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3.1 Overview
Why learn this?
Whole numbers can be written in different ways that can
make calculations easier if you do not have your calculator
handy. You have been using multiplication tables already
without necessarily realising that the they give you numbers
that are multiples of each other. Knowing how to write
numbers in different ways helps in understanding how
numbers are connected.

Indices are short ways of writing a repeated multiplication
and are very useful in everyday life, because they allow
us to write very large and very small numbers more easily.
Indices can simplify calculations involving these very large
or very small numbers. Astronomy is a branch of science
in which very large distances are involved. The stars we
see in the Southern Hemisphere night sky are different to
the stars people see in the Northern Hemisphere. Alpha
Crucis, the brightest and closest star to us in the Southern
Cross constellation, is approximately 3000 million billion
kilometres from Earth. That is a huge number — 3 followed by 15 zeros! Other scientists and engineers also
need to be able to communicate and work with numbers of all sizes.

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

Digital

documents

Video

eLessons
Interactivities

eWorkbook
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Exercise 3.1 Pre-test

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. MC The first 3 multiples of 8 are:
A. 2, 4, 8 B. 8, 16, 24 C. 4, 8, 16 D. 1, 8, 16 E. 1, 2, 4

2. Kate earned $7 pocket money each week for 5 weeks for emptying the dishwasher. Given she saves all
her money, calculate how much she would have saved at the end of the 5 weeks.

3. Determine the highest common factor of 42 and 66.

4. Fred takes 3 minutes to complete one lap of a running course, while Sam takes 4 minutes to complete
one lap. After the start, determine when Fred will next be running beside Sam.

5. Write 5× 3× 5× 3× 3× 3 in simplified index notation.

6. Select all the prime numbers from the following.
21A. 109B. 33C. 81D. 17E. 31F. 91G.

7. Select two pairs of prime numbers whose sum is 20.
1, 19A. 2, 18B. 3, 17C. 5, 15D. 7, 13E. 9, 11F.

8. Select all the prime factors of 40.
1A. 2B. 3C. 4D. 5E.
8F. 10G. 20H. 40I.

9. Determine the lowest common multiple (LCM) and highest common factor (HCF) of 54 and 96 by first
expressing each number as a product of its prime factors.

10. A chessboard is a large square with sides that are 8 small squares in length. Calculate the total number
of small squares on a chessboard.

11. Evaluate the following.

32 +
√

16× 52

12. Determine between which two integers
√

70 lies.

13. Evaluate the following.
3
√

27

14. Sarah wants to organise a party with her friends at short notice. She decides to send a text to three of
her friends, who contact another three friends each, and then they all contact a further three friends
each.
Determine the number of friends that are invited to the party.

15. Evaluate the following.

112 − 3
√

216×
√

144√
49
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3.2 Factors and multiples

LEARNING INTENTION

At the end of this subtopic you should be able to:
• list multiples and factors of a whole number
• determine multiples and factor pairs.

3.2.1 Multiples
eles-3725

• A multiple of a number is the result of multiplying that number by another whole number. For example,
all numbers in the 5 times table are multiples of 5: so 5, 10, 15, 20, 25, … are all multiples of 5.

1 2 3 4 5

1 1

×

2 3 4 5

2 2 4 6 8 10

3 3 6 9 12 15

4 4 8 12 16 20

5 5 10 15 20 25

WORKED EXAMPLE 1 Listing multiples of a whole number

List the first five multiples of 7.

THINK WRITE

1. The first multiple is the number × 1, that is, 7× 1. 7

2. The second multiple is the number × 2, that is, 7× 2. 14

3. The third multiple is the number × 3, that is, 7× 3. 21

4. The fourth multiple is the number × 4, that is, 7× 4. 28

5. The fifth multiple is the number × 5, that is, 7× 5. 35

6. Write the answer as a sentence. The first five multiples of 7 are 7, 14, 21, 28
and 35.

WORKED EXAMPLE 2 Determining multiples

State which numbers in the following list are multiples of 8.
18, 8, 80, 100, 24, 60, 9, 40

THINK WRITE

1. The biggest number in the list is 100. List multiples
of 8 using the 8 times table just past 100; that is,
8× 1= 8, 8× 2= 16, 8× 3= 24, 8× 4= 32,
8× 5= 40, and so on.

8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88,
96, 104

2. Write any multiples that appear in the given list. Numbers in the given list that are multiples of
8 are 8, 24, 40 and 80.
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3.2.2 Factors
eles-3726

• A factor of a whole number divides into that whole number
exactly. For example, the number 4 is a factor of 8 because
4 divides into 8 twice or 8÷ 4= 2.

• Factors of a number can be written as factor pairs. For example,
since 4× 2= 8, it follows that 2 and 4 are a factor pair of 8.

Unique factors

Except for the number 1, every whole number has at
least two unique factors, 1 and itself.

For example, the factors of 5 are 1 and 5.

WORKED EXAMPLE 3 Listing factors of a whole number

List all the factors of 14.

THINK WRITE

1. 1 is a factor of every number, and the number itself is a
factor of itself, that is, 1× 14= 14.

1, 14

2. 14 is an even number, so 14 is divisible by 2; therefore, 2
is a factor. Divide the number by 2 to find the other factor
(14÷ 2= 7). There are no other whole numbers that divide
evenly into 14.

2, 7

3. Write the answer as a sentence, placing the factors in order
from smallest to largest.

The factors of 14 are 1, 2, 7 and 14.

WORKED EXAMPLE 4 Determining factor pairs

List the factor pairs of 30.

THINK WRITE

1. 1 and the number itself are factors, that is, 1× 30= 30. 1, 30

2. 30 is an even number, so 2 and 15 are factors, that is,
2× 15= 30.

2, 15

3. Divide the next smallest number into 30. Therefore, 3 and
10 are factors, that is, 3× 10= 30.

3, 10

4. 30 ends in 0 so 5 divides evenly into 30, that is, 5× 6= 30. 5, 6

5. Write the answer as a sentence by listing the factor pairs. The factor pairs of 30 are:
1, 30; 2, 15; 3, 10 and 5, 6.
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COLLABORATIVE TASK: Sorting multiples and factors

1. As a class, draw a large 10× 5 number chart on the board
and number the boxes from 1 to 50.

2. Your teacher will share the numbers 1 to 50 among the
class. For each of your numbers, list the multiples up to
and including 50.

3. Your teacher will call out the numbers between 1 and
50 one at a time. When one of your numbers is called,
write it in each box on the chart that is a multiple of your
number. For example, if your number is 10, write 10 in
each box that corresponds to a multiple of 10.

4. At the end of the activity, the numbers written in each of
the boxes are the factors of the box numbers. You can see
that different numbers have different numbers of factors.

5. As a class, investigate:

7 8 9 10

1 7

17

28 29

39

49 50

40

30

18 19 20

17 1 2 3 6 9

1 2 4 28 1 29

1 3 13

7 49

1 2 3 4 5

8   10   20   40 

1 2 5 10

39

25 50

1 19 1 2 4 5

18 10 20

1 2 4 8 1 3 9 1 2 5 10

1 2 3 5 6

10 15 30

a. which numbers have one factor, two factors, three
factors or four factors

b. which numbers have more than four factors
c. whether there are more numbers with an odd or even number of factors
d. how factors and multiples are related.

Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Digital documents SkillSHEET Multiples (doc-6416)
SkillSHEET Factor pairs (doc-6417)

Video eLesson Factors and multiples (eles-2310)

Interactivities Individual pathway interactivity: Factors and multiples (int-4316)

Multiples (int-3929)
Factors (int-3930)

Exercise 3.2 Factors and multiples

Individual pathways

PRACTISE
1, 4, 6, 8, 10, 12, 15, 18, 22, 23, 26

CONSOLIDATE
2, 5, 9, 13, 16, 19, 24, 27

MASTER
3, 7, 11, 14, 17, 20, 21, 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. WE1 List the first five multiples of the following numbers.
a. 3 b. 6 c. 100 d. 11

2. List the first five multiples of the following numbers.

120a. 45b. 72c. 33d.
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3. WE2 Select the numbers in the following list that are multiples of 10.
10, 15, 20, 100, 38, 62, 70

4. Select the numbers in the following list that are multiples of 7.
17, 21, 7, 70, 47, 27, 35

5. Write the numbers in the following list that are multiples of 16.
16, 8, 24, 64, 160, 42, 4, 32, 1, 2, 80

6. List the multiples of 9 that are less than 100.
7. List the multiples of 6 between 100 and 160.
8. MC The first three multiples of 9 are:

1, 3, 9A. 3, 6, 9B. 9, 18, 27C. 9, 18, 81D. 18, 27, 36E.

9. MC The first three multiples of 15 are:

15, 30, 45A. 30, 45, 60B. 1, 15, 30C. 45D. 3, 5, 15E.

10. WE3 List all the factors of the following numbers.

12a. 40b.

11. A list of numbers is: 2, 7, 5, 20, 25, 15, 10, 3, 1.
From this list, select all the numbers that are factors of each of the following values.

28a. 60b. 100c.

Understanding

12. List all factors of the following numbers in ascending order.

72a. 250b.

13. A list of numbers is: 21, 5, 11, 9, 1, 33, 3, 17, 7.
From this list, select all the numbers that are factors of each of the following values.

85a. 99b. 51c.

14. List the factor pairs of 20.

15. List the factor pairs of 132.

16. MC Select all the factor pairs of 18.

1, 9A. 3, 6B. 2, 9C. 6, 12D. 1, 18E.

17. Three is a factor of 12. State the smallest number greater than 12 that has 3 as one of its factors.

18. MC A factor pair of 24 is:

2, 4A. 4, 6B. 6, 2C. 2, 8D. 3, 9E.

19. MC A factor pair of 42 is:

6, 7A. 20, 2B. 21, 1C. 16, 2D. 6, 8E.

20. Determine which of the numbers 3, 4, 5 and 11 are factors of 2004.
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21. Alex and Nadia were racing down a flight of stairs. Nadia took the stairs
two at a time while Alex took the stairs three at a time. In each case,
they reached the bottom with no steps left over.

a. Determine how many steps there are in the flight of stairs. List three
possible answers.

b. Determine the smallest number of steps there could be.
c. If Alex can also take the stairs five at a time with no steps left over,

d etermine the smallest number of steps in the flight of stairs.

Reasoning

22. Place each of the first six multiples of 3 into the separate circles around the triangle so the numbers along
each side of the triangle add up to 27. Use each number once only.

23. Ms Pythagoras is trying to organise her Year 4 class into rows for their
class photograph.
If Ms Pythagoras wishes to organise the 20 students into rows
containing equal numbers of students, determine what possible
arrangements she can have.
Note: Ms Pythagoras will not be in the photograph.

24. My age is a multiple of 3 and a factor of 60. The sum of the digits of
my age is 3. Determine my age. (There are three possible answers.)

25. A man and his grandson share the same birthday. For exactly six
consecutive years the grandson’s age is a factor of his grandfather’s age.
Determine how old each of them is at the sixth of these birthdays, given
that the grandson is no more than 10.

Problem solving

26. I am a two-digit number that can be divided by 3 with no remainder.
The sum of my digits is a multiple of 4 and 6. My first digit is
double my second digit. Evaluate the number. Show your working.

27. Determine the following number. I am a multiple of 5 with factors of
6, 4 and 3. The sum of my digits is 6. Show your working.

28. Identify a two-digit number such that if you subtract 3 from it, the result is a multiple of 3; if you subtract 4
from it, the result is a multiple of 4; and if you subtract 5 from it, the result is a multiple of 5. Explain how
you reached the answer.
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3.3 Lowest common multiple and highest
common factor
LEARNING INTENTION

At the end of this subtopic you should be able to:
• determine the lowest common multiple and the highest common factor of two or more whole numbers.

3.3.1 The LCM and HCF
eles-3727

• Common multiples are numbers that are multiples of more than one number.
Multiples of 3: 3, 6, 9, 12, 15, 18, 21, 24, …
Multiples of 4: 4, 8, 12, 16, 20, 24, 28, …
The first two common multiples of 3 and 4 are 12 and 24.

• The lowest common multiple (LCM) is the smallest multiple that is common to two or more numbers.
The LCM of 3 and 4 is 12.

• Common factors are numbers that are factors of more than
one number.
Factors of 16: 1, 2, 4, 8 and 16
Factors of 24: 1, 2, 3, 4, 6, 8, 12 and 24
The common factors of 16 and 24 are 1, 2, 4 and 8.

• The common factors of 16 and 24 can be seen in the
overlapping region of a Venn diagram, as shown.

• The highest common factor (HCF) is the largest of the
common factors. The HCF of 16 and 24 is 8.

Factors of 16 Factors of 24

16

3

1

2

4

8

6

24

12

WORKED EXAMPLE 5 Determining the lowest common multiple of two numbers

a. List the first nine multiples of 8.
b. List the first nine multiples of 12.
c. List the multiples that 8 and 12 have in common.
d. State the lowest common multiple of 8 and 12.

THINK WRITE

a. Write out the first nine numbers of the 8 times table. 8, 16, 24, 32, 40, 48, 56, 64, 72

b. Write out the first nine numbers of the 12 times table. 12, 24, 36, 48, 60, 72, 84, 96, 108

c. Choose the numbers that appear in both lists. 24, 48, 72

d. State the lowest of these numbers to give the lowest
common multiple (LCM).

LCM is 24.
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WORKED EXAMPLE 6 Determining the highest common factor

a. Determine the common factors of 8 and 24 by:
i. listing the factors of 8
ii. listing the factors of 24
iii. listing the factors common to both 8 and 24.

b. State the highest common factor of 8 and 24.

THINK WRITE

a. i. 1. List the pairs of factors of 8. a. i. 1, 8, 2, 4

2. Write them in order. Factors of 8 are 1, 2, 4, 8.

ii. 1. List the pairs of factors of 24. ii. 1, 24; 2, 12; 3, 8; 4, 6

2. Write them in order. Factors of 24 are 1, 2, 3, 4, 6, 8, 12, 24.
iii. Write the common factors. iii. Common factors are 1, 2, 4, 8.

b. State the highest common factor, that is, the
largest of the common factors.

b. HCF is 8.

Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Interactivities Individual pathway interactivity: Lowest common multiple and highest common factor (int-4317)

Lowest common multiple (int-3931)
Highest common factor (int-4545)

Exercise 3.3 Lowest common multiple and highest
common factor

Individual pathways

PRACTISE
1, 2, 7, 10, 11, 12, 16, 19

CONSOLIDATE
3, 4, 8, 13, 14, 17, 20

MASTER
5, 6, 9, 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. a. WE5 List the first ten multiples of 4.
b. List the first ten multiples of 6.
c. In your lists, circle the multiples that 4 and 6 have in common (that is, circle the numbers that appear in

both lists).
d. State the lowest multiple that 4 and 6 have in common. This is the lowest common multiple (LCM) of

4 and 6.

2. State the LCM for each of the following pairs of numbers.
a. 3 and 9 b. 6 and 15 c. 7 and 10 d. 12 and 16 e. 4 and 15

3. State whether the following statement is true or false.
20 is a multiple of 10 and 2 only.

4. State whether the following statement is true or false.
15 and 36 are both multiples of 3.
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5. State whether the following statement is true or false.
60 is a multiple of 2, 3, 6, 10 and 12.

6. State whether the following statement is true or false.
100 is a multiple of 2, 4, 5, 10, 12 and 25.

7. WE6 By listing the factors of each number, determine the highest common factor (HCF) for each of the
following pairs of numbers.
a. 21 and 56 b. 7 and 28 c. 48 and 30

8. Determine the HCF for each of the following pairs of numbers.
a. 9 and 36 b. 42 and 77

9. Determine the HCF of the following numbers.
a. 36 and 64 b. 45, 72 and 108

Understanding

10. Kate goes to the gym every second evening, while Ian goes every third evening.

a. On Monday evening, Kate and Ian are at the gym together. Determine how many days it will be before
both attend the gym again on the same evening.

b. Explain how this answer relates to the multiples of 2 and 3.
11. Vinod and Elena are riding around a mountain bike trail. Vinod completes one lap in the time shown on the

stopwatch on the left, and Elena completes one lap in the time shown on the stopwatch on the right.

a. If they both begin cycling from the starting point at the same time, determine how long it will be before
they pass the starting point again at exactly the same time.

b. Relate your answer to the multiples of 5 and 7.

05:00:00

SECMIN 100/SEC

07:00:00

SECMIN 100/SEC

12. A warehouse owner employs Bob and Charlotte as security guards.
Each security guard checks the building at midnight. Bob then checks
the building every 4 hours, and Charlotte checks every 6 hours.
a. Determine how long it will be until both Bob and Charlotte are

next at the warehouse at the same time.
b. Relate your answer to the multiples of 4 and 6.
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13. Two smugglers, Bill Bogus and Sally Seadog, have set up signal lights that flash continuously across the
ocean. Bill’s light flashes every 5 seconds and Sally’s light flashes every 4 seconds. If they start together,
determine how long it will take for both lights to flash again at the same time.

14. Twenty students in Year 7 were each given a different number from 1 to 20 and then
asked to sit in numerical order in a circle. Three older girls — Milly, Molly and
Mandy — came to distribute jelly beans to the class. Milly gave red jelly beans to
every second student, Molly gave green jelly beans to every third student and Mandy
gave yellow jelly beans to every fourth student.
a. Determine which student had jelly beans of all 3 colours.
b. Calculate how many students received exactly 2 jelly beans.
c. Calculate how many students did not receive any jelly beans.

15. Wah needs to cut tubing into the largest pieces of equal length that he can, without
having any offcuts left over. He has three sections of tubing: one 6 metres long,
another 9 metres long and the third 15 metres long.
a. Calculate how long each piece of tubing should be.
b. Determine how many pieces of tubing Wah will end up with.

Reasoning

16. Two candles of equal length are lit at the same time. The
first candle takes 6 hours to burn out and the second takes
3 hours to burn out. Determine how many hours it will
be until the slower-burning candle is twice as long as the
faster-burning candle.

17. Mario, Luigi, Zoe and Daniella are playing a video game.
Mario takes 2 minutes to play one level of the game, Luigi
takes 3 minutes, Zoe takes 4 minutes and Daniella takes
5 minutes. They have 12 minutes to play.
a. If they play continuously, determine which player

would be in the middle of a game as time ran out.
b. Determine after how many minutes this player began the last game.

18. Six church bells ring repeatedly at intervals of 2, 4, 6, 8, 10 and 12 minutes respectively. Determine how
many times three or more bells will ring together in 30 minutes.

Problem solving

19. Carmen types 30 words per minute on her laptop while Evan
types 40 words per minute on his laptop. They have to type
the same number of words and they both end up typing for
a whole number of minutes.
a. Determine how long Carmen has been typing for.
b. Determine how long Evan has been typing for.

20. Alex enjoys running around the park after school. It
takes him 10 minutes to complete one lap. His mother
Claire walks the family dog at the same time. It takes her
15 minutes to complete one lap. They decide to go home
when they meet next. Determine how long it will take them
to meet again.
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21. The runners in a 100 m race are lined up next to each other while those in a 400 m race are staggered around
the track. Look at the following diagram of a standard 400 m athletic track and take note of both the starting
position and finish line for a 100 m race.

Finish

1
2
3
4
5
6
7
8

100 m track

Start 100 m

a. State the shapes of the two curved ends of the track.
b. Explain why the starting line for a 100 m race has been positioned in the straight section.
c. Explain why the finish line for a 100 m race has been positioned where it is.

Track events such as the 200 m, 400 m and 800 m races have staggered starting positions. The following
diagram illustrates the position of the starting blocks S1–S8 for each lane in the 400 m race.

FinishA
A

400 m track

S
1 S
2 S
3

S
8

S
7S

6S
5S
4

1
2
3
4
5
6
7
8

d. Explain why there is a need to stagger the starting blocks in the 200 m, 400 m and 800 m track events.
e. A runner completing one lap of the inside lane (lane 1) runs a distance of 400 m, while if there is no

staggered start a runner completing one lap in the next lane (lane 2) runs a distance of 408 m. If this
pattern continues, determine how far runners in lanes 3–8 run. Enter these results in the appropriate
column in the table.

Lane number Distance travelled (m) Difference
1 400 m
2 408 m
3
4
5
6
7
8 456 m

f. Calculate the difference between the distances travelled by the runners in each of the lanes compared to
the distance travelled by the runner in lane 1. Enter these results in the appropriate column in the table.

g. Comment on what you notice about the values obtained in part f.
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3.4 Index notation
LEARNING INTENTION

At the end of this subtopic you should be able to:
• understand that index or exponent notation is a short way of writing a repeated multiplication
• write expressions in index notation
• simplify expressions using index notation
• use place value to write and evaluate numbers in expanded form with index notation.

3.4.1 Introduction to indices
eles-3728 • An index (or exponent or power) is a short way of writing a repeated

multiplication.
• The base is the number that is being repeatedly multiplied and the index

(plural indices) is the number of times it is multiplied.
Base

Power
86

86 = 8 × 8 × 8 × 8 × 8 × 8 = 262 144

Expanded form Basic numeralIndex form

• Numbers in index form are read using the value of both the base and the power.

86 is read as ‘8 to the power of 6’.
124 is read as ‘12 to the power of 4’.

WORKED EXAMPLE 7 Identifying the base and index

For the following expressions, state:
i. the number or pronumeral that is the base
ii. the number or pronumeral that is the index.

a. 67 b. x9 c. 3a d. yb

THINK WRITE

The base is the number or pronumeral that is repeatedly
multiplied, and the index is the number of times that it
is multiplied.

a. 67

i. Base is 6
ii. Index is 7

b. x9

i. Base is x
ii. Index is 9

c. 3a

i. Base is 3
ii. Index is a

d. yb

i. Base is y
ii. Index is b
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WORKED EXAMPLE 8 Writing an expression using index notation

Write the following expressions using index notation.
a. 5× 5× 5× 5× 5× 5× 5 b. 3× 3× 3× 3× 7× 7

THINK WRITE

a. 1. Write the multiplication. a. 5× 5× 5× 5× 5× 5× 5

2. Write the number being repeatedly multiplied as the base,
and the number of times it is written as the index (the
number 5 is written 7 times).

= 57

b. 1. Write the multiplication. b. 3× 3× 3× 3× 7× 7

2. Write the number being multiplied as the base, and the
number of times it is written as the index (the number 3 is
written 4 times, and 7 is written 2 times).

= 34 × 72

WORKED EXAMPLE 9 Simplifying expressions using index notation

Simplify each of the following expressions by first writing each expression as a repeated multiplication
and then in index notation.
a. 34 × 36 b. (43)3 c. (3× 5)2

THINK WRITE

a. 1. Write the expression. a. 34 × 36

2. Write the expression using repeated multiplication
(that is, in expanded form).

= (3× 3× 3× 3)× (3× 3× 3× 3× 3× 3)
= 3× 3× 3× 3× 3× 3× 3× 3× 3× 3

3. Write the repeated multiplication using index
notation. The number being repeatedly multiplied is
3 (base), and the number of times it is written is
10 (index).

= 310

b. 1. Write the expression. b. (43)3

2. Write the expression using repeated multiplication
(that is, in expanded form).

= 43 × 43 × 43

= (4× 4× 4)× (4× 4× 4)× (4× 4× 4)
= 4× 4× 4× 4× 4× 4× 4× 4× 4
= 493. Write the repeated multiplication using index

notation. The number being repeatedly multiplied is
4 (base) and the number of times it is written is
9 (index).

c. 1. Write the expression. c. (3× 5)2

2. Write the expression using repeated multiplication
(that is, in expanded form).

= (3× 5)× (3× 5)
= 3× 5× 3× 5
= 3× 3× 5× 5
= 32 × 523. Write the repeated multiplication using index

notation. The numbers being repeatedly multiplied
are 3 and 5 (base) and the number of times they are
written is 2 (index) in each case.
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3.4.2 Indices and place values
eles-3729

• By using place value, you can write numbers in expanded form with index notation.
For example:

2700 = 2000+ 700
= 2× 10× 10× 10+ 7× 10× 10
= 2× 103 + 7× 102

WORKED EXAMPLE 10 Expressing numbers in expanded form using index notation

Write the following numbers in expanded form using index notation.
a. 59 176 b. 108 009

THINK WRITE

a. 1. Write the number as the sum of each place
value.

a. 59 176 = 50 000+ 9000+ 100+ 70+ 6

2. Write each place value in multiples of 10. 59 176 = 5× 10× 10× 10× 10+ 9× 10× 10× 10

+1× 10× 10+ 7× 10+ 6

3. Write each place value in index notation. 59 176 = 5× 104 + 9× 103 + 1× 102 + 7× 101 + 6

b. 1. Write the number as the sum of each place
value.

b. 108 009 = 100 000+ 8000+ 9

2. Write each place value in multiples of 10. 108 009 = 1× 10× 10× 10× 10× 10
+ 8× 10× 10× 10+ 9

3. Write each place value in index notation. 108 009= 1× 105 + 8× 103 + 9

WORKED EXAMPLE 11 Evaluating indices

Evaluate each of the following.
a. 25 b. 32 × 23 c. 32+ 52− 24

THINK WRITE

a. 1. Write in expanded form. 25 = 2× 2× 2× 2× 2

2. Multiply the terms. = 32

3. Write the answer. 25 = 32

b. 1. Write both terms in expanded form. 32 × 23 = (3× 3)× (2× 2× 2)

2. Calculate the product of the numbers in the
brackets.

= 9× 8

3. Multiply the terms. = 72

4. Write the answer. 32 × 23 = 72

c. 1. Write all terms in expanded form. 32 + 52 − 24 = (3× 3)+ (5× 5)− (2× 2× 2× 2)

2. Calculate the product of the numbers in the
brackets.

= 9+ 25− 16
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3. Remember the order of operations. Since the
operations are addition and subtraction, work
left to right.

= 34− 16

= 18

4. Write the answer. 32 + 52 − 24 = 18

Digital technology

Scientific calculators can evaluate expressions in index form
where the base is a number.

Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Interactivities Individual pathway interactivity: Index notation (int-4319)

Index notation (int-3957)

Exercise 3.4 Index notation

Individual pathways

PRACTISE
1, 2, 5, 7, 10, 12, 13, 16

CONSOLIDATE
3, 6, 8, 14, 17, 18

MASTER
4, 9, 11, 15, 19, 20, 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. WE 7 In each of the following expressions, enter the missing number into the box and state what the base
and index are.
a. 7□= 49 b. 4□= 4096 c. □4 = 81 d. □3 = 1000

2. WE8a Write each of the following expressions in index notation.

7× 7× 7× 7a. 8× 8× 8× 8× 8× 8b.
3× 3× 3× 3× 3× 3× 3× 3× 3c. 13× 13× 13d.

3. WE8b Write the following expressions in index notation.

4× 4× 4× 4× 4× 6× 6× 6a. 2× 2× 3b.
5× 5× 2× 2× 2× 2c. 3× 3× 2× 2× 5× 5× 5d.

4. Write the following using repeated multiplication (that is, in expanded form).
a. 65 b. 113
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5. WE9 Simplify each of the following expressions by first writing each expression as a repeated
multiplication and then using index notation.
a. 58 × 53 b. 48 × 45

c.
(
27
)3

6. WE10 Write the following numbers in expanded form using index notation.
a. 300 b. 4500 c. 6705 d. 10 000

Understanding

7. WE9 Simplify each of the following expressions by first writing each expression as a repeated
multiplication and then using index notation.

a.
(
95
)3 b. (3× 13)6

8. MC The value of 44 is:
A. 8 B. 16 C. 64 D. 256 E. 484

9. WE11 Evaluate each of the following.
a. 73 b. 62 × 23 c. 53 − 43 + 24

10. Evaluate each of the following.
a. 23 × 32 b. 34 × 43 c. 35 × 93

11. Evaluate each of following.
a. 64 − 93 b. 53 + 25 × 92 c. 27 − 45 ÷ 26

Reasoning

12. a. MC Which of the following expressions has the greatest value?
A. 28 B. 82 C. 34 D. 43 E. 92

b. Justify your answer using mathematical reasoning.

13. We know that 122 = 144 and 212 = 441. It is also true that 132 = 169 and 312 = 961. If 142 = 196, is
412 = 691? Try to justify your answer without calculating 412.

14. Write < (less than) or > (greater than) in the boxes below to make each statement true.

13 □ 31a. 23 □ 32b. 53 □ 35c. 44 □ 35d.

15. You have a choice of how your weekly allowance is increased for 15 weeks.
Option 1: Start a 1 cent and double your allowance every week.
Option 2: Start at $1 and increase your allowance by $1 every week.

a. Explain which option you would choose and why.
b. Explain whether powers can be used to help with these calculations.

Problem solving

16. Jessica has a ‘clean-up’ button on her mobile phone that will clear half of the read messages in her inbox.
She pressed the button six times, causing just one message to be left in her inbox. Calculate how many
messages were in her inbox before the clean-up.

17. A student sent an email to eight of his cousins, who then each forwarded the
email to eight different friends, who in turn forwarded the email to another eight
friends each.

a. Calculate how many emails in total were sent during this process.
b. Assuming that everyone received the email only once, determine how many

people in total received the email by the end of this process.
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18. You received a text message from your friend. After 5 minutes, you forward
the text message to two of your other friends. After 5 more minutes, those two
friends forward it to two more friends. If the text message is sent every 5 minutes
in this way, calculate how many people have received it in 30 minutes.

19. Bacteria such as those shown in the image grow at an alarming rate. Each
bacterium can split itself in half, forming two new cells each hour.

a. If you start with one bacterium cell, calculate how many you will have after
12 hours. Show your working to include the number of bacteria after
each hour.

b. If a bacterium could successfully divide into three new cells each hour,
calculate how many bacteria you would have after 12 hours.

c. Show how powers can be applied to the calculations in parts a and b.

20. A knock-out tennis competition ends with 2 players in the grand
final. If the grand final is the 8th round of the competition, and half
the players are knocked out in each round, determine how many
players there were at the start of the competition.

21. A particular rule applies to each of these three sets of numbers.
Set A∶ 1, 2, 5 Set B∶ 2, 5, 26 Set C∶ 3, 10, ?
Explain how you can determine the rule and the missing number.

3.5 Prime and composite numbers

LEARNING INTENTION

At the end of this subtopic you should be able to:
• understand the difference between prime and composite numbers
• determine prime factors by drawing a factor tree
• write a composite number in index form
• determine the highest common factor (HCF) and lowest common multiple (LCM) of large numbers as

products of their prime factors.

3.5.1 Prime numbers
eles-3730

• A prime number is a counting number that has exactly 2 unique factors: itself and 1.
(Counting numbers are 1, 2, 3, 4, …)
The number 3 is a prime number; its only factors are 3 and 1.
The number 2 is the only even prime number; its only factors are 2 and 1.

• A composite number is one that has more than two factors.
The number 4 is a composite number; its factors are 1, 2 and 4.

• The number 1 is a special number. It is neither a prime number nor a composite number because it has only
one factor, 1.
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COLLABORATIVE TASK: The sieve of Eratosthenes

Eratosthenes (pronounced ‘e-rah-toss-thee-knees’) was a Greek mathematician
who lived around 200 BC. He worked out a way to sort prime numbers from
composite numbers.
1. As a class, draw a 10× 10 grid on the board and number the boxes from

1 to 100.
2. Shade the number 1. It is not a prime or composite number.
3. Circle the number 2. Cross out all other multiples of 2.
4. Circle the next smallest uncrossed number, 3. Cross out all other multiples of 3.
5. Continue this process until all the numbers in the grid are either circled or

crossed out.
6. Describe the circled numbers.
7. Describe the crossed out numbers.
8. a. Are there more prime numbers or composite numbers?

b. What connections can you make between composite numbers and multiples?

49

4
4816
24

8

2

5

11

17
31

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100

WORKED EXAMPLE 12 Listing prime numbers

List the prime numbers between 50 and 70.

THINK WRITE

1. The only even prime number is 2. The prime numbers
between 50 and 70 will be odd. Numbers ending in 5 are
divisible by 5 so 55 and 65 are not primes.

2. Check the remaining odd numbers between 50 and 70:
51= 3× 17 and 1× 51. It has four factors so it is
composite.
53= 1× 53. It has two unique factors only so it is prime.
57= 3× 19 and 1× 57. It has four factors so it is
composite.
59= 1× 59. It has two unique factors only so it is prime.
61= 1× 61. It has two unique factors only so it is prime.
63= 7× 9, 3× 21 and 1× 63. It has six factors so it is
composite.
67= 1× 67. It has two unique factors only so it is prime.
69= 3× 23 and 1× 69. It has four factors so it is
composite.

The prime numbers are: 53, 59, 61, 67.
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WORKED EXAMPLE 13 Checking for composite and prime numbers

State whether the following numbers are prime or composite.
a. 45 b. 37 c. 86

THINK WRITE

a. Factors of 45 are 1, 3, 5, 9, 15 and 45. a. 45 is composite.

b. The only factors of 37 are 1 and 37. b. 37 is prime.

c. Factors of 86 are 1, 2, 43 and 86. All even numbers except
2 are composite.

c. 86 is composite.

DISCUSSION

Explain your method of working out whether a number is a prime number.

3.5.2 Composite numbers and factor trees
eles-3731 • Every composite number can be written as the product of its prime factors.

• Writing any number as a product of its prime factors simply means to rewrite a number using
multiplication of prime numbers only. For example:

12 = 2 × 2 × 3 = 2
2
 × 3

Prime numbers that multiply to give 12

• A factor tree shows the prime factors of a composite number.
• Each branch shows a factor of the number above it.
• Branches stop at factors that are prime numbers, as shown at right in pink.
• In the factor tree shown, 20 can be written as 2× 2× 5; this is known as writing a

number as a product of its prime factors.

20

2 10

2 5

Factors 
of 20

Factors 
of 10

20 = 2 × 2 × 5 = 22 × 5

WORKED EXAMPLE 14 Determining the prime factors by drawing a factor tree

a. Determine the prime factors of 50 by drawing a factor tree.
b. Write 50 as a product of its prime factors in index form.

THINK WRITE

a. 1. Write a factor pair of the given number and
draw the factor tree (50= 5× 10).

a.
50

105

2. If a branch is prime, no other factors
can be found (5 is prime). If a branch is
composite, write factors of that number: 10 is
composite, so 10= 5× 2. 10

50

5

5 2
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3. Continue until all branches end in a prime
number, then stop.

4. Write the prime factors. The prime factors of 50 are 2 and 5.

b. Write 50 as a product of prime factors in index form
found in part a.

b. 50 = 5× 5× 2

= 52 × 2

WORKED EXAMPLE 15 Writing composite numbers in index form

Write 72 as a product of its prime factors in index form.

THINK WRITE

1. Draw a factor tree. When all factors are prime numbers
you have found the prime factors.

72

8 9

42 33

22

2. Write 72 as a product of its prime factors in index form. 72 = 2× 2× 2× 3× 3

= 23 × 32

WORKED EXAMPLE 16 Writing composite numbers in index form

Write 360 as a product of prime factors using index notation.

THINK WRITE

1. Draw a factor tree. If the number on the branch is a prime
number, stop. If not, continue until a prime number is
reached.

360

60 6

12

4

3

3

2

22

5

2. Write the number as a product of prime factors. 360= 2× 2× 2× 3× 3× 5

3. Write your answer using index notation. 360= 23 × 32 × 5
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There can often be more than one way of drawing a factor tree for a number, as shown below.

48

4

2

12

6 2

3 2

2

48

3 16

8

4

2 2

2

2

48

2 24

2

4

2 2

3

12

48 = 12× 4
= 2× 3× 2× 2× 2
= 24 × 3

48 = 3× 16
= 3× 2× 2× 2× 2
= 24 × 3

48 = 2× 24
= 2× 3× 2× 2× 2
= 24 × 3

3.5.3 Lowest common multiple and highest common factor using
prime factorseles-3732

• Expressing large numbers as products of their prime factors makes it easier to determine their lowest
common multiple (LCM) or highest common factor (HCF).

Lowest common multiple (LCM)

The LCM of two numbers expressed as the products of their prime factors is the product of the prime
factors that are factors of either number.

Highest common factor (HCF)

The HCF of two numbers expressed as the products of their prime factors is the product of the prime factors
common to both numbers.

WORKED EXAMPLE 17 Determining HCF and LCM using prime factors

Determine the highest common factor and lowest common multiple of 270 and 900.

THINK WRITE

1. Write 270 and 900 as products of their prime
factors. Alternatively, a factor tree may be used
to determine the prime factors.

270 = 2× 3× 3× 3× 5
900 = 2× 2× 3× 3× 5× 5

2. Circle the prime factors common to both
numbers.

270 =       2 ×  3 × 3 × 3 × 5

900 = 2 × 2 ×  3 × 3 × 5 × 5

3. For the HCF, multiply the prime factors
common to both numbers.

2× 3× 3× 5= 90.
The HCF of 270 and 900 is 90.

4. For the LCM, multiply the prime factors that
are factors of either number.
Hint: Only include one circled pair.

2 × 2 ×  3 × 3 × 3 × 5 × 5  = 2700

The LCM of 270 and 900 is 2700.
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COLLABORATIVE TASK: Goldbach’s conjecture

In 1742, mathematician Christian Goldbach suggested that every even
number greater than 2 could be written as the sum of two prime numbers.

In pairs, test this for the even numbers greater than 2 and less than 40.

In pairs, choose 5 even numbers between 100 and 300. Test these
numbers to see if Goldbach’s conjecture is true.

Do you agree with Christian Goldbach?

Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Interactivities Individual pathway interactivity: Prime numbers and composite numbers (int-4320)

Prime numbers (int-3933)
Composite numbers and factor trees (int-3934)

Exercise 3.5 Prime and composite numbers

Individual pathways

PRACTISE
1, 2, 4, 8, 10, 13, 15, 16, 21, 24,
25, 28

CONSOLIDATE
5, 7, 9, 12, 17, 19, 20, 22, 26, 29

MASTER
3, 6, 11, 14, 18, 23, 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. WE12 List four prime numbers that are between 20 and 40.

2. WE13 State whether each of the following numbers is prime or composite.
a. 9 b. 13 c. 55 d. 41

3. State whether each of the following numbers is prime or composite.
a. 64 b. 79 c. 98 d. 101

4. i. WE14 Determine the prime factors of each of the following numbers by drawing a factor tree.
ii. Write each one as a product of its prime factors in index form.

a. 15 b. 30 c. 100 d. 49

5. i. Determine the prime factors of each of the following numbers by drawing a factor tree.
ii. Write each one as a product of its prime factors in index form.

a. 72 b. 56 c. 45
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6. i. Determine the prime factors of each of the following numbers by drawing a factor tree.
ii. Write each one as a product of its prime factors in index form.

a. 84 b. 112 c. 40

7. i. WE15 Determine the prime factors of the following numbers by drawing a factor tree.
ii. Express the number as a product of its prime factors in index form.

a. 96 b. 32 c. 3000

8. Determine the prime factors of each of the following numbers.
a. 48 b. 200 c. 81 d. 18

9. Determine the prime factors of each of the following numbers.
a. 300 b. 60 c. 120 d. 80

Understanding

10. WE16 Write the following as a product of prime factors using index notation.
a. 60 b. 75 c. 220

11. Write the following as a product of prime factors using index notation.
a. 192 b. 124

12. WE17 By expressing the following pairs of numbers as products of their prime factors, determine their
lowest common multiple and their highest common factor.
a. 36 and 84 b. 48 and 60 c. 120 and 400 d. 220 and 800

13. State whether each of the following is true or false.

a. All odd numbers are prime numbers.
b. No even numbers are prime numbers.
c. 1, 2, 3 and 5 are the first four prime numbers.
d. A prime number has two factors only.
e. 2 is the only even prime number.

14. State whether each of the following is true or false.

a. The sum of two prime numbers is always even.
b. The product of two prime numbers is always odd.
c. There are no consecutive prime numbers.

15. MC The number of primes less than 10 is:
A. 4 B. 3 C. 5 D. 2 E. 1

16. MC The first three prime numbers are:
A. 1, 3, 5 B. 2, 3, 4 C. 2, 3, 5 D. 3, 5, 7 E. 2, 5, 7

17. MC The number 15 can be written as the sum of two prime numbers. These are:
A. 3+ 12 B. 1+ 14 C. 13+ 2 D. 7+ 8 E. 9+ 6

18. MC Factors of 12 that are prime numbers are:
A. 1, 2, 3, 4 B. 2, 3, 6 C. 2, 3 D. 2, 4, 6, 12 E. 1, 2, 3, 4, 6, 12

19. The following numbers are not primes. Each of them is the product of two primes. Determine the two primes
in each case.

a. 365
b. 187
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20. MC A factor tree for 21 is:

21

7 3

A. 21

1 21

B. 21

3 × 1 7 × 1

C.

21

3 7

1 3 1 7

D. 21

1 21

3 7

E.

21. MC A factor tree for 36 is:

36

2 18

A. 36

9 4

B. 36

2 18

C.

36

9 4

3 3 2 2

D. 36

2 18

2 9

E.

22. MC The prime factors of 16 are:

1, 2A. 1, 2, 4B. 2C. 1, 2, 4, 8, 16D. 2, 4, 8E.

23. MC The prime factors of 28 are:

1, 28A. 2, 7B. 1, 2, 14C. 1, 2, 7D. 2, 7, 14E.

Reasoning

24. Determine the largest three-digit prime number in which each digit is a prime number. Prove that this
number is a prime number.

25. Is the sum of two prime numbers always a prime number? Explain your answer.

26. Determine a prime number greater than 10 with a sum of digits that equals 11. Show your working.

27. My age is a prime number. I am older than 50. The sum of the digits in my age is also a prime number. If
you add a multiple of 13 to my age the result is 100. Determine my age.
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28. Determine two prime numbers with a product of:

21a. 26b. 323.c.

29. Determine how many even integers between 2 and 20 can be the sum of two different prime numbers.

30. Twin primes are pairs of prime numbers that differ by 2. Except for the pair of primes 2 and 3, this is the
smallest difference between two prime numbers. The first twin primes are 3 and 5, followed by 5 and 7, then
11 and 13. Identify other twin primes below 100.

3.6 Squares and square roots

LEARNING INTENTION

At the end of this subtopic you should be able to:
• determine values of squares and square roots
• estimate the value of the square root of other numbers by using the perfect squares that lie on either

side of the number
• evaluate squares or square roots using BIDMAS.

3.6.1 Square numbers
eles-3733

• The process of multiplying a number by itself is known as squaring a number.
• Square numbers or perfect squares are numbers that can be arranged in a square, as shown.

22 = 2 × 2

= 4

32 = 3 × 3

= 9

42 = 4 × 4

 = 16

12 = 1 × 1

= 1

• A square number is the number we get after multiplying a whole number by itself.
• The first four square numbers are: 1, 4, 9 and 16.
• All square numbers can be written in index notation, for example, 42 = 16.

WORKED EXAMPLE 18 Determining square numbers

Determine the square numbers between 90 and 150.

THINK WRITE

1. Use your knowledge of multiplication tables to
determine the first square number after 90.

102 = 10× 10= 100

2. Determine the square numbers that come after
that one, but before 150.

112 = 11× 11= 121

122 = 12× 12= 144

132 = 13× 13= 169 (too big)

3. Write the answer in a sentence. The square numbers between 90 and 150 are 100, 121
and 144.

TOPIC 3 Factors, multiples, indices and primes 141

PAGE PROOFS



“c03FactorsMultiplesIndicesAndPrimes_PrintPDF” — 2021/7/6 — 12:44 — page 142 — #28

WORKED EXAMPLE 19 Determining approximate values of square numbers

Write the two whole square numbers between which 5.72 will lie.

THINK WRITE

1. Write the whole numbers either side of 5.7. 5.7 is between 5 and 6.

2. Consider the square of each whole number. 5.72 is between 52 and 62.

3. Simplify 52 and 62, then write the answer in
a sentence.

So 5.72 is between 25 and 36.

4. Verify your answer with a calculator. 5.72 = 32.49, which lies between 25 and 36.

5. To determine the value of 5.72 press

5 . 7 enterx2 .

We have confirmed that 5.72 lies between 25 and 36.

DISCUSSION

Can you predict whether the perfect square of a number will be odd or even? Give some examples.

• When a composite number is squared, the result is equal to the product of the squares of its factors.

For example: 102 = (2× 5)2

= 22 × 52

= 4× 25
= 100

3.6.2 Square roots
eles-3734

• Evaluating the square root of a number is the opposite of squaring the number; for example, since 42 = 16,

then
√

16= 4.
• The symbol for square root is called the radical symbol. It is written as

√
.

• Using the illustrations of the squares shown earlier, a square of area 16 square units must have a side length

of 4 units. This may help understand why
√

16= 4.

Square roots

When determining the square root of a number, you are determining the number that, when multiplied by
itself, equals the number underneath the radical symbol.

For example, to determine
√

9, identify the number that when multiplied by itself gives 9.

Since 3× 3= 9, we can conclude that
√

9= 3.
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• To determine the square roots of larger numbers, it helps to break the number up as a product of two
smaller square roots with which we are more familiar. For example:√

900 =
√

9×
√

100
= 3× 10
= 30

WORKED EXAMPLE 20 Determining square roots

Evaluate the following square roots.
a.

√
49 b.

√
3600

THINK WRITE

a. Determine a number that when multiplied by
itself gives 49.

a.
√

49 = 7 (7× 7= 49)

b. 1. Write 3600 as the product of two smaller
numbers for which we can calculate the square
root.

b.
√

3600 =
√

36×
√

100

2. Take the square root of each of these numbers. = 6× 10

3. Determine the product and write the answer.
√

3600 = 60

• Only perfect squares have square roots that are whole numbers.
• The value of the square root of other numbers can be estimated by using the perfect squares that lie on

either side of the number.

WORKED EXAMPLE 21 Estimating square roots

Between which two numbers do the following numbers lie?
a.

√
74 b.

√
342

THINK WRITE

a. 1. Write the square numbers on either side
of 74.

a. 74 is between 64 and 81.

2. Consider the square root of each number.
√

74 is between
√

64 and
√

81.

3. Simplify
√

64 and
√

81. So
√

74 is between 8 and 9.

4. Verify your answer with a calculator.

To determine the value of
√

74 press

4 }72nd enterx2 .

√
74≈ 8.6023

We have confirmed that
√

74 lies between
8 and 9.

b. 1. Write the square numbers on either side
of 342.

b. 342 is between 324
(
182) and 361

(
192).

2. Consider the square root of each number.
√

342 is between
√

324 and
√

361.
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3. Simplify
√

324 and
√

361. So
√

342 is between 18 and 19.

4. Verify your answer with a calculator.

To determine the value of
√

342 press

2 }3 42nd x2 enter .

√
342≈ 18.4932

We have confirmed that
√

342 lies between
18 and 19.

Order of operations
• The square or square root is an index represented by the letter I in BIDMAS, which determines the order in

which operations are evaluated in a mathematical expression (see topic 2).

WORKED EXAMPLE 22 Evaluating square roots using the order of operations

Evaluate:
a.

√
16+ 9 b.

√
16+ 9

THINK WRITE

a. 1. Simplify the expression inside the square root
and write the answer.

a.
√

16+ 9 =
√

25

2. Complete the calculation by evaluating the
square root and write the answer.

= 5

b. 1. Evaluate the square root.
Note: There is no expression inside the square
root to evaluate first.

b.
√

16+ 9 = 4+ 9

2. Perform the addition to complete the
calculation and write the answer.

= 13

COLLABORATIVE TASK: How many squares?

Work in pairs to answer the following question.

How many squares of any size can be found in the following diagram?

Hint: Count the number of single squares, count the number of 2× 2 squares, then
count the number of 3× 3 squares. Look for a pattern in these numbers, and use
the pattern to help you.
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Digital technology

Scientific calculators can evaluate squares of decimal numbers.

Scientific calculators can evaluate square roots of decimal numbers.

Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Digital documents SkillSHEET Finding the square of a number (doc-6427)
SkillSHEET Finding the square root of a number (doc-6428)

Interactivities Individual pathway interactivity: Squares and square roots (int-4321)

Square numbers (int-3936)
Square roots (int-3937)

Exercise 3.6 Squares and square roots

Individual pathways

PRACTISE
1, 4, 6, 11, 13, 16, 19, 22

CONSOLIDATE
2, 5, 7, 9, 12, 17, 20, 23

MASTER
3, 8, 10, 14, 15, 18, 21, 24, 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. Evaluate the following and verify your answers with a calculator.
a. 82 b. 112 c. 152 d. 252

2. WE18 State the square numbers between 50 and 100.

3. State the square numbers between 160 and 200.

4. WE19 Write two whole square numbers between which each of the following will lie.
a. 6.42 b. 7.82 c. 9.22 d. 12.52

5. WE20 Evaluate:
a.

√
25 b.

√
81 c.

√
144 d.

√
400
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6. Evaluate the following and verify your answers with a calculator.
a.

√
4900 b.

√
14 400 c.

√
360 000 d.

√
160 000

7. WE21 Write the two whole numbers between which each of the following will lie.
a.

√
60 b.

√
14 c.

√
200 d.

√
2

8. WE22 Evaluate:
a.

√
144+ 25 b.

√
144+ 25

9. State the even square numbers between 10 and 70.

10. State the odd square numbers between 50 and 120.

Understanding

11. MC For which of the following square roots can we calculate an exact answer?
A.

√
10 B.

√
25 C.

√
50 D.

√
75 E.

√
82

12. MC For which of the following square roots can we not calculate the exact value?
A.

√
160 B.

√
400 C.

√
900 D.

√
2500 E.

√
3600

13. Evaluate the following. Verify your answers with a calculator.
a. 22 +

√
25 b. 92 −

√
36 c. 52 × 22 ×

√
49 d. 32 + 22 ×

√
16

14. Evaluate the following. Verify your answers with a calculator.
a. 32 − 22 ÷

√
4+

√
49 b.

√
9× 42 −

√
144÷ 22

15. a. Determine between which two whole numbers
√

150 will lie.
b. Use your answer to part a to estimate the value of

√
150 and check your answer with a calculator.

Reasoning

16. a. Evaluate 152.
b. Evaluate 32 × 52.
c. Are your answers to parts a and b equal? Explain why or why not.

17. a. Evaluate
√

225.
b. Evaluate

√
25×

√
9.

c. Are your answers to parts a and b equal? Explain why or why not.

18. a. Express 196 as a product of its prime factors.
b. Express 200 as a product of its prime factors.
c. Use the answers to parts a and b to explain how you can use prime factors to determine whether the

square root of a number is an integer.

19. a. Evaluate
√

36+
√

64.
b. Evaluate

√
36+ 64.

c. Are your answers to parts a and b equal? Explain why or why not.

20. a. Evaluate
√

25+
√

144.
b. Evaluate

√
169.

c. 169= 25+ 144. Does
√

169=
√

25+
√

144? Explain your answer.

21. Megan has 3 different game scores that happen to be square numbers. The first 2 scores have the same three
digits. The total of the 3 scores is 590.
Determine the 3 scores. Explain how you solved this question.
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Problem solving

22. a. Evaluate each of the following using a calculator.
i. 252 − 242 ii. 242 − 232 iii. 232 − 222 iv. 222 − 212 v. 212 − 202

b. Comment on any pattern in your answers.
c. Discuss whether this pattern occurs with other numbers that are squared. Try some examples.

23. Guess the number that matches the following:
It is odd and it has an odd number of factors.
The sum of the digits is a two-digit prime.

The number is less than
√

10 000 but greater than
√

100.

24. Rewrite the following in ascending order.
a. 82,

√
56, 62,

√
72, 8, 7, 32,

√
100 b. 100,

√
121,

√
10, 3× 4, 92,

√
169, 2× 7

25. The sum of two numbers is 20 and the difference between their squares is 40. Determine the two numbers.

3.7 Divisibility tests

LEARNING INTENTION

At the end of this subtopic you should be able to:
• test for factors of a given number using divisibility tests.

3.7.1 Tests of divisibility
eles-3736

• Divisible means that one number divided by another gives a result that is a whole number.
• Divisibility tests are a quick way of testing for factors of a given number.
• These tests save time compared with dividing by each possible factor to determine whether the number is

divisible by the chosen divisor.
• All positive integers are divisible by 1.

Divisibility by 3

The sum of the digits can be

divided by 3.

e.g. 615 ÷ 3, since the sum of

the digits is 12 (6 + 1 + 5)

and 12 is divisible by 3.

12, 72, 234, 615

Divisibility by 4

The last two digits together

(as a 2‐digit number) can be

divided by 4.

e.g. 532 ÷ 4, since the last

two digits are 32, and 32 is

divisible by 4.

84, 184, 324, 532

Divisibility by 5

The last digit is either 0

or 5.

e.g. 135 ÷ 5, since the last

digit is 5.

25, 135, 640, 1870

Divisibility by 6

The number can be divided by 2

and also divided by 3.

e.g. 420 ÷ 6, since the last

digit is 0 (0 ÷ 2), and the sum

of the digits is 6 (4 + 2 + 0)

and 6 is divisible by 3.

36, 144, 258, 420

Divisibility by 9

e.g. 756 ÷ 9, since the sum of

the digits is 18 (7 + 5 + 6),

and 18 is divisible by 9.

The sum of the digits can be

divided by 9.

81, 198, 414, 756

Divisibility by 10

The last digit is 0.

e.g. 770 ÷ 10, since the last

digit is 0.

80, 350, 600, 770

Divisibility by 8

The last three digits can be

divided by 8.

e.g. 1816 ÷ 8, since the

last three digits are 816,

and 816 is divisible by 8.

96, 208, 1816, 5232

Divisibility by 2

The last digit is 0, 2, 4, 6

or 8.

e.g. 324 ÷ 2, since the last

digit is 4.

24, 74, 108, 324
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WORKED EXAMPLE 23 Applying divisibility tests

Determine whether the results of the following divisions are whole numbers.
a. 3454÷ 2 b. 6381÷ 9

THINK WRITE

a. 1. To be divisible by 2, the last digit must be
0, 2, 4, 6 or 8.

a. In the number 3454, the last digit is 4.

2. Write the answer in a sentence. Therefore, 3454 is divisible by 2.

b. 1. To be divisible by 9, the sum of all the digits
must by divisible by 9.

b. The sum of all the digits:
6+ 3+ 8+ 1= 18
18 is divisible by 9.

2. Write the answer in a sentence. Therefore, 6381 is divisible by 9.

WORKED EXAMPLE 24 Checking divisibility

Check the divisibility of the following numbers.
a. 816÷ 4 b. 7634÷ 6

THINK WRITE

a. 1. To be divisible by 4, the last two digits
together must be divisible by 4.

a. In the number 816, the last two digits are 16.
16 is divisible by 4.

2. Write the answer in a sentence. Therefore, 816 is divisible by 4.

b. 1. To be divisible by 6, the number must be
divisible by 2 and also by 3.

2. To be divisible by 2, the last digit must be
0, 2, 4, 6 or 8.

b. In the number 7634, the last digit is 4.
Therefore, 7634 is divisible by 2.

3. To be divisible by 3, the sum of all the digits
must be divisible by 3.

In the number 7634, the sum of all the digits:
7+ 6+ 3+ 4= 20
20 is not divisible by 3.

4. Write the answer in a sentence. The number 7634 is divisible by 2 but not
divisible by 3. Therefore, 7634 is not divisible
by 6.

Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Interactivity Individual pathway interactivity: Divisibility tests (int-8342)
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Exercise 3.7 Divisibility tests

Individual pathways

PRACTISE
1, 4, 6, 8, 11, 14

CONSOLIDATE
2, 5, 9, 12, 15

MASTER
3, 7, 10, 13, 16

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 the divisibility tests for 2, 4 and 6 with an example for each.

2. State the divisibility tests for 3, 5 and 9 with an example for each.

3. State how the divisibility tests for 3 and 9 are similar.

4. WE23 Determine whether or not the results of the following divisions are whole numbers.

54÷ 2a. 150÷ 9b. 295÷ 5c. 1293÷ 3d.

5. WE24 Check the divisibility of the following.

1816÷ 4a. 2638÷ 6b. 62 873÷ 9c. 876÷ 8d.

Understanding

6. State the factors (from 1 to 10) of the following numbers.

144a. 264b. 1456c. 567 844d.

7. Use the divisibility rules to determine the factors (from 1 to 10) of the following numbers.

760a. 535b. 3457c. 234 568d.

8. Apply the divisibility rules to determine the factors (from 1 to 10) of the following numbers.

76a. 30b. 458c. 227d.

9. Without using a calculator, use divisibility tests to determine whether the following are True or False.

2 is a factor of 65a. 3 is a factor of 96b.
4 is a factor of 22c. 5 is a factor of 44d.
6 is a factor of 72e. 10 is a factor of 85f.

10. a. Use the tests of divisibility to determine whether the following numbers are divisible by 2, 3, 4, 5, 6
or 10.

415i. 600ii. 935iii.
1010iv. 4321v. 55 112vi.

b. Use a calculator to check your answers to part a.

Reasoning

11. WE24b Jack says that 34 281 is divisible by 6, but Julie says that Jack is incorrect. Explain whether you
agree with Jack or Julie, and why.

12. If a number is divisible by 9, determine another factor (2, 3, 4, 5, 6, 7, 8, or 10) for that number.

13. 6 is a factor of 4572 and 2868. Is 6 a factor of 4572+ 2868 and 4572− 2868? Show full working to justify
your answer.
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Problem solving

14. Determine the missing digit to create the number.

Divisible by 3 ∶ ______316a. Divisible by 6 ∶ 9______32b.

Divisible by 8 ∶ 59______16c. Divisible by 9 ∶ 1543_______d.

15. Determine 2 two-digit numbers that are divisible by 4, 5 and 8.

16. A number between 550 and 560 is divisible by 6 and 4. Determine the number.

3.8 Cubes and cube roots
LEARNING INTENTION

At the end of this subtopic you should be able to:
• determine values of cubes and cube roots
• evaluate cubes or cube roots using BIDMAS.

3.8.1 Cube numbers
eles-3737

• Cube numbers are numbers that can be arranged in a cube, as shown.

13 
= 1 × 1 × 1

= 1

23 = 2 × 2 × 2

= 8

33 = 3 × 3 × 3

= 27

• The first cube number, 1, equals 1 × 1 × 1.
• The second cube number, 8, equals 2 × 2 × 2.
• The third cube number, 27, equals 3 × 3 × 3.
• Each new perfect cube is found by multiplying a number by itself three times.

This is known as cubing a number and is written using an index (or power) of 3. For example,
43 = 4× 4× 4= 64.

WORKED EXAMPLE 25 Calculating the value of a cube

Calculate the value of 53.

THINK WRITE

1. Write 53 as the product of three lots of 5. 53 = 5× 5× 5

2. Evaluate and write the answer. = 125
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Order of operations
• When working with squares and cubes, remember to evaluate the index as part of the I in BIDMAS.

WORKED EXAMPLE 26 Calculating cubes using the order of operations

Calculate the value of 33+ 4× 52.

THINK WRITE

1. According to the order of operations (BIDMAS),
first simplify both the cubed and the square terms.

33 + 4× 52 = (3× 3× 3)+ 4× (5× 5)
= 27+ 4× 25

2. Then complete the multiplication. = 27+ 100

3. Write the answer. = 127

3.8.2 Cube roots
eles-3738

• Evaluating the cube root of a number is the opposite of cubing a number.
• The cube root symbol is similar to the square root symbol but with a small 3 written in front, and is written

as 3
√

.

For example, since 23 = 8, then 3
√

8= 2.
• Using the illustrations of the cubes in section 3.8.1, a cube of 8 cubic units has a side length of 2 units.

WORKED EXAMPLE 27 Calculating cube roots

Calculate 3
√
27.

THINK WRITE

Look for a number that when multiplied
by itself three times gives 27, and write the
answer.

27= 3× 3× 3
3
√

27= 3

WORKED EXAMPLE 28 Calculating cube roots using the order of operations

Calculate:
3
√
64+ 61a.

3
√
64+ 61.b.

THINK WRITE

a. 1. First simplify the expression inside the cube
root.

a.
3
√

64+ 61 = 3
√

125

2. To complete the calculation, evaluate the cube
root by identifying the number that when
multiplied by itself three times gives 125,
and write the answer.

= 5
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b. 1. Evaluate the cube root first. (Identify the
number that when multiplied by itself three
times gives 64.)

b.
3
√

64+ 61 = 4+ 61

2. Perform the addition to complete the
calculation, and write the answer.

= 65

Digital technology

Scientific calculators can evaluate cubes of decimal numbers.

Scientific calculators can evaluate cube roots of decimal numbers.

Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Digital documents SkillSHEET Finding the cube of a number (doc-6429)
SkillSHEET Finding the cube root of a number (doc-6430)

Interactivities Individual pathway interactivity: Cubes and cube roots (int-4322)
Cube numbers (int-3959)
Cube roots (int-3960)

Exercise 3.8 Cubes and cube roots

Individual pathways

PRACTISE
1, 4, 7, 10, 12, 15

CONSOLIDATE
2, 5, 13, 16

MASTER
3, 6, 8, 9, 11, 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

1. WE25 Evaluate:

43a. 23b. 33c.

2. Evaluate:

63a. 103b.
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3. Write the first eight cube numbers.

4. WE26 Evaluate 32 + 43 × 2.

5. Evaluate the following.

103 − 52 × 23a. 43 − 33 − 23b.

6. WE27 Evaluate:
3
√

8a.
3
√

64b.

Understanding

7. Evaluate each of the following. Verify your answers with a calculator.
3
√

216a.
3
√

343b.

(Hint: Use your answer to question 3.)

8. WE28 Determine the value of:
3
√

125+ 91a.
3
√

125+ 91b.

9. Evaluate each of the following:
3
√

343+ 169a.
3
√

343+
√

169b.

10. a. Determine between which two whole numbers 3
√

50 will lie.
b. Use your answer to part a to estimate the value of 3

√
50 and check your answer with a calculator.

11. Determine between which two whole numbers 3
√

90 will lie.a.

Use your answer to part a to estimate the value of 3
√

90 and check your answer with a calculator.b.

Reasoning

12. Determine the first four numbers that could be arranged as a triangle-based pyramid (where all triangles are
equilateral).

13. a. Express 216 as a product of its prime factors.
b. Express 135 as a product of its prime factors.
c. Use the answers to parts a and b to explain how you can use prime factors to determine whether the cube

root of a number is an integer.
14. The first five square numbers are 1, 4, 9, 16, 25. If we find the difference between these numbers, we get

4− 1= 3, 9− 4= 5, 16− 9= 7 and 25− 16= 9.
These numbers all differ by 2. Representing this in a table, we get:

Square numbers 1 4 9 16 25

First difference 3 5 7 9
Second difference 2 2 2

Repeat this process for the first six cube numbers. Explain how many times you needed to determine the
difference until they were equal.
If you look at 14, 24, 34, 44, ..., explain how many differences you would need to find until they are equal.
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Problem solving

15. Dave said that a3 = a
√
a is a true statement for all numbers. Show your working to prove or disprove this

statement.

16. Jack was organising a get-together of all his football mates from the last
three years. He decided to phone 4 footballer mates and ask them to phone
4 footballers each, who in turn would phone 4 more footballers.
Each team member was given a list of 4 names so that no-one received
more than one call.

a. Calculate how many footballers would receive a phone call about the
party.

b. Jack’s friend Karin liked the idea, so she decided to contact 258 people
about a 10-year reunion using Jack’s method.
Assuming there were three rounds of calls, calculate how many people
each person should call.

17. It’s an interesting fact that the sum of the digits of a cube of an integer,
when reduced to a single digit, can only be 1, 8 or 9.
For example:

123 = 1728
1+ 7+ 2+ 8 = 18

1+ 8 = 9
There is a pattern in the sequence of these numbers.

Use this rule with the cubes of the first 10 integers.a.

Determine the single-digit sum of 353.b.
Explain your answer.c.
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3.9 Review
3.9.1 Topic summary

FACTORS, MULTIPLES, INDICES AND PRIMES

LCM and HCFMultiples

• A multiple of a number is the 
result of multiplying that number 
by another whole number.

• The times table gives lists 
of multiples.

e.g.
Multiples of 4 are: 4, 8, 12, 16, 20, …
Multiples of 6 are: 6, 12, 18, 24, 30, …

Addition and subtractionIndex notation

• Index notation is a short way of 
writing a repeated multiplication.
e.g. 2 × 2 × 2 × 2 × 2 × 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.

26 = 2 × 2 × 2 × 2 × 2 × 2 = 64

Prime and composite numbers

•   A prime number has exactly two
    unique factors: 1 and itself.   

Divisibility tests

Divisibility tests determine whether or
not the number is divisible by the
chosen divisor.
2: last digit is 0, 2, 4, 6 or 8
3: sum of the digits is divisible by 3
4: last 2 digits together are divisible by 4
5: last digit is either 0 or 5
6: divisible by 2 and divisible by 3
8: last 3 digits together are divisible by 8
9: sum of the digits is divisible by 9
10: last digit is 0

•   The first six prime numbers are
    2, 3, 5, 7, 11 and 13.
• A composite number has more
    than two unique factors.  
• Some examples of composite
    numbers are 4, 6, 8, 9 and 10.

Squares

•   The process of multiplying a  
number by itself is known as 
squaring a number.
e.g.
1 × 1 = 12 = 1
2 × 2 = 22 = 4

•  A square number is the number we 
get after multiplying a whole 
number by itself.

1, 4, 9 and 16.

One — a special number

The number 1 has only one unique
factor: itself. It is neither prime nor
composite but a special number.

Cubes

•   A cube number is found by
    multiplying a number by itself
    three times.   

e.g.
1 × 1 × 1 = 13 = 1
2 × 2 × 2 = 23 = 8
3 × 3 × 3 = 33 = 27

1, 8, 27 and 64.

• The lowest common multiple 
(LCM) is the smallest multiple that 
is common to two or more numbers.

 e.g. 
 Consider the numbers 8 and 12.
 Multiples of 8: 8, 16, 24, 32, …
 Multiples of 12: 12, 24, 36, 48, …
 LCM(8,12) = 24
• The highest common factor (HCF) 

is the largest number that is a factor 
of both numbers.
e.g. 
Factors of 8: 1, 2, 4, 8 
Factors of 12: 1, 2, 3, 4, 6, 12
HCF(8,12) = 4

Factors

• A factor of a whole number divides 
that number exactly.

• Factors are also numbers that 
multiply together to get another 
number.

e.g. 
Since 20 = 4 × 5, or 2 × 10, or 1 × 20, 
then the factors of 20 are 1, 2, 4, 5, 10 
and 20.

Cube roots

• The cube root symbol is 3 .

• The cube root of a number is the
    opposite of cubing the number. 

e.g. If 53 = 125 then 3125 = 5.

• The radical or square root symbol 
is  .

• The square root of a number is the 
opposite of squaring the number.
e.g.

 
If 42 = 16 then  16 = 4.

Square roots

•   The first four cube numbers are

•   The first four square numbers are
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3.9.2 Success criteria
Tick the 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

3.2 I can list multiples and factors of a whole number.

I can determine multiples and factor pairs.

3.3 I can determine the lowest common multiple and the highest common
factor of two or more whole numbers.

3.4 I understand that index or exponent notation is a short way of writing a
repeated multiplication.

I can write expressions in index notation.

I can simplify expressions using index notation.

I can use place value to write and evaluate numbers in expanded form
with index notation.

3.5 I understand the difference between prime and composite numbers.

I can determine prime factors by drawing a factor tree.

I can write a composite number in index form.

I can determine the highest common factor (HCF) and lowest common
multiple (LCM) of large numbers as products of their prime factors.

3.6 I can determine values of squares and square roots.

I can estimate the value of the square root of other numbers by using
the perfect squares that lie on either side of the number.

I can evaluate squares or square roots using BIDMAS.

3.7 I can test for factors of a given number using divisibility tests.

3.8 I can determine values of cubes and cube roots.

I can evaluate cubes or cube roots using BIDMAS.
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3.9.3 Project

Alphabet sizes

Bob’s business, Reading Resources, produces individual letters of the
alphabet printed on cardboard. He caters for the market of visually
impaired students who are learning to read.

Teachers use the cards to form words for students to read. Because
the students have varying difficulties with their sight, the letters are
printed in heights of 1 cm, 2 cm, 3 cm, …, 10 cm. Bob has a set of all
the letters at 1 cm and uses these as the basis for forming the larger
letters.

Bob’s factory has 10 machines. Each machine performs only one
specific job, as indicated:

• Machine 1 makes letters 1 cm high.
• Machine 2 enlarges the letters so they are twice as high.
• Machine 3 enlarges the letters so they are 3 times as high.
• Machine 4 enlarges the letters so they are 4 times as high.
• Machine 10 enlarges the letters so they are 10 times as high.

Bob’s business is thriving and he relies heavily on all his machines
working. This morning he arrived to process a large order of letters
that need to be 6 cm high, only to find that machine 6 was not
working. He gathered his staff together to discuss the problem.

‘No problem!’ said Ken. ‘As long as the other machines are working
we can still get this order done.’
1. Suggest a solution that Ken might have proposed.
2. If Bob can do without machine 6, are there others he can also do

without?
3. What is the minimum number of machines that Bob needs to

make letters up to 10 cm high?

As Bob’s business has become more successful, there has been a
demand for letters of a greater height.
4. For Bob to make letters of every whole number up to a height of

20 cm, would he need twice as many machines as he currently
has? Explain.

5. Having become very excited about needing fewer machines than
he first thought, Bob considered expanding his business to make
advertising signs using letters of all whole number heights up to
100 cm. To succeed in this new market, what is the minimum
number of machines he would need?

6. Explain why it is necessary to have some specific machine
numbers, while some others are not necessary.
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Resourceseses
Resources

eWorkbook Topic 3 Workbook (worksheets, code puzzle and project) (ewbk-1904)

Interactivities Crossword (int-2588)
Sudoku puzzle (int-3164)

Exercise 3.9 Review questions
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. List the first 5 multiples of each number.

11a. 100b. 5c. 20d. 35e.

2. Calculate the lowest common multiple (LCM) of the following pairs of numbers.
3 and 12a. 6 and 15b. 4 and 7c. 5 and 8d.

3. List all the factors of each of the following numbers.
27a. 50b.

4. List all the factors of each of the following numbers.
16a. 42b. 72c.

5. List the factor pairs of the following numbers.
24a. 40b. 48c. 21d. 99e. 100f.

6. Evaluate:
62a. 142b. 192c. 802d.

7. Write the two whole square numbers between which each of the following will lie.

3.82a. 5.12b. 10.62c. 15.22d.

8. Evaluate:√
49a.

√
256b.

√
900c.

√
1369d.

9. Calculate:
43a. 73b. 153c. 303d.

10. Evaluate each of the following.
3
√

27a.
3
√

125b.
3
√

1000c.
3
√

8000d.

11. Write the following using index notation.
2× 3× 3× 3a.
5× 5× 6× 6× 6× 6b.
2× 5× 5× 5× 9× 9× 9c.
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12. Use your calculator to evaluate:

35a. 73b. 84c. 115d.

13. List all of the prime numbers less than 30.

14. List all of the single-digit prime numbers.

15. State the prime number that comes next after 50.

16. State the prime factors of:
99a. 63b. 125c. 124.d.

17. Express the following numbers as products of their prime factors, in index form.
280a. 144b.

18. Write the following numbers in expanded form using index notation.
1344a. 30 601b.

19. Determine the highest common factor and lowest common multiple of 120 and 384 by first expressing
each number as a product of its prime numbers.

20. Determine the highest common factor and lowest common multiple of 72 and 224 by first expressing
each number as a product of its prime numbers.

Problem solving
21. Hung and Frank are cyclists who are riding around a track.

They ride past the finish line together, and from that point
Hung takes 25 seconds to complete a lap and Frank takes
40 seconds.
a. Calculate how long it will be until they next pass the

finish line together.
b. Determine how many laps each will have ridden when

this occurs.

22. Joe, Claire and Daniela were racing up and down a flight of
stairs. Joe took the stairs three at a time, Daniela took the
stairs two at a time, while Claire took the stairs four at a time. In each case, they reached the bottom
with no steps left over.
a. Calculate how many steps are in the flight of stairs. List three possible answers.
b. Determine the smallest number of steps there could be.
c. If Joe can also take the stairs five at a time with no steps left over, determine the smallest number of

steps in the flight of stairs.

23. A perfect number is one whose factors (all except the number itself) add up to the number. For
example, 6 is a perfect number because 1+ 2+ 3 (the sum of its factors, excluding 6) is equal
to 6. Show why 496 is a perfect number.
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24. In a race, one dirt bike rider completes each lap in
40 seconds while another completes a lap in 60 seconds.
Determine how long after the start of the race the two bikes
will pass the starting point together.

25. A three-digit number is divisible by 6. The middle digit is
a prime number. The sum of the digits is 9. The number is
between 400 and 500. The digits are in descending order.
Determine the number.

26. Explain why we cannot determine the exact value of
√

20.

27. Write the following numbers in the order of size, starting with the smallest.

5,
√

64, 2, 3
√

27

28. Calculate the smallest possible number which, when multiplied by 120, will give a result that is a
square number. Now calculate the smallest possible number that will give a result that is a cube number.

29. List the prime numbers up to 100. Some prime numbers are separated by a difference of 2 or 6. (For
example, 5− 3= 2 and 19− 17= 2.)
a. Calculate the prime number pairs up to 100 that have a difference of 2.
b. Calculate the prime number pairs up to 100 that have a difference of 6.
c. Explain why there are no prime number pairs with a difference of 7.

30. Determine the smallest number that is both a square number and a cube number.
Identify the next smallest number.

31. Complete the following sequence: 2, 3, 5, 7, 11, 13, ___, ___, ___.

32. Write each of the numbers 250, 375 and 625 as a product of its prime factors and:
a. determine the highest common prime factor
b. determine the HCF.

33. A motor boat requires an engine service every 5000 nautical miles, refuelling every 300 nautical miles
and an oil change after 2250 nautical miles. Determine how many nautical miles the motor boat will
have travelled before all three services are required simultaneously.
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34. By folding a sheet of paper in half, you divide it into 2 regions.
a. If you fold it in half again, determine how many regions there are.
b. Set up a table similar to the one shown and fill it in.
c. Explain how the number of regions increases with each new fold.
d. Write a formula for the number of regions (R) for n folds.

n (number of folds) R (number of regions made)

0 1
1 2
2 4
3
4
5
6

35. Look at the following table. As you read down each column, you’ll notice that the equations follow a
pattern. Continue the patterns to complete the table.

25 = 32 35 = 243

24 = 16 34 = 81

23 = 8 3?= 27

22 = 32 =
21 = 31 =
20 = 30 =
2−1 = 3−1 =

a. State what 50 equals.
b. State what 2−2 is equal to.

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-1904) ⃞

Solutions

Download a copy of the fully worked solutions to every question
in this topic (sol-0692) ⃞

Digital documents

3.2 SkillSHEET Multiples (doc-6416) ⃞
SkillSHEET Factor pairs
(doc-6417) ⃞

3.6 SkillSHEET Finding the square
of a number (doc-6427) ⃞
SkillSHEET Finding the square
root of a number (doc-6428) ⃞

3.8 SkillSHEET Finding the cube of a number (doc-6429) ⃞
SkillSHEET Finding the cube root of a number
(doc-6430) ⃞

Video eLessons

3.2 Multiples (eles-3725) ⃞
Factors (eles-3726) ⃞
Factors and multiples (eles-2310) ⃞

3.3 The LCM and HCF (eles-3727) ⃞
3.4 Introduction to indices (eles-3728) ⃞

Indices and place values (eles-3729) ⃞
3.5 Prime numbers (eles-3730) ⃞

Composite numbers and factor trees (eles-3731) ⃞
Lowest common multiple and highest common factor
using prime factors (eles-3732) ⃞

3.6 Square numbers (eles-3733) ⃞
Square roots (eles-3734) ⃞

3.7 Tests of divisibility (eles-3736) ⃞
3.6 Cube numbers (eles-3737) ⃞

Cube roots (eles-3738) ⃞

Interactivities

3.2 Individual pathway interactivity: Factors and multiples
(int-4316) ⃞
Multiples (int-3929) ⃞
Factors (int-3930) ⃞

3.3 Individual pathway interactivity: Lowest common
multiple and highest common factor (int-4317) ⃞
Lowest common multiple (int-3931) ⃞
Highest common factor (int-4545) ⃞

3.4 Individual pathway interactivity: Index notation
(int-4319) ⃞
Index notation (int-3957) ⃞

3.5 Individual pathway interactivity: Prime numbers and
composite numbers (int-4320) ⃞
Prime numbers (int-3933) ⃞
Composite numbers and factor trees (int-3934) ⃞

3.6 Individual pathway interactivity: Squares and square roots
(int-4321) ⃞
Square numbers (int-3936) ⃞
Square roots (int-3937) ⃞

3.7 Individual pathway interactivity: Divisibility tests
(int-8342) ⃞

3.8 Individual pathway interactivity: Cubes and cube roots
(int-4322) ⃞
Cube numbers (int-3959) ⃞
Cube roots (int-3960) ⃞

3.9 Crossword (int-2588) ⃞
Sudoku puzzle (int-3164) ⃞

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 3 Factors, multiples, indices
and primes
Exercise 3.1 Pre-test
1. B

2. $35

3. 6

4. 12 minutes

5. 52 × 34

6. 17, 31, 109

7. C, E

8. B, E

9. LCM= 864;HCF= 6

10. 64

11. 109

12. 8 and 9

13. 3

14. 39

15. 7

Exercise 3.2 Factors and multiples
1. 3, 6, 9, 12, 15a. 6, 12, 18, 24, 30b.

100, 200, 300, 400, 500c. 11, 22, 33, 44, 55d.

2. 120, 240, 360, 480, 600a. 45, 90, 135, 180, 225b.
72, 144, 216, 288, 360c. 33, 66, 99, 132, 165d.

3. 10, 20, 100, 70

4. 21, 7, 70, 35

5. 16, 64, 160, 32, 80

6. 9, 18, 27, 36, 45, 54, 63, 72, 81, 90, 99

7. 102, 108, 114, 120, 126, 132, 138, 144, 150, 156

8. C

9. A

10. 1, 2, 3, 4, 6, 12a. 1, 2, 4, 5, 8, 10, 20, 40b.

11. 1, 2, 7a.
1, 2, 3, 5, 10, 15, 20b.
1, 2, 5, 10, 20, 25c.

12. 1, 2, 3, 4, 6, 8, 9, 12, 18, 24, 36, 72a.
1, 2, 5, 10, 25, 50, 125, 250b.

13. 1, 5, 17a. 1, 3, 9, 11, 33b. 1, 3, 17c.

14. 1, 20; 2, 10; 4, 5

15. 1, 132; 2, 66; 3, 44; 4, 33; 6, 22; 11, 12

16. B, C, E

17. 15

18. B

19. A

20. 3, 4

21. 6, 12, 18 (or any other multiple of 6)a.
6b.
30c.

22.
3

15 18

12 69

23. 4 rows of 5 students or 5 rows of 4 students; 2 rows of
10 students or 10 rows of 2 students; 1 row of 20 students
or 20 rows of 1 student

24. 3, 12 or 30

25. Boy 6, grandfather 66

26. 84

27. 60

28. 60

Exercise 3.3 Lowest common multiple and
highest common factor
1. 4, 8, 12, 16, 20, 24, 28, 32, 36, 40a.

6, 12, 18, 24, 30, 36, 42, 48, 54, 60b.
12, 24, 36c.
12d.

2. 9a. 30b. 70c. 48d. 60e.

3. False

4. True

5. True

6. False

7. HCF= 7a. HCF= 7b. HCF= 6c.

8. 9a. 7b.

9. 4a. 9b.

10. 6 daysa.
6 is the lowest common multiple of 2 and 3.b.

11. 35 minutesa.
35 is the lowest common multiple of 5 and 7.b.

12. 12 hoursa.
12 is the lowest common multiple of 4 and 6.b.

13. 20 seconds

14. 12a. 6b. 7c.

15. 3 metresa. 10b.

16. 2 hours

17. Daniellaa. 10 minutesb.

18. 6 times

19. 4 minutes and any multiple of 4 thereaftera.
3 minutes and any multiple of 3 thereafterb.

20. 30 minutes

21. a. Two semicircles

b. The starting line for a 100 m race has been positioned in
the extended section so the athletes can all start from the
same starting line.

c. The finish line for a 100 m race has been positioned so
that all athletes can run in a direct line without having to
have staggered starting positions.

d. There is a need to stagger the starting blocks in the
200 m, 400 m and 800 m track events so that the outside
runners will not be running further than the inside
runners.
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e. and f.

Lane
number

Distance travelled Difference

1 400 m 0

2 408 m 8

3 416 m 16

4 424 m 24

5 432 m 32

6 440 m 40

7 448 m 48

8 456 m 56

g. The runner in lane 8 is running 56 metres further than
the runner in lane 1.

Exercise 3.4 Index notation
1. a. 72 = 49 Base is 7 and index is 2.

b. 45 = 4096 Base is 4 and index is 5.

c. 34 = 81 Base is 3 and index is 4.

d. 103 = 1000 Base is 10 and index is 3.

2. 74a. 86b. 39c. 133d.

3. 45 × 63a. 22 × 3b.

24 × 52c. 22 × 32 × 53d.

4. 6× 6× 6× 6× 6a. 11× 11× 11b.

5. 511a. 413b. 221c.

6. 300= 3× 102a.

4500= 4× 103 + 5× 102b.

6705= 6× 103 + 7× 102 + 0× 101 + 5c.

10 000= 1× 104d.

7. 915a. 36 × 136b.

8. D

9. 343a. 288b. 77c.

10. 72a. 5184b. 177 147c.

11. 567a. 2717b. 112c.

12. a. A

b. At first the base number 2 would appear to be the
smallest, but it has the highest power. Although the other
numbers have a higher base, they have relatively small
powers — therefore 28 will be the largest number. This
can easily be verified by evaluating each number.

13. 412 ≠ 691. Notice that 312 = 961, therefore 412 will need to
be larger than 961.

14. <a. <b. <c. >d.

15. Option 1: $327.68; Option 2 : $120 after the 15 weeksa.

Option 1: 215 cents after week 15b.

16. 64

17. 83 = 512a. 584b.

18. 127

19. a. 212 = 4096

b. 312 = 531 441

c. Using powers is a quick way of getting answers that are
really large.

20. 256

21. Square the first number and add one to calculate the second
number. Square the second number and add one to calculate
the third number. The missing number is 101.

Exercise 3.5 Prime numbers and composite
numbers
1. 23, 29, 31, 37

2. Compositea. Primeb.
Compositec. Primed.

3. Compositea. Primeb.
Compositec. Primed.

4. a. i. 15

3 5

3, 5 ii. 15= 3× 5

b. i. 30

10 3

2 5

2, 3, 5 ii. 30= 2× 3× 5

c. i. 100

10 10

2 5 2 5

2, 5 ii. 100= 22 × 52

d. i. 49

7 7

7 ii. 49= 72

5. a. i. 72

9 8

3 3 4 2

2 2

2, 3 ii. 72= 23 × 32

b. i. 56

8 7

2 4

2 2

2, 7 ii. 56= 23 × 7

c. i. 45

9 5

3 3

3, 5 ii. 45= 32 × 5

6. a. i. 84

7 12

3 4

2 2

2, 3, 7 ii. 84= 22 × 3× 7
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b. i. 112

4 28

4 72 2

2 2

2, 7 ii. 112= 24 × 7

c. i. 40

4 10

2 2 2 5

2, 5 ii. 40= 23 × 5

7. a. i. 96

8 12

3 42 4

2 2 2 2

2, 3 ii. 96= 25 × 3

b. i. 32

4 8

2 2 2 4

2 2

2 ii. 32= 25

c. i. 3000

3 1000

10 100

10 102 5

2 5 2 5

2, 3, 5 ii. 3000= 23 × 3× 53

8. 2, 3a. 2, 5b. 3c. 2, 3d.

9. 2, 3, 5a. 2, 3, 5b. 2, 3, 5c. 2, 5d.

10. 22 × 3× 5a. 3× 52b. 22 × 5× 11c.

11. 26 × 3a. 22 × 31b.

12. LCM is 252; HCF is 12.a.
LCM is 240; HCF is 12.b.
LCM is 1200; HCF is 40.c.
LCM is 8800; HCF is 20.d.

13. Falsea. Falseb. Falsec.
Trued. Truee.

14. Falsea. Falseb. Falsec.

15. A

16. C

17. C

18. C

19. 365= 5× 73a. 187= 11× 17b.

20. A

21. D

22. C

23. B

24. 773

25. No. 3+ 7= 10, 3 and 7 are prime numbers, but their sum
10 is not a prime number.

26. 29 or 47 or 83 or 137. Others may be possible.

27. 61

28. 3, 7a. 2, 13b. 17, 19c.

29. 6 integers

30. 17 and 19, 29 and 31, 41 and 43, 59 and 61, 71 and 73

Exercise 3.6 Squares and square roots
1. 64a. 121b. 225c. 625d.

2. 64, 81

3. 169, 196

4. 36 and 49a. 49 and 64b.
81 and 100c. 144 and 169d.

5. 5a. 9b. 12c. 20d.

6. 70a. 120b. 600c. 400d.

7. 7 and 8a. 3 and 4b.
14 and 15c. 1 and 2d.

8. 13a. 37b.

9. 16, 36, 64

10. 81

11. B

12. A

13. 9a. 75b. 700c. 25d.

14. 14a. 45b.

15. 12 and 13a. 12.2b.

16. a. 225

b. 225

c. Yes, if two squares are multiplied together, then the
result is equal to the square of the base numbers
multiplied together.

17. a. 15

b. 15

c. Yes, if two square roots are multiplied together, then the
result is equal to the square root of the base numbers
multiplied together.

18. a. 22 × 72

b. 23 × 52

c. If all of the prime factors of a number are squares, then
the square root of that number will be an integer.

19. a. 14

b. 10

c. No, the square root of two numbers that have been added
together is not equal to adding the square roots of these
two numbers together.

20. a. 17

b. 13

c. No. You have to evaluate the individual square roots first
before adding.

21. 169, 196, 225

22. i. 49 ii. 47 iii. 45 iv. 43 v. 41a.
Answer is the sum of the two numbers.b.
Noc.

23. 49
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24. 7,
√

56, 8,
√

74, 32,
√

100, 62, 82a. √
10,

√
121, 3× 4,

√
169, 2× 7, 92, 100b.

25. 9 and 11

Exercise 3.7 Divisibility tests
1. A number is divisible by 2 if the last digit is 0, 2, 4, 6 or 8.

For example, 56 is divisible by 2 because the last digit is 6.
A number is divisible by 4 if the last two digits together (as
a two-digit number) are divisible by 4. For example, 3416
is divisible by 4 because the last two digits are 16, which is
divisible by 4.
A number is divisible by 6 if it is divisible by 2 and
divisible by 3. For example, 354 is divisible by 2 because
the last digit is 6; and the sum of the digits (3+ 5+ 4) is 12,
which is divisible by 3. Therefore, 354 is divisible by 6.

2. A number is divisible by 3 if the sum of the digits is
divisible by 3. For example, 156 is divisible by 3 because
the sum of the digits (1+ 5+ 6) is 12, which is divisible
by 3.
A number is divisible by 5 if the last digit is either 0 or 5.
For example, 845 is divisible by 5 because the last digit is 5.
A number is divisible by 9 if the sum of the digits is
divisible by 9. For example, 54 is divisible by 9 because
the sum of the digits (5+ 4) is 9, which is divisible by 9.

3. The sum of the digits is calculated to test for divisibility by
3 and by 9.

4. a. 54 is divisible by 2 as the last digit is 4.

b. 150 is not divisible by 9 as the sum of the digits is
6 (1+ 5+ 0), which is not divisible by 9.

c. 295 is divisible by 5 as the last digit is 5.

d. 1293 is divisible by 3 as the sum of the digits is
15 (1+ 2+ 9+ 3), which is divisible by 3.

5. a. Divisible by 4 as the last two digits are divisible by 4

b. Not divisible by 6 as the number is divisible by 2 but not
by 3

c. Not divisible by 9 as the sum of digits is not divisible by
9

d. Not divisible by 8; incorrect rule

6. 1, 2, 3, 4, 6, 8, 9a. 1, 2, 3, 4, 6, 8b.
1, 2, 4, 7, 8c. 1, 2, 4d.

7. 1, 2, 4, 5, 8, 10a. 1, 5b.
1c. 1, 2, 4, 8d.

8. 1, 2, 4a. 1, 2, 3, 5, 6b.
1, 2c. 1d.

9. Falsea. Trueb.
Falsec. Falsed.
Truee. Falsef.

10. a. 5 onlyi. 2, 3, 4, 5, 6 and 10ii.
5 onlyiii. 2, 5 and 10iv.
Nonev. 2 and 4vi.

11. Julie is correct. 34 281 is not divisible by 6.

12. 3

13. Yes, 4572+ 2868 and 4572 − 2868 are divisible by 6.

14. 2a. 1, 4 or 7b.
0, 2, 4, 6 or 8c. 5d.

15. The two 2-digit numbers that are divisible by 4, 5 and 8 are
40 and 80.

16. 552

Exercise 3.8 Cubes and cube roots
1. 64a. 8b. 27c.

2. 216a. 1000b.

3. 1, 8, 27, 64, 125, 216, 343, 512

4. 137

5. 800a. 29b.

6. 2a. 4b.

7. 6a. 7b.

8. 6a. 96b.

9. 8a. 20b.

10. 3 and 4a. 3.7b.

11. 4 and 5a. 4.5b.

12. 3, 6, 10, 15 (not including 1, which would not really be a
triangle at all).

13. a. 23 × 33

b. 33 × 5

c. If all of the prime factors of a number are cubes, then the
cube root of that number will be an integer.

14. For cube numbers, it was necessary to find the third
difference. If we look at the power 4, it will be necessary
to find the fourth difference.

15. Dave is incorrect.

16. 84 footballers would receive a call.a.
Each person would call 6 people.b.

17. a. 1, 8, 9, 1, 8, 9, 1, 8, 9, 1

b. 8

c. The single-digit sums of cube numbers repeat in the
order 1, 8, 9.

Project
1. Enlarge the letters using machine 2, then machine 3.

2. 4, 6, 8, 9 and 10

3. 5

4. No. Numbers not required can be made using their prime
factors.

5. Machine 1 and the prime numbers less than 100. Total of
26 machines.

6. Machine 1 is needed to make letters one centimetre high.
Machines whose numbers are prime numbers can make all
the sizes up to 100 centimetres.

Exercise 3.9 Review questions
1. 11, 22, 33, 44, 55a.

100, 200, 300, 400, 500b.
5, 10, 15, 20, 25c.
20, 40, 60, 80, 100d.
35, 70, 105, 140, 175e.
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2. 12a. 30b. 28c. 40d.

3. 1, 3, 9, 27a. 1, 2, 5, 10, 25, 50b.

4. 1, 2, 4, 8, 16a.
1, 2, 3, 6, 7, 14, 21, 42b.
1, 2, 3, 4, 6, 8, 9, 12, 18, 24, 36, 72c.

5. 1, 24; 2, 12; 3, 8; 4, 6a.
1, 40; 2, 20; 4, 10; 5, 8b.
1, 48; 2, 24; 3, 16; 4, 12; 6, 8c.
1, 21; 3, 7d.
1, 99; 3, 33; 9, 11e.
1, 100; 2, 50; 4, 25; 5, 20; 10, 10f.

6. 36a. 196b. 361c. 6400d.

7. 9 and 16a. 25 and 36b.
100 and 121c. 225 and 256d.

8. 7a. 16b. 30c. 37d.

9. 64a. 343b. 3375c. 27 000d.

10. 3a. 5b. 10c. 20d.

11. 2× 33a. 52 × 64b. 2× 53 × 93c.

12. 243a. 343b. 4096c. 161 051d.

13. 2, 3, 5, 7, 11, 13, 17, 19, 23, 29

14. 4

15. 53

16. 3, 11a. 3, 7b. 5c. 2, 31d.

17. 280= 2× 2× 2× 5× 7= 23 × 5× 7a.
144= 24 × 32b.

18. 1344= 1× 103 + 3× 102 + 4× 101 + 4a.
30 601= 3× 104 + 0× 103 + 6× 102 + 0× 101 + 1b.

19. HCF is 24; LCM is 1920.

20. HCF is 8; LCM is 2016.

21. a. 200s

b. Hung 8 laps
Frank 5 laps

22. 12, 24, 36a. 12b. 60c.

23. The sum of its factors (except for 496) add up to give 496.

24. 120 seconds or 2 minutes

25. 432

26. 20 is not a perfect square, so we can only find an
approximate answer. It will be between 4 and 5.

27. 2, 3
√

27, 5,
√

64

28. 30, 225

29. a. 3, 5; 5, 7; 11, 13; 17, 19; 29, 31; 41, 43; 59, 61; 71, 73

b. 5, 11; 7, 13; 11, 17; 13, 19; 17, 23; 23, 29; 31, 37; 37, 43;
41, 47; 47, 53; 53, 59; 61, 67; 67, 73; 73, 79; 83, 89

c. For 2, the number that’s 7 higher is 9, which is not
prime. For odd primes, the number that’s 7 higher is
even and therefore not prime.

30. 1 , 64

31. 2, 3, 5, 7, 11, 13, 17, 19, 23

32. 5a. 125b.

33. 45 000

34. a. 4 regions

b.

n (number of
folds)

0 1 2 3 4 5 6

R (number of
regions made)

1 2 4 8 16 32 64

c. Each time the page is folded the number of regions is
multiplied by 2 (doubled).

d. R= 2n

35.
25 = 32 35 = 243

24 = 16 34 = 81

23 = 8 33 = 27

22 = 4 32 = 9

21 = 2 31 = 3

20 = 1 30 = 1

2−1 = 1

2
3−1 = 1

3

50 = 1a. 2−2 = 1

4
b.
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