)
SkillSHEET Highest common factor (doc-6928)

Video eLessons

The language of algebra (eles-3906)

Substitution of values (eles-3907)

Working with brackets (eles-3908)

Substitution (eles-1892)

Substituting integer numbers (eles-3909)
Commutative Law (eles-3910)

Associative Law (eles-3911)

Simplification of algebraic expressions (eles-3914)
Simplification of expressions (eles-1884)
Multiplying expressions with pronumerals (eles-3915)
Dividing expressions with pronumerals (eles-3916)
Simplifying expressions with indices (eles-3917)
The order of operations (eles-3918)

The Distributive Law (eles-3919)

Expanding brackets (eles-1888)

Factorising algebraic expressions (eles-3920)
Factorisation (eles-1887)

Interactivities

7.2 Individual pathway interactivity: Using pronumerals

(int-4429)
Using variables (int-3762)

7.3 Individual pathway interactivity: Substitution

(int-4430)
Substitution (int-3763)
Working with brackets (int-3764)

7.4 Individual pathway interactivity: Substituting positive

and negative numbers (int-4432)
Substituting positive and negative numbers (int-3765)

O
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OO00O0OO0O00oooooooond

o0 Ooo O™

7.5 Individual pathway interactivity: Number laws
(int-4433)
Commutative Law (int-3766)
Associative Law (int-3767)
Identity Law (int-3768)
Inverse Law (int-3769)
7.6 Individual pathway interactivity: Adding and subtracting
terms (int-4434)
Simplifying expressions (int-3771)
7.7 Individual pathway interactivity: Multiplying
and dividing terms (int-4435)
Multiplying variables (int-3772)
Dividing expressions with variables (int-3773)
7.8 Individual pathway interactivity: Expanding
brackets (int-4436)
Expanding brackets: Distributive Law (int-3774)
7.9 Individual pathway interactivity: Factorising
(int-4437)
Factorising (int-3775)
7.10 Crossword (int-2630)
Sudoku puzzle (int-3188)

Ooood oo oo od ooddd

Teacher resources

There are many resources available exclusively for teachers
online.

To access these online resources, log on to www.jacplus.com.au.
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Answers

Topic 7 Algebra

Exercise 7.1 Pre-test
.Band D

10.

11.

12.
13.

14.

1
2
3
4
5.
6
7
8
9

. a.

. a.

. a.

17 b. 30
Ta b. 3a

60 cm?

True

. a.

a.

a
c
B
a

12 b. 9

.Aand C
. True
.a. 3a—5b b. 5f+2

24x%y

. Sm+50
. 3m? + 21me =27

. 4mn+4)

6t

5(t—1)2
15.n+4

—15 d. 100
Sab

. 9.12cm?
-2 d 3
3ab+a
9q
4

. 6m®> — 15mp

- 3pg(p —4q)

Exercise 7.2 Using pronumerals

1. a. x+420
b. 3x
c. x—130
d.
e.
f.
2.a. x+Yy
c. x+y+90
3.a. a+b
c. b+4
4.a. y+7 b.
5.a. 14—y b.
6.a. a+b
c. 2b—3a
7. a. 2ab
c. d
8. a. $27y b. $14d

10.

The nearby nest has 60 more ants.

The nearby nest has 90 fewer ants.

This nest is one-quarter of the size of the original nest.
b.
. x+y—260

W< <

ao o

x+y+260
a+b+c
a—=©6

c. 5y

c. &y +3

c. $Q7r+ 14h)

9. Between 9:00 am and 9:15 am, one Danish pastry was sold.
In the next hour-and-a-half, a further 11 Danish pastries
were sold. No more Danish pastries had been sold at

12:30 pm, but, in the next half-hour, 18 more were sold.

No Danish pastries were sold after 1:00 pm.

a.

354

b
c.
d. 2t

t+2

.tt+g

t—35
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11.

12.

13.

14.

15.
16.

17.

a. Various answers are possible; an example is shown.
The number of passengers doubled at the next stop and
continued to increase, more than quadrupling in the
first nine minutes. At 7:22 pm, five people left the train,
and by 7:25 pm the same number of passengers were
on the train as there were at the beginning. By 7:34 pm
there were 12 fewer passengers than there were at the
beginning.

b. 7:22 pm

c. 7:19 pm

d. 7:34 pm

Variables are useful in situations where you do not know

the value of a number, or where there are multiple possible

values.

a. The number of bacteria in each of these intervals is
double the number of bacteria in the previous interval.

b. The bacteria could be dividing in two.

c. Itis lower than expected, based on the previous pattern
of growth.

d. Some of the bacteria may have died, or failed to divide
and reproduce.

a. Odd b. Even

c. n+2,n+4andn+6 d. n—2

22,23, 24,25,26

a. TSA=2x> + 4dxh; V= h

3
b. TSA =3x> + 5xh; V= 5xzh

= 6000 cm?
=9000 cm’

c. TSA

TSArectangular box
The number is 4; Bill’s age is 15.

=2000 cm”; Vguare box

=2700cm?; V,

ectangular box

square box

Exercise 7.3 Substitution

1.
2.

10.

11.

12.

13.
14.
15.

© ® N o o »

a. 30 b. 1 c. 9 d 7
a. 2 b. 6 c. 12 d. 11

5 1
a. 2 b. — <2—> c. 40 d. 20

2 2
a. 18 b. 3 c. 8 d. 2
a. 36 b. 4 c. 84 d. 18
a. 15 b. 0 c. 18 d. 36
a. 11 b. 2 c. 14 d. 28
a. 784 b. 250 c. 9800 d. 200
a. —15 b. —4 c. 37 d. 15

14 2 1
a. 80 b. — <4—>c. 139 d. -

3 3 2
a. 24.3 b. 21 c. 1 d. 4.8

5 1
a. 15.7 b. 4.7 c. 10.8 d —-|(1-
4\ 4

a. 16 b. 45 c. 21 d. 84
a. 576 b. 32 c. =26 d. 33
a. 48cm’ b. 8400 m?

c. 4.472m? or 44720 cm®



16.
17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

c=$64

a. 62cm b. 97.8cm

10cm

a. F=212°F b. 28°C =82.4°F

c. 32°F

a. 720° b. 540° c. 180° d. 360° e. 3240°

If x = 0, then the expression becomes g, which is
indeterminate.

Sample responses can be found in the worked solutions in

the online resources.

a. LHS=(@-1D@-1)=9
RHS=4)? -2x1x4+(1)*=9
LHS = RHS

b. LHS = (3p - 2p)3p - 2p) =p’
RHS = (3p)* -2 x2p x 3p + 2p)? = p?
LHS = RHS

c. LHS=(0-a)0-a)=d®
RHS = (0> -0 +a® =d?
LHS = RHS

a. V=x(x+5)(x—2) b. 1200cm’

c. Because 1.5—-2<0

a. CD=m+4n b. BC=3m+n
c. Perimeter = 8m + 18n

a. 13p—10 b. 2590

a. A= %(m+n)(m—n)

1
b. A= 5(21 X 9) = 94.5 cm?

c. If m<n,then (im—n)<0
Negative height is impossible. Also, m # n as the height
can’t equal O.

d. If m and n move closer in value, then the length of the
base of the triangle gets closer to 2m (or 2n) and the
height gets closer to zero.

Exercise 7.4 Substituting positive and
negative numbers

g

10.
11.

12,

2
3.
4
5

a. 3 b. 9 c. =9 d 3
.a. 1 b. 7 c. 4 d —13
a. 1 b. 2 c. 8 d -3
a. 0 b. —109 c. 6 d. 16
a. =9 b. 1 c. 3 d. 40
a. —2 b. =5 c. 108 d. %
La. —1 b. 6 c. =27 d. 26
.a. =30 b. —32 c. 225 d. 360
a. 22 b. 32 c. 3 d. 21
8

—17

30 2

= or 4;

14.

15.

. a. Negative

—1[o]1]2
Lo 6] of 4] 1[oJ1]4
b. For two values of x with the same magnitude but
different signs (e.g. —2 and 2), the values of x” are
identical.
If x is negative then 5x will also be a negative integer (less

than or equal to —5). Subtracting this number is equivalent
to adding a positive integer. The result will be positive.

Sample responses can be found in the worked solutions in
the online resources.
a. LHS=(-3-(-2))x(-3+(-2))=5
RHS = (-3)? = (=2)* =5
LHS =RHS
b. LHS = (-¢ - (-29)) X (—q + (-2)) = -3¢’
RHS = (—q)° - (-29)* = -3¢’
LHS =RHS

. Regardless of the sign of x, x> will be non-negative.

b. Positive

a. ~0.804x° b. 3.216 c.

N =

Exercise 7.5 Number laws

1.

16.

17.

a. i. 11 jii. 11, same

b. i. 31 ii. 31, same

c.i. =5 ii. 5, different

d.i. —28 ii. 28, different

a. i. —10 ii. —10, same

b. i. —40 ii. —40, same
2 5

c.i. —= ii. —=, different
5 2
4 5

d i. —= ii. —=, different
5 4

True

False

False

True

True

True

False

False

False

True

False

True

.a. i. 13 ii. 13, same

b. i. 24 ii. 24, same

c. i. 40 ii. 40, same

a. i. =3 ii. —7, different

b. i. —43 ii. —67, different

a. i. —64 ii. —64, same

b. i. 768 ii. 768, same

c. i. —1536 ii. —1536, same
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18.

19.

20.
21.
22,
23.
24.

25.

26.

27.

28.

a. i. —4 ii. —1, different
1

b. i. —6 ii. —g,different
8 I

c.i. = ii. —, different
5 10

a. False b. False c. False

a. True b. True c. False

C

D

These expressions will have different results unless x = a.

a. —10 b. —12

a. i. 6 i. 6

b. The answers are equal because of the use of the
Associative Law.

The Commutative Law holds true for addition and
multiplication. It does not hold true for subtraction and
division.

a. i. =7 i. =7
Addition can be performed in any order and so can
multiplication.
b. i. 4 i. —6
Subtraction in a different order gives different results.
1
c.i. =2 iil. ——
2
Division in a different order gives different results.
a. (—31) + 4q)
1
b. —m—
(3p — 4q)
1
c. 15,——
15

d. The result is the identity, which is 1.

Exercise 7.6 Adding and subtracting terms

1. a. 6¢ b. —3c c. 4a
2.a. ¢ b. =3h c. 2x
3.a. —6a b. 4f c. =3p
4.a. h b. 18b c. 3t
5.a. 10p b. 17g c. 3b
6. a. 14t b. —7j c. —151
7.a. 10x—2y b. 7x—12 c. 11=-2f
8.a. 6—u b. Tm+3p c. 4r—5h
9.a. 17a—5b b. 9t—2 c. 17—3g
10. a. 12—-2b b. 20— 12h c. 9y—2¢—6
11.a. 11h—8 b. 4s — 2t c. 14l—5m
12. a. 3k—13h+7 b. 5—4t c. 7g—2
13. a. 3x° b. 5y2 c. 4d°
14. a. 7d® b. —g° c. 10y°
15. a. 4a* +9 b. 23x c. 115 +4
16. a. 84 + 5a b. b* +23b c. F—dg—17
17.a. 7g° —g* +22 b. 18ab+3

c. llxy
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18.
19.

20.
21.
22,
23.

24,

a. 3fg+3s b. 12ab—5 c. 20ab® — l4ac
The terms contain the exact same variables, raised to the
same power.

a. 14t b. 12t c. 13t d. 39¢

They are not like terms.

a. 2x+15 b. 9x+4 c. 15x d. 13.5x -2

The correct amount is returned to the artist. See the worked
solutions for the reasoning.

x=3

Exercise 7.7 Multiplying and dividing terms

1. a. 12g b. 21h c. 24d d. 15z
2. a. 35¢ b. 12u c. 42p d. 21gy
3. a. 24gx b. 70ah c. 36dm d. 15¢ch
4. a. 48wx b. 231labd c. 24xy d. 10.5xy
5. a. 4f b. 2h c. 5x d. 3g
6. a. 2r b. 2 c. 2 d. 2
2 1 6 2
7.a. — b. = c. = d =
3 2 7 3
5
8.a 9 b. —
12
16 5
c. —|1— d. 3
11 11
2xy
9. a. 5fg b. 3cd c. T d. cg
11m 1 2d b
10. a. — b. = c. d -
5 6 5 7
11. a. —15f b. 12d c. —33ag
12. a. —40hjk b. 112.5xy c. —144prtz
a a 1
13. a. —— b. —— c. —12j d. i—
2 3 2d
4 x 6
14. a. —— b. —— c. —= d. i
51 4 7 5j
2b d 12
15. a. —2 b. — c. —— d ——
3 5h 11p
l4ef 18x 3 11
16. a. — i c. — d ——
9 7 2r 12¢
17. a. 24° b. 25p* c. =30x* d. 7a*b
18. a. —160x%y b. 42p%¢"
—30mn’s d. —18xy’7?
19.a. 0 b. —18w’x*y*7*
6a'! d. 25y
5p'°¢ 4x7yz? 3b
20.a 10m° b 2t o —2 d. —
6 3 5
6 106° 5 9%k
21.a. — b. — C. == d —
a? 3 w 5
164* 5t 271 8y
22. a. — b. = c. —=—— d.i—
9d? n 2g% w
23. a. 14x° b. 8p° c. 10s
24. a. 10x b. 4%t c. 7



25.

26.

27.

28.
29.

30.

They use the same principles. Multiplication of variables
uses the Commutative Law, where order is not important.
Division of variables is resolved the same way as numbers,
where expressions are converted to fractions and then
simplified and resolved.

The order of operations needs to be applied when dealing

with algebraic expressions. Also, terms that contain more

than one pronumeral should be dealt with as a single term.
X

The first expressions are all equivalent to — and the final
Z

. Xz y
two terms are equivalent to —.

The pronumeral must be a common factor of every term of
the numerator and every term of the denominator before it
can be cancelled.

-5

7

6
a. V,

— 12
small container — ab ’ Vlarge container

= 4ab?

b. 4 times

Exercise 7.8 Expanding brackets

1

-
o

11.
12.
13.
14.
15.
16.

17.

18.

19.

© ® N o o & 0D

ca. 3d+12 b. 2a+ 10 c. 4x+8

a. 5r+35 b. 6g + 36 c. 2t—6

a. 7d + 56 b. 18x—54 c. 48+ 12¢

a. 11r—22 b. 61— 18 c. 43t

a. x> +4x b. &> +7g c. 2g*+10g
a. 9x—6 b. 3x* —18xy  c. 15xy —45y?
a. 100y—250 b. =3¢—-9 c. —15x—20
a. =20f+8f> b. 27xy—18x c. —6bh+ 18/°
a. 20ab + 12ac b. —6ag + 21a4*

c. 15ab + 30ac

.a. —18w? + 10wz b. 48m” + 120m
c. 6k* — 15k
a. 35x+49 b. 3c —4 c. 22¢—2¢%
a. 6v+30 b. 5> —12d ¢ 1ly+12
a. 26r+ 1 b. 9g — 37 c. 11f—12¢—7
a. 8&r—13 b. 18gh—24g c. 11r+1
a. d+22 b. 14h c. 2lm—4
a. 28f—1 b. 4a —3d> —35
c. 6—1 +2t
a. 10hk + 21h + 20k b. 151 — 6ny
c. 8gm+24g—18
a. llef+3c b. 28x — 5xy —29
c. 77mn — 16m+ 12n

fe—— 6 ——><2 >

5x2

|
|
|
5%6 i
1
|
|
|
1

e ——>|

Area=5X6+5x%x2

20.

21.

22,

23.

24, a. x> +3x+2

r

D e ——

Area=4 Xy

Area required
=4x -4y

Multiplication of variables follows the Commutative Law,
where order doesn’t matter; therefore brackets are not

required.
a. $(50—d)
b. i. Sale price (P)=3(50 —d)
i. P=150-3d
c. Amount of change (C) =200 — (150 — 3d) =50 + 3d
a. Ao = fin — 36f; Acenue = fi11; Asign, =fm — 36f
b. A=23fm—T72f
c. A=3m’+235.5m—"7380
d.

Area = Area = Area =
19 462.5 cm? 27562.5 cm? 19462.5 cm?
86.5 cm 122.5 cm 86.5 cm

Exercise 7.9 Factorising

1k

10.

11.

12.
13.

14.

o o p 0N

a.

a.

a.

. dmn

2 b. 3
7 .2
2g
2a

. 3m
. 12g

b
b
b
b. 4c

a. 3(x+2)
c. 42x+3)

L 2d+4)
11+ 11)

a. 12(g—2)
c. 12(4—¢q)

a. 3(gh+4)
c. 7g2—h)

a. m(7n + 6)
c. 2r4+71)

a.
C.

7x(2 — 3y)
c(12a — 4 + 3d)

2ab

C.

C.

C.

o

o

&5 A0 A0 20 Q00 QU

b. d>+7a+12 c. *—c—6

6
3
11
2g
4c

2(y+2)
32f+3)
2(x—2)
4(s—4)
2(7 —2b)
82+
2y(x + 3)
2k(8j — 1)
Sa(1 — 3bc)
262 — 3a)
k(11j+3)
4(g+2h—4)

13

2m
117

g 2 2 2 o
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103x —2) 12

15.
1+2x 13. True
16. A sample response: 14T
When determining the highest common factor, write down - e
all the factors of the expression — that is, all the variables 15. False
(making sure to repeat a variable by the number of the 16. True
power it has been raised to) and all the numbers. Write 17. a. 21g b. 18y c. 42d d. —24z
each of the numbers as a product of its prime factors and h 4 7
then circle all the variables and numbers that each term has 18. a. 5 b. S c. 3x d. 6
in common. Bt J
17. a. 6(x—3)(x+2) 19. a. 2x+11 b. fs—tzl 5
b. x> 3. If x was smaller, the area would be negative, which c. 9%y d- +at
is not possible. 20. a. Tx+ 15 b. 5¢°—33g  c. 42—3t
18. 7y 21.a. 3(g+4) b. y(x+5) c. S(n—4)
19, g 22 a. 4n(3m+p) b. 6g2—h) o 12yx—32)
20. a. (n+3)(m+9) b. (=2t+6)(5x+1) 23.a. 32+ 1)=3%x2+3%x1or32—-1)=3x2-3x1
21. a. (Bx—6)(2x + 8)(ax — 5a) b. —10X8+ —10Xx—-6=—10(8 + —6) or
5 4 —10Xx8——-10x—-6=—10(8 — —6)
" Ba(x+4)(x —5) c. 8(6+5)=8X6+8X50r8(6—-5)=8x6—-8x%5
. 24.a.
Project
xcm
1. Let [ represent the number of long words and s represent the
number of sentences. Rix index = -. (x+4) cm
s 2
2. Six sentences and 19 long words b- xgx e
3. 3.17 c. x"+4x
. d. 21cm?
4. Grade 8 3 2.3
5. Students should include the numbers of sentences and long © VOlun;e S
words that appeared in the selected passage. f. 63cm’
To determine the Rix index, they need to use the following 25. a. P (points), G (goals), B (behinds)
l
formula: Rix index = -. b. 6G+B
s
Once students have obtained the Rix index, they need to use G5
the table to determine the equivalent year level. d. 72
6. Students need to repeat the process stated in the answer for e. (G, B): (7, 45), (8, 39), (9, 33), (10, 27), (11, 21),
question 5. (12, 15)7 (13, 9)a (14’» 3)
7. Students could reduce the number of long words to lower 26. 834
the equivalent year level (as the Rix index will be lower). 27. Bx—=5y)L
Students could increase the number of long words to raise the ~ 28. The sum is twice the middle number.
equivalent year level (as the Rix index will be higher). 29. Yes, the value is 8.138.

. . . 30. The final digit of 281 is 2.
Exercise 7.10 Review questions B '

1.a. x+y b. y—xorx—y
c. 3x— 15y d. 5x
2. a. 2xy b. 6x+ 7y
c. y d 2x—7
3. a. 15x b. 9y c. 15k+9m
4.a. m+5 b. m—p c. Sm
5.a. 8 b. 4 c. 8 d. 13
6.a. 22 b. 10 c. 14 d. 3
7. $13.90
8. 5cm
9.a. 40 b. 16 c. 15
10. a. 180 b. 18 c. 500
11.a. 10 b. 28 c. =20
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8 Measurement

LEARNING SEQUENCE

8.1 Overview

8.2 Length and perimeter

8.3 Circumference

8.4 Areas of rectangles,

8.5 Areas of circles

8.6 Areas of trapeziums

8.7 Volumes of prisms and other solid

8.8
8.9 24-hour clocks and time zones
Review
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8.1 Overview
Why learn this?

Measurement is used in many aspects of our everyday life. You
would measure your feet when you need new shoes, the area

of your backyard to lay new grass on, or the correct amount

of flour and sugar to bake a cake. Being able to measure and
having a good understanding of length, area, volume and time is
particularly important and helpful. How would you know how
much paint to buy if you were unable to calculate the area of

the room that needs painting? How would you know the time in
London if you were unable to calculate the time difference? Many
professions rely on measurement — imagine being a dressmaker,
designer, architect or builder without a good understanding of
measurement. It would be very difficult for you to complete your
work! Nurses and doctors use measurement to administer the
correct amount of medication and take our body temperature and
blood pressure.

Without measurement it would be difficult for scientists to
conduct experiments and draw conclusions. Professional athletes
use measurement to estimate the distance needed to make a pass
or goal, or to determine which club to use to land the golf ball in
the perfect spot. Measurements are used so often that you may
not even realise when you are measuring something. A good
understanding of measurement and being able to calculate length,
area, volume and time is crucial for everyday life.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the

concepts covered in this topic.

Video - Interactivities
elLessons

Digital
documents

Fully worked
solutions
to every
question

eWorkbook
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Exercise 8.1 Pre-test learn

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1.

10.

11.

12.

[ Convert 0.23 km into metres.
A.2.3m B.23m C.230m D.203m E.0.23m

[ Calculate the area of a triangle with a base of 14 cm and a perpendicular height of 10 cm.
A.140m B.70m C. 140 cm? D. 70 cm? E. 1400 cm?

A square of material with a side length of 11 cm has a tiny square (with a side length of 1 cm) cut out of
it. Calculate the area of the remaining material.

I A cylinder with a face area of 95 cm? and a height of 10 cm has a volume of:

A.95cm’ B. 9.5 cm’ C.950cm’ D. 0.95cm? E. 0.095 cm?
I Convert 0.62 cm? into mm?.

A. 620 B. 62 C.6.2 D. 6200 E. 0.062

a. Calculate the circumference of a circle with a radius of 5.5 cm, correct to 1 decimal place.

b. Calculate the perimeter of a semicircle with a diameter of 10 cm, correct to 1 decimal place.
Calculate the area of a kite with diagonal lengths of 10 cm and 13 cm.

An upright flowerpot viewed from the side appears to be a trapezium. The diameter of the top is 26 cm
and the diameter of the base is 18 cm. The height of the pot is 25 cm. Determine the area of the
trapezium.

A piece of wire is in the shape of a circle with a diameter of 11 cm. That wire is then bent to form a
square with the same area as the circle. Determine the side length of the square, correct to 1 decimal
place.

A shed is in the shape of a rectangular box with a triangular prism on top. The shed is 12 m long. The

base of the rectangular box is 4 m wide and the walls are 2.5 m high. The full height, including the
walls and the height of the triangular prism, is 5 m.

A\

Calculate the volume of the shed to the nearest cubic metre.

Determine the time (in hours) taken for a journey that begins at 11:30 pm on Tuesday evening and
finishes at 1:30 am on Thursday morning later that week.

There is a time difference of 10 hours between London and Sydney. If it is 1315 in Sydney, determine
the time in London using the 24-hour clock.

TOPIC 8 Measurement 361



13. A fenced area in a garden is a 15 m by 12 m rectangle. Inside the fenced area is a 12 m by 8 m
rectangular pool. The area from the edge of the pool to the fence will be filled with concrete to a depth
of 150 mm. The cost of the concrete is $125 per m®. Evaluate the cost of the concrete around the pool.

14. I On Friday evening, Gayle drives for 3 hours to Sydney Airport and waits 2 hours for her 2225
flight to Dubai. The flight time to Dubai is 14 hours and 10 minutes.

Her connecting flight to Dublin leaves 1 hour and 25 minutes after the plane arrives in Dubai and takes

7 hours and 30 minutes.
It takes another hour for the baggage to be delivered to the carousel and for Gayle to go through

customs.
Determine at what time and on what day (Dublin time) Gayle will be able to leave Dublin airport, given

that Dublin is 10 hours behind Sydney time.
A. 1230 Saturday B. 1530 Saturday ~ C. 1730 Saturday  D. 2230 Saturday  E. 0330 Saturday

15. I Astor wants to make a rectangular fish tank and needs to know how much glass is required. The
tank will be 80 cm long, 40 cm wide and 30 cm tall. Each piece of the tank must be cut from a single
piece of glass. The lid will be made of plastic and does not need to be included in the calculation.

Select which size sheets of glass would be best to use to ensure minimum wastage.

A. 80cm by 80 cm B. 120 cm by 80 cm C. 200cm by 70 cm
D. 170 cm by 80 cm E. 100cm by 80 cm
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8.2 ength and perimeter

LEARNING INTENTION

At the end of this subtopic you should be able to:
e convert one unit of length to another unit of length
e calculate the perimeter of a closed shape.

8.2.1 Units of length

eles-4041
e Metric units of length include millimetres (mm), centimetres (cm), metres (m) and kilometres (km).

e The figure below shows how to convert between different units of length. Later in this topic, you’ll see how
it can be adapted to convert units of area and volume.

Converting units of length

To convert between the units of length, use the following conversion chart:

x 1000 x 100

kilometres metres centimetres millimetres

(km) (m) (cm) (mm)

\_/\_/\_/

+1000 +100

e When converting from a larger unit to a smaller unit, multiply by the conversion factor.
° When converting from a smaller unit to a larger unit, divide by the conversion factor.

WORKED EXAMPLE 1 Converting length

Complete the following metric length conversions.

a. 1.027m= cm

b. 0.0034 km = m

c. 76500 m = km

d. 3.069m= mm

THINK WRITE

a. Look at the conversion chart above. To convert a. % 100
metres to centimetres, multiply by 100. P

Multiplying by 100 is the same as moving the

decimal point 2 places to the right. o cm

1.027 % 100 = 102.7 cm
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b. To convert kilometres to metres, we need to b. % 1000

multiply by 1000. R

Multiplying by 1000 is the same as moving the
decimal point 3 places to the right.

0.0034 x 1000 = 3.4 m

c. To convert metres to kilometres, divide by 1000. c. g
Dividing by 1000 is the same as moving the decimal m
point 3 places to the left. ~__
<+ 1000

76500 = 1000 =76.5 km

d. To convert metres to millimetres, multiply by 100 d. x 100 % 10
and then by 10. U
This is the same as multiplying by 1000, so the
decimal point can be moved 3 places to the right. Lt G (Il

3.069 X 100 X 10 = 3069 mm

8.2.2 Perimeter

eles-4042
e A closed shape is any enclosed shape whose edges and/or curves are connected.

e The perimeter of any closed shape is the total distance around the outside of the shape.
¢ Perimeter can sometimes be denoted by the letter P.

Calculating perimeter

To calculate the perimeter of a shape:

1. identify the length of each side

2. change all lengths to the same unit if needed
3. add all side lengths together.

WORKED EXAMPLE 2 Calculating the perimeter of a given shape

Calculate the perimeter of each of the shapes below.

a. A Kkite b. A trapezium c. An irregular shape
15 mm 21 mm 17 mm 15@> 18 mm
45 mm %mm 11 mm\
7.3 cm 15 mm —| 45 mm
40 mm
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THINK WRITE/DRAW

a. 1. Lines with the same marking are equal in a. P=154+154+21421
length. All measurements are in the same units. =72
Calculate the perimeter by adding the lengths of
all four sides.
2. State the answer and include the units. The perimeter of the kite shown is 72 mm.

b. 1. Notice that the measurements are not all inthe b. 7.3cm = 7.3 X 10mm
same metric unit. Convert to the smaller unit = 73 mm
(in this case convert 7.3 cm to mm).

2. Calculate the perimeter by adding the lengths of P=454+17+28+73

all four sides. = 163
3. State the answer and include the units. The perimeter of the trapezium shown
is 163 mm.
c. 1. Ensure all measurements are in the same unit. c. 15mm 18 mm

11 mm\\>
I

15 mm

45 mm

40 mm

Pinkline=40— (18 + 11) =11 mm
Purple line =45 — (154 15) = 15 mm
2. Determine the lengths of the unknown sides.

3. Calculate the perimeter by adding the lengths of P=454+ 18 + 15+ 11 + 15 + 11 + 15 + 40

all sides. =170
4. State the answer and include the units. The perimeter of the irregular shape shown
is 170 mm.

COLLABORATIVE TASK: Desk perimeter
Equipment: measuring tape

1. Estimate the length of the outside edge of the top
of your desk.

2. Individually or in pairs, use the measuring tape to
measure the length of the top of your desk.

3. Are all the desks in the classroom the same size? If
so, compare the length you found with that found
by your classmates.

4. How accurate was your estimate? What was the
percentage error of your estimate?

5. As aclass, discuss ways of improving the
accuracy of your estimates.
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8.2.3 Calculating the perimeter of a square and a rectangle

eles-4043
¢ The perimeter of some common shapes can be determined through the use of a formula.

e The perimeter (P) of a square and a rectangle can be calculated using the following formulas.

Perimeter of a square .

For a square, the perimeter P is:

P=4l

where [ is its side length. :

Perimeter of a rectangle

For a rectangle, the perimeter P is:

P=2+2w 1 I
=2(l+w)

where [ is its length and w its width.

WORKED EXAMPLE 3 Calculating the perimeter of a rectangle

Calculate the perimeter of a rectangular block of land that is 20.5 m long and 9.8 m wide.
