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TOPIC 6
Indices, scientific  notation 
and surds [Stages 5.1, 5.2 and 5.3]

6.1 Overview
Numerous videos and interactivities are embedded just where 
you need them, at the point of learning, in your learnON title at 
www.jacplus.com.au. They will help you to learn the concepts 
covered in this topic.

6.1.1 Why learn this? 
Indices (the plural of index) give us a way of abbreviating multi-
plication, division and so on. They are most useful when working 
with very large or very small numbers. For calculations involving 
such numbers, we can use indices to simplify the process.

DISCUSSION
Do you think we should try and limit population growth?

LEARNING SEQUENCE
 6.1 Overview
 6.2 [Stage 4] Rational and irrational numbers
 6.3 [Stage 5.3] Simple operations with surds
 6.4 [Stage 5.1] Rounding and significant figures
6.5 [Stage 5.1] Scientific notation
6.6 [Stage 5.1] Applying the index laws to variables

 6.7 [Stage 5.1] Using index laws to simplify algebraic products and quotients
6.8 [Stage 5.2] Applying index laws to algebraic expressions involving integer indices

 6.9 [Stage 5.3] Introduction to fractional indices
 6.10 Review

LEARNING OUTCOMES
A student:

• uses appropriate terminology, diagrams and symbols in mathematical contexts MA5.1-1WM
• selects and uses appropriate strategies to solve problems MA5.1-2WM
• provides reasoning to support conclusions that are appropriate to the context MA5.1-3WM
• operates with algebraic expressions involving positive-integer and zero indices, and establishes the meaning of negative

indices for numerical bases MA5.1-5NA
• uses scientific notation, and rounds to significant figures MA5.1-9MG
• selects appropriate notations and conventions to communicate mathematical ideas and solutions MA5.2-1WM
• constructs arguments to prove and justify results MA5.2-3WM
• applies index laws to operate with algebraic expressions involving integer indices MA5.2-7NA
• uses and interprets formal definitions and generalisations when explaining solutions and/or conjectures MA5.3-1WM
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•    generalises mathematical ideas and techniques to analyse and solve problems effi ciently MA5.3-2WM 
•    uses deductive reasoning in presenting arguments and formal proofs MA5.3-3WM 
•    performs operations with surds and indices MA5.3-6NA 

   CONTENT DESCRIPTIONS 
 Students: 
 Investigate the concept of irrational numbers, including   π   (ACMNA186) 
 Defi ne rational and irrational numbers and perform operations with surds and fractional indices (ACMNA264) 
 Investigate very small and very large time scales and intervals (ACMMG219) 
 Express numbers in scientifi c notation (ACMNA210) 
 Extend and apply the index laws to variables, using positive-integer indices and the zero index (ACMNA212) 
 Simplify algebraic products and quotients using index laws (ACMNA231) 
 Apply index laws to numerical expressions with integer indices (ACMNA209) 
 Apply index laws to algebraic expressions involving integer indices 
  Source:  NSW Syllabus for the Australian Curriculum 

    Note:  Your teacher may now set you a pre-test to determine how familiar you are with the content in this 
topic. 

   6.2   Rational and irrational numbers [Stage 4]  

 6.2.1 Natural numbers 
 •    The numbers   1,  2,  3,  4   … are called 

  natural numbers , and the set of natural 
numbers is called   N  . That is, positive 
whole numbers are called  natural num-
bers   (N)  . 

 •    Natural numbers can be used to answer 
questions such as:

  
5 + 43 = ?
8 × 6 = ?

   

    6.2.2 Integers 
 •    What is the value of   3 − 8?   
 •  The answer to this question is not a natu-

ral number, so zero and the negative num-
bers were defi ned and a name was given 
to this new list of numbers. 

 •    The numbers …   −3, −2, −1,  0,  1,  2,  3   … are called whole numbers or  integers , and the set of  integers 
is called   Z  . When we perform statistical analyses, the type of data being collected is important. 

eLesson:    The story of mathematics: The population boom    (eles-1697)  

   RESOURCES — ONLINE ONLY
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6.2.3 Rational numbers
 • What is the value of 4 ÷ 7?
 • The answer to this question is not 

an integer, but a fraction (or ratio) 

written as 4
7

.

 • Fractions such as 4
7

 or −11
3

 in which 

the denominator and numerator are 

both integers are called rational 

numbers. A rational  number is of 

the form a
b

 where a and b are inte-

gers and b ≠ 0. The set of rational 

numbers is called Q.

DISCUSSION
Can you suggest any reasons why we need negative numbers?

DISCUSSION
Can you suggest reasons why we need fractions?

WORKED EXAMPLE 1

By writing each of the following in fraction form, show that the numbers are rational.

a 7 b −11 c 0 d −4 2
5

e 1.2

THINK WRITE

Each number must be written as a fraction using integers.

a The number 7 has to be written in fraction form. To write a 
number as a fraction, it must be written with a numerator and 
denominator. For a whole number, the denominator is 1.

a 7 = 7
1

 is rational.

b The number −11 has to be written in fraction form. To write a 
number as a fraction, it must be written with a numerator and 
denominator. For a whole number, the denominator is 1.

b −11 = −11
1

 is rational.

c The number 0 has to be written in fraction form. To write a 
number as a fraction, it must be written with a numerator and 
denominator. For a whole number, the denominator is 1.

c 0 = 0
1

 is rational.

d Change −42
5
 to an improper fraction. d −42

5
= −22

5
 is rational.

e The number 1.2 can be expressed as 1 + 0.2. This can then be 

expressed as 1 + 2
10

. Write this as an improper fraction.

e 1.2 = 12
10

 is rational.
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6.2.4 Rational numbers written as decimals
 • When a rational number is written as a decimal there are two possibilities.

1. The decimal terminates, e.g. 5
4

= 1.25.

2. The decimal repeats, or recurs, e.g. 7
6

= 1.1666...

 • For 1.1666 …, the 6 is a repeating digit. This number, 7
6

, is called a recurring decimal, and it can also 
be written as 1.16

.
.

 • 1.6
.
15

.
 or 1.615 means 1.615 615 615 …  (The digits 615 in the decimal repeat.)

 • 1.61
.
5
.
 or 1.615 means 1.615 151 515 …  (The digits 15 in the decimal repeat.)

 • 1.615
.
 means 1.615 555 …      (Only the digit 5 in the decimal repeats.)

WORKED EXAMPLE 2

Write the first 8 digits of each of the following recurring decimals.
a 3.0

.
2
.

b 47.1
.

c 11.54
.
9
.

THINK WRITE

a In 3.0
.
2
.
,  02 recurs. a 3.020  202  0

b In 47.1
.
,  1 recurs. b 47.111  111

c In 11.54
.
9
.
,  49 recurs. c 11.549   494

 • 1.237 is rational, because it is a terminating decimal. It is easy to show that 1.237 = 1237
1000

.

 • 0.8
.
6
.
, or 0.868 686 …, is rational because it is a recurring decimal. It can be shown that 0.8

.
6
.

= 86
99

.

WORKED EXAMPLE 3

Write each fraction as a recurring decimal using dot notation. (Use a calculator for the division.)

a 5
6

b 57
99

c 25
11

d 4
7

THINK WRITE

a 5 ÷ 6 = 0.833  333  3
3 recurs — the dot goes above the 3.

a 5
6

= 0.83
.

b 57 ÷ 99 = 0.575  757  575  7
57 recurs — dots go above the 5 and the 7.

b 57
99

= 0.5
.
7
.

c 25 ÷ 11 = 2.272  727  27
27 recurs — dots go above the 2 and the 7.

c 25
11

= 2.2
.
7
.

d 4 ÷ 7 = 0.571 428  571
It looks as though 571 428 will recur — dots go above the 
5 and the 8.

d 4
7

= 0.5
.
71428

.
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6.2.5 Irrational numbers
 • Ancient mathematicians were shocked to find that rational numbers could not be used to label every 

point on the number line. In other words they discovered lengths that could not be expressed as 
 fractions. These numbers are called irrational numbers.

 • A number is irrational if it is not rational; that is, if it cannot be written as a fraction, nor as a 
 terminating or recurring decimal.

 • Irrational numbers are denoted by the letter I.
 • When the square root of a number is an irrational number, it is called a surd. For example, √10 

 cannot be written as a fraction, or as a recurring or terminating decimal. It is therefore irrational and is 
called a surd.

 • √10 ≈ 3.162 277 660 17… 
 • One method of approximating the value of a surd is by using a number line.

For example, √21 will lie between 4 and 5, because √16 = 4 and √25 = 5. This can be shown on a 
number line.

ACTIVITY: REPRESENTING IRRATIONAL NUMBERS ON A NUMBER LINE
1. Draw a number line on a page with numbers between −2 and 2.
2. Using a compass, construct a square with the base between 0 and 1 on the number line, as shown in the 

diagram below.

3. Draw the diagonal and calculate the length of the diagonal. (Leave the length in exact form.) Write this length 
on the diagonal.

4. Place the point of the compass at 0 on the number line and draw an arc through the point at the other end of 
the diagonal.

5. Draw a point on the number line equidistant to the arc at the top of the diagonal. Label this point on the 
 number line.

6. Can you think of another irrational number you could illustrate in the same way on your  number line?

1 1 20–1–2

3 4 5 6 7

16 25

21
(approximately)
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WORKED EXAMPLE 5

Place √34 on a number line.

THINK WRITE

1 The square number that is smaller than 34 is 25.
The square number that is larger than 34 is 36.
Write the numbers just below and just above √34.

√34 lies between √25 and √36.

2 Draw a number line to show the approximate 
position of √34. 4 5 6 7

25 36

34

WORKED EXAMPLE 6

Which of the following are surds?
a √0 b √20 c −√9 d √3 6

THINK WRITE

a √0 = 0. This is a rational number and therefore not a surd. a √0 = 0, which is not a surd.

b √20 ≈ 4.472 135 955 … It is an irrational number and 
therefore a surd.

b √20 is a surd.

c −√9 = −3. This is a rational number and therefore not a 
surd.

c −√9 = −3, which is not a surd.

d √3 6 ≈ 1.817 120 592 83 … It is an irrational number and 
therefore a surd.

d √3 6 is a surd.

Interactivity: The number system (int-6027)

Interactivity: Surds on the number line (int-6086)

elesson: Surds (eles-1906)

Digital doc: SkillSHEET: Operations with directed numbers (doc-6100)

Digital doc: SkillSHEET: Calculating the square root of a number (doc-6101)

Digital doc: SkillSHEET: Using a calculator to evaluate numbers in index form (doc-6102)

 RESOURCES — ONLINE ONLY

Exercise 6.2 Rational and irrational numbers

Individual pathways 

 U PRACTISE
Questions:
1a–l, 2a–f, 3a–e, 4–8

 U CONSOLIDATE
Questions:
1d–l, 2c–j, 3c–g, 4–11

 U MASTER
Questions:
1e–l, 2f–j, 3e–j, 4–15

U U U Individual pathway interactivity: int-4476  ONLINE ONLY
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To answer questions online and to receive immediate feedback and fully worked solutions for every 
 question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1.  WE1  Show that the following numbers are rational by writing each of them in fraction form.

a. 15 b. −8 c. 22
3

d. −51
8

e. √16 f. 7 3
10

g. 0.002 h. 87.2

i. 0 j. 1.56 k. 3.612 l. −0.08
2.  WE2  Write the first 8 digits of each of the following recurring decimals.

a. 0.5
.

b. 0.5
.
1
.

c. 0.51
.

d. 6.03
.
1
.

e. 5.1
.
83

.
f. −7.024

.
g. 8.9

.
124

.
h. 5.123

.
4
.

i. 5.1
.
234

.
j. 3.00

.
2
.

3.  WE3  Write the following fractions as recurring decimals using dot notation. (Use a calculator.)
a. 5

9
b. 3

11
c. 2 2

11
d. 3

7

e. −173
99

f. 73
990

g. −35
6

h. 7
15

i. 46
99

j. 46
990

4. From the following list of numbers: −3,  
−3
7

,  0,  2.3,  2.3
.
,  2 3

5
,  15

a. write down the natural numbers
b. write down the integers
c. write down the rational numbers.

5. Write these numbers in order from smallest to largest.
2.1

.
,  2.1

.
2
.
,  2.1

.
21

.
,  2.12

.
1
.
,  2.12

.

6.  WE4  Write down the square roots of each of the following.
a. 1 b. 4 c. 0 d. 1

9
e. 1 9

16
f. 0.16 g. 400 h. 10 000

i. 4
25

j. 1.44 k. 20.25 l. 1 000 000

m. 0.0009 n. 256
7.  WE5  Write down the value of each of the following.

a. √81 b. −√81 c. √121 d. −√441

e. √3 8 f. √3 64 g. √3 343 h. √4 81

i. √5 1024 j. √3 125 k. 2√49 l. √3 −27
8.  WE6  Which of the following are surds?

a. √3 0 b. √10 c. −√36 d. √3 9
e. −√3 216 f. √3 −216 g. −√2 h. 1 + √2
i. 1.32 j. 1.3

.
2
.

k. √4 64 l. 1.752 16
m. √7 + √2 n. √9 + √49 o. √4 − √3 p. √32

Communicating, reasoning and problem solving
9. Explain why all integers are rational numbers.

10. Are all fractions in which both the numerator and denominator are integers rational? Explain why or 
why not.

 11. a.  Using the fraction a
b

, where a and b are natural numbers, write 3 recurring decimals in fractional 

form using the smallest natural numbers possible.
b. What was the largest natural number you used?

12. Write 2 fractions that have the following number of repeating digits in their decimal forms.
a. 1 repeating digit b. 2 repeating digits
c. 3 repeating digits d. 4 repeating digits
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6.3 Simple operations with surds [Stage 5.3]

6.3.1 Multiplying and dividing surds
 • Consider that 3 = √9,  2 = √4 and 6 = √36.

The multiplication 3 × 2 = 6 could be written as √9 × √4 = √36.
 • In general, √a × √b = √ab.

For example, √7 × √3 = √21.

 • Similarly, √a ÷ √b = √
a
b

.

For example, √18 ÷ √3 = √6.

WORKED EXAMPLE 7

Evaluate the following, leaving your answer in surd form.
a √7 × √2 b 5 × √3 c √5 × √5 d −2√3 × 4√5

THINK WRITE

a Apply the rule √a × √b = √ab. a √7 × √2 = √14

b Only √3 is a surd. It is multiplied by 5, which 
is not a surd.

b 5 × √3 = 5√3

c Apply the rule √a × √b = √ab. c √5 × √5 = √25
= 5

d Multiply the whole numbers by each other. 
 Multiply the surds by each other.

d −2√3 × 4√5 = −2 × 4 × √3 × √5
= −8 × √15
= −8√15

WORKED EXAMPLE 8

Evaluate the following, leaving your answer in surd form.

a √10

√5
b √

10
5

c −6√8

4√4
d √20

√5
e 5

√5

THINK WRITE

a Apply the rule √a ÷ √b = √
a
b

. a
√10

√5
= √

10
5

= √2

13. If a $2 coin weighs 6 g, a $1 coin weighs 9 g, a 50c coin weighs 15 g, a 20c coin weighs 12 g, a 10c 
coin weighs 5 g and a 5c coin weighs 3 g, explain what the maximum value of the coins would be if a 
bundle of them weighed exactly 10 kg.

14. A Year 9 student consumes 2 bottles of water every day, except on every 5th day when she only has 1. 
Calculate her annual bottled water consumption.

15. How many recurring digits will there be for 1
13

?
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6.3.2 Simplifying surds
 • Just as a rational number can be written many different ways (e.g. 1

2
= 5

10
= 7

14
), so can a surd, and it 

is expected that surds should normally be written in simplest form.
 • A surd is in simplest form when the number inside the radical sign has the smallest possible value.
 • Note that √24 can be factorised several ways. For example:

√24 = √2 × √12
√24 = √3 × √8
√24 = √4 × √6
In the last case, √4 = 2:

√24 = 2 × √6
= 2√6

 • 2√6 is equal to √24, and 2√6 is written in simplest form.
 • To simplify a surd you must find a factor that is also a perfect square: 4,  9,  16,  25,  36,  49 and so on. 

WORKED EXAMPLE 9

Simplify the following surds.

a √18 b 6√20

THINK WRITE

a 1 Rewrite 18 as the product of two numbers, one of 
which is square.

a √18 = √9 × √2

2 Simplify.
 

= 3 × √2

= 3√2

b 1 Rewrite 20 as the product of two numbers, one of 
which is square.

b 6√20 = 6 × √4 × √5

2 Simplify.
 

= 6 × 2 × √5

= 12√5

b Simplify the fraction first. b

√
10
5

= √2

c Simplify the whole numbers. Then apply the 

rule √a ÷ √b = √
a
b

.

c −6√8

4√4
= −3√2

2

d Apply the rule √a ÷ √b = √
a
b

. d √20

√5
= √4

= 2

e Rewrite the numerator as the product of two surds 
and then simplify.

e 5

√5
= √5 × √5

√5
= √5

DISCUSSION
How would you explain how best to simplify surds to other learners?
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 • The surd √22 cannot be simplified because 22 has no perfect square factors.
 • Surds can be simplified in more than one step.

√72 = √4 × √18
= 2√18
= 2 × √9 × √2
= 2 × 3√2
= 6√2

6.3.3 Entire surds
 • The surd √45, when simplified, is written as 3√5.
 • The surd √45 is called an entire surd, because it is written entirely inside the radical sign, whereas 

3√5 is not.
 • Writing a surd as an entire surd reverses the process of simplification.

WORKED EXAMPLE 10

Write 3√7 as an entire surd.

THINK WRITE

1 In order to place the 3 inside the radical sign, it has to be 
 written as √9.

3√7 = √9 × √7

2 Apply the rule √a × √b = √ab. = √63

WORKED EXAMPLE 11

Which number is larger, 3√5 or 5√3?

THINK WRITE

1 Write 3√5 as an entire surd. 3√5 = √9 × √5
= √45

2 Write 5√3 as an entire surd. 5√3 = √25 × √3
= √75

3 Compare the values. √75 > √45

4 Write your answer. 5√3 is the larger number.

6.3.4 Addition and subtraction of surds
 • Surds can be added or subtracted if they are like terms.

WORKED EXAMPLE 12

Simplify each of the following.
a 6√3 + 2√3 + 4√5 − 5√5  b  3√2 − 5 + 4√2 + 9

DISCUSSION
Is there a quicker way to determine which of these two numbers are larger?
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WORKED EXAMPLE 13

Simplify 5√75 − 6√12 + √8 − 4√3.

THINK WRITE

1 Simplify 5√75. 5√75 = 5 × √25 × √3
= 5 × 5 × √3
= 25√3

2 Simplify 6√12. 6√12 = 6 × √4 × √3
= 6 × 2 × √3
= 12√3

3 Simplify √8. √8 = √4 × √2
= 2√2

4 Rewrite the original expression and simplify by 
adding like terms.

5√75 − 6√12 + √8 − 4√3
       = 25√3 − 12√3 + 2√2 − 4√3
       = 9√3 + 2√2

THINK WRITE

a Collect the √3s and the √5s. a 6√3 + 2√3 + 4√5 − 5√5
  = 8√3 − √5

b Collect the like terms and simplify. b 3√2 − 5 + 4√2 + 9
  = 3√2 + 4√2 − 5 + 9
  = 7√2 + 4

 • Surds should be simplified before adding or subtracting like terms.

Interactivity: Balancing surds (int-2762)

Interactivity: Simplifying surds (int-6028)

eLesson: Surds (eles-1906)

Digital doc: SkillSHEET: Simplifying surds (doc-10813)

Digital doc: WorkSHEET: Surds (doc-6119)

 RESOURCES — ONLINE ONLY

Exercise 6.3 Simple operations with surds

Individual pathways 

 U PRACTISE
Questions:
1–6, 8a–f, 9a–f, 11

 U CONSOLIDATE
Questions:
1–7, 8e–j, 9e–h, 10–12

 U MASTER
Questions:
1m–p, 2l–p, 3–7, 8g–l, 9e–j, 10, 
12–20

U U U Individual pathway interactivity: int-4477  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
 question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.
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Understanding and fluency
1.  WE7  Simplify each of the following.

a. √3 × √7 b. −√3 × √7 c. 2 × √6 d. 2 × 3√7
e. 2√7 × 5√2 f. −3√2 × −5√5 g. 3√7 × 4 h. √7 × 9
i. −2√5 × −11√2 j. 2√3 × 11 k. √3 × √3 l. 2√3 × 4√3

m. √6 × √6 n. √11 × √11 o. √51 × √51 p. √15 × 2√15
2.  WE8  Simplify each of the following.

a. √
12
4

b. −√
10
5

c. √18

√3
d. −√15

−√3

e. 15√6

5√2
f. 15√6

10
g. 15√6

√3
h. 5

3√
15
3

i. −10√10

5√2
j. √9

√3
k. 3

√3
l. 7

√7

m. 35

√35
n. √28

√7
o. 2√18

√2
p. √45

√5
3.  WE9  Simplify each of the following.

a. √20 b. √8 c. √18 d. √49
e. √30 f. √50 g. √28 h. √108
i. √288 j. √48 k. √500 l. √162

4.  WE9  Simplify each of the following.
a. 2√8 b. 5√27 c. 6√64 d. 7√50
e. 10√24 f. 5√12 g. 4√42 h. 12√72

i. 9√45 j. 12√242
5.  WE10  Write each of the following in the form √a; that is, as an entire surd.

a. 2√3 b. 5√7 c. 6√3 d. 4√5
e. 8√6 f. 3√10 g. 4√2 h. 12√5
i. 10√6 j. 13√2

 6.  MC  a.  √1000 is equal to:
a. 31.6228 b. 50√2 C. 50√10 d. 10√10
b. √80 in simplest form is equal to:
a. 4√5 b. 2√20 C. 8√10 d. 5√16
c. Which of the following surds is in simplest form?
a. √60 b. √147 C. √105 d. √117
d. Which of the following surds is not in simplest form?
a. √102 b. √110 C. √116 d. √118
e. 6√5 is equal to:
a. √900 b. √30 C. √150 d. √180
f. Which one of the following is not equal to the rest?

a. √128 b. 2√32 C. 8√2 d. 64√2
g. Which one of the following is not equal to the rest?
a. 4√4 b. 2√16 C. 8 d. 16
h. 5√48 is equal to:
a. 80√3 b. 20√3 C. 9√3 d. 21√3

7. Challenge: Reduce each of the following to simplest form.
a. √675 b. √1805 c. √1792 d. √578

e. √a2c f. √bd4 g. √h2jk2 h. √f   
3
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8.  WE12  Simplify each of the following.
a. 6√2 + 3√2 − 7√2 b. 4√5 − 6√5 − 2√5

c. −3√3 − 7√3 + 4√3 d. −9√6 + 6√6 + 3√6

e. 10√11 − 6√11 + √11 f. √7 + √7

g. 4√2 + 6√2 + 5√3 + 2√3 h. 10√5 − 2√5 + 8√6 − 7√6

i. 5√10 + 2√3 + 3√10 + 5√3 j. 12√2 − 3√5 + 4√2 − 8√5

k. 6√6 + √2 − 4√6 − √2 l. 16√5 + 8 + 7 − 11√5
9.  WE13  Simplify each of the following.

a. √8 + √18 − √32 b. √45 − √80 + √5
c. −√12 + √75 − √192 d. √7 + √28 − √343

e. √24 + √180 + √54 f. √12 + √20 − √125

g. 2√24 + 3√20 − 7√8 h. 3√45 + 2√12 + 5√80 + 3√108

i. 6√44 + 4√120 − √99 − 3√270 j. 2√32 − 5√45 − 4√180 + 10√8
 10.  MC   a.  √2 + 6√3 − 5√2 − 4√3 is equal to:

a. −5√2 + 2√3 b. −3√2 + 23 C. 6√2 + 2√3 d. −4√2 + 2√3
b. 6 − 5√6 + 4√6 − 8 is equal to:
a. −2 − √6 b. 14 − √6 C. −2 + √6 d. −2 − 9√6
c. 4√8 − 6√12 − 7√18 + 2√27 is equal to:

a. −7√5 b. 29√2 − 18√3 C. −13√2 − 6√3 d. −13√2 + 6√3
d. 2√20 + 5√24 − √54 + 5√45 is equal to:
a. 19√5 + 7√6 b. 9√5 − 7√6 C. −11√5 + 7√6 d. −11√5 − 7√6

11.  WE11  Which number is larger?
a. √10 or 2√3 b. 3√5 or 5√2 c. 10√2 or 4√5 d. 2√10 or √20

12. Write these numbers from smallest to largest.
a. 6√2,  8,  2√7,  3√6,  4√2,  √60 b. √6,  2√2,  √2,  3,  √3,  2,  2√3

Communicating, reasoning and problem solving
13. A man wants to divide his vegetable garden into 10 equal squares, each of area exactly 2 m2.

a. What will be the exact side length of each square? Explain your reasoning.
b. What will the side length of each square be, correct to 2 decimal places?
c. The man wishes to group the squares next to each other so as to have the smallest perimeter for his 

vegetable garden.
i. How should he arrange the squares?
ii. Explain why the exact perimeter of the vegetable patch is 14√2 m.
iii. What will be the perimeter correct to 2 decimal places?

14. Explain why √a3b2 can be simplified to ab√a.
15. Kyle wanted a basketball court in his backyard;  however, 

he could not fit a full-size court in his yard. He did get a 
rectangular court laid with a width of 6√2 m and length 
of 3√10 m. Calculate the area of the basketball court 
and represent it in its simplest surd form.

16. A netball team went on a pre-season training run. 
They completed 10 laps of a triangular course with 
side lengths (200√3 + 50) m,  (50√2 + 75√3) m and 
(125√2 − 18) m. What was the distance they ran in 
simplest surd form?
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17.      The area of a square is   x cm2  . Would the side length of the square be a rational number? Explain your 
answer. 

18.    To calculate the length of the hypotenuse of a right-angled triangle, use the 
 formula   c2 = a2 + b2  .   
a.     Calculate the length of the hypotenuse for triangles with other side lengths of: 

i.      √5,  √8   ii.      √2,  √7   iii.      √15,  √23  . 
b.      Describe any pattern in your answers to part  a . 
c.    State the length of the hypotenuse (without calculations) for triangles with 

side lengths of: 
i.      √1000,  √500   ii.      √423,  √33   iii.      √124,  √63   

d.      Your friend wrote down the following explanation. 
   √b + √c = √a   

 Explain why this is not correct and where your friend made an error. 
19.      Are all square root numbers surds? 
20.    The integer   5   has a square of   25  . If we add   1   to   5  , we get the integer   6  . The square of   6   is   36  . If we 

increase each digit (  2   and   5  ) in   25   by   1  , we get the number   36  . Therefore, the square of   6   (  5   increased 
by   1  ) is the number formed by adding   1   to each digit in the square of   5  . Find a pair of   2  -digit numbers 
with the same property. 

     6.4   Rounding and signifi cant fi gures [Stage 5.1]  
 6.4.1 Real numbers 

 •      A real number   is any number that lies on the number line. 
 •    Together, the rational numbers and the irrational numbers 

make up the set of real numbers, which is called   R  . 
 •    Therefore, every point on the number line represents some 

number, rational or irrational.     

  6.4.2 The irrational number  π  
 •    Surds are not the only irrational numbers. Most irrational 

numbers cannot be written as surds. A few of these numbers 
are so important in mathematics and science that they are 
given special names. 

 •    The most well known of these numbers is   π (pi)  . 
 •      π   is irrational; therefore, it cannot be written as a fraction. If 

you tried to write   π   as a decimal, you would be writing for-
ever, as the digits never recur and the decimal does not termi-
nate. In the   20  th century, computers were used to fi nd the 
value of   π   to   1   trillion decimal places. 

 •    The value of   π   is very close to (but not equal to)   3.14   or   22
7

  . 
Most calculators store an approximate value for   π  . 

   –3 –2

–1.625 –0.31

–1 0 1

π2

2 3 4

5
2

 

Hypotenuse
c

a

b

c2 = a2 + b2
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6.4.3 Rounding to a number of decimal places 
 • Because numbers such as √3 or π cannot be written exactly as decimals, approximate values are often 

used. These values can be found using a calculator and then rounded off to the desired level of 
 accuracy.

 • When we round numbers, we write them to a certain number of decimal places or significant figures.
 • The rules for rounding to a certain number of decimal places are as follows.

For example, let us round 3.456 734 correct to 3 decimal places.
 – Identify the rounding digit in the third decimal place. In this case it is 6.

3.456 734
 – Look at the digit that comes after the rounding digit.

3.456 734
If this digit is 0,  1,  2,  3 or 4, leave the rounding digit as it is.
If this digit is 5,  6,  7,  8 or 9, then increase the rounding digit by 1.
In this case the next digit is 7, so the rounding digit is increased by 1, from 6 to 7.

 – Leave out all digits that come after the rounding digit.
So 3.456 734 ≈ 3.457 correct to 3 decimal places (3 d.p.).

WORKED EXAMPLE 14

Write these numbers correct to 3 decimal places (3 d.p.).
a √3 b π c 5.19

.
d 2

3
e 7.123  456

THINK WRITE

a √3 = 1.7320… The rounding digit is 2. The next digit is 0, so leave 2 
as is.

a √3 ≈ 1.73

b π = 3.1415… The rounding digit is 1. The next digit is 5, so add 1. b π ≈ 3.142

c 5.19
.

= 5.1999… The rounding digit is 9. The next digit is 9, so add 1. c 5.19
.

≈ 5.200 

d 2
3

= 0.6666… The rounding digit is 6. The next digit is 6, so add 1. d 2
3

≈ 0.667

e 7.123 456. The rounding digit is 3. The next digit is 4, so leave 3 as is. e 7.1234 ≈ 7.123

6.4.4 Rounding to significant figures
 • Another method of rounding decimals is to write them correct to a certain number of significant fig-

ures. In a decimal number, the significant figures start with the first non-zero digit.
 • Consider the approximate value of √2.
 • √2 ≈ 1.414. This approximation is written correct to 3 decimal places, but it has 4 significant figures. 

When we count significant figures, the non-zero digits before the decimal point are included.
 • The decimal 0.0302 is written to 4 decimal places, but it has only 3 significant figures. This is because 

significant figures start with the first non-zero digit. In this case the first significant figure is 3, and the 
significant figures are 302. 
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WORKED EXAMPLE 16

Round these numbers correct to 5 significant figures.
a π b √200 c 0.0

.
3
.

d 2530.166

THINK WRITE

a π ≈ 3.141 59… The first significant figure is 3. Write 4 more digits. a 3.1416

b √200 ≈ 14.1421… The first significant figure is 1. Write 4 more 
digits.

b 14.142

c 0.0
.
3
.

= 0.030 303 0… The first significant figure is 3. Write 4 more 
digits.

c 0.030  303

d 2530.16… The first significant figure is 2. Write 4 more digits. d 2530.2

WORKED EXAMPLE 15

How many significant figures are there in each of the following numbers?
a 25 b 0.04 c 3.02 d 0.100

THINK WRITE

a 25: The first significant figure is 2. a 2 significant figures

b 0.04: The first significant figure is 4. b 1 significant figure

c 3.02: The first significant figure is 3. c 3 significant figures

d 0.100: The first significant figure is 1. d 3 significant figures

DISCUSSION
Peta and Shannon are adventurers and have decided to circumnavigate the earth with a 
combination of trekking and sailing.

They have done some preliminary research and know that the diameter of the earth is 
12, 742 km. Peta estimates that the circumference of the earth is 40, 009 km but Shannon 
estimates that the circumference is 40, 030 km. Are these two values different enough 
that the two adventurers need to investigate these values further? Why or why not? Can 
you suggest a reason why their calculations are different? Use mathematics to explain 
your answer. 

Interactivity: Rounding (int-3730)

Interactivity: Rounding to significant figures (int-6030)

Digital doc: SkillSHEET: Rounding to a given number of significant figures (int-10814)
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Exercise 6.4 Rounding and significant figures
Individual pathways 

 U PRACTISE
Questions:
1–3, 4a–k, 5–11

 U CONSOLIDATE
Questions:
1–3, 4e–p, 5–13

 U MASTER
Questions:
1–3, 4i–t, 5–14

U U U Individual pathway interactivity: int-4478  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
 question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1.  WE14  Write each of the following correct to 3 decimal places.

a. π
2

b. √5 c. √15 d. 5.12 × 3.21

e. 5.1
.

f. 5.15
.

g. 5.1
.
5 h. e

i. 11.722 j. 3
7

k. 1
13

l. 2 3
7

m. 0.999 999 n. 6.581 29 o. 4.000 01 p. 2.79 ÷ 11
q. 0.0254 r. 0.000 913 6 s. 5.000 01 t. 2342.156

2. Write the value of π correct to 4,  5,  6 and 7 decimal places.
3.  WE15  How many significant figures are there in each of the following numbers?

a. 36 b. 207 c. 1631 d. 5.04
e. 176.2 f. 95.00 g. 0.21 h. 0.01
i. 0.000 316 j. 0.1007 k. 0.010 l. 0.0512

4.  WE16  Write each number correct to 5 significant figures.

a. π
2

b. √5 c. √15 d. 5.12 × 3.21

e. 5.1
.

f. 5.15
.

g. 5.1
.
5
.

h. e

i. 11.722 j. 3
7

k. 1
13

l. 2 3
7

m. 0.999 999 n. 6.58129 o. 4.000 01 p. 2.79 ÷ 11
q. 0.0254 r. 0.000 913 6 s. 5.000 01 t. 2342.156

5. List the following numbers in order from smallest to largest.

a. √7,  3.5, √18, 4,  √15 b. 3.14,  π,  
22
7

, √10, 3.1
.
4
.

6. Explain whether each statement is true or false.
a. Every surd is a rational number.
b. Every surd is an irrational number.
c. Every irrational number is a surd.
d. Every surd is a real number.

7. Explain whether each statement is true or false.
a. π is a rational number. b. π is an irrational number.
c. π is a surd. d. π is a real number.

8. Explain whether each statement is true or false.
a. 1.3

.
1
.
 is a rational number. b. 1.3

.
1
.
 is an irrational number.

c. 1.3
.
1
.
 is a surd. d. 1.3

.
1
.
 is a real number.

Communicating, reasoning and problem solving

9. Explain why √25 and −√25 are defined, but √−25 is not.
10. Explain why the number 12.995  412  3 when rounded to 2 decimal places becomes 13.00.
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WORKED EXAMPLE 17

Here are some numbers written in scientific notation. Write them in decimal notation.
a 7.136 × 102 b 5.017 × 105 c 8 × 106

THINK WRITE

a Move the decimal point 2 places to the right, since 
102 = 100.

a 7.136 × 102 = 713.6

b Move the decimal point 5 places to the right, since 
105 = 100 000.

b 5.017 × 105 = 501 700

c Move the decimal point 6 places to the right, since 
106 = 1 000 000.

c 8 × 106 = 8 000 000

6.5 Scientific notation [Stage 5.1]

6.5.1 Scientific notation
 • Did you know that Jupiter is approximately 778 547 200 km from 

the sun? Astronomers and other scientists frequently use large 
numbers that are difficult to read and manipulate. To make them 
easier to use and compare, they can be written in a special way 
called scientific notation (or standard form).

 • A number written in scientific notation looks like this:
5.316 × 102

A number between   ×     A power of 10
 1 and 10 

11. The area of a circle is calculated using the formula A = π × r2 , where r is the radius of the circle. 
Pi (π) is sometimes rounded to 2 decimal places (3.14). A particular circle has a radius of 7 cm.
a. Use π = 3.14 to calculate the area of the circle to 2 decimal places.
b. Use the π key on your calculator to calculate the area of the circle to 4 decimal places.
c. Round your answer for part b to 2 decimal places.
d. Are your answers for parts a and c different? Why or why not?

12. The volume of a sphere (a ball shape) is calculated using the formula 

V = 4
3

× π × r3, where r is the radius of the sphere. A beach ball with a radius of 

25 cm is bouncing around the crowd at the MCG during the Boxing Day Test.
a. Calculate the volume of the beach ball to 4 decimal places.
b. When the volume is calculated to 4 decimal places, how many significant figures 

does it have?
c. Is the calculated volume a rational number? Why or why not?

13. In a large sample of written English prose there are about 7 vowels to every 11 consonants. The letter 
‘e’accounts for about one-third of the occurrence of vowels. How many times would you expect the 
letter ‘e’ to occur in a passage of 100 000 letters? Round your answer to the nearest 100.

14. Is there an equal number of rational numbers and irrational numbers?

UNCORRECTED P
AGE P

ROOFS

UNCORRECTED P
AGE P

ROOFS



TOPIC 6 Indices, scientific  notation and surds 265

c06IndicesScientificNotationAndSurds.indd Page 265 26/06/17  9:08 AM

6.5.2 Using a calculator
 • Numbers written in scientific notation can be entered into your calculator using a special button. Find 

out how this works on your calculator.
 • Some calculators have unusual ways of writing in scientific notation. For example, some show 

5.71 × 104 as 5.71E4. In writing you should always show this as 5.71 × 104.

WORKED EXAMPLE 18

a Write each of these numbers in scientific notation.
i 827.2 ii 53 681 iii 51 900 000 000

b Round each answer from part a to 3 significant figures.

THINK WRITE

a i The first part needs to be a number between 1 
and 10, so 8.272. The decimal point must be 
moved 2 places (× 102).

a i 827.2 = 8.272 × 102

ii The first part needs to be a number between 1 
and 10, so 5.3681. The decimal point must be 
moved 4 places (× 104).

ii 53 681 = 5.3681 × 104

iii The first part needs to be a number between 1 
and 10, so 5.190. The decimal point must be 
moved 10 places (× 1010).

iii 51 900 000 000 = 5.190 × 1010

b i 8.272 ≈ 8.27 b i 8.27 ×  102

ii 5.368 ≈ 5.37 ii 5.37 × 104

iii 5.190 ≈ 5.19 iii 5.19 × 1010

6.5.3 Small numbers in scientific notation
 • Very small numbers, such as the length or the mass of a molecule, can also be expressed in scientific 

notation.
0.0412 = 4.12 ÷ 102

           = 4.12 × 10−2

It will be shown later that 10−2 = 1

102
.

 • Just as
6.285 × 102 = 628.5
(the decimal point is moved 2 places to the right),
6.285 × 10−2 = 0.062 85
(the decimal point is moved 2 places to the left).
Similarly,
6.285 × 10−1 = 0.6285
and
6.285 × 10−3 = 0.006 285.
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6.5.4 Very small and very large time scales
 • The following units can be used to measure times at very small and very large time scales.

Unit
Scientific notation 

(in seconds)

Picosecond 1 × 10−12 s

Nanosecond 1 × 10−9 s

Microsecond 1 × 10−6 s

Millisecond 1 × 10−3 s

Kilosecond 1 × 103 s

Megasecond 1 × 106 s

Gigasecond 1 × 109 s

WORKED EXAMPLE 19

Write these numbers in decimal notation.
a 9.12 × 10−1 b 7.385 × 10−2 c 6.32 × 10−7

THINK WRITE

a Move the decimal point 1 place to the left. a 9.12 × 10−1 = 0.912

b Move the decimal point 2 places to the left. 
(Insert a zero.)

b 7.385 × 10−2 = 0.073 85

c Move the decimal point 7 places to the left. 
(Insert zeros.)

c 6.32 × 10−7 = 0.000 000 632

WORKED EXAMPLE 20

Write these numbers in scientific notation.
a 0.0051 b 0.1321 c 0.000 000 000 7

THINK WRITE

a The first part needs to be a number between 1 
and 10, so 5.1. The decimal point must be 
moved 3 places (×10−3).

a 0.0051 = 5.1 × 10−3

b The first part needs to be a number between 1 
and 10, so 1.321. The decimal point must be 
moved 1 place (×10−1).

b 0.1321 = 1.321 × 10−1

c The first part needs to be a number between 1 
and 10, so 7.0. The decimal point must be 
moved 10 places (×10−10).

c 0.000 000 000 7 = 7.0 × 10−10UNCORRECTED P
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Interactivity: Scientific notation (int-6031)

Digital doc: SkillSHEET: Multiplying and dividing by powers of 10 (doc-10815)

Digital doc: WorkSHEET: Scientific notation (doc-10816) 

 RESOURCES — ONLINE ONLY

ACTIVITY: LARGER OR SMALLER
Equipment: A4 paper, marker pens
1. Using a marker pen, write a number using scientific notation on your piece of A4 paper.
2. Compare your number with another person’s number and decide which is larger and which is smaller.
3. Join your pair with another pair and arrange the numbers in ascending order.
4. As a group, discuss how you can easily order the size of numbers expressed using scientific notation. 

Exercise 6.5 Scientific notation

Individual pathways 

 U PRACTISE
Questions:
1–7, 9, 11, 13–15

 U CONSOLIDATE
Questions:
1–8, 10, 12–15, 18

 U MASTER
Questions:
1–21

U U U Individual pathway interactivity: int-4479  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
 question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1.  WE17  Write these numbers in decimal notation.

a. 6.14 × 102 b. 6.14 × 103 c. 6.14 × 104 d. 3.518 × 102

e. 1 × 109 f. 3.926 73 × 102 g. 5.911 × 102 h. 5.1 × 103

i. 7.34 × 105 j. 7.1414 × 106 k. 3.51 × 10 l. 8.05 × 104

2.  WE18a  Write these numbers in scientific notation.
a. 5000 b. 431 c. 38 d. 350 000
e. 72.5 f. 725 g. 7250 h. 725 000 000

3.  WE18b  Write these numbers in scientific notation, correct to 4 significant figures.
a. 43.792 b. 5317 c. 258.95 d. 110.11
e. 1 632 000 f. 1 million g. 123 456 789 h. 249.9

4.  WE19  Write these numbers in decimal notation.
a. 2 × 10−1 b. 4 × 10−3 c. 7 × 10−4 d. 3 × 10−2

e. 8.273 × 10−2 f. 7.295 × 10−2 g. 2.9142 × 10−3 h. 3.753 × 10−5

i. 5.29 × 10−4 j. 3.3333 × 10−5 k. 2.625 × 10−9 l. 1.273 × 10−15

5.  WE20  Write these numbers in scientific notation.
a. 0.7 b. 0.005 c. 0.000 000 3 d. 0.000 000 000 01
e. 0.231 f. 0.003 62 g. 0.000 731 h. 0.063

6. Write these numbers in scientific notation, correct to 3 significant figures.
a. 0.006 731 b. 0.142 57 c. 0.000 068 3 d. 0.000 000 005 12
e. 0.0509 f. 0.012 46 g. 0.000 731 h. 0.063
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7. Write these numbers in ascending order.
a. 8.31 × 102,  3.27 × 102,  9.718 × 102,  5.27 × 102

b. 7.95 × 102,  4.09 × 102,  7.943 × 102,  4.37 × 102

c. 5.31 × 10−2,  9.29 × 10−3,  5.251 × 10−2,  5.27 × 10−1

d. 8.31 × 102,  3.27 × 103,  7.13 × 10−2,  2.7 × 10−3

8. One carbon atom weighs 1.994 × 10−23
 g.

a. Write the weight as a decimal.
b. How much will 1 million carbon atoms weigh?
c. How many carbon atoms are there in 10 g of carbon? Give your answer 

correct to 4 significant figures.
9. The distance from Earth to the Moon is approximately 3.844 × 105 km. If 

you could drive there without breaking the speed limit (100  km/h), how 
long would it take? What is this in days (correct to 2 decimal places)?

10. The Earth weighs 5.97 × 1024 kg, but the Sun weighs 1.99 × 1030 kg. How 
many Earths would it take to balance the Sun’s weight? Give your answer 
correct to 2 decimal places.

11. Inside the nucleus of an atom, a proton weighs 1.6726 × 10−27 kg and a 
neutron weighs 1.6749 × 10−27 kg. Which one is heavier and by how much?

12. The Earth’s orbit has a radius of 7.5 × 107 km; the orbit of Venus is equal to 
5.4 × 107 km. How far apart are the planets when:
a. they are closest to each other
b. they are farthest apart from each other?

Communicating, reasoning and problem solving
13. a. State the power(s) of 10 that you believe equations i and ii will have when solved.

i. 5.36 × 107 + 2.95 × 103

ii. 5.36 × 107 − 2.95 × 103

b. Evaluate equations i and ii, correct to 3 significant figures.
c. Were your answers to part a correct? Why or why not?

14. Explain why 2.39 × 10−3 + 8.75 × 10−7 = 2.39 × 10−3, correct to 3 significant figures.
15. Write the following numbers in ascending order.

14%,  0.753,  
5
8
,  √2,  0.52,  √3 2,  1.5 × 10−2

16. Distance is equal to speed multiplied by time. If we travelled at 100 km/h it would take us 
 approximately 0.44 years to reach the Moon, 89.6 years to reach Mars, 1460 years to reach Saturn 
and 6590 years to reach Pluto.
a. Assuming that there are 365 days in a year, calculate the distance (as a basic numeral) between Earth 

and:
i. the Moon ii. Mars

iii. Saturn iv. Pluto.
b. Write your answers to part a correct to 3 significant figures.
c. Write your answers to part a using scientific notation correct to 3 significant figures.

17. A light-year is the distance that light travels in one year. Light travels at approximately 300 000 km/s.
a.   i.   Calculate the number of seconds in a year (assuming 1 year = 365 days).

ii. Write your answer to part i using scientific notation.
b. Calculate the distance travelled by light in one year. Express your answer:

i. as a basic numeral
ii. using scientific notation.
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c. The closest ‘star’ to Earth (other than our sun) is 
the star system Alpha Centauri, which is 4.3 
light-years away.
i. How far is this in kilometres, correct to 4 

significant figures?
ii. Travelling at 100 km/h, how long in years would 

it take to reach Alpha Centauri?

18. Scientists used Earth’s gravitational pull on nearby celestial 
bodies (such as the Moon) to calculate the mass of the Earth 
at approximately 5.972 sextillion metric tonnes.
a. Write 5.972 sextillion using scientific notation.
b. How many significant figures does this number have?

19. An atom consists of smaller particles called protons, 
 neutrons and electrons. Electrons have a mass of 
9.109 381 88 × 10–31 kilograms, correct to 9 significant 
figures.
a. Write the mass of an electron correct to 5 significant 

figures.
b. Protons and neutrons are the same size. They are both 

1836 times the size of an electron. Use the mass of an 
electron (correct to 9 significant figures) and your 
 calculator to find the mass of a proton correct to 5 significant figures.

c. Use the mass of an electron correct to 3 significant figures to calculate the mass of a proton correct to 
5 significant figures.

d. Why is it important to work with the original amounts and then round to the specified number of 
significant figures at the end of a calculation?

Proton

Neutron

Electron

20. What is the advantage of converting numbers into scientific notation?
21. The diameter of the Sun is approximately 8.656 × 105 miles. Since there are 1.61 km in a mile, 

convert this to kilometres using scientific notation and give your answer correct to 4 significant 
figures. If the Sun’s diameter is 109 times that of Earth, what is Earth’s diameter? Give your answer 
correct to 3 significant figures.

Alpha Centauri
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6.6 Applying the index laws to variables [Stage 5.1]

6.6.1 Review of index notation 
 • The product of factors can be written in a shorter form called index notation.

64 = 6 × 6 × 6 × 6

= 1296

Base

Index, exponent

Factor
form

 • Any composite number can be written as a product of powers of prime factors using a factor tree, or 
by other methods, such as repeated division.

100

2 50

2 25

5 5

100 = 2 × 2 × 5 × 5

= 22 × 52

WORKED EXAMPLE 21

Express 360 as a product of powers of prime factors using index notation.

THINK WRITE

1 Express 360 as a product of a factor pair. 360 = 6 × 60

2 Further factorise 6 and 60.   = 2 × 3 × 4 × 15

3 Further factorise 4 and 15.   = 2 × 3 × 2 × 2 × 3 × 5

4 There are no more composite numbers.   = 2 × 2 × 2 × 3 × 3 × 5

5 Write the answer using index notation.
Note: The factors are generally expressed with bases in 
ascending order.

360 = 23 × 32 × 5

6.6.2 Multiplication using indices 
 • The First Index Law states: am × an = am+n.
 • That is, when multiplying terms with the same bases, add the indices.

DISCUSSION
Can negative whole numbers be expressed as a product of powers of prime factors? Why or why not?UNCORRECTED P
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WORKED EXAMPLE 22

Simplify 5e10 × 2e3.

THINK WRITE

1 The order is not important when multiplying, so place the 
coefficients first.

5e10 × 2e3

 = 5 × 2 × e10 × e3

2 Simplify by multiplying the coefficients and applying the 
First Index Law (add the indices).

  = 10e13

 • When more than one base is involved, apply the First Index Law to each base separately.

WORKED EXAMPLE 23

Simplify 7m3 × 3n5 × 2m8n4.

THINK WRITE

1 The order is not important when multiplying, so place the 
coefficients first and group the same pronumerals together.

7m3 × 3n5 × 2m8n4

 = 7 × 3 × 2 × m3 × m8 × n5 × n4

2 Simplify by multiplying the coefficients and applying the 
First Index Law (add the indices).

  = 42m11n9

6.6.3 Division using indices 
 • The Second Index Law states: am ÷ an = am−n.
 • That is, when dividing terms with the same bases, subtract the indices.

WORKED EXAMPLE 24

Simplify 
25v6 × 8w9

10v4 × 4w5
.

THINK WRITE

1 Simplify the numerator and the denominator by 
 multiplying the coefficients.

25v6 × 8w9

10v4 × 4w5

 = 200v6w9

40v4w5

2 Simplify further by dividing the coefficients and applying 
the Second Index Law (subtract the indices).     

=
5200
140

× v6

v4
× w9

w5

= 5v2w4

 • When the coefficients do not divide evenly, simplify by cancelling.
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WORKED EXAMPLE 25

Simplify 
7t3 × 4t8

12t4
.

THINK WRITE

1 Simplify the numerator by multiplying the coefficients. 7t3 × 4t8

12t4

  = 28t11

12t4

2 Simplify the fraction by dividing the coefficients by the 
highest common factor. Then apply the Second Index Law.   

= 28
12

× t11

t4

= 7t7

3

6.6.4 Zero index
 • Any number divided by itself (except zero) is equal to 1.

 • Therefore, 10
10

= 2.14
2.14

= π
π = 5923

5923
= 1.

 • Similarly, x
3

x3
= 1. But using the Second Index Law, x

3

x3
= x0. It follows that x0 = 1.

 • In the same way, n
10

n10
= 1, and n

10

n10
= n0, so n0 = 1.

 • In general, any number (except zero) to the power zero is equal to 1.
 • This is the Third Index Law: a0 = 1, where a ≠ 0. 

WORKED EXAMPLE 26

Evaluate the following.
a t0 b (xy)0 c 170 d 5x0 e (5x)0 + 2 f 50 + 30

THINK WRITE

a Apply the Third Index Law. a t0 = 1

b Apply the Third Index Law. b (xy)0 = 1

c Apply the Third Index Law. c 170 = 1

d Apply the Third Index Law. d 5x0 = 5 × x0

      = 5 × 1
      = 5

e Apply the Third Index Law. e (5x)0 + 2 = 1 + 2
                  = 3

f Apply the Third Index Law. f 50 + 30 = 1 + 1
            = 2
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WORKED EXAMPLE 27

Simplify 
9g7 × 4g4

6g3 × 2g8
.

THINK WRITE

1 Simplify the numerator and the denominator by applying 
the First Index Law.

9g7 × 4g4

6g3 × 2g8

2 Simplify the fraction further by applying the Second 
Index Law.

= 36g11

12g11

=
336g11

112g11

3 Simplify by applying the Third Index Law. = 3g0

= 3 × 1
= 3

WORKED EXAMPLE 28

Simplify these fractions by cancelling.

a x
5

x7
b 6x

12x8
c 

30x5y6

10x7y3

THINK WRITE

a Divide the numerator and denominator by the HCF, x5. a x5

x7
= 1

x2

b Divide the numerator and denominator by the HCF, 6x. b 6x

12x8
= 6

12
× x

x8

        = 1
2

× 1

x7

        = 1

2x7

c Divide the numerator and denominator by the HCF, 10x5y3. c 30x5y6

10x7y3
= 30

10
× x5

x7
× y6

y3

            = 3
1

× 1

x2
× y3

1

            = 3y3

x2

6.6.5 Cancelling fractions

 • Consider the fraction x
3

x7
. This fraction can be cancelled by dividing the denominator and the  numerator 

by the highest common factor (HCF), x3, so x
3

x7
= 1

x4
.

Note: x
3

x7
= x−4 by applying the Second Index Law. We will study negative indices in a later section.
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Exercise 6.6 Applying the index laws to variables
Individual pathways 

 U PRACTISE
Questions:
1–4, 5a–e, 6, 7a–e, 8–11, 13–18

 U CONSOLIDATE
Questions:
1–3, 4a–c, 5d–g, 6, 7d–g, 8–19

 U MASTER
Questions:
1, 2, 3e–j, 4d–f, 5f–i, 6, 7f–j, 8–22

U U U Individual pathway interactivity: int-4516  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
 question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1.  WE21  Express each of the following as a product of powers of prime factors using index notation.

a. 12 b. 72 c. 75 d. 240 e. 640 f. 9800
2.  WE22  Simplify each of the following.

a. 4p7 × 5p4 b. 2x2 × 3x6 c. 8y6 × 7y4

d. 3p × 7p7 e. 12t3 × t2 × 7t f. 6q2 × q5 × 5q8

3.  WE23  Simplify each of the following.
a. 2a2 × 3a4 × e3 × e4 b. 4p3 × 2h7 × h5 × p3

c. 2m3 × 5m2 × 8m4 d. 2gh × 3g2h5

e. 5p4q2 × 6p2q7 f. 8u3w × 3uw2 × 2u5w4

g. 9y8d × y5d3 × 3y4d7 h. 7b3c2 × 2b6c4 × 3b5c3

i. 4r2s2 × 3r6s12 × 2r8s4 j. 10h10v2 × 2h8v6 × 3h20v12

4.  WE24  Simplify each of the following.

a. 
15p12

5p8
b. 18r6

5r2
c. 45a5

5a2

d. 60b7

20b
e. 100r10

5r6
f. 

9q2

q
5.  WE25  Simplify each of the following.

a. 
8p6 × 3p4

16p5
b. 12b5 × 4b2

18b2
c. 25m12 × 4n7

15m2 × 8n

d. 
27x9y3

12xy2
e. 16h7k4

12h6k
f. 

12j8 × 6f 5

8j3 × 3f 2

g. 
8p3 × 7r2 × 2s

6p × 14r
h. 27a9 × 18b5 × 4c2

18a4 × 12b2 × 2c
i. 

81f 15 × 25g12 × 16h34

27f 9 × 15g10 × 12h30

Interactivity: Review of index form (int-3708)

Interactivity: First Index Law (int-3709)

Interactivity: Second Index Law (int-3711)

Interactivity: Third Index Law (int-3713)

Interactivity: Index laws (int-2769)

eLesson: Index notation (eles-1903)

Digital doc: SkillSHEET: Index form (doc-6225)

Digital doc: SkillSHEET: Using a calculator to evaluate numbers in index form (doc-6226) 

 RESOURCES — ONLINE ONLY
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6.  WE26  Evaluate the following.
a. m0 b. 6m0 c. (6m)0 d. (ab)0

e. 5(ab)0 f. w0x0 g. 850 h. 850 + 150

i. x0 + 1 j. 5x0 − 2 k. x0

y0
l. x0 + y0

m. x0 − y0 n. 3x0 + 11 o. 3a0 + 3b0 p. 3(a0 + b0)
7.  WE27  Simplify each of the following.

a. 2a3 × 6a2

12a5
b. 3c6 × 6c3

9c9
c. 5b7 × 10b5

25b12
d. 

8f 3 × 3f 7

4f 5 × 3f 5

e. 9k12 × 4k10

18k4 × k18
f. 2h4 × 5k2

20h2 × k2
g. 

p3 × q4

5p3
h. m7 × n3

5m3 × m4

i. 8u9 × v2

2u5 × 4u4
j. 

9x6 × 2y12

3y10 × 3y2

8.  WE28  Simplify the following by cancelling.

a. x7

x10
b. m

m9
c. m3

4m9
d. 12x6

6x8

e. 12x8

6x6
f. 24t10

t4
g. 

5y5

10y10
h. 

35x2y10

20x7y7

i. 12m2n4

30m5n8
j. 16m5n10

8m5n12
k. 

20x4y5

10x5y4
l. a2b4c6

a6b4c2

9. Find the value of each of the following expressions if a = 3.
a. 2a b. a2 c. 2a2 d. a2 + 2 e. a2 + 2a

Communicating, reasoning and problem solving
10. Explain why x2 and 2x are not the same number. Include an example to illustrate your reasoning.
11.  MC  a. 12a8b2c4(de)0f  when simplified is equal to:

a. 12a8b2c4 b. 12a8b2c4f C. 12a8b2f d. 12a8b2

b. (
6

11
a2b7

)
0

× −(3a2b11)0 + 7a0b when simplified is equal to:

a. 7b b. 1 + 7b C. −1 + 7ab d. −1 + 7b
c. You are told that there is an error in the statement 3p7q3r5s6 = 3p7s6. To make the statement correct, 

what should the left-hand side be?
a. (3p7q3r5s6)0 b. (3p7)0q3r5s6 C. 3p7(q3r5s6)0 d. 3p7(q3r5)0s6

d. You are told that there is an error in the statement 
8f  

6g7h3

6f  
4g2h

= 8f  
2

g2
. In order to make the statement 

correct, the left-hand side should be:

a. 
8f  

6(g7h3)0

(6)0f  
4g2(h)0

b. 
8( f  

6g7h3)0

(6f  
4g2h)0

C. 
8( f  

6g7)0h3

(6f  
4)0g2h

d. 
8f  

6g7h3

(6f  
4g2h)

e. What does 6k7m2n8

4k7(m6n)0
 equal?

a. 
6
4

b. 
3
2

C. 
3n8

2
d. 

3m2n8

2
12. Explain why 5x5 × 3x3 is not equal to 15x15.
13. A multiple choice question requires a student to multiply 56 by 53. The student is having trouble 

deciding which of these four answers is correct: 518, 59, 2518 or 259.
a. Which is the correct answer?
b. Explain your answer by using another example to explain the First Index Law.
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6.7 Using index laws to simplify  
algebraic products and quotients [Stage 5.1]

6.7.1 Raising a power to another power
 • (72)3 = 72 × 72 × 72

= 72+2+2
 (using the First Index Law)

= 72×3

= 76

 • The indices are multiplied when a power is raised to another power.
This is the Fourth Index Law: (am)n = am×n.

 • The Fifth and Sixth Index Laws are extensions of the Fourth Index Law.
Fifth Index Law: (a × b)m = am × bm

Sixth Index Law: (
a
b)

m
= am

bm

WORKED EXAMPLE 29

Simplify the following.
a (74)8 b (3a2b5)3

14. A multiple choice question requires a student to divide 524 by 58. The student is having trouble 
deciding which of these four answers is correct: 516, 53, 116 or 13.
a. Which is the correct answer?
b. Explain your answer by using another example to explain the Second Index Law.

15.  a. What is the value of 5
7

57
?

b. What is the value of any number divided by itself?

c. Applying the Second Index Law dealing with exponents and division, 5
7

57
 should equal 5  raised to 

what index?
d. Explain the Third Index Law using an example.

16.  a. For x2xΔ = x16 to be an identity, what number must replace the triangle?
b. For xΔ xO x◊ = x12 to be an identity, there are 55 ways of assigning positive whole numbers to the 

triangle, circle, and diamond. Give at least four of these.
17.  a. Can you find a pattern in the units digit for powers of 3?

b. The units digit of 36 is 9. What is the units digit of 32001?
18.  a. Can you find a pattern in the units digit for powers of 4?

b. What is the units digit of 4105?
19.  a. Investigate the patterns in the units digit for powers of 2 to 9.

b. Predict the units digit for:
i. 235 ii. 316 iii. 851.

20. Write 4n+1 +  4n+1 as a single power of 2.
21. How do the index laws aid calculations?
22. Find the value of each of the following.

a. 22 − 12 b. 32 − 22 c. 42 − 32

Use your results to investigate a pattern and use it to determine the answer to 872 − 862 without 
actually performing the calculation.
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WORKED EXAMPLE 31

Simplify (
2a5

d2 )
3
.

THINK WRITE

1 Write the expression, including all indices.
(

21a5

d2 )
3

2 Simplify by applying the Sixth Index Law for each term 
inside the brackets.

= 23a15

d6

3 Write the answer. = 8a15

d6

WORKED EXAMPLE 30

Simplify (2b5)2 × (5b)3.

THINK WRITE

1 Write the expression, including all indices. (21b5)2 × (51b1)3

2 Simplify by applying the Fifth Index Law.   = 22b10 × 53b3

3 Simplify further by applying the First Index Law.
  

= 4 × 125 × b10 × b3

= 500b13

THINK WRITE

a Simplify by applying the Fourth Index Law ( multiply 
the indices).

a (74)8

  = 74×8

  = 732

b 1 Write the expression. b (31a2b5)3

2 Simplify by applying the Fifth Index Law for each 
term inside the brackets (multiply the indices).

  = 31 ×  3a2 ×  3b5 ×  3

  = 33a6b15

3 Write the answer.   = 27a6b15

DISCUSSION
When allocating your pocket money, your parent asked if you would like $20 a month for the next year or 
20 cents for the first month, with the money doubled each month for a year. Which of the options would you 
choose and why? 

Interactivity: Fourth Index Law (int-3715)

Interactivity: Fourth Index Law 2 (int-3716)

Interactivity: Fifth and Sixth Index Laws (int-6063)

Digital doc: WorkSHEET: Indices 1 (doc-6233) 

 RESOURCES — ONLINE ONLY
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Exercise 6.7 Using index laws to simplify algebraic  
products and quotients

Individual pathways 

 U PRACTISE
Questions:
1a–f, 2a–f, 3a–d, 4–12, 14, 15

 U CONSOLIDATE
Questions:
1d–i, 2d–i, 3b–e, 4–12, 14–18

 U MASTER
Questions:
1g–i, 2g–i, 3e–h, 4–19

U U U Individual pathway interactivity: int-4517  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
 question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1.  WE29  Simplify each of the following.

a. (e2)3 b. (  f  
8)10 c. ( p25)4

d. (r12)12 e. (a2b3)4 f. ( pq3)5

g. (g3h2)10 h. (3w9q2)4 i. (7e5r2q4)2

2.  WE30  Simplify each of the following.
a. ( p4)2 × (q3)2 b. (r5)3 × (w3)3 c. (b5)2 × (n3)6

d. (  j6)3 × (g4)3 e. (q2)2 × (r4)5 f. (h3)8 × (  j2)8

g. (  f  
4)4 × (a7)3 h. (t5)2 × (u4)2 i. (i3)5 × (  j2)6

3.  WE31  Simplify each of the following.

a. (
3b4

d3 )
2

b. (
5h10

2j2 )
2

c. (
2k5

3t8 )
3

d. (
7p9

8q22)
2

e. (
5y7

3z13)
3

f. (
4a3

7c5)
4

g. (
−4k2

7m6 )
3

h. (
−2g7

3h11 )
4

4. Simplify each of the following.
a. (23)4 × (24)2 b. (t7)3 × (t3)4 c. (a4)0 × (a3)7

d. (b6)2 × (b4)3 e. (e7)8 × (e5)2 f. (g7)3 × (g9)2

g. (3a2)4 × (2a6)2 h. (2d7)3 × (3d 
2)3 i. (10r12)4 × (2r3)2

5.  MC  What does (p7)2 ÷ p2 equal?
a. p7 b. p12 C. p16 d. p4.5

6.  MC  What does 
(w5)2 × (p7)3

(w2)2 × (p3)5
 equal?

a. w2p6 b. (wp)6 C. w14p36 d. w2p2

7.  MC  What does (r6)3 ÷ r4)2 equal?
a. r3 b. r4 C. r8 d. r10

8. Simplify each of the following.
a. (a3)4 ÷ (a2)3 b. (m8)2 ÷ (m3)4 c. (n5)3 ÷ (n6)2 d. (b4)5 ÷ (b6)2

e. (f7)3 ÷ (f  
2)2 f. (g8)2 ÷ (g5)2 g. ( p9)3 ÷ ( p6)3 h. (y4)4 ÷ (y7)2

i. 
(c6)5

(c5)2
j. 

(  f  
5)3

(  f  
2)4

k. 
(k3)10

(k2)8
l. 

(p12)3

(p10)2

Communicating, reasoning and problem solving
9. a. Simplify each of the following.

i. (−1)10 ii. (−1)7 iii. (−1)15 iv. (−1)6

b. Write a general rule for the result obtained when −1 is raised to a positive power. Justify your 
solution.

UNCORRECTED P
AGE P

ROOFS

UNCORRECTED P
AGE P

ROOFS



TOPIC 6 Indices, scientific notation and surds 279

c06IndicesScientificNotationAndSurds.indd Page 279 26/06/17  8:47 AM

10.  a. Replace the triangle with the correct index for 47 × 47 × 47 × 47 × 47 = (47)Δ.
b. The expression (p5)6 means to write p5 as a factor how many times?
c. If you rewrote the expression from part b without any exponents, as p × p × p …, how many factors 

would you need?
d. Explain the Fourth Index Law.

11. A multiple choice question requires a student to calculate (54)3. The student is having trouble deciding 
which of these three answers is correct: 564, 512 or  57.
a. Which is the correct answer?
b. Explain your answer by using another example to explain the Fourth Index Law.

12. Jo and Danni are having an algebra argument. Jo is sure that −x2 is equivalent to (−x)2, but Danni 
thinks otherwise. Explain who is correct and justify your answer.

13.  a.  Without using your calculator, simplify each side to the same base and solve each of the following 
equations.
i. 8x = 32 ii. 27x = 243 iii. 1000x = 100 000

b. Explain why all three equations have the same solution.
14. Consider the expression 432

. Explain how you could get two different answers.
15. The diameter of a typical atom is so small that it would take about 108 of 

them, arranged in a line, to reach just one centimetre.  Estimate how 
many atoms are contained in a cubic centimetre. Write this number as a 
power of 10.

16. Writing a base as a power itself can be used to simplify an  expression.
Copy and complete the following calculations.

a. 16
1
2 = (42)

1
2 = ……… b. 343

2
3 = (73)

2
3 = ………

17. Simplify the following using index laws.

a. 8
1
3 b. 27

4
3 c. 1252

  

2
3 d. 512

2
9

e. 16
−1

2 f. 4
−1

2 g. 32
−1

5 h. 49
−1

2

18.  a. Use the index laws to simplify the following.

i. (32)
1
2 ii. (42)

1
2 iii. (82)

1
2 iv. (112)

1
2

b. Use your answers from part a to calculate the values of the following.

i. 9
1
2 ii. 16

1
2 iii. 64

1
2 iv. 121

1
2

c. Use your answers to parts a and b to write a sentence describing what raising a number to a power of 
one-half does.

19. What difference, if any, is there between the operation of the index laws on numeric terms compared 
with similar operations on algebraic terms?

6.8 Applying index laws to algebraic  
expressions involving integer indices [Stage 5.1]

6.8.1 Negative indices
 • As previously stated, x

4

x6
= 1

x2
 if the numerator and denominator are both divided by the highest 

 common factor, x4.

 • However, x
4

x6
= x4−6 = x−2 if the Second Index Law is applied.

 • It follows that a−n = 1
an.
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WORKED EXAMPLE 32

Evaluate the following.
a 5−2 b 7−1 c (

3
5)

−1

THINK WRITE

a 1 Apply the rule a−n = 1
an. a 5−2 = 1

52

        = 1
25

2 Simplify.

b Apply the rule a−n = 1
an. b 7−1 = 1

71

        = 1
7

c 1 Apply the Sixth Index Law, (
a
b)

m
= am

bm . c
(

31

51)
−1

= 3−1

5−1

2 Apply the rule a−n = 1
an to the numerator and  denominator.      = 1

3
÷ 1

5

3 Simplify and write the answer.
     

= 1
3

× 5
1

= 5
3

WORKED EXAMPLE 33

Write the following with positive indices.
a x−3 b 5x−6 c x

−3

y−2

THINK WRITE

a Apply the rule a−n = 1
an. a x−3 = 1

x3

b 1 Write in expanded form and apply the rule a−n = 1
an. b 5x−6 = 5 × x−6

        = 5 × 1

x6

2 Simplify. = 5

x6

c 1 Write the fraction using division. c x−3

y−2
= x−3 ÷ y−2

DISCUSSION
Think about what you have learned from the interactivity above. Pair with a classmate to discuss what you have 
learned.
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WORKED EXAMPLE 34

Simplify the following expressions, writing your answers with positive indices.
a x3 × x−8 b 3x−2y−3 × 5xy−4

THINK WRITE

a 1 Apply the First Index Law, 
an × am = am+n.

a x3 × x−8 = x3+ −8

              = x−5

2 Write the answer with a positive index. = 1

x5

b 1 Write in expanded form and apply the 
First Index Law.

b 3x−2y−3 × 5xy−4 = 3 × 5 × x−2 × x1 × y−3 × y−4

2 Apply the rule a−n = 1
an. = 15x−1y−7

= 15
1

× 1
x

× 1

y7

3 Simplify. = 15

xy7

2 Apply the rule a−n = 1
an. = 1

x3
÷ 1

y2

3 Simplify. = 1

x3
× y2

1

= y2

x3

WORKED EXAMPLE 35

Simplify the following expressions, writing your answers with positive indices.

a t2

t−5
b 15m−5

10m−2

THINK WRITE

a Apply the Second Index Law, an

am = an−m. a t2

t−5
= t2−(25)

       = t2+5

       = t7
 

b 1 Apply the Second Index Law  
and simplify.

b 15m−5

10m−2
= 15

10
× m−5

m−2

           = 3
2

× m−5−(−2)

           = 3
2

× m−3

           = 3
2

× 1

m3

2 Write the answer with  
positive indices.

= 3

2m3
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Exercise 6.8 Applying index laws to algebraic  
expressions involving integer indices

Individual pathways 

 U PRACTISE
Questions:
1–10, 13, 14

 U CONSOLIDATE
Questions:
1–11, 13–16

 U MASTER
Questions:
1–18

U U U Individual pathway interactivity: int-4518  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
 question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1. Copy and complete the patterns below.

a. 35 = 243
34 = 81
33 = 27
32 =
31 =
30 =
3−1 = 1

3

3−2 = 1
9

3−3 =
3−4 =
3−5 =   

b. 54 = 625
53 =
52 =
51 =
50 =
5−1 =
5−2 =
5−3 =
5−4 =  
 
 

c. 104 = 10 000
103 =
102 =
101 =
100 =
10−1 =
10−2 =
10−3 =
10−4 =

2.  WE32  Evaluate each of the following expressions.

a. 2−5 b. 3−3 c. 4−1 d. 10−2 e. 5−3 f. (
1
7)

−1

g. (
3
4)

−1
h. (

3
4)

−2
i. (

1
3)

−3
j. (

3
2)

−1
k. (21

4)
−2

l. (
2
7)

−2

Interactivity: Negative indices (int-6064)

eLesson: Negative indices (eles-1910)

Digital doc: SkillSHEET: Operations with directed numbers (doc-6100) 

 RESOURCES — ONLINE ONLY
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3.  WE33  Write each expression with positive indices.
a. x−4 b. y−5 c. z−1 d. a2b−3

e. 7m−2 f. m−2n−3 g. (m2n3)−1 h. x2

y−2

i. 5

x−3
j. x−2

w−5
k. 1

x−2y−2
l. a2b−3cd−4

m. a2b−2

c2d−3
n. 10x−2y o. 3−1x p. m−3

x2

4.  WE34  Simplify the following expressions, writing your answers with positive indices.
a. a3 × a−8 b. m7 × m−2 c. m−3 × m−4 d. 2x−2 × 7x
e. x5 × x−8 f. 3x2y−4 × 2x−7y g. 10x5 × 5x−2 h. x5 × x−5

i. 10a2 × 5a−7 j. 10a10 × a−6 k. 16w2 × −2w−5 l. 4m−2 × 4m−2

m. (3m2n−4)3 n. (a2b5)−3 o. (a−1b−3)−2 p. (5a−1)2

5.  WE35  Simplify the following expressions, writing your answers with positive indices.

a. x3

x8
b. x−3

x8
c. x3

x−8
d. x−3

x−8

e. 10a4

5a5
f. 6a2c5

a4c
g. 10a2 ÷ 5a8 h. 5m7 ÷ m8

i. a5b6

a5b7
j. a2b8

a5b10
k. a−3bc3

abc
l. 4−2ab

a2b

m. m−3 × m−5

m−5
n. 2t2 × 3t−5

4t6
o. t3 × t−5

t−2 × t−3
p. 

(m2n−3)−1

(m−2n3)2

6. Write the following numbers as powers of 2.
a. 1 b. 8 c. 32 d. 64 e. 1

8
f. 1

32
7. Write the following numbers as powers of 4.

a. 1 b. 4 c. 64 d. 1
4

e. 1
16

f. 1
64

8. Write the following numbers as powers of 10.
a. 1 b. 10 c. 10  000 d. 0.1 e. 0.01 f. 0.000 01

Communicating, reasoning and problem solving
9. a. The result of dividing 37 by 33 is 34. What is the result of dividing 33 by 37?

b. Explain what it means to have a negative index.
c. Explain how you write a negative index as a positive index.

10. Indices are encountered in science, where they help to deal with very small and large numbers. The 
diameter of a proton is 0.000 000 000 000 3 cm. Explain why it is logical to express this number in 
scientific notation as 3 × 10–13.

11.  a.  When asked to find an expression equivalent to x−2, a student responded −2x. Is this answer 
correct? Explain why or why not.

b. When asked to find an expression that is equivalent to x3 + x–3, a student responded x0. Is this answer 
correct? Explain why or why not.

c. When asked to find an expression that is equivalent to (x–1 + y–1)–2, a student responded x2 + y2. Is 
this answer correct? Explain why or why not.

12.  a.  When asked to find an expression that is equivalent to x8–x–5, a student responded x3. Is this answer 
correct? Explain why or why not.

b. Another student said that x2

x8 − x5
 is equivalent to 1

x6
− 1

x3
. Is this answer correct? Explain why or 

why not.
13. What is the value of n in the following expressions?

a. 4793 = 4.793 × 10n b. 0.631 = 6.31 × 10n

c. 134 = 1.34 × 10n d. 0.000 56 = 5.6 × 10n
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6.9 Introduction to fractional indices [Stage 5.3]

6.9.1 Square root
 • The symbol √  means ‘square root’ — a number that multiplies by itself to give the original number.
 • Each number actually has a positive and negative square root. For example, (2)2 = 4 and (−2)2 = 4. 

Therefore the square root of 4 is +2 or −2.
 • √x is defined as the positive square root of x, for x ≥ 0. √x is undefined for x < 0.
 • The square root is the inverse of squaring (power 2).
 • For this reason, a square root is equivalent to an index of 1

2
.

 • In general, √a = a
1
2.

WORKED EXAMPLE 36

Evaluate √16p2.

THINK WRITE

1 We need to obtain the square root of both 16
 and p2.

√16p2 = √16 × √p2

2 Which number is multiplied by itself to give 16?
It is 4. Replace the square root sign with a power of 1

2
.

= 4 × (p2)
1
2

3 Use the Fourth Index Law. = 4 × p
2×1

2

= 4 × p1

= 4p

4 Simplify.

6.9.2 Cube root
 • The symbol √3  means ‘cube root’ — a number that multiplies by itself three times to give the original 

number.
 • The cube root is the inverse of cubing (power 3).
 • For this reason, a square root is equivalent to an index of 1

3
.

 • In general, √3 a = a
1
3.

DISCUSSION
Why does a cube root of a number always have the same sign (positive or negative) as the number?

14. Write the following numbers as basic numerals.
a. 4.8 × 10–2 b. 7.6 × 103 c. 2.9 × 10–4 d. 8.1 × 100

15. Find one-half of 220.
16. Find one-third of 321.
17. Simplify the following expressions.

a. (2–1 + 3–1)–1 b. 3400

6200
c. √16x16

18. What strategy will you use to remember the index laws?
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 • In general terms, a
n
m = √m an.

Interactivity: Square roots: (int-6066)

Interactivity: Cube roots: (int-6065)

Digital doc: SkillSHEET: Calculating the square root of a number: (doc-6101)

Digital doc: WorkSHEET: Indices 2: (doc-6234)

 RESOURCES — ONLINE ONLY

WORKED EXAMPLE 37

Evaluate √3 8j 
6.

THINK WRITE

1 We need to obtain the cube root of both 8 and j  
6. √3 8j 

6 = √3 8 × √3 j 
6

2 Which number, written 3 times and multiplied gives 8? It is 2. 
Replace the cube root sign with a power of 1

3
.

= 2 × (j6)
1
3

3 Use the Fourth Index Law. = 2 × j 
6 ×

1
3

4 Simplify. = 2 × j2

= 2j2

Exercise 6.9 Introduction to fractional indices

Individual pathways

 U PRACTISE
Questions:
1–7, 10, 11

 U CONSOLIDATE
Questions:
1–8, 10–12

 U MASTER
Questions:
1–15

U U U Individual pathway interactivity: int-4519  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1. Write the following in surd form.

a. x
1
2 b. y

1
5 c. z

1
4 d. (2w)

1
3 e. 7

1
2

2. Write the following in index form.
a. √15 b. √m c. √3 t d. √3 w2 e. √5 n

3.  WE36  Evaluate the following.

a. 49
1
2 b. 4

1
 2 c. 27

1
3 d. 125

1
3 e. 1000

1
3

f. 64
1
2 g. 64

1
3 h. 128

1
7 i. 243

1
5 j. 1 0 00   000

1
2

k. 1 000   000
1
3 l. (27

1
3 )

2

4.  WE37  Simplify the following expressions.
a. √m2 b. √3 b3 c. √36t4 d. √3 m3n6 e. √3 125t6 f. √5 x5y10

g. √4 a8m40 h. √3 216y6 i. √3 64x6y6 j. √25a2b4c6 k. √7 b49
l. √3 b3 × √b4
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5.  MC   a. What does √3 8000m6n3p3q6 equal?

a. 2666.6m2npq2 b. 20m2npq2 C. 20m3n0p0q3 d. 7997m2npq2 

b. What does √3 3375a9b6c3 equal?

a. 1125a3b2c b. 1125a6b3c0 C. 1123a6b3 d. 15a3b2c 

c. What does √3 15 625f  

3g6h9 equal?
a. 25fg2h3 b. 25f  

0g3h6 C. 25g3h6 d. 5208.3fg2h3 

Communicating, reasoning and problem solving

6. a. Using the First Index Law, explain how 3
1
2 × 3

1
2 = 3.

b. What is another way that 3
1
2 can be written?

c. Find √3 × √3.
d. How can √n a be written in index form?
e. Without a calculator, solve:

i. 8
1
3 ii. 32

2
5.

7. a. Explain why calculating z2.5 is a square root problem.
b. Is z0.3 a cube root problem? Justify your reasoning.

8. Mark and Christina are having an algebra argument. Mark is sure that √x2 is equivalent to x, but 
Christina thinks otherwise. Who is correct? Explain how you would resolve this disagreement.

9. Verify that (28)
1
3 can be evaluated and explain why (28)

1
4 cannot be evaluated.

10. If n
3
4 = 8

27
, what is the value of n?

11. The mathematician Augustus de Morgan enjoyed telling his friends that he was x years old in the year 
x2. Find the year of Augustus de Morgan’s birth, given that he died in 1871.

12. a. Investigate Johannes Kepler.
b. Kepler’s Third Law describes the relationship between the distance of planets from the Sun and their 

orbital periods. It is represented by the equation d 
1
2 = t

1
3. Solve for:

i. d in terms of t ii. t in terms of d.

13. An unknown number is multiplied by 4 and then has 5 subtracted from it. It is now equal to the square 
root of the original unknown number squared.
a. Is this a linear algebra problem? Justify your answer.
b. How many solutions are possible? Explain why.
c. Find all possible values for the number.

14. How would √n ab be written in index form?
15. The pronumeral i is used to represent √−1. This is the basis for imaginary numbers. It follows that 

the value of i2 is −1. What is the value of i40?
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6.10 Review

Investigation | Rich task
Paper folds
If you take a piece of paper and fold it a few times, you 
will soon notice that the area of the upper surface of the 
paper decreases with each fold. In this task, consider the 
relationships between the number of folds, the resulting 
thickness of paper and the upper surface area after each 
fold has been made. 

Take a square piece of paper with a side length of 8 cm. The upper surface of this paper has an 
area of 64 cm2. Fold ther in half. The paper now shows an area of 32 cm2, has 1 fold and is 
2 sheets thick. Make another fold. The diagram above displays the changes that take place for 
2 folds.

Continue with the folding process for up to 5 folds. The thickness of the paper and the 
surface area of the upper face change with each fold.
1. Write the dimensions of each upper surface after each fold.
2. Calculate the area (in cm2) of each upper surface after each fold.
3. Complete the following table to show the change in the upper surface area and the thickness after 

each fold.

Number of folds 0 1 2 3 4 5

Thickness of paper 1 2

Area of upper surface after each fold (cm2) 64 32

4. Study the values recorded in the table in question 3. Explain whether there is a linear relation-
ship between the number of folds and the thickness of the paper, or between the number of folds 
and the area after each fold.

Let f represent the number of folds, t represent the thickness of the paper after each fold and a 
represent the area of the upper face after each fold. A relationship between the pronumerals 
may be more obvious if the values in the table are presented in a different form.

One square piece of paper One fold, two sheets thick Two folds,
four sheets thick
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5.    Complete the table below, presenting your values in index form with a base of   2  .  

   Number of folds   ( f )         0        1        2        3        4        5    

   Thickness of paper   (t)         20        21            

   Area of upper surface after each fold   (cm2)     (a)         26        25            

6.     Consider the values in the table above to write a relationship between the following pronumerals. 
 –      t   and   f    
 –      a   and   t   
 –      a   and   f     

7.      What difference, if any, would it make to these relationships if the original paper size had been a 
square with side length of   16 cm  ? Draw a table to show the change in area of each face and the 
thickness of the paper with each fold. Write formulas to describe these relationships. 

   

8.     Investigate these relationships with squares of different side lengths. Describe whether the 
relationship between the three features studied during this task can always be represented in 
index form.   

    Exercise 6.10 Review questions 
  To answer questions online and to receive  immediate feedback  and  fully worked solutions  for every 
 question, go to your learnON title at  www.jacplus.com.au . Note: Question numbers may vary slightly. 

 Understanding and fl uency 

1.    Which of the given numbers,   √ 6
12

, √0.81, 5, −3.26, 0.5
.
,  

π
5

,  √ 3
12

   are rational? 

a.      √0.81, 5, −3.26, 0.5
.
   and   √ 3

12
   

b.      √ 6
12

   and   
π
5

   

C.      √ 6
12

, √0.81   and   √ 3
12

   

d.      5, −3.26  , and   √ 6
12

   

2.      For each of the following, state whether the number is rational or irrational and give the reason for 
your answer. 
a.      √12   b.      √121   c.      2

9
   d.      0.6

.
   e.      √3 0.08   

8 cm
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3. Which numbers in the set {3√2,   5√7,   9√4,   6√10,   7√12,   12√64 } are surds?
a. 9√4, 12√64
b. 3√2 and 7√12 only
C. 3√2, 5√7 and 6√10 only
d. 3√2, 5√7, 6√10 and 7√12

4. Which of the following are not irrational numbers?
a. √7 b. √8 c. √81 d. √361

5. The number 0.000 67 written using scientific notation is:
a. 67 × 10−5 b. 0.67 × 10−3 C. 6.7 × 10−4 d. 6.7 × 105

6. The expression √250 may be simplified to:
a. 25√10 b. 5√10 C. 10√5 d. 5√50

7. State the base for each of the following.
a. 48 b. 59 c. a4 d. x7

8. State the power or index for each of the following.
a. 103 b. 612 c. g89 d. 40

9. Write each of the following as a basic numeral.
a. 52 b. 42 c. 25

d. 103 e. 34 f. 128

10. Express each of the following as a product of powers of primes.
a. 100 b. 121 c. 104
d. 225 e. 588 f. 10 080

11. Simplify each of the following.
a. b7 × b3 b. m9 × m2 c. k3 × k5

d. f 2 × f 8 × f 4 e. h4 × h5 × h f. 2q5 × 3q2 × q10 
g. 5w3 × 7w12 × w14 h. 2e2p3 × 6e3p5 i. 5a2b4 × 3a8b5 × 7a6b8

12. Simplify each of the following.
a. a5 ÷ a2 b. t5 ÷ t c. r19 ÷ r12 d. p8 ÷ p5

e. 
f 

17

f 
12

f. 
y100

y10
g. m24

m14
h. 

g4 × g5

g2

i. x6 × x2 × x

x8 j. d 
6 × d 

7 × d 
2

d 
8

k. t7 × t × t3

t2 × t4
l. 

p5 × p3 × p × p4

p2 × p4 × p2

m. 16k13

21
÷ 8k9

42
n. 22b15

c
÷ 2b8

c6
o. 9d 

8

16e10
÷ 2d10

e16

13. Simplify the following.
a. 50 b. 120 c. 3450 d. q0

e. r0 f. ab0 g. 3w0 h. 5q0 − 2q0 
i. 100s0 + 99t 

0 j. a7b0 k. v10w0 l. prt0

m. a9b4c0 n. j8k0m3 o. 4e2f 0 − 36(a2b3)0 p. −8(18x2y4z6)0 

q. 15 − 12x(
3x
8 )

0

r. −4p0 ×  6(q 
2r 

3)0 ÷ 8(−12q 
2)0 

s. 3(6w0)2 ÷ 2(5w5)0 
14. Raise each of the following to the given power.

a. (b4)2 b. (a8)3 c. (k7)10 d. (j100)2

e. (a5b2)3 f. (m7n12)2 g. (st6)3 h. (qp30)10 

15. What does (
4b4

d 
2 )

3
 equal?

a. 
4b3

d 
3

b. 
12b12

d 
6

C. 
64b12

d 
6

d. 
64b7

d 
5
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16. Write each of the following with positive indices.
a. a–1 b. k–4 c. 4m3 ÷ 2m7 d. 7x3y–4 × 6x–3y–1

17. Write each of the following using a negative index.

a. 1
x

b. 2

y4
c. z ÷ z4 d. 45p2q–4 × 3p–5q

18. Simplify each of the following.

a. √100 b. √36 c. √a2 d. √b2

e. √49f 4 f. √3 27 g. √3 1000 h. √3 x3

i. √3 8d3 j. √3 64f 6g3

19. Which of the given numbers, √ 6
12

, √0.81, 5, −3.26, 0.5
.
,  

π
5

, √ 3
12

 are rational?

a. √0.81, 5, −3.26, 0.5
.
 and √ 3

12
b. √ 6

12
 and 

π
5

C. √ 6
12

, √0.81 and √ 3
12

d. 5, −3.26, and √ 6
12

20. For each of the following, state whether the number is rational or irrational and give the reason for 
your answer.
a. √12 b. √121 c. 2

9
d. 0.6

.
e. √3 0.08

21. Which numbers in the set {3√2, 5√7, 9√4, 6√10, 7√12, 12√64 } are surds?

a. 9√4, 12√64 b. 3√2 and 7√12 only

C. 3√2, 5√7 and 6√10 only d. 3√2, 5√7, 6√10 and 7√12

22. Which of the following are not irrational numbers?
a. √7 b. √8 c. √81 d. √361

23. The number 0.000 67 written using scientific notation is:
a. 67 × 10−5 b. 0.67 × 10−3 C. 6.7 × 10−4 d. 6.7 × 10−5 

24. The expression √250 may be simplified to:
a. 25√10 b. 5√10 C. 10√5 d. 5√50

Communicating, reasoning and problem solving
25. If your body produces about 2.0 × 1011 red blood cells each day, how many red blood cells has your 

body produced after one week?
26. If your body produces about 1.0 × 1010 white blood cells each day, how many white blood cells does 

your body produce each hour?
27. If the planet Earth is approximately 1.496 × 108

 km from the sun and the planet Mercury is about 
5.8 × 107

 km from the sun, what is the closest distance from Mercury to Earth?
28. Determine the closest distance between Mars and Saturn if Mars is 2.279 × 108

 km from the sun and 
Saturn is 1.472 × 109

 km from the sun.
29. Consider the numbers 6 × 109, 3.4 × 107 and 1.5 × 109.

a. Place the numbers in order from smallest to largest.
b. If the population of Oceania is 3.4 × 107 and the world population is 6 × 109, what percentage is the 

Oceania population of the world population? Give your answer to 2 decimal places.
c. What must you multiply 1.5 × 109 by to get 6 × 109?
d. Assume the surface area of the Earth is approximately 1.5 × 109

 km2 and the world population is 
about 6 × 109. If we divided all the Earth up into equal portions, how much would each person get?

30. A newly discovered super colony of bees contains 2.05 × 108 bees. If 0.4% of these were estimated to 
be queen bees, how many queen bees live in the super colony?
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31. The area of Victoria is 2.27 × 105 km2. If the total area of Australia is 7.69 × 106 km2, what  percentage 
of Australia does the state of Victoria occupy? Write your answer correct to two decimal places.

32. Third-generation fibre optics that can carry up to 10 trillion (1 × 1012) bits per second down a single 
strand of fibre have been recently tested. Currently the amount that one fibre can carry is tripling every 
6 months and is predicted to do so for the next 20 years. In how many years will it take for the 
amount of bits per second being carried down a single strand of fibre exceed 6 × 1016 bits per second. 
Explain, in detail, your solution process.

33. Mach speed refers to the speed of sound, where Mach 1 is the speed of sound at about 343 metres per 
second (m/s). Mach 2 is double the speed of sound; Mach 3 is triple the speed of sound and so on. 
The Earth has a circumference of about 4.0 × 104 km.
a. The fastest aircraft recorded travelled at 11 270 kilometres per hour (km/h). Express this as a Mach 

speed correct to 1 decimal place.
b. Create and complete a table for the four different speeds with columns ‘Mach number’, ‘Speed in 

m/s’ and ‘Speed in km/h’.
c. Calculate how long it would take something travelling at Mach 1, 2 and 3 to circle the Earth. Give 

your answer in hours correct to 2 decimal places.
d. How long does it take the world’s fastest aircraft to circle the Earth? Give your answer in hours 

correct to 2 decimal places.
e. Calculate how many times the world’s fastest aircraft could circle the Earth in the time it takes an 

aircraft going at Mach 1, 2 and 3 to circle the Earth once. Give your answers correct to 2 decimal 
places.

f. Explain the relationship between your answers in the previous question and their corresponding 
Mach value.

34. The chessboard problem
Legend has it that an ancient Chinese king challenged the people around him to invent a game that 
would keep him amused for hours on end and would challenge him mentally. Days later the king was 
presented with the game of chess.

The king thought that this was a marvellous game and wanted to reward the inventor. The inventor 
said, ‘I do not ask much for my king’s pleasure. All I ask for is one grain of rice for the first square, 
two grains of rice for the second square, four grains of rice for the third square and so on.’

The king was amazed that one could ask for so little for such a wonderful game. He sent his 
mathematician away to calculate exactly what the inventor was to be paid.

The mathematician came back and said that the inventor had asked for more than all the rice in the 
Kingdom of China!

a. The inventor asked for one grain of rice for the first square, two for the second, four for the third and 
so on. For the first row of the board, write down the number of grains of rice for each square.

b. We can write 4 as 2 × 2, 8 as 2 × 2 × 2 and so on. Write each of the amounts of grain for the first 
row, in index form.

c. For each square on the board, write the number of grains of rice to be paid, in index notation.
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d. Complete the table below for the first row.

Square number Grains paid Total paid
1 1 1

2 2 3

3 4 7

4 8

5

6

7

8

e. Can you see a pattern between the numbers in the total paid column and in the grains paid column?
f. Calculate the total number of rice grains to be paid.

Interactivities: Crossword Topic 6 (int-2697)

Interactivities: Word search Topic 6 (int-2696)

Interactivities: Sudoku Topic 6 (int-3209)

Digital doc: Code puzzle: What is the name given to a boat with one sculler and two oarsmen? (doc-15903)

Digital doc: Summary (doc-00000)
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Answers
Topic 6 Indices, scientific notation and surds
Exercise 6.2 Rational and irrational numbers
1. a. 15

1
b. −8

1
c. 8

3
d. −41

8
e. 4

1
f. 73

10

g. 2
1000

h. 872
10

i. 0
1

j. 156
100

k. 3612
1000

l. −8
100

2. a. 0.555 555 55 b. 0.515 151 51 c. 0.511 111 11 d. 6.031 313 1 e. 5.183 183 1

f. −7.024  444  4 g. 8.912 491 2 h. 5.123 434 3 i. 5.123 412 3 j. 3.002 020 2

3. a. 0.5
.

b. 0.2
.
7
.

c. 2.1
.
8
.

d. 0.4
.
28  571

.
e. −1.7

.
4
.

f. 0.7
.
3
.

g. −3.83
.

h. 0.46
.

i. 0.4
.
6
.

j. 0.04
.
6
.

4. a. 1 b. 2 c. 0 d. 1
3

e. 5
4

f. 0.4 g. 20 h. 100 i. 2
5

j. 1.2

k. 4.5 l. 1000 m. 0.03 n. 16

5. a. 9 b. −9 c. 11 d. −21 e. 2 f. 4

g. 7 h. 3 i. 4 j. 5 k. −7 l. −3

6. b, d, g, h, k, m, o

7. a. 15 b. −3, 0, 15 c. −3, −3
7

, 0, 2.3, 2.3
.
, 2 3

5
, 15

8. 2.1
.
, 2.1

.
21

.
, 2.12

.
1
.
, 2.1

.
2
.
, 2.12

.

9. Every integer a can be written as 
a
1

 and is therefore rational.

10. Yes, because the division of an integer by another integer will always result in a rational number.

11. a. 1
3
, 2

3
, 1

6
b. 6

12. Answers will vary. Example answers are shown.

a. 1
9

b. 10
99

c. 100
999

d. 1000
9999

13. $3330.20

14. 657

15. 
1
13

 = 0.0
.
76 923

.
, so there are 6 recurring digits.

Exercise 6.3 Simple operations with surds
1. a. √21 b. −√21 c. 2√6 d. 6√7 e. 10√14 f. 15√10

g. 12√7 h. 9√7 i. 22√10 j. 22√3 k. 3 l. 24

m. 6 n. 11 o. 51 p. 30

2. a. √3 b. −√2 c. √6 d. √5 e. 3√3 f. 
3√6

2

g. 15√2 h. 
5√5

3
i. −2√5 j. √3 k. √3 l. √7

m. √35 n. 2 o. −3 p. 3

3. a. 2√5 b. 2√2 c. 3√2 d. 7 e. √30 f. 5√2

g. 2√7 h. 6√3 i. 12√2 j. 4√3 k. 10√5 l. 9√2

4. a. 4√2 b. 15√3 c. 48 d. 35√2 e. 20√6

f. 10√3 g. 4√42 h. 72√2 i. 27√5 j. 132√2

5. a. √12 b. √175 c. √108 d. √80 e. √384

f. √90 g. √32 h. √720 i. √600 j. √338

6. a. D b. A c. C d. C

e. D f. D g. D h. B

7. a. 15√3 b. 19√5 c. 16√7 d. 17√2

e. a√c f. d 
2√b g. hk√j h. f√f

8. a. 2√2 b. −4√5 c. −6√3 d. 0 e. 5√11 f. 2√7

g. 10√2 + 7√3 h. 8√5 + √6 i. 8√10 + 7√3 j. 16√2 − 11√5 k. 2√6 l. 5√5 + 15

9. a. √2 b. 0 c. −5√3 d. −4√7 e. 5√6 + 6√5

f. 2√3 − 3√5 g. 4√6 + 6√5 − 14√2 h. 29√5 + 22√3 i. 9√11 − √30 j. 28√2 − 39√5
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10. a. D b. A c. C d. A

11. a. 2√3 b. 5√2 c. 10√2 d. 2√10

12. a. 2√7, 4√2, 3√6, √60, 8, 6√2 b. √2, √3, 2, √6, 2√2, 3, 2√3

13. a. √2 m b. 1.41 m

c. i. Any of these:

ii. 14√2 m iii. 19.80 m

14. √a3b2 = √a3 × √b2

           = √a2 × √a × √b2

           = a × √a × b
           = ab√a

15. 36√5 m2

16. (1750√2 + 2750√3 + 320) m

17. The side length will be rational if x is a perfect square; otherwise, the side length will be a surd.

18. a. i. √13 ii. 3 iii. √38

b. For side lengths √a and √b, the length of the hypotenuse is √a + b.

c. i. √1500 = 10√15 ii. √456 = 2√114 iii. √187 

d. The answer should be √b + a = √c.

19. No, not all square root numbers are surds. A surd is when the square root of a number is an irrational number, i.e. it cannot be 
expressed as a fraction or as a recurring or terminating decimal.

20. 452 = 2025; 562 = 3136

Exercise 6.4 Rounding and significant figures
1. a. 1.571 b. 2.236 c. 3.873 d. 16.435 e. 5.111

f. 5.156 g. 5.152 h. 2.718 i. 137.358 j. 0.429

k. 0.077 l. 2.429 m. 1.000 n. 6.581 o. 4.000

p. 0.254 q. 0.025 r. 0.001 s. 5.000 t. 2342.156

2. 3.1416, 3.141 59, 3.141 593, 3.141 592 7

3. a. 2 b. 3 c. 4 d. 3 e. 4 f. 4

g. 2 h. 1 i. 3 j. 4 k. 2 l. 3

4. a. 1.5708 b. 2.2361 c. 3.8730 d. 16.435 e. 5.1111

f. 5.1556 g. 5.1515 h. 2.7183 i. 137.36 j. 0.428 57

k. 0.076 923 l. 2.4286 m. 1.0000 n. 6.5813 o. 4.0000

p. 0.253 64 q. 0.025 400 r. 0.000 913 60 s. 5.0000 t. 2342.2

5. a. √7, 3.5, √15, 4, √18 b. 3.14, 3.1
.
4
.
, π, 

22
7

, √10

6. a. F b. T c. F d. T

7. a. F b. T c. F d. T

8. a. T b. F c. F d. T

9. √25 means the positive square root of 25, i.e. 5, because 52 = 25. Similarly, −√25 means the negative square root of 25, 
which is −5 because (−5)2 = 25. But −25, like all other negative numbers, has no real square root, so √−25 is ‘undefined’.

10. The 5th digit (5) causes the 4th digit to round up from 9 to 10, which causes the 3rd digit to round up from 9 to 10, which 
causes the 2nd digit to round up from 2 to 3.

11. a. 153.86 cm2 b. 153.9380 cm2 c. 153.94 cm2

d. Yes, because 3.14 is used as an estimate and is not the value of π as used on the calculator.

12. a. 65 449.8470 cm3 b. 9

c. Yes, any number with a finite number of decimal places is a rational number.
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13. 13 000

14. There is an infinite number of both rational and irrational numbers. It is impossible to determine which is more common.

Exercise 6.5 Scientific notation
1. a. 614 b. 6140 c. 61 400 d. 351.8 e. 1 000 000 000 f. 392.673

g. 591.1 h. 5100 i. 734 000 j. 7 141 400 k. 35.1 l. 80 500

2. a. 5.00 × 103 b. 4.31 × 102 c. 3.8 × 101 d. 3.5 × 105

e. 7.25 × 101 f. 7.25 × 102 g. 7.25 × 103 h. 7.25 × 108

3. a. 4.379 × 101 b. 5.317 × 103 c. 2.590 × 102 d. 1.101 × 102

e. 1.632 × 106 f. 1.000 × 106 g. 1.235 × 108 h. 2.499 × 102

4. a. 0.2 b. 0.004 c. 0.0007 d. 0.03

e. 0.082 73 f. 0.072 95 g. 0.002 914 2 h. 0.000 037 53

i. 0.000 529 j. 0.000 033 333 k. 0.000 000 002 625 l. 0.000 000 000 000 001 273

5. a. 7 × 10−1 b. 5 × 10−3 c. 3 × 10−7 d. 1 × 10−11

e. 2.31 × 10−1 f. 3.62 × 10−3 g. 7.31 × 10−4 h. 6.3 × 10−2

6. a. 6.73 × 10−3 b. 1.43 × 10−1 c. 6.83 × 10−5 d. 5.12 × 10−9

e. 5.09 × 10−2 f. 1.25 × 10−2 g. 7.31 × 10−4 h. 6.30 × 10−2

7. a. 5.27 × 102, 8.31 × 102, 9.718 × 102, 3.27 × 103 b. 4.09 × 102, 4.37 × 102, 7.943 × 102, 7.95 × 102

c. 9.29 × 10−3, 5.251 × 10−2, 5.31 × 10−2, 5.27 × 10−1 d. 2.7 × 10−3, 7.13 × 10−2, 8.31 × 102, 3.27 × 103

8. a. 0.000 000 000 000 000 000 000 019 94 g

b. 1.994 × 10−17
 g c. 5.015 × 1023 atoms

9. 3844 hours ≈ 160.17 days

10. 333 333.33

11. The neutron is heavier by 2.3 × 10−30
 kg.

12. a. 2.1 × 107 b. 1.29 × 108

13. a. Check with your teacher.

b. i. 5.36 × 107 ii. 5.36 × 107

c. The answers are the same because 2.95 × 103 is very small compared with 5.36 × 107.

14. 8.75 × 10−7 is such a small amount (0.000 000 875) that when it is added to 2.39 × 10−3, it doesn’t affect the value when 
given to 3 significant figures.

15. 1.5 × 10−2, 14%, 0.52, 5
8
, 0.753, √3 2, √2

16. a. i. 385 440 km ii. 78 489 600 km iii. 1 278 960 000 km iv.   5 772 840 000 km

b.  i. 385 000 km ii. 78 500 000 km iii. 1 280 000 000 km iv. 5 770 000 000 km

c. i. 3.85 × 105
 km ii. 7.85 × 107

 km iii. 1.28 × 109
 km iv. 5.77 × 109

 km

17. a. i. 31 536 000 s ii. 3.1536 × 107
 s

b. i. 9 460 800 000 000 km ii. 9.4608 × 1012
 km

c. i. 4.068 × 1013
 km ii. 46 440 000 years

18. a. 5.972 × 1021 b. 4

19. a. 9.1094 × 10–31 b. 1.6725 × 10–27 c. 1.6726 × 10–27

d. It is important to work with the original amounts and leave rounding until the end of a calculation so that the answer is 
accurate.

20. Scientific notation is an easier way of representing very large and very small numbers.

21. 1.394 × 106
 km; 12 800 or 1.28 × 104

 km

Exercise 6.6 Applying the index laws to variables
 1. a. 22 × 3  b. 23 × 32  c. 3 × 52

 d. 24 × 3 × 5  e. 27 × 5  f. 23 × 52 × 72

 2. a. 20p11  b. 6x8  c. 56y10

 d. 21p8  e. 84t6  f. 30q15
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 3. a. 6a6e7  b. 8p6h12  c. 80m9  d. 6g3h6

 e. 30p6q9  f. 48u9w7  g. 27d11y17  h. 42b14c9

 i. 24r16s18  j. 60h38v20

 4. a. 3p4  b. 6r4  c. 9a3

 d. 3b6  e. 20r4  f. 9q

 5. a. 
3p5

2
 b. 

8b5

3
 c. 

5m10n6

6

 d. 
9x8y

4
 e. 

4hk3

3
 f. 3j5f 3

 g. 
4p2rs

3
 h. 

9a5b3c
2  i. 

20f 6g2h4

3
 6. a. 1  b. 6  c. 1  d. 1

 e. 5  f. 1  g. 1  h. 2

 i. 2  j. 3  k. 1  l. 2

 m. 0  n. 14  o. 6  p. 6

 7. a. 1  b. 2  c. 2  d. 2

 e. 2  f. 
h2

2
 g. 

q4

5
 h. 

n3

5

 i. v2  j. 2x6

 8. a. 
1

x3
 b. 

1

m8
 c. 

1

4m6
 d. 

2

x2

 e. 2x2  f. 24t6  g. 
1

2y5
 h. 

7y3

4x5

 i. 
2

5m3n4
 j. 

2

n2
 k. 

2y
x

 l. 
c4

a4

 9. a. 6  b. 9  c. 18

 d. 11  e. 15

 10. Answers will vary.

 11. a. B  b. D  c. D

 d. A  e. D

12. Answers will vary.

13. a. 59 b. Answers will vary.

14. a. 516 b. Answers will vary.

15. a. 1 b. 1 c. Zero d. Answers will vary.

16. a. Δ=14

b. Answers will vary, but Δ + O + ◇ must sum to 12. Possible answers include: 
Δ = 3, O = 2, ◇ = 7; Δ = 1, O = 3, ◇ = 8; Δ = 4, O = 4, ◇ = 4; Δ = 5, O = 1, ◇ = 6.

17. a. The repeating pattern is 1, 3, 9, 7.

b. 3

18. a. The repeating pattern is 4, 6.

b. 4

19. a. Answers will vary.

b. i. 8 ii. 1 iii. 2

20. 22n+3

21. Index laws provide short cuts for many calculations.

22. a. 3 b. 5 c. 7 d. 872 − 862 = 173

Exercise 6.7 Using index laws to simplify algebraic products and quotients
1. a. e6 b. f80 c. p100

d. r144 e. a8b12 f. p5q15

g. g30h20 h. 81w36q8 i. 49e10r4q8
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2. a. p8q6 b. r15w9 c. b10n18

d. j18g12 e. q4r20 f. h24j16

g. a21f16 h. t10u8 i. i15j12

3. a. 
9b8

d6
b. 

25h20

4j4
c. 

8k15

27t24

d. 
49p18

64q44
e. 

125y21

27z39
f. 

256a12

2401c20

g. 
−64k6

343m18
h. 

16g28

81h44

4. a. 220 b. t33 c. a21

d. b24 e. e66 f. g39

g. 324a20 h. 216d27 i. 40 000r54

5. B

6. B

7. D

8. a. a6 b. m4 c. n3 d. b8

e. f17 f. g6 g. p9 h. y2

i. c20 j. f7 k. k14 l. p16

9. a. i. 1 ii. −1 iii. −1 iv. 1

b. (−1)even = 1(−1)odd = −1

10. a. 5 b. 6 c. 30 d. Answers will vary.

11. a. 512 b. Answers will vary.

12. Danni is correct. Explanations will vary but should involve (–x) (–x) = (–x)2 = x2 and –x2 = –1 × x2 = –x2.

13. a. i. x = 5
3

ii. x = 5
3

iii. x = 5
3

b. When equating the powers, 3x = 5.

14. Answers will vary. Possible answers are 4096 and 262 144.

15. 108 × 108 × 108 = (108)3 atoms

16. a. 41 b. 72

17. a. 21 b. 34 c. 1
52 d. 22

e. 1
22 f. 1

2
g. 1

2
h. 1

7

18. a. i. 3 ii. 4 iii. 8 iv. 11

 b. i. 3 ii. 4 iii. 8 iv. 11

 c. Raising a number to a power of one-half is the same as finding the square root of that number.

19. Index laws operate in exactly the same way with numeric bases as with algebraic bases, the only difference is that a number 
raised to a power can be written as a basic numeral, an algebraic expression cannot.

Exercise 6.8 Applying index laws to algebraic expressions involving integer indices
1. a. 35 = 243, 34 = 81, 33 = 27, 32 = 9, 31 = 3, 30 = 1, 3−1 = 1

3
, 3−2 = 1

9
, 3−3 = 1

27
, 3−4 = 1

81
, 3−5 = 1

243

b. 54 = 625, 53 = 125, 52 = 25, 51 = 5, 50 = 1, 5−1 = 1
5
, 5−2 = 1

25
, 5−3 = 1

125
, 5−4 = 1

625

c. 104 = 10 000, 103 = 1000, 102 = 100, 101 = 10, 100 = 1, 10−1 = 1
10

, 10−2 = 1
100

, 10−3 = 1
1000

, 10−4 = 1
10 000

2. a. 1
32

b. 1
27

c. 1
4

d. 1
100

e. 1
125

f. 7 g. 4
3

h. 16
9

i. 27 j. 2
3

k. 16
81

l. 49
4

3. a. 
1

x4
b. 

1

y5
c. 

1
z

d. 
a2

b3

e. 
7

m2
f. 

1

m2n3
g. 

1

m2n3
h. x2y2

i. 5x3 j. 
w5

x2
k. x2y2 l. 

a2c

b3d4

m. 
a2d3

b2c2
n. 

10y

x2
o. 

x
3

p. 
1

m3x2
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4. a. 
1

a5
b. m5 c. 

1

m7
d. 

14
x

e. 
1

x3
f. 

6

x5y3
g. 50x3 h. 1

i. 
50

a5
j. 10a4 k. 

−32

w3
l. 

16

m4

m. 
27m6

n12
n. 

1

a6b15
o. a2b6 p. 

25

a2

5. a. 
1

x5
b. 

1

x11
c. x11 d. x5

e. 
2
a

f. 
6c4

a2
g. 

2

a6
h. 

5
m

i. 
1
b

j. 
1

a3b2
k. 

c2

a4
l. 

1
16a

m. 
1

m3
n. 

3

2t9
o. t3 p. 

m2

n3

6. a. 20 b. 23 c. 25

d. 26 e. 2−3 f. 2−5

7. a. 40 b. 41 c. 43

d. 4−1 e. 4−2 f. 4−3

8. a. 100 b. 101 c. 104

d. 10−1 e. 10−2 f. 10−5

 9. a. 3−4 = 1

34

b. Answers will vary but should convey that if dividing, the power in the numerator is lower than that in the denominator.

c. Answers will vary.

10. Answers will vary but should convey that the negative 13 means the decimal point is moved 13 places to the left of 3. Using 
scientific notation allows the number to be expressed more concisely.

11. a. No. The equivalent expression is 
1

x2
.

b. No. The equivalent expression with positive indices is 
x6 + 1

x3
.

c. No. The equivalent expression with positive indices is 
(xy)2

(x + y)2
.

12. a. No. The equivalent expression with positive indices is 
x13 − 1

x5
.

b. No. The correct equivalent expression is 
1

x6 − x3
.

13. a. 3 b. –1 c. 2 d. –4

14. a. 0.048 b. 7600 c. 0.000 29 d. 8.1

15. 219

16. 320

17. a. 6
5

b. (
3
2)

200
c. 4x8

18. Answers will vary. However, you can think of the index laws like this:

• Multiplication using indices means add the indices.

• Division using indices means subtract the indices.

• A number with a zero index equals 1.

• When a power is raised to another power, the indices are multiplied.

• When a product of two numbers is jointly raised to a power, it is equal to the product of both numbers each raised to that power.

• When a fraction is raised to a power, both the numerator and denominator are raised to that same power.

Exercise 6.9 Introduction to fractional indices
1. a. √x b. √5 y c. √4 z

d. √3 2w e. √7
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2. a. 15
1
2 b. m

1
2 c. t

1
3

d. (w2)
1
3 e. n

1
5

3. a. 7 b. 2 c. 3 d. 5

e. 10 f. 8 g. 4 h. 2

i. 3 j. 1000 k. 100 l. 9

4. a. m b. b c. 6t2 d. mn2

e. 5t2 f. xy2 g. a2m10 h. 6y2

i. 4x2y2 j. 5ab2c3 k. b7 l. b3

5. a. B b. D c. A

6. a. 3
1
2

+1
2 = 31 b. √3 c. 3 d. a

1
n

e. i. 2 ii. 4

7. a. z2.5 = z
5
2 = (z5)

1
2 = √z5

b. No, it is the tenth root: z0.3 = z
3
10 = (z3)

1
10 = (√z3)10.

8. Mark is correct: √x2 = x
1
2

×2
= x1 = x; x can be a positive or negative number.

9. (−23)
1
3 = −2; answers will vary but should include that we cannot take the fourth root of a negative number.

10. 16
81

11. √1871 ≈ 43.25

422 = 1764

432 = 1849

He was 43 years old in 1849. Therefore, he was born in 1849 − 43 = 1806.

12. a. Answers will vary.

b. i. d = t
2
3 ii. t = d 

3
2

13. a. No, since it has x2 and √   .

b. 2, because the square root of a number has a positive and a negative answer

c. 5
3
, 1

14. a 

b
n

15. i40 = (i2)20 = (−1)20 = 1

Investigation | Rich task
1. Fold 1, 8 cm × 4 cm; fold 2, 4 cm × 4 cm; fold 4, 2 cm × 2 cm; fold 5, 2 cm × 1 cm

2. Fold 1, 32 cm2; fold 2, 16 cm2; fold 4, 4 cm2; fold 5, 2 cm2

3. 
Number of folds 0 1 2 3 4 5

Thickness of paper 1 2 4 8 16 32

Area of surface after each fold (cm2) 64 32 16 8 4 2

4. There is no linear relationship.

5. Number of folds ( f ) 0 1 2 3 4 5

Thickness of paper (t) 20 21 22 23 24 25

Area of surface after each fold (cm2)  (a) 26 25 24 23 22 21

6. t = 2f, at = 26, a = 26−f

7. t = 2f, at = 28, a = 28−f

8. Check with your teacher.
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Exercise 6.10 Review questions
1. A

2. a. Irrational, since equal to non-recurring and non-terminating decimal

b. Rational, since can be expressed as a whole number

c. Rational, since given in a rational form

d. Rational, since it is a recurring decimal

e. Irrational, since equal to non-recurring and non-terminating decimal

3. D

4. c, d

5. C

6. B

7. a. 4 b. 5 c. a d. x

8. a. 3 b. 12 c. 89 d. 0

9. a. 25 b. 16 c. 32

d. 1000 e. 81 f. 429  981 696

10. a. 22 × 52 b. 112 c. 23 × 13

d. 32 × 52 e. 22 × 3 × 72 f. 25 × 32 × 5 × 7

11. a. b10 b. m11 c. k8

d. f14 e. h10 f. 6q17

g. 35w29 h. 12e5p8 i. 105a16b17

12. a. a3 b. t4 c. r7 d. p3

e. f5 f. y90 g. m10 h. g7

i. x j. d7 k. t5 l. p5

m. 4k4 n. 11b7c5 o. 
9e6

32d2

13. a. 1 b. 1 c. 1 d. 1

e. 1 f. a g. 3 h. 3

i. 199 j. a7 k. v10 l. pr

m. a9b4 n. j8m3 o. 4e2 − 36 p. −8

q. 15 − 12x r. −3 s. 54

14. a. b8 b. a24 c. k70 d. j200

e. a15b6 f. m14n24 g. s3t18 h. q10p300

15. C

16. a. 
1
a

b. 
1

k4
c. 

2

m4
d. 

42

y5

17. a. x−1 b. 2y−4 c. z−3 d. 135p−3q−3

18. a. 10 b. 6 c. a d. b

e. 7f 2 f. 3 g. 10 h. x

i. 2d j. 4f2g

19. A

20. a. Irrational, since equal to non-recurring and non-terminating decimal

b. Rational, since can be expressed as a whole number

c. Rational, since given in a rational form

d. Rational, since it is a recurring decimal

e. Irrational, since equal to non-recurring and non-terminating decimal

21. D

22. c, d

23. C

24. B
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25. 1.4 × 1012

26. 4.167 × 108

27. 9.16 × 107
 km

28. 1.2441 × 109
 km

29. a. 3.4 × 107, 1.5 × 109, 6 × 109

b. 0.57% c. 4 d. 0.25 km2

30. 820 000 queen bees

31. 2.95%

32. During the 5th year or 5.5 years

33. a. Mach 9.1

b. Mach number Speed in m/s Speed in km/h

1 343 1234.8

2 686 2469.6

3 1029 3704.4

9.1 3130.6 11 270

c. Travelling at Mach 1 would take 32.39 hours.

Travelling at Mach 2 would take 16.20 hours.

Travelling at Mach 3 would take 10.79 hours.

d. 3.55 hours

e. The fastest aircraft would travel the Earth 9.12 times in the time an aircraft travelling at Mach 1 would circle the Earth once.

The fastest aircraft would travel the Earth 4.56 times in the time an aircraft travelling at Mach 2 would circle the Earth once.

The fastest aircraft would travel the Earth 3.04 times in the time an aircraft travelling at Mach 3 would circle the Earth once.

f. (Number of times to circle Earth) × (Mach value) is approximately equal to 9.1.

34. a. 
1 2 4 8 16 32 64 128

b. 
20 21 22 23 24 25 26 27

c. 
20 21 22 23 24 25 26 27

28 29 210 211 212 213 214 215

216 217 218 219 220 221 222 223

224 225 226 227 228 229 230 231

232 233 234 235 236 237 238 239

240 241 242 243 244 245 246 247

248 249 250 251 252 253 254 255

256 257 258 259 260 261 262 263

d. Square number Grains paid Total paid

1 1 1

2 2 3

3 4 7

4 8 15

5 16 31

6 32 63

7 64 127

8 128 255

e. The total paid is 1 less than twice the number of grains paid.

Total paid = 2(Grains paid) − 1

f. 2(263) − 1 = 18  446  744  073  709  551 615 or 1.844 674 407 × 1019

UNCORRECTED P
AGE P

ROOFS

UNCORRECTED P
AGE P

ROOFS



UNCORRECTED P
AGE P

ROOFS

UNCORRECTED P
AGE P

ROOFS




