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2.1 Overview
Why learn this?
Indices (the plural of index) are an abbreviated way
of expressing a number that has been multiplied by
itself. They are also referred to as powers. For example,
4× 4× 4× 4× 4 can be written in index form as 45.
This is much simpler and neater than writing out all
the repeated multiplication. Indices are very valuable
in real life when dealing with very large or very small
numbers, or with a number that is continually multiplied
by itself. Indices are used in many parts of our modern
technological world. For example, indices are used in
computer game physics; investors use indices to track
and measure share market growth; and engineers use
indices to calculate the strength of materials used in
buildings.

Biological scientists use indices to measure the growth
and decay of bacteria. Indices are used by astrophysicists
to calculate the distance, temperature and brightness
of celestial objects. Did you know that the distance from Earth to the sun is 150 000 000 km or 1.5× 108 km?
Using indices to represent a large number is helpful, as you do not have to write too many zeros. You are likely
to come across indices in other subjects such as Science and Geography, so it is important that you understand
what indices are, and that you can use them to perform simple calculations.

Where to get help

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

Fully worked

solutions

to every

question

Digital

documents

Video

eLessons
Interactivities

eWorkbook
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Exercise 2.1 Pre-test

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

1. Write 3× 3× 3× 3× 3 in index form.

2. Evaluate 32 × 23.

3. Simplify the fraction
42a2

48a2
.

4. Simplify 2c3 × 5c4.

5. MC From the list given, select the correct simplification of
c12

c4
.

3A.
c3

c1
B. c3C. c8D. 8E.

6. Simplify the fraction
18d 6

24d 3
.

7. Evaluate 70.

8. Show that
3m5

4m3
× 8m4

12m6
= 1

2
.

9. Simplify the following expressions. Write your answers in simplified index form.(
75
)3

a. (2w5)4b. (3p5)2 × (2p2)0 × 5pc.

10. Simplify the following.

(3ab2)2 × (5a3b)a.
(3a2b)2

6ab
b.

11. MC Select the correct simplification of 4f 3+ 3f 2− 2f 3.

5f 2A. 3f 4B. 3f 2+ 2C. 2f 3+ 3f 2D. 5f 4E.

12. Simplify the following expression.(
3g5

4h3

)2

13. Show that ((23)2)
3
= ((32)3)

2
.

14. A cube’s side length is written in index form as 73 cm. Write down the index form for the volume of
that same cube.

15. The total surface area of a rectangular box is given by 2(lw+ lh+wh), where l is the length, h is the
height and w is the width of the box (all measured in cm).

Given that l= a2b, w= ab2 and h= a2b2, write an expression for the surface area of the rectangular
box, simplifying the expression as far as possible.
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2.2 Review of index form
LEARNING INTENTION

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

eles-3548

2.2.1 Index notation
• If a number or a variable is multiplied by itself several times,

it can be written in a shorter form, which is referred to as
index or exponent notation.

• A number expressed in index form has two parts:
1. The base
2. The power (also referred to as an index or exponent)

• The base tells us what number or variable is being multiplied
• The power (index or exponent) tells us how many times the

base will be written and multiplied by itself.
• Factor form is when all the multiplications are shown.

Power, index, exponent

Basic numeral

Base Factor

form

 74 = 7 × 7 × 7 × 7

= 2401

• When the answer corresponds to a number it is called the basic numeral.
• Any number or variable that does not appear to have an index or power has an index of 1.

For example, 2= 21 and a= a1.

WORKED EXAMPLE 1 Identifying the base and power

State the base and power for the number 514.

THINK WRITE

1. Write the number. 514

2. Identify the base. The base is 5.

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

The power is 14.

WORKED EXAMPLE 2 Writing a number in factor form

Write 124 in factor form.

THINK WRITE

1. Write the number. 124

2. The base is 12, so this is what will be multiplied. = 12× 12× 12× 12

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

Express 2× 5× 2× 2× 5× 2× 5 in index form.

THINK WRITE

1. Write the numeric expression. 2× 5× 2× 2× 5× 2× 5

2. Collect the like terms together. = 2× 2× 2× 2× 5× 5× 5

3. The number 2 has been multiplied by itself 4 times and
the number 5 has been multiplied by itself 3 times.

= 24 × 53

WORKED EXAMPLE 4 Expressing a number in factor form

Express 7× 53 × 65 in factor form.

THINK WRITE

1. Write the numeric expression. 7× 53 × 65

2. List the factors: 7 is written once, 5 is multiplied by
itself 3 times, and 6 is multiplied by itself 5 times.

= 7× 5× 5× 5× 6× 6× 6× 6× 6

eles-3549
2.2.2 Prime factorisation using index notation

• Any composite number can be written as a product of its prime factors.
Therefore, it can be written using index notation, as illustrated by the factor tree
shown.

Remember, a composite number is a number that can be divided by another
whole number (for example 48). A prime number is a number that can only be
divided by itself and 1 (for example 5). 1 is not a prime number.

48

2 24

2 12

3

2

4

2

48 = 2× 2× 3× 2× 2

= 24 × 3

WORKED EXAMPLE 5 Expressing numbers in index form using prime factorisation

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

THINK WRITE

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

2. Determine whether each number of the factor
pair is prime. If the factors are prime, then no
further calculations are required. If the factors
are not prime, then each must be expressed as a
product of another factor pair.

140 = (2× 7)× (2× 5)
= 2× 7× 2× 5
= 2× 2× 5× 7

3. Write the answer. 140 = 22 × 5× 7

TOPIC 2 Index laws 37
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Digital technology

Some calculators and mathematical computational software
packages include a Computer Algebra System (CAS
technology). These technologies can deal with more
sophisticated mathematics compared to a scientific calculator.

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

COLLABORATIVE TASK: Investigating powers

1. As a class, create a table on the board to show the numbers 1 to 10 raised to the power of 1 to 6.
2. Compare the results of raising 2 and 4 to different powers.
3. How can the table be used to show the value of different roots of numbers?
4. Investigate how the table would look if the numbers that were raised to different powers were unit

fractions.
5. Investigate how the table would look if the numbers that were raised to different powers were decimals,

such as 0.1, 0.2 and 0.3.
6. What is the difference between raising a number that is greater than 1 to a power and raising a number

that is less than 1 to a power?

Resourceseses
Resources

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

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

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

Exercise 2.2 Review of index form

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 15, 19, 22, 25

CONSOLIDATE
2, 5, 8, 11, 14, 17, 20, 23, 26

MASTER
3, 6, 9, 12, 16, 18, 21, 24, 27

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

Fluency

1. WE1 State the base and power for each of the following.

84a. 710b. 2011c.
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2. State the base and power for each of the following.

190a. 7812b. 3100c.

3. State the base and power for each of the following.

c24a. n36b. d 42c.

4. Express the following in index form.

2× 2× 2× 2× 2× 2a. 4× 4× 4× 4b. x× x× x× x× xc.

5. Express the following in index form.

9× 9× 9a. 11× l× l× l× l× l× l× lb. 44×m×m×m×m×mc.

6. WE2 Write the following in factor form.

42a. 54b. 75c. 63d.

7. Express the following in factor form.

36a. n7b. a4c. k10d.

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

35a. 44b. 28c. 113d.

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

74a. 63b. 110c. 54d.

10. MC State what 63 means.

6× 3A. 6× 6× 6B. 3× 3× 3× 3× 3× 3C.
6+ 6+ 6D. 3× 6E.

11. MC State what 35 means.

3× 5A. 5× 5B. 3+ 3+ 3+ 3+ 3C.
3× 3× 3× 3× 3D. 5× 3E.

12. WE3 Express each of the following in index form.

6× 2× 2× 4× 4× 4× 4a. 7× 7× 7× 7× 3× 3× 3× 3b.
19× 19× 19× 19× 19× 2× 2× 2c. 13× 13× 4× 4× 4× 4d.

13. Express each of the following in index form.

66× p× p×m×m×m×m×m× s× sa. 21× n× n× 3× i× i× i× 6× r× r× rb.
16× k× e× e× e× 12× p× pc. 11× j× j× j× j× j× 9× p× p× ld.

14. WE4 Express each of the following in factor form.

15f 3j 4a. 7k6s2b. 4b3c5c. 19a4mn3d.

Understanding

15. WE5 Using indices, express each of the following numbers as a product of its prime factors.

400a. 225b. 2000c.

16. Using indices, express each of the following numbers as a product of its prime factors.

64a. 40b. 36c.

17. Some basic numerals are written as the product of their prime factors. Identify each of these basic numerals.

23 × 3× 5a. 22 × 52b. 23 × 33c.

18. Some basic numerals are written as the product of their prime factors. Identify each of these basic numerals.

22 × 7× 11a. 32 × 52 × 7b. 26 × 54 × 19c.
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19. Express each of the following numbers in index form with base 10.

10a. 100b. 1000c. 1 000 000d.

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

Basic numeral Expanded form

230 2× 102+ 3× 101

a. 500
b. 470
c. 2360
d. 1980
e. 5430

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

7× 104+ 5× 103a. 3× 104+ 6× 102b.

5× 106+ 2× 105+ 4× 102+ 8× 101c.

Reasoning

22. Explain how you will remember the meaning of base and index.

23. Explain what a3b4 means. As part of your explanation, write a3b4 as a basic numeral in factor form.

24. Explain which of the following scenarios results in a larger amount. Use calculations to help justify your
response.
• Having $1 000 000 deposited into your bank account immediately
• Having 1 cent deposited into your bank account immediately, then having the amount in your account

doubled each day for a period of 4 weeks

Problem solving

25. a, b and c are prime numbers.

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

26. a. Rewrite the numbers 10 and 14 in expanded form with powers of 2 using 23, 22 and 21 as appropriate.
b. Add the numbers in expanded form.
c. Convert your answer for part b into a basic numeral.

27. a. Rewrite the numbers 140 and 680 in expanded form using powers of 10.
b. Add the numbers in expanded form.
c. Convert your answer for part b into a basic numeral.
d. Try the question again with two numbers of your own. Choose numbers between 1000 and 10 000.
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2.3 Multiplying powers

LEARNING INTENTION

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

eles-3550

2.3.1 The First Index Law (multiplying numbers with the same base)
• Numbers in index form with the same base

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

For example,

53 × 52= (5× 5× 5)× (5× 5)= 55

or 44 × 43= (4× 4× 4× 4)× (4× 4× 4)= 47

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

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

For example,

53 × 52 = 53+2

= 55
and 44 × 43 = 44+3

= 47

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

First Index Law: Multiplying powers

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

am × an= am+n

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

•

Applying the First Index Law to algebraic expressions

2a4 × 3a5 =

Coefficients Coefficients
multiplied

Variables multiplied

(2× 3) × (a4 × a5) = 6a9

TOPIC 2 Index laws 41
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WORKED EXAMPLE 6 Simplifying using factor form

Simplify 23 × 26 by first writing it in factor form and then giving the answer in index form.

THINK WRITE

1. Write the problem. 23 × 26

2. Write it in factor form. = (2× 2× 2)× (2× 2× 2× 2× 2× 2)
3. Simplify by writing in index form. = 29

WORKED EXAMPLE 7 Simplifying using the First Index Law

Simplify 74 × 7× 73, giving your answer in index form.

THINK WRITE

1. Write the numeric expression. 74 × 7× 73

2. Check all indices in the expression (the middle 7 has an
index of 1).

= 74 × 71 × 73

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

4. Simplify by applying the First Index Law (add indices). = 74+1+3

5. Write the answer. = 78

WORKED EXAMPLE 8 Simplifying using the First Index Law

Simplify 5e10 × 2e3.

THINK WRITE

1. Write the algebraic expression. 5e10 × 2e3

2. The order is not important when multiplying, so place
the numbers first.

= 5× 2× e10 × e3

3. Multiply the constant terms. = 10× e10 × e3

4. Check to see if the bases are the same. They are both e.

5. Simplify by applying the First Index Law (add indices). = 10e10+3

6. Write the answer. = 10e13
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eles-3551
2.3.2 Multiplying expressions containing numbers with different bases

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

WORKED EXAMPLE 9 Simplifying algebraic expressions

Simplify 7m3 × 3n5 × 2m8 ×n4.

THINK WRITE

1. Write the algebraic expression. 7m3 × 3n5 × 2m8 × n4

2. The order is not important when multiplying, so place the
numbers first and group the same variables together.

= 7× 3× 2×m3 ×m8 × n5 × n4

3. Simplify by multiplying the constant terms and applying the
First Index Law to variables that are the same (add indices).

= 42×m3+8 × n5+4

4. Write the answer. = 42m11n9

Resourceseses
Resources

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

Interactivities Individual pathway interactivity: First Index Law (int-4402)
First Index Law (int-3709)
Multiplying expressions containing numbers in index form with different bases (int-3710)

Exercise 2.3 Multiplying powers

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 15, 16, 19

CONSOLIDATE
2, 5, 8, 11, 14, 17, 20

MASTER
3, 6, 9, 12, 18, 21

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

Fluency

1. WE6 Simplify the following expressions by first writing them in factor form and then giving the answer in
index form.

37 × 32a. 64 × 63b. 106 × 104c. 113 × 113d.

2. Simplify each of the following.

78 × 7a. 211 × 23b. 52 × 52c. 89 × 82d.

3. Simplify each of the following.

137 × 138a. q23 × q24b. x7 × x7c. e× e3d.
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4. WE7 Simplify each of the following, giving your answer in index form.

34 × 36 × 32a. 210 × 23 × 25b. 54 × 54 × 59c. 68 × 6× 62d.

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

10× 10× 104a. 172 × 174 × 176b. p7 × p8 × p7c. e11 × e10 × e2d.

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

g15 × g× g12a. e20 × e12 × e6b. 3× b2 × b10 × bc. 5× d 4 × d 5 × d 7d.

7. MC Select which of the following is equal to 6× e3 × b2 × b4 × e.
6b6e4A. 6b6e3B. 6b9eC. 6b10eD. 6b8e3E.

8. MC Select which of the following is equal to 3× f 2 × f 10 × 2× e3 × e8.
32e11f 12A. 6e11f 12B. 6e23fC. 6e24f 20D. 3e24f 22E.

9. WE8 Simplify each of the following.

4p7 × 5p4a. 2x2 × 3x6b. 8y6 × 7y4c.

10. Simplify each of the following.

3p× 7p7a. 12t3 × t2 × 7tb. 6q2 × q5 × 5q8c.

Understanding

11. WE9 Simplify each of the following.

2a2 × 3a4 × e3 × e4a. 4p3 × 2h7 × h5 × p3b.

2m3 × 5m2 × 8m4c. 2gh× 3g2h5d.

5p4q2 × 6p2q7e.

12. Simplify each of the following.

8u3w× 3uw2 × 2u5w4a. 9dy8 × d3y5 × 3d7y4b.

7b3c2 × 2b6c4 × 3b5c3c. 4r2s2 × 3r6s12 × 2r8s4d.

10h10v2 × 2h8v6 × 3h20v12e.

13. Simplify each of the following.

3x × 34a. 3y × 3y+2b.

32y+1 × 34y−6c. 3
1
2 × 3

2
3 × 3

3
4d.

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

15. Use your answers to question 14 to help you simplify each of the following expressions. (Give each answer
in index form.)

34 × 81× 9a. 27× 3n × 3n−1b.

Reasoning

16. Explain why 2x × 3y does not equal 6(x+y).

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

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

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

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

Write your answer in index form.
e. Simplify your answer to part d by first taking out a

common factor.

20. a. If x2= x× x, what does (x3)2 equal?
b. If the sides of a cube are 24 cm long, what is the volume of the cube in index form?

(Hint: The volume of a cube of side length l cm is l3 cm3.)
c. Evaluate the side length of a cube of volume 56 mm3.
d. Evaluate the side length of a cube of volume (an)3pmm3.

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

2.4 Dividing powers

LEARNING INTENTION

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

eles-3552

2.4.1 The Second Index Law (dividing numbers with the same base)
• Numbers in index form with the same base can be divided

by first being written in factor form.

For example,

26 ÷ 24 = 2× 2× 2× 2× 2× 2

2× 2× 2× 2

= �2× �2× �2× �2× 2× 2

�2× �2× �2× �2
= 2× 2

= 22

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

For example,
26 ÷ 24 = 26−4

= 22
or 310 ÷ 36 = 310−6

= 34

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

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

am ÷ an= am

an
= am−n

WORKED EXAMPLE 10 Simplifying using factor form

Simplify
510

53
by first writing in factor form and then leaving your answer in index form.

THINK WRITE

1. Write the numeric expression.
510

53

2. Change to factor form. = 5× 5× 5× 5× 5× 5× 5× 5× 5× 5

5× 5× 5

3. Cancel three 5s from the numerator and three 5s from the
denominator.

= 5× 5× 5× 5× 5× 5× 5× �5× �5× �5

�5× �5× �5
= 5× 5× 5× 5× 5× 5× 5

4. Write the answer in index form. = 57

WORKED EXAMPLE 11 Simplifying using the Second Index Law

Simplify d12 ÷ d4 using an index law.

THINK WRITE

1. Write the algebraic expression and express it as a fraction. d 12 ÷ d 4 = d 12

d 4

2. Check to see if the bases are the same. They are both d.

3. Simplify by using the Second Index Law (subtract indices). = d 12−4

4. Write the answer in index form. = d 8

eles-3553
2.4.2 Dividing algebraic terms containing coefficients

• When the variables in index form have numerical coefficients, we divide them as we would divide any
other numbers and then apply the Second Index Law to the variables.

• In examples where the coefficients do not divide evenly, we simplify the fraction that is formed by them.
• When there is more than one variable involved in the division question, the Second Index Law is applied to

each variable separately.
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WORKED EXAMPLE 12 Simplifying when coefficients are present

Simplify 36d 7 ÷ 12d 3, giving your answer in index form.

THINK WRITE

1. Write the algebraic expression and express it as a fraction. 36d 7 ÷ 12d 3 = 36d 7

12d 3

2. Divide the numbers (or coefficients). = 3d 7

d 3

3. Simplify by using the Second Index Law (subtract indices). = 3d 7−3

= 3d 4

WORKED EXAMPLE 13 Simplifying using the first and second index laws

Simplify
7t 3 × 4t 8

12t 4
.

THINK WRITE

1. Write the algebraic expression.
7t 3 × 4t 8

12t 4

2. Multiply the numbers in the numerator and apply the
First Index Law (add indices) in the numerator.

= 28t 11

12t 4

3. Simplify the fraction formed and apply the Second
Index Law (subtract indices).

= 7t 11−4

3

= 7

3
t 7

Resourceseses
Resources

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

Digital documents SkillSHEET Equivalent fractions (doc-6836)
SkillSHEET Simplifying algebraic expressions (doc-6837)
SkillSHEET Simplifying algebraic fractions (doc-6838)

Interactivities Individual pathway interactivity: Second Index Law (int-4403)
Second Index Law (int-3711)
Dividing with coefficients (int-3712)
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Exercise 2.4 Dividing powers

Individual pathways

PRACTISE
1, 2, 5, 8, 11, 12, 15, 18, 21

CONSOLIDATE
3, 6, 9, 13, 16, 19, 22

MASTER
4, 7, 10, 14, 17, 20, 23

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

Fluency

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

25

22
a.

77

73
b.

108

105
c.

94

95
d.

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

33 ÷ 32a. 119 ÷ 112b. 58 ÷ 54c. 126 ÷ 12d.

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

345 ÷ 342a. 1375 ÷ 1374b. 623 ÷ 619c.
1013

109
d.

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

15456

15423
a.

h78

h
b.

b77

b7
c.

f 1000

f 100
d.

5. WE11 Simplify each of the following, giving your answer in index form.

3x5 ÷ x3a. 6y7 ÷ y5b. 8w12 ÷w5c. 12q34 ÷ 4q30d.

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

16f 12 ÷ 2f 3a. 100h100 ÷ 10h10b. 80j 15 ÷ 20j 5c.
45p14

9p4
d.

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

48g8

6g5
a.

12b7

8b
b.

81m6

18m2
c.

100n95

40n5
d.

8. MC Select which of the following is equal to 21r20 ÷
(
14r10

)
.

7r10A.
3r2

2
B. 7r2C.

3r10

2
D.

2

3
r10E.

9. MC Select which of the following is equal to

(
2m33

16m11

)
.

m22

8
A.

8

m22
B. 8m22C.

m3

8
D. None of the aboveE.

10. WE12 Simplify each of the following.

15p12

5p8
a.

18r6

3r2
b.

45a5

5a2
c.

11. Simplify each of the following.

60b7

20b
a.

100r10

5r6
b.

9q2

q
c.
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Understanding

12. WE13 Simplify each of the following.

8p6 × 3p4

16p5
a.

12b5 × 4b2

18b2
b.

25m12 × 4n7

15m2 × 8n
c.

13. Simplify each of the following.

27x9y3

12xy2
a.

16h7k4

12h6k
b.

12j 8 × 6f 5

8j 3 × 3f 2
c.

14. Simplify each of the following.

8p3 × 7r2 × 2s

6p× 14r
a.

27a9 × 18b5 × 4c2

18a4 × 12b2 × 2c
b.

81f 15 × 25g12 × 16h34

27f 9 × 15g10 × 12h30
c.

15. Simplify each of the following.

210 ÷ 2pa. 27e ÷ 23e−4b.
54x × 53y

52y × 5x
c.

32−3m × 37m

35m × 3
d.

16. Consider the fraction
8× 16× 4

2× 32
.

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

in index formi. as a basic numeral.ii.

17. Consider the fraction
6× 27× 36

12× 81
.

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

in index formi. as a basic numeral.ii.

Reasoning

18. Explain why
12x

3y
does not equal 4(x−y).

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

20. Using two different methods for simplifying the expression
y4

y6
, show that y−2= 1

y2
.

Problem solving

21. By considering a p ÷ a p, show that any base raised to the power of zero equals 1.

22. By considering m6 ÷m8, show that m−2= 1

m2
.

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

At the end of this subtopic you should be able to:
• apply the Third Index Law to expressions that are raised to the power of zero.

eles-3554

2.5.1 The Third Index Law (the power of zero)
• Consider the following two methods of simplifying

23 ÷ 23.

Method 1 Method 2

23 ÷ 23 = 2× 2× 2
2× 2× 2

= 8
8

= 1

23 ÷ 23 = 23

23

= 23−3

= 20

• As the two results must be the same, 20 must equal 1.
• Another way to establish the meaning of the zero index is to consider the following pattern of numbers:

35 = 243

34 = 81

33 = 27

32 = 9

31 = 3

30 = ?

As each consecutive number is found by dividing the previous number by 3, then 30= 1.

Third Index Law: The zero index

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

a0 = 1 where a≠ 0

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

(22 × 3)0= 1 or
(
2abc2

)0= 1
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WORKED EXAMPLE 14 Simplifying using the Third Index Law

Determine the value of 150.

THINK WRITE

1. Write the numeric expression. 150

2. Any non-zero base with an index of zero is equal to one
(Third Index Law).

= 1

WORKED EXAMPLE 15 Simplifying using the Third Index Law

Determine the value of (25× 36)0.

THINK WRITE

1. Write the numeric expression. (25× 36)0

2. Everything within the brackets has an index of zero;
therefore, according to the Third Index Law, it is equal to 1.

= 1

WORKED EXAMPLE 16 Simplifying using the Third Index Law

Determine the value of 19e5a0.

THINK WRITE

1. Write the algebraic expression. 19e5a0

2. The base a has a power of zero, so it is equal to one. = 19e5 × 1

3. Simplify and write the answer. = 19e5

WORKED EXAMPLE 17 Simplifying using various index laws

Simplify
6m3 × 11m14

3m10 × 2m7
.

THINK WRITE

1. Write the algebraic expression.
6m3 × 11m14

3m10 × 2m7

2. Multiply the constant terms and apply the
First Index Law (add indices) in both the numerator
and denominator.

= 66m3+14

6m10+7

= 66m17

6m17

3. Divide the constant terms and simplify using the
Second Index Law (subtract indices).

= 11m17−17

= 11m0

4. Base m has a power of zero so it is equal to 1
(Third Index Law).

= 11× 1

5. Simplify and write the answer. = 11
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Digital technology

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

A CAS calculator can simplify numerical and algebraic
expressions in index form.

Resourceseses
Resources

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

Interactivities Individual pathway interactivity: Third Index Law (int-4404)
Third Index Law (int-3713)

Exercise 2.5 The zero index

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 15, 18

CONSOLIDATE
2, 5, 8, 11, 14, 16, 19

MASTER
3, 6, 9, 12, 17, 20

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

Fluency

1. WE14 Determine the value of each of the following.

160a. 440b. f 0c. h0d.

2. WE15 Determine the value of each of the following.

(23× 8)0a. 70 × 60b. (35z4)0c. (12w7)0d.

3. Determine the value of each of the following. Check your answers to parts a and b with a calculator.

4× 30a. 90+ 11b. c0− 10c. 3p0+ 19d.
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4. WE16 Determine the value of each of the following.

12m3k0a. 7c0+ 14m0b. 32g0+ 40h0c.
8k0

7j 0
d.

5. Determine the value of each of the following.

16t 0

8y0
a.

6b2 × 5c0

3s0
b.

4d 0 × 9p2

12q0
c.

3p× 4d 0

2z0 × 6p
d.

6. Evaluate each of the following.

e10 ÷ e10a. a12 ÷ a12b.
(
4b3

)0 ÷ (
4b3

)0
c.

7. Evaluate each of the following.

84f 11 ÷ 12f 11a. 30z9 ÷ 10z9b. 99t13 ÷ 33t13c.

Understanding

8. Simplify each of the following.

21p4

21p4
a.

40f 33

10f 33
b.

54p6q8

27p6q8
c.

16p11q10

8p2q10
d.

9. Simplify each of the following.

24a9e10

16a9e6
a.

x4y2z11

x4yz11
b.

7i7m6r4

21i7m3r4
c.

3c5d 3l 9

12c2d 3l 9
d.

10. MC You are told that there is an error in the statement 3p7q3r5s6= 3p7s6. Determine what the left-hand side
should be changed to in order to make the statement correct.

(3p7q3r 5s6)0A. (3p7)0q3r 5s6B. 3p7(q3r 5s6)0C. 3p7(q3r 5)0s6D.

3(p7q3r 5)0s6E.

11. MC You are told that there is an error in the statement
8f 6g7h3

6f 4g2h
= 8f 2

g2
. Determine what the left-hand side

should be changed to in order to make the statement correct.

8f 6
(
g7h3

)0
(6)0f 4g2(h)0

A.
8
(
f 6g7h3

)0(
6f 4g2h

)0B.
8
(
f 6g7

)0
h3(

6f 4
)0
g2h

C.
8f 6g7h3(
6f 4g2h

)0D.

None of the aboveE.

12. MC Select which of the following is equal to
6k7m2n8

4k7(m6n)0
.

3

2
A.

3n8

2
B.

3m2

2
C.

3m2n8

2
D.

None of the aboveE.

13. WE17 Simplify each of the following.

2a3 × 6a2

12a5
a.

3c6 × 6c3

9c9
b.

5b7 × 10b5

25b12
c.

8f 3 × 3f 7

4f 5 × 3f 5
d.

9k12 × 4k10

18k4 × k18
e.

14. Simplify each of the following.

2h4 × 5k2

20h2 × k2
a.

p3 × q4
5p3

b.
m7 × n3
5m3 ×m4

c.
8u9 × v2
2u5 × 4u4

d.
9x6 × 2y12

3y10 × 3y2
e.
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Reasoning

15. Explain why x0= 1.

16. Simplify
20x2

22x0
, explaining each step of your method.

17. If a
1
2 is equivalent to

√
a, show what a

−1
2 is equivalent to.

Problem solving

18. Use indices, and multiplication and division, to set up four expressions that simplify to y5. At least one
of your four expressions must involve the use of the Third Index Law.

19. I raise a certain number to the power of three, then multiply the answer by three to the power of zero.
I then multiply the result by the certain number to the power of four and divide the answer by three times the
certain number to the power of seven. If the final answer is three multiplied by the certain number squared,
find the certain number. Show each line of your method.

20. A Mathematics class is asked to simplify
64x6y6z3

16x2y6z3
. Peter’s answer is 4x3. Explain why this is incorrect,

pointing out Peter’s error. Determine the correct answer. Identify another source of possible error involving
indices.

2.6 Raising powers

LEARNING INTENTION

At the end of this subtopic you should be able to:
• apply the Fourth Index Law when raising a power to another power by multiplying the indices
• combine different index laws to simplify expressions.

eles-3555

2.6.1 The Fourth Index Law (raising a power to another power)

• The expression
(
23
)4

is an example of a power term
(
23
)
raised to another power (4).

• Raising a power term to another power is a variation of the First Index Law.

For example,

(
23
)4 = 23 × 23 × 23 × 23

= 23+3+3+3

= 212

can be simplified to
(
23
)4 = 23×4

= 212

(
a2
)3 = a2 × a2 × a2

= a2+2+2

= a6

can be simplified to
(
a2
)3 = a2×3

= a6

• The pattern observed from these calculations is that when raising a power to another power, we retain the
base and multiply the powers.
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• This pattern can be expressed as a general rule, as shown below.

Fourth Index Law: Raising powers

When raising a power to another power, retain the base and multiply the powers.

(am)n= am×n

• Every number and variable inside the brackets should have its index multiplied by the power outside
the brackets. That is:

(a× b)m = am × bm(
a
b

)m

= am

bm

(These are sometimes called the Fifth Index Law and the Sixth Index Law.)

• Every number or variable inside the brackets must be raised to the power outside the brackets.
For example:

(3× 2)4 = 34 × 24 and (2a4)3 = 23 × a4×3

= 8a12

WORKED EXAMPLE 18 Simplifying using the Fourth Index Law

Simplify the following, leaving answers in index form.

a. (74)8

b.

(
32

53

)3

THINK WRITE

a. 1. Write the numeric expression. a. (74)8

2. Use the Fourth Index Law (retain the base and multiply
the indices).

= 74×8

3. Simplify and write the answer. = 732

b. 1. Write the numeric expression. b.

(
32

53

)3

2. Use the Fourth Index Law (retain the base and multiply
the indices) in both the numerator and denominator.

= 32×3

53×3

3. Simplify (here the bases are different and therefore the
indices cannot be subtracted) and write the answer.

= 36

59
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WORKED EXAMPLE 19 Simplifying using the Fourth Index Law

Simplify (2b5)2 × (5b8)3.

THINK WRITE

1. Write the numeric expression. (2b5)2 × (5b8)3

2. Simplify using the Fourth Index Law (retain the base and
multiply the indices).

= 21×2 × b5×2 × 51×3b8×3

= 22b10 × 53b24

3. Evaluate the coefficients. = 4b10 × 125b24

= 500b10 × b24

4. Simplify using the First Index Law (add indices) and
write the answer.

= 500b34

WORKED EXAMPLE 20 Simplifying algebraic expressions using the Fourth Index Law

Simplify
(
2a5

d2

)3

.

THINK WRITE

1. Write the algebraic expression.

(
2a5

d 2

)3

2. Simplify using the Fourth Index Law (retain the base and
multiply the indices) for each term inside the brackets.

= 21×3a5×3

d 2×3

= 23a15

d 6

3. Calculate the coefficient and write the answer. The bases,
a and d, are different and therefore the indices cannot be
subtracted here.

= 8a15

d 6

Resourceseses
Resources

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

Interactivities Individual pathway interactivity: Fourth Index Law (int-4405)
Fourth Index Law (int-3715)
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Exercise 2.6 Raising powers

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 16, 19, 20, 21, 26

CONSOLIDATE
2, 5, 8, 11, 14, 17, 22, 23, 27

MASTER
3, 6, 9, 12, 15, 18, 24, 25, 28

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

Fluency

1. WE18 Simplify each of the following, leaving your answers in index form.

(32)3a. (68)10b. (1125)
4

c. (512)12d.

(((
32
)2)2

)
e.

2. Simplify each of the following, leaving your answers in index form.

(32 × 103)
4

a. (13× 173)
5

b.

(
33

22

)10

c. (3w9q2)4d.

(
7e5

r2q4

)2

e.

3. WE19 Simplify each of the following.(
p4
)2 × (

q3
)2

a.
(
r5
)3 × (

w3
)3

b.
(
b5
)2 × (

n3
)6

c.

4. Simplify each of the following.(
j 6
)3 × (

g4
)3

a.
(
q2
)2 × (

r4
)5

b.
(
h3
)8 × (

j2
)8

c.

5. Simplify each of the following.(
f 4
)4 × (

a7
)3

a.
(
t5
)2 × (

u4
)2

b.
(
i3
)5 × (

j2
)6

c.

6. Simplify each of the following.(
23
)4 × (

24
)2

a.
(
t7
)3 × (

t3
)4

b.
(
a4
)0 × (

a3
)7

c.

7. Simplify each of the following.(
b6
)2 × (

b4
)3

a.
(
e7
)8 × (

e5
)2

b.
(
g7
)3 × (

g9
)2

c.

8. Simplify each of the following.(
3a2

)4 × (
2a6

)2
a.

(
2d7

)3 × (
3d2

)3
b.

(
10r12

)4 × (
2r3

)2
c.

9. MC Select which of the following is equal to (p7)2 ÷ p2.
p7A. p12B. p16C. p4.5D. p11E.

10. MC Select which of the following is equal to
(w5)2 × (p7)3

(w2)2 × (p3)5
.

w2p6A. (wp)6B. w14p36C. w2p2D. w6p19E.

11. MC Select which of the following is equal to (r6)3 ÷ (r4)2.
r3A. r4B. r8C. r10D. r12E.

Understanding

12. Simplify each of the following.

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

( f 7)3 ÷ ( f 2)2a. (g8)2 ÷ (g5)2b. ( p9)3 ÷ ( p6)3c. ( y4)4 ÷ ( y7)2d.

14. Simplify each of the following.

(c6)5

(c5)2
a.

( f 5)3

( f 2)4
b.

(k3)10

(k2)8
c.

(p12)3

(p10)2
d.

15. WE20 Simplify each of the following.(
3b4

d3

)2

a.

(
5h10

2j2

)2

b.

(
2k5

3t8

)3

c.

16. Simplify each of the following.(
7p9

8q22

)2

a.

(
5y7

3z13

)3

b.

(
4a3

7c5

)4

c.

17. Simplify each of the following using the index laws.

g3 × 2g5a. 2p6 × 4p2b. (w3)6c. 12x6 ÷ (2x)d.
(
2d3

)2
e.

18. Simplify each of the following using the index laws.

5a6 × 3a2 × a2a. 15s8 ÷
(
5s2

)
b. 4bc6 × 3b3 × 5c2c.

14x8

7x4
d.

(
f 4g3

)2
e.

19. Simplify each of the following using the index laws.

16u6v5

6u3v
a. x2y4 × xy3b. 5a6b2 × a2 × 3ab3c.

x2y4 ÷
(
xy3

)
d. (4p2q5)3e.

Reasoning

20. Explain why ((ab)c)
0= 1.

21. a. Simplify (43)2, leaving your answer in index form.

b. Use a calculator to determine the value of your answer to part a.
c. Use a calculator to determine the value of (43)2.

22. Simplify each of the following, giving your answer in index form. Justify your answer in each case.(
w3

)4 ÷w2a.
4x5 × 3x

2x4
b.

(
2a3

)2 × 3a5c.

12x6 × 2x÷
(
3x5

)
d. 2d 3+ d 2+ 5d 3e.

23. A Mathematics class is asked to simplify (r4)3 ÷ (r3)2. Karla’s
answer is r.
Explain why Karla’s answer is incorrect and identify her
error.
State the correct answer.
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24. Simplify each of the following, giving your answer in index form. Justify your answer in each case.

a.

(
2k3

)2
4k4

b.
4p5

p4 × 6p

c. 15s 8t 3 ÷
(
5s 2t 2

)
× 2st 4

d. 12b 4c 6 ÷
(
3b 3

)
÷
(
4c 2

)
e.

(
f 4g3

)2− fg3 × f 7g3
25. Simplify each of the following, giving your answer in index form. Justify your answer in each case.

a.

(
3p3

)2 × 4p7

2
(
p4
)3

b. 2
(
x2y

)4 × 8xy3

c. 5a6b2+ a2 × 3a4b2

d. 24x2y4 ÷
(
12xy3

)
− xy

e.
4p2q7 ×

(
3p3q

)2
6(pq)3 × p5q4

Problem solving

26. Show that 2(2
(22)) is not equal to (((2)2)2)2.

27. Arrange these numbers in ascending order:

32
2
, 222

2

, 233 , 52, 252 , 225

28. a. Identify as many different expressions as possible that when raised to a power will result in 16x8y12.

b. Identify as many different expressions as possible that when raised to a power will result in 312na6nb12n.

TOPIC 2 Index laws 59

PAGE PROOFS



“c02IndexLaws_PrintPDF” — 2021/6/3 — 13:44 — page 60 — #28

2.7 Review
2.7.1 Topic summary

Index Law 4

• When a power is raised to another 

power, keep the base the same and 

multiply the powers.

(am)
n

 = am × n

e.g. (x3)
4
 = x12

Index Laws 5 and 6

• Every term inside brackets must 

be raised to the power outside 

the brackets.

e.g. (2a)5 = 25 × a5 

= 32a5

ab
–
3x

a4

–
34

b4

x4
=

4

INDEX LAWS

Index Law 1

• When numbers with the same base 

are multiplied, keep the base the 

same and add the powers.

e.g. x4 × x3 = x7

3x2 × 5x4 = 15x6

Index Law 2

• When numbers with the same 

base are divided, keep the base 

the same and subtract the powers.

e.g. x7 ÷ x4 = x3

20x6 ÷ 12x2 =       
20x6

–
12x2

=
5x4

–
3

Index Law 3

• Any term (excluding 0) raised to 

the power of 0 is equal to 1.

a0 = 1

e.g. (2a)0 = 1 

(2x2 × 5a3)0 = 1

am × an = am+n

am ÷ an = am–n

(a × b)m = am × bm

a
–
b

am

–
bm

=

m
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• Index (or exponent) notation is a short way of writing a

   repeated multiplication.

e.g. 2 × 2 × 2 × 2 × 2 × 2 can be written as 26 , which is read as 

‘2 to the power of 6’.

• 

• In the above example, the number 64 is called a basic numeral. 

The base is the number that is being repeatedly multiplied, and 

the index is the number of times it is multiplied.

26 = 2 × 2 × 2 × 2 × 2 × 2

 = 64

Index (or exponent) notation
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2.7.2 Success criteria
Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

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

Subtopic Success criteria

2.2 I understand and can apply index (or exponent) notation.

I can identify base and power for a number.

I can write a term in factor form.

2.3 I can apply the First Index Law to multiply terms that have the same base.

2.4 I can apply the Second Index Law to divide terms that have the same base.

2.5 I can apply the Third Index Law to expressions that are raised to the power
of zero.

2.6 I can apply the Fourth Index Law when raising a power to another power by
multiplying the indices.

I can combine different index laws to simplify expressions.

2.7.3 Project

Scientific notation and standard form

Scientists work with many extremely large
(and small) numbers, which are not easy
to use in their basic numeral form. For
example, the distance to the nearest star
outside the solar system, Proxima Centauri,
is 40 000 000 000 000 000m, and the radius of
a hydrogen atom is 0.000 000 000 025m.

Such numbers can look a little clumsy.
Counting the zeros can be hard on the eye,
and it’s easy to miss one. Furthermore, your
calculator would not be able to fit all the digits
on its screen!

Scientists use powers of 10 in a number system called scientific notation or standard form. They have
also come up with prefixes that stand for certain powers of 10. There is a prefix for every third power.

Work with a partner and use the internet to complete the following table, which shows the scientific
notation prefixes and abbreviations for a wide range of numbers.

Your calculator will accept very large or very small numbers when they are entered because it uses
scientific notation.

TOPIC 2 Index laws 61
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Scientific notation Basic numeral Name SI prefix SI symbol

1.0× 1012 1 000 000 000 000 tera

1.0× 109 Billion

1.0× 106 1 000 000 mega M

1.0× 103

100 Hundred hecto

1.0× 101 deca da

1.0× 10−1 0.1
1.0× 10−2 0

1.0× 10−3 0.001 Thousandth

1.0× 10−6 Millionth micro μ
1.0× 10−9 nano

1.0× 10−12 0.000 000 000 001 Trillionth p

Note: SI is the abbreviation for International System of Units.

Use the following steps to write the number 825 460 in scientific notation.

Step 1: Place a decimal point so that the number appears to be between 1 and 10.

8.254 60

Step 2: Count how many decimal places the decimal point is from its old position. (Note: For whole
numbers, this is at the right-hand end of the number.) In this case, it is five places away.

8.254 60

Step 3: Multiply the number in step 1 by the power of 10 equal to the number of places in step 2.

8.254 60× 105

Note: If your number was made smaller in step 1, multiply it by a positive power to increase it to its true
value. If your number was made larger in step 1, multiply it by a negative power to reduce it to its true
value.

Proxima Centauri, near the Southern Cross, is the closest star to Earth and is 4.2 light-years away.
A light-year is the distance that light travels in 1 year. Light travels at 300 000 kilometres per second.
1. Write 300 000 km/s in scientific notation.
2. Calculate the distance travelled by light in 1 minute.
3. Determine the distance travelled by light in 1 hour.
4. Calculate the distance travelled by light in 1 day.
5. Multiply your answer in question 4 by 365.25 to find the

length of a light-year in kilometres. (Why do we multiply by
365.25?) Write this distance in scientific notation.

6. Calculate the distance from Earth to Proxima Centauri
in kilometres.

7. Evaluate the distance from Earth to some other stars in both
light-years and kilometres.
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Resourceseses
Resources

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

Interactivities Crossword (int-2620)
Sudoku puzzle (int-3183)

Exercise 2.7 Review questions

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

Fluency

1. State the base for each of the following.

510a. 94b. x8c. w7d.

2. State the power or index for each of the following.

116a. 235b. C17c. L100d.

3. Write the following in index form.
7× 7× 7× 7a. 3× 3× 3× 3× 3× 3× 3b.
m×m×m×m×mc. k× k× k× n× n× n× n× nd.

4. Write each of the following as a basic numeral.

62a. 82b. 34c. 27d. 53e.

5. Evaluate each of the following.

72− 42a. 92+ 33− 52b.

6. Simplify each of the following.

35 × 36a. 1011 × 104b. 73 × 76c. j 4 × j 6 × j 9d.

7. Simplify each of the following.

t 4 × t 5 × ta. 2z5 × 6z× zb. 5w3 × 7w12 ×w14c. 2e2p3 × 6e3p5d.

8. Simplify each of the following.

65 ÷ 62a. 1210 ÷ 12b. 524 ÷ 514c. 26 ÷ 22d.

9. Simplify each of the following.

320

311
a.

m99

m66
b.

p15

p
c.

h7 × h11
h5

d.

10. Simplify each of the following.

L6 ×L2 ×L4

L8
a.

y5 × y7 × y2
y8

b.
a7 × a× a5
a3 × a6

c.
c4 × c2 × c× c7
c3 × c8 × c4

d.

11. Simplify the following.

40a. r 4s 0u 9b. 19660c. m0d.

12. Simplify the following.

d 2e6f 0a. zb0b. 7w0c. 8q0− 2q0d.
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13. Simplify the following.

4s0+ 60t0a. v0w5b.
(
x3y6

)0
c. klm0d.

14. Raise each of the following to the given power.

(24)3a. (69)2b. (74)10c. (n21)6d.

15. Raise each of the following to the given power.(
r16i12

)2
a.

(
b2d 8

)20
b.

(
2pm3

)3
c.

(
9wz4

)2
d.

16. MC Select which of the following is equal to

(
4b4

d2

)3

.

4b3

d 3
A.

12b12

d 6
B.

64b12

d 6
C.

64b7

d 5
D.

12b

d 5
E.

Problem solving

17. a. Evaluate each of the following.

(–1)1i. (–1)2ii. (–1)3iii. (–1)4iv. (–1)5v. (–1)6vi.

b. Use your answers to part a to complete the following sentence:
If negative one is raised to an even power, the result is ____; if it is raised to an odd power, the result
is ____.

c. Consider the expression (−1)k+ (−1)l.
Determine all possible values of the above expression. Specify the values of k and l for which each
result occurs.

18. At 9 am there were 10 bacteria in a Petri dish.
a. If the number of bacteria doubles every minute, evaluate how

many bacteria were in the Petri dish after:
1 minutei. 2 minutesii.
3 minutesiii. 10 minutes.iv.

b. Develop the rule that connects the number of bacteria, N, and
the time, t (in minutes), after 9 am.

c. Use your answer to part b to calculate the number of bacteria in
the dish at 10 am. Give your answer in index form (do not
evaluate).

19. Lena receives an email containing a chain letter. She is asked to
forward this letter to 5 friends (or else she will have a lot of bad
luck!). Lena promptly sends 5 letters as instructed. (Let’s call this
the first round of letters.) Each of Lena’s 5 friends also sends
5 letters. (Call this the second round of letters.)
a. Determine the number of letters sent in the second round. Give

your answer:
as a basic numerali. in index form.ii.

b. Determine the number of letters that would be sent in the third round. Give your answer:
as a basic numerali. in index form.ii.

c. Assuming the chain is not broken and each recipient sent out 5 letters, determine the total number of
letters sent in the first four rounds. Give your answer:

as a basic numerali. in index form.ii.
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20. Nathan is considering participating in the Premier’s Reading
Challenge. He decided to test himself first by trying to read a
400-page book in 6 days. Nathan read 7 pages on day 1.
After performing some basic arithmetic computations, he
realised that he needed to increase that amount to be able to
finish the book on time. Nathan decided to double the number
of pages read every day.
a. Determine the number of pages that Nathan read on:

day 2i.

b. Develop the formula connecting the number of pages P read per day and the number of days d.
c. Use your answer to part b to find the number of pages Nathan will read on day 6.
d. Show, with mathematical calculations, whether Nathan will finish the book in six days if he

continues according to plan.

21. Alex bought a second-hand car for $25 000. Each year the car
depreciates by 20% (i.e. each year it loses 20% of its value).

day 3.ii.

a. Calculate the value of the car at the end of the first year.
b. Evaluate the value of the car at the end of the second year.
c. The value, V, of the car can be found using the formula
V= 25 000× 0.8t, where t is the number of years after
purchase. Explain the meaning of the numbers 25 000 and 0.8.

d. Use the formula to find the value of the car after 5 years.
e. Alex decided that he will sell his car when its value falls

below $5000. Determine how soon he will be able to do that.

22. The number, E, of employees in a large firm grows according to the rule E= 60× 1.15t, where
t is the number of years from the year 2018.
a. Determine the number of people the firm employed in the year 2018.
b. Determine the number of employees there were in:

2019i.

c. Determine the number of years taken for the number of employees to exceed 200.

23. Four rabbits were accidentally introduced to a small island.
The population of rabbits doubled every 4 weeks.
a. Determine the number of rabbits on the island:

i. 8 weeks later ii. 24 weeks later iii. 1 year later.
b. After one year, to cope with the rabbit problem, some

foxes were brought to the island. As a result, the
population of rabbits started declining by
10% each week.
After the foxes had been brought in, determine
how many rabbits were left after:
i. 1 week ii. 2 weeks iii. 10 weeks.

2020.ii.

24. There were 50 bacteria of Type X and 30 bacteria of Type Y in a Petri dish. The number of bacteria of
Type X doubles every 4 hours; the number of bacteria of Type Y quadruples every 6 hours.
Evaluate the total number of bacteria in the dish after:

12 hoursa. 1 dayb. 2 days.c.
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25. A basic numeral can be expressed in standard form (also called scientific
notation) by being written as a number between 1 and 10 multiplied by a
power of 10. For example, the number 4000 in standard form is written as
4.0× 103.
For each of the following situations, express the basic numeral in
standard form.
a. A company declares an annual profit of 3 billion dollars.
b. The diameter of Earth is (approximately) 40 000 km.
c. The half-life of a certain radioactive element is 5 000 000 years.
d. Light travels at a speed of 300 000 km/s.

26. a. Express the basic numerals 4, 8 and 16 as powers of 2.
b. Use your answers from part a to simplify the following:

4x × 8y

16
i.

82m × 16m

43m × 24m
ii.

27. If a2= 7, determine the value of:
a4+1a. 2a6b. 3a6− 4a4.c.

28. A rubber ball is dropped from a balcony that is 10m above the ground. The ball bounces to
3

4
of its

previous height after each bounce.
a. Determine the greatest height of the ball above the ground after:

1 bouncei. 3 bouncesii. 5 bounces.iii.

b. Determine when the height of the ball above the ground will be less than 1m.

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Online Resources
Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

Download the workbook for this topic, which includes
worksheets, a code puzzle and a project (ewbk-1933) ⃞

Solutions

Download a copy of the fully worked solutions to every question
in this topic (sol-0707) ⃞

Digital documents

2.2 SkillSHEET Factor trees (doc-6834) ⃞
SkillSHEET Squaring numbers (doc-6835) ⃞

2.3 SpreadSHEET Multiplying with indices (doc-2160) ⃞
2.4 SkillSHEET Equivalent fractions (doc-6836) ⃞

SkillSHEET Simplifying algebraic expressions
(doc-6837) ⃞
SkillSHEET Simplifying algebraic fractions (doc-6838) ⃞
SpreadSHEET Dividing with indices (doc-2161) ⃞

2.6 SpreadSHEET Raising a power to another power
(doc-2162) ⃞

Video eLessons

2.2 Index notation (eles-3548) ⃞
Prime factorisation using index notation (eles-3549) ⃞

2.3 The First Index Law (multiplying numbers with the same
base) (eles-3550) ⃞
Multiplying expressions containing numbers with
different bases (eles-3551) ⃞

2.4 The Second Index Law (dividing numbers with the same
base) (eles-3552) ⃞
Dividing algebraic terms containing coefficients
(eles-3553) ⃞

2.5 The Third Index Law (the power of zero) (eles-3554) ⃞
2.6 The Fourth Index Law (raising a power to another

power) (eles-3555) ⃞

Interactivities

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

2.3 Individual pathway interactivity: First Index Law
(int-4402) ⃞
First Index Law (int-3709) ⃞
Multiplying expressions containing numbers in
index form with different bases (int-3710) ⃞

2.4 Individual pathway interactivity: Second Index Law
(int-4403) ⃞
Second Index Law (int-3711) ⃞
Dividing with coefficients (int-3712) ⃞

2.5 Individual pathway interactivity: Third Index Law
(int-4404) ⃞
Third Index Law (int-3713) ⃞

2.6 Individual pathway interactivity: Fourth Index Law
(int-4405) ⃞
Indices (int-2360) ⃞
Fourth Index Law (int-3715) ⃞

2.7 Crossword (int-2620) ⃞
Sudoku puzzle (int-3183) ⃞

Teacher resources

There are many resources available exclusively for teachers
online.
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Answers
Topic 2 Index laws
Exercise 2.1 Pre-test
1. 35

2. 72

3.
7

8
4. 10 c7

5. D

6.
3d 3

4
7. 1

8.
3m5

4m3
× 8m4

12m6
= 3m5

4m3
× 2m4

3m6

= 3m5 × 2m4

4m3 × 3m6

= 6m9

12m9

= 6

12

= 1

2

9. 715a. 16w20b. 45p11c.

10. 45a5b5a.
3a3b

2
b.

11. D

12.
9g10

16h6

13. ((23)2)
3
= 218= 262 144

((32)3)
2
= 312= 531 441

Therefore they are not equal.

14. 79

15. 2(a3b3 + a4b3 + a3b4)

Exercise 2.2 Review of index form
1. a. Base = 8; power = 4

b. Base = 7; power = 10

c. Base = 20; power = 11

2. a. Base = 19; power = 0

b. Base = 78; power = 12

c. Base = 3; power = 100

3. a. Base = c; power = 24

b. Base = n; power = 36

c. Base = d; power = 42

4. 26a. 44b. x5c.

5. 93a. 11l7b. 44m5c.

6. 4× 4a. 5× 5× 5× 5b.
7× 7× 7× 7× 7c. 6× 6× 6d.

7. a. 3× 3× 3× 3× 3× 3

b. n× n× n× n× n× n× n
c. a× a× a× a
d. k× k× k× k× k× k× k× k× k× k

8. 243a. 256b. 256c. 1331d.

9. 2401a. 216b. 1c. 625d.

10. B

11. D

12. 22 × 44 × 6a. 34 × 74b.

23 × 195c. 44 × 132d.

13. 66m5p2s2a. 378i3n2r3b.

192e3kp2c. 99j5lp2d.

14. a. 15 × f × f × f × j × j × j × j

b. 7 × k × k × k × k × k × k × s × s

c. 4 × b × b × b × c × c × c × c × c

d. 19 × a × a × a × a × m × n × n × n

15. 400= 24 × 52a. 225= 32 × 52b. 2000= 24 × 53c.

16. 64= 26a. 40= 23 × 5b. 36= 22 × 32c.

17. 120a. 100b. 216c.

18. 308a. 1575b. 760 000c.

19. 101a. 102b. 103c. 106d.

20. a. 5× 102

b. 4× 102+ 7× 101

c. 2× 103+ 3× 102+ 6× 101

d. 1× 103+ 9× 102+ 8× 101

e. 5× 103+ 4× 102+ 3× 101

21. 75 000a. 30 600b. 5 200 480c.

22. The base is the number being multiplied and the index
represents how many times the base should be multiplied
by itself.

23. Factors multiplied together in ‘shorthand’ form:
a× a× a× b× b× b× b

24. The second option is better.

25. 23a2b3c4a. 2 074 464b.

26. a. 1× 23+ 1× 21, 1× 23+ 1× 22+ 1× 21

b. 2× 23+ 1× 22+ 2× 21 = 1× 24+ 1× 22+ 1× 22

= 1× 24+ 2× 22

= 1× 24+ 1× 23

c. 24

27. a. 1× 102+ 4× 101, 6× 102+ 8× 101

b. 7× 102+ 12× 101= 8× 102+ 2× 101

c. 820

d. Personal response required. For example, 3160+ 4550.

3160 = 3× 103+ 1× 102+ 6× 101

4550 = 4× 103+ 5× 102+ 5× 101

3× 103+ 1× 102+ 6× 101+ 4× 103+ 5× 102+ 5× 101

= 7× 103+ 6× 102+ 11× 101

= 7000+ 600+ 110

= 7710
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Exercise 2.3 Multiplying powers
1. 39a. 67b. 1010c. 116d.

2. 79a. 214b. 54c. 811d.

3. 1315a. q47b. x14c. e4d.

4. 312a. 218b. 517c. 611d.

5. 106a. 1712b. p22c. e23d.

6. g28a. e38b. 3b13c. 5d16d.

7. A

8. B

9. 20p11a. 6x8b. 56y10c.

10. 21p8a. 84t6b. 30q15c.

11. 6a6e7a. 8h12p6b. 80m9c.

6g3h6d. 30p6q9e.

12. 48u9w7a. 27d11y17b. 42b14c9c.

24r16s18d. 60h38v20e.

13. 3x+4a. 32y+2b. 36y−5c. 3
23
12d.

14. 9= 32; 27= 33; 81= 34

15. 310a. 32n+2b.

16. The bases, 2 and 3, are different. The index laws do not
apply.

17. Step 1: 5n

Step 2: 5m

Step 3: 5n+m

18. Adding the powers when multiplying terms with the
same base gives an equivalent answer to evaluating the
indices separately. Trying to add powers when the bases
are different does not result in an equivalent answer to
evaluating the indices separately.

19. 29a. 2r−1b.

25+ 26=$96c. 213+ 214d.

213 (1+ 2)= 3(213)e.

20. x6a. 212b. 52c.
(an) p= a npd.

21. 2

Exercise 2.4 Dividing powers
1. 23a. 74b. 103c.

1

9
d.

2. 3a. 117b. 54c. 125d.

3. 33a. 13b. 64c. 104d.

4. 1533a. h77b. b70c. f 900d.

5. 3x2a. 6y2b. 8w7c. 3q4d.

6. 8f 9a. 10h90b. 4j10c. 5p10d.

7. 8g3a.
3b6

2
b.

9m4

2
c.

5n90

2
d.

8. D

9. A

10. 3p4a. 6r4b. 9a3c.

11. 3b6a. 20r4b. 9qc.

12.
3p5

2
a.

8b5

3
b.

5m10n6

6
c.

13.
9x8y

4
a.

4hk3

3
b. 3f 3j 5c.

14.
4p2rs

3
a.

9a5b3c

2
b.

20f 6g2h4

3
c.

15. 210−pa. 24e+4b. 53x+yc. 31−md.

16. a.
23 × 24 × 22

21 × 25

b. i. 23 ii. 8

17. a.
2× 3× 33 × 22 × 32

22 × 3× 34

b. i. 21 × 31 ii. 6

18. The bases, 12 and 3, are different. The laws of indices do
not apply.

19. Step 1: 3p

Step 2: 3q

Step 3: 3p ÷ 3q= 3p−q

20. Use the factor form method of simplification and the
Second Index Law (as the other method) to deduce that

y−2= 1

y2
.

21. ap ÷ ap= 1 and ap ÷ ap= ap−p= a0= 1

22. m6 ÷m8=m6−8=m−2 but m6 ÷m8= m6

m8
= 1

m2
=m−2

23. ±1

6

Exercise 2.5 The zero index
1. 1a. 1b. 1c. 1d.

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

3. 4a. 12b. −9c. 22d.

4. 12m3a. 21b. 72c.
8

7
d.

5. 2a. 10b2b. 3p2c. 1d.

6. 1a. 1b. 1c.

7. 7a. 3b. 3c.

8. 1a. 4b. 2c. 2p9d.

9.
3e4

2
a. yb.

m3

3
c.

c3

4
d.

10. D

11. A

12. D

13. 1a. 2b. 2c. 2d. 2e.

14.
h2

2
a.

q4

5
b.

n3

5
c. v2d. 2x6e.

15. Any base raised to the power of 0 equals 1.

16. 20= 1, x0= 1⇒ 20x2

22x0
= x2

22
= x2

4

17. a
−1
2 = 1√

a
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18. Four sample expressions are:
y20

y15
,
6x2y× 5xy5

15x3 × 2y
,

(6xy)0

6
× 6y

7
2 × y3, 3x0+ y5− 3

19. ±1

3
20. Peter has treated the different occurrences of x incorrectly.

He has calculated x6÷2 instead of x6−2.
The answer is 4x4.
If 64 and 16 are converted to base 2 or base 4, and the
indices are divided, not subtracted, an error will occur.

Exercise 2.6 Raising powers
1. 36a. 680b. 11100c.

5144d. 38e.

2. 38 × 1012a. 135 × 1715b.
330

220
c.

34w36q8d.
72e10

r4q8
e.

3. p8q6a. r15w9b. b10n18c.

4. j18g12a. q4r20b. h24j16c.

5. f 16a21a. t10u8b. i15j12c.

6. 220a. t33b. a21c.

7. b24a. e66b. g39c.

8. 324a20a. 216d27b. 40 000r54c.

9. B

10. B

11. D

12. a6a. m4b. n3c. b8d.

13. f 17a. g6b. p9c. y2d.

14. c20a. f 7b. k14c. p16d.

15.
9b8

d6
a.

25h20

4j4
b.

8k15

27t24
c.

16.
49p18

64q44
a.

125y21

27z39
b.

256a12

2401c20
c.

17. 2g8a. 8p8b. w18c.

6x5d. 4d 6e.

18. 15a10a. 3s6b. 60b4c8c.

2x4d. f 8g6e.

19.
8u3v4

3
a. x3y7b. 15a9b5c.

xyd. 64p6q15e.

20. Any base, even a complex one like this, raised to the power
of 0 equals 1.

21. 46a. 4096b. 4096c.

22. w10a. 6x2b. 12a11c.

8x2d. 7d3+ d2e.

23. For the first term Karla has added the powers instead of
multiplying, which is incorrect. She has multiplied the
powers in the second term, which is correct according to
the index laws.

r7 ÷ r6= r1= r

The correct answer is r6.

(r4)3

(r3)2
r12

r6
r6

24. k2a.
2

3
b. 6s7t5c.

bc4d. 0e.

25. 18pa. 16x9y7b. 8a6b2c.

xyd. 6q2e.

26. 2(2
(22))= 22

4
= 216; (((2)2)2)

2
= 28

27. 52; 32
2
; 22

2
2

; 23
3
; 22

5
; 25

2

28. a. (16x8y12)1, (4x4y6)2, (2x2y3)4

b. (312na6nb12n)1, (312a6b12)n, (36a3b6)2n, (34na2nb4n)3,
(34a2b4)3n, (32a1b2)6n, (36na3nb6n)2, (32nanb2n)6

Project
See the table at the bottom of the page.*
1. 3.0× 105 km/s
2. 1.8× 107 km/min

= =

*
Scientific notation Basic numeral Name SI prefix SI symbol

1.0× 1012 1 000 000 000 000 Trillion tera T

1.0× 109 1 000 000 000 Billion giga G

1.0× 106 1 000 000 Million mega M

1.0× 103 1000 Thousand kilo k

1.0× 102 100 Hundred hecto h

1.0× 101 10 Ten deca da

1.0× 10−1 0.1 Tenth deci d

1.0× 10−2 0.01 Hundredth centi c

1.0× 10−3 0.001 Thousandth milli m

1.0× 10−6 0.000 001 Millionth micro µ
1.0× 10−9 0.000 000 001 Billionth nano n

1.0× 10−12 0.000 000 000 001 Trillionth pico p
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3. 1.08× 109 km/h
4. 2.592× 1010 km/day
5. 9.47× 1012 km. On average, there are 365.25 days in

one year.

6. 3.98× 1013 km

7. Answers will vary. A sample response is given here.
Alpha centauri A and B are roughly 4.35 light years and
4.12× 1013 km away.

Exercise 2.7 Review questions
1. 5a. 9b.

xc. wd.

2. 6a. 5b.
17c. 100d.

3. 74a. 37b.
m5c. k3n5d.

4. 36a. 64b.
81c. 128d.
125e.

5. 33a. 83b.

6. 311a. 1015b.
79c. j19d.

7. t10a. 12z7b.
35w29c. 12e5p8d.

8. 63a. 129b.
510c. 24d.

9. 39a. m33b.
p14c. h13d.

10. L4a. y6b.

a4c.
1

c
d.

11. 1a. r4u9b.
1c. 1d.

12. d2e6a. zb.
7c. 6d.

13. 64a. w5b.
1c. kld.

14. 212a. 618b.
740c. n126d.

15. i24r32a. b40d160b.
8p3m9c. 81w2z8d.

16. C

17. a. i. −1 ii. 1 iii. −1 iv. 1 v. −1 vi. 1

b. Positive one; negative one

c. −2 if k and l are both odd; 0 if one of the powers is odd
and one is even; 2 if both k and l are even.

18. a. i. 20 ii. 40 iii. 80 iv. 10 240

b. N= 10× 2t

c. 10× 260

19. a. i. 25 ii. 52

b. i. 125 ii. 53

c. i. 780 ii. 5+ 52+ 53+ 54

20. a. i. 14 ii. 28

b. P= 7× 2d−1

c. 224

d. Yes, the total for 6 days is 441, which is more than 400.

21. a. $20 000
b. $16 000
c. 25 000 represents the purchase price of the car; 0.8

means 80% (expressed as a decimal) — this is the
portion of the value that the car retains after each year.

d. $8192
e. After 8 years

22. a. 60

b. i. 69 ii. 79

c. 9 years

23. a. i. 16 ii. 256 iii. 32 768

b. i. 29 491 ii. 26 542 iii. 11 425

24. 880a. 10 880b. 2 170 880c.

25. 3.0× 109a. 4.0× 104b.

5.0× 106c. 3.0× 105d.

26. a. 22, 23, 24

b. i. 22x+3y−4 ii. 1

27. 49
√

7a. 686b. 833c.

28. a. i. 7.5m ii. 4.218 75m iii. 2.373 05m

b. After 9 bounces
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