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Introduction

This module is the first in a series of modules involving mathematics. But what is this thing 
called mathematics? Everybody you talk with has a different view about mathematics. Some 
people like it and some don’t … some people feel they use it all the time and some that they 
have never touched it since they left school. Our past students have described, sometimes quite 
colourfully, just what mathematics was to them when they first enrolled in this course. They 
recorded many of these first feelings in the diaries and journals they kept for this course. For 
example 

Maths is something we use every day, when we go to buy something, weigh out ingredients for 
cooking, mark up a building site.

or

Maths is just a lot of rules and formulas.

Even ‘experts’ in mathematics have different views of mathematics.

Here, where we reach the sphere of mathematics, we are among processes which seem to some 
the most inhuman of all human activities, and the most remote from poetry. Yet it is here that 
the artist has the fullest scope of his imagination. Havelock Ellis (1859 – 1939)

Pappas, Theoni 1995, The Music of Reason, World Wide Publishing, USA.

You might like to stop and think now about what you believe mathematics is.

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

Obviously, mathematics is different things to different people. In your studies of mathematics 
with us we hope you will find that mathematics is more than just numbers. Sure it does involve 
numbers but it also involves recognising patterns, reading and writing, understanding and 
using tables, pictures and graphs. As you move through this course you might be surprised just 
how much mathematics you know and have been using already....just reading and 
understanding the newspaper these days can be a mathematical exercise that most of us 
perform regularly. As you travel along the road towards tertiary study it is now essential that 
you take out the store of mathematical knowledge you have kept locked away and dust it off. 
This course will help you develop and polish those skills you developed in the past, giving 
them the shine necessary for successful tertiary study. 
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1.1 Managing mathematics – the past

However, before you can go further how are you feeling about these modules of study...each of 
us has our own feelings about starting to learn mathematics again.

The following are some of the comments that students recorded in the first learning diary for 
this subject. You may be interested to know that all these men and women went on to 
successfully complete mathematics.

Maths brings to people like myself a wild look to the eye, a dry mouth and low self esteem. In a 
class situation the fear that the tutor may ask you a question in front of the class is and has 
been a very unnerving experience.

When I decided to return to study mathematics I was excited about the prospect of learning.

Studying maths again was a frightening prospect, especially when I first saw some of the 
problems. My first reaction was ‘Oh my goodness! What have I done?’

I have always been interested and able to do mathematics but never before had the 
opportunity.

As you can see our past students have expressed a range of feelings about returning to study 
mathematics.

How do you feel?

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

We have found that is not unusual to feel like the first student above as many students who 
return to study mathematics have had unpleasant experiences in the past.

I had a maths teacher many years ago who took great joy in calling me a criminal and showed 
his dislike by hitting me on the top of my head with his knuckles when other boys in the class 
answered his questions incorrectly. I would average three canings a week for poor work and 
behaviour and couldn’t get out of school quick enough. I recall getting top of the class in one 
maths test after deciding to apply myself but was promptly accused of cheating by the teacher 
who felt the result was out of character.

Others of you have not had unpleasant experiences but circumstances have made it not 
possible for you to stay at school, while for some of you school is a very distant memory.

I was a school dropout who spent more time having a good time than concentrating at school.

I always loved maths and was good at it but had to leave school when I was fifteen – I am more 
keen than ever to get back to it.

I last went to school 30 years ago, I am wondering what I am doing here.
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However, you might be encouraged to know that all of the above students completed their 
mathematics successfully and enrolled in a program of tertiary study.

By progressing through the course one stage at a time.....small stages with small successes....... 
you can increase your skill and confidence. But what is the best way to do this?

1.2 Managing mathematics – the future

You might have read in the ‘Self-Development’ modules of the courses TPP7130 or TPP7120 
suggestions about managing your own study. If you are not enrolled in those courses have a 
talk with your tutor about general study skills.

You should think about things like:

• having an appropriate place to study; and

• producing a study plan.

You might now like to focus more closely on the particular skills you will need when studying 
mathematics.

Many people think that doing mathematics involves ‘doing the sums’. However, ‘doing the 
sums’ is only one part of doing and being involved in mathematics. In fact, it doesn’t matter 
how good you are at doing these sums if you can’t communicate your answers or solutions 
with others …… you have to be able to convince your colleagues or clients that your answer is 
the appropriate one. So communication is just as important in mathematics as it is in other 
subject areas. Communication modules in TPP7130 or TPP7120 discuss communication 
issues in detail. Other things that you will develop when completing this course will include 
increasing your ability to think critically, refine ideas, interpret results and apply new ideas in 
creative ways. Mathematics is constructed by us (the human race) … and just like many 
learners of mathematics in the past you will all have to construct your own meaning for the 
new mathematics you are presented with. This will involve looking at what you already know 
and building on this to construct your own understanding of this new knowledge.

So it is important to realise that learning mathematics is an exploration where often

• you will struggle to make ‘sense’ of something;

• you need to revise and refine your ideas; and

• more questions than answers might be raised in your mind.

So what can you do to help resolve such dilemmas?

• value your intuition and common sense;

• listen to any nagging doubt in your mind;

• recognise when you no longer understand something;

• recognise and celebrate when you have finally ‘got it’; and

• be pleased when you get stuck as it is here you will be learning new skills.
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What to do when you get stuck?

There is no doubt that you are going to get stuck sometimes...this can occur when you are 
trying to work through the study book or when trying to solve a problem.

DON’T PANIC!

Try to see getting stuck positively.

Strategies for getting unstuck when working through the study book.

• Try to recall the last time you were stuck – how did you get out of it then? Remember that 
you did get out of the hole.

• Go back a couple of paragraphs and read aloud, slowly.

• Skip the part you are stuck on and read forward a few paragraphs and check the 
corresponding activity set and then return to where you were stuck.

• Check some old school textbooks you might have for a different explanation.

• Contact somebody you might know and explain to them the topic up to the point you got 
stuck (they don’t have to be doing maths too).

• Remember that although you are studying by distance you are not alone – contact your 
tutor.

Strategies for getting unstuck when ‘problem solving’.

• Re read the question slowly.

• Determine what is required.

• Determine information given and note any special conditions.

• Determine if any information is irrelevant.

• Break down the problem into parts.

• ‘Guesstimate’ the answer to part of the problem and proceed.

• Look at a simpler problem.

If things have still not gone quite right then:

• Check that you have not copied anything down incorrectly.

• Scan for errors in your calculations.

• Look back at answers to similar questions.

• Start with a fresh page where you cannot see previous working.

• Read the question again slowly.

• Leave the problem for another day (especially if you have already spent a number of hours 
on it).

• Ask your tutor for help.
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1.3 Working through the study book

Now you have some strategies on how to succeed at mathematics let’s take some time to see 
how these materials are organised. By this stage you will have read about the structure of the 
course in the introductory book for the course you are studying. To work through the course 
successfully you need to know how the materials are set up, what resources you will need and 
how to do assignments and the examination.

When you scan through the study material involving mathematics you will notice that they 
have many pages. Don’t be deceived though, this is not because you will have to learn much 
more in mathematics than your other subjects but rather because we have gone to a lot of 
trouble to include detailed solutions to all the questions posed in these books. The following is 
a suggested way you might approach the study materials. Once you have studied one or two 
modules you will undoubtedly develop your own method suited to your own learning habits 
and style.

• Scan the module first to see what is in store for you. The objectives in the introduction will 
also give you a summary of this.

• Begin at the beginning of the module reading through the text and examples. When you 
come to an activity complete the questions included there. The solutions to all the 
questions are included at the back of each module and we encourage you to look at these if 
you have a problem (it’s not cheating, it is part of being a distance student).

• Purchase a small notebook or set of cards to include definitions of new words, symbols 
and concepts. When you come to a new word, symbol or concept add this to the lists in this 
notebook. For example evaluate is a commonly used word but in mathematics it has a 
particular meaning, you might construct a notebook entry in this form. You could even 
develop your own index to the areas you have difficulty with.

• Close to the end of each module you will find the section entitled ‘A taste of things to 
come’. Here we provide examples of mathematics in real life situations and in areas of 
tertiary study you might encounter in the future. You could do all the questions for practice 
or just do the ones that are of interest to your future studies.

• At the end of each module you will come across the Post-test. This is there to help you 
check out if you have mastered all the skills listed in the objectives for that module. The 
answers are also included for this test so that you can mark it yourself.

• When you feel you have mastered the required material you should complete and then 
mail the assignment for that section of work.

Word Meaning Page number

evaluate to find the value of; calculate and get a 
single answer; 
e.g. Evaluate  the answer is 9

page ?

power ?  

product ?  

   

   

3 2 3×+
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1.4 What will I need?

You will need a good supply of stationery such as:

• notebooks, paper (size A4 best fits into assignment folders);

• pens and pencils (2B for drawing graphs) and eraser;

• graph paper (2 mm) and ruler; and

• protractor (instrument shaped like a half a circle for drawing angles – ask at newsagent).

Calculator

It is essential that you have a calculator when studying mathematics in the Tertiary Preparation 
Program. This calculator should be a scientific calculator. If you are unsure about which 
calculator to purchase or whether the calculator you currently own is suitable please contact 
your tutor.

Assignments

As the date for submission of your assignment draws near you should be close to completing 
that module of work and be satisfied that you have mastered it. Then you should complete and 
submit your assignment. There are some important things you should note about doing 
assignments for mathematics. The assignment will include a series of questions, some will 
involve simple calculations, other will involve writing explanations while others might 
involve drawing graphs. All questions should be answered on lined A4 paper, not on the 
assignment question sheet. There is no need to send in the question sheet. Graphs can be 
submitted on graph paper. Assignments should always be written in ink, not pencil. Your 
answers should include fully worked solutions which show how you worked out the answer to 
each question. These solutions could include a description of the calculator key strokes you 
used (especially if you are unsure about them) or descriptions in words of the steps you have 
taken. Use the working presented in the solutions to activities for each module as a model for 
your answers. If you could not complete a question, write out as much as you can and explain 
the difficulty you are having.

An important part of each assignment is your Learning Diary. This diary is important to your 
successful study of mathematics and is also important in the study of the ‘Self-Development’ 
modules. Entries you make in the Maths Learning Diary can be used again in your journals 
and assignments in the ‘Self-Development’ modules in courses TPP7130 / 11060 or 
TPP7120 / 11061. You should make the diary entries directly onto the page in your work book, 
cut it out and mail with the associated assignment.

Using a Learning Diary may be a new experience for you but over the years we have found 
them important for a number of reasons.

1. Properly used, the diary highlights those parts of the course which you find difficult and 
replaces to some extent the conversations which might go on between a teacher and 
students in a classroom. Two things might happen.

• Your tutor’s attention is drawn to your specific difficulties and you might then be sent 
extra examples or an alternative explanation for that topic. It may even be that your 
tutor will phone you to discuss the problem.
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• If a number of students speak of difficulties with a section of work, then it alerts us to 
the fact that that section will need further explanation in the notes.

2. An equally important use of the diary is to inform us of any personal problems you might 
be experiencing that have effected your studies. We realise that many of you are studying 
under conditions far from perfect, with families to consider, job or other commitments or 
sometimes sickness to overcome. Be assured that we consider these diaries confidential 
and we operate in a teaching and learning environment which is based on mutual trust.

When you have completed both parts of the assignments, take a copy of them and insert the 
original in the assignment folder provided and mail it to Distance Education Centre (DEC), 
The University of Southern Queensland, Toowoomba, 4350, Qld.

Examination

At the end of the semester you will be required to sit for an examination that will cover the 
work in the study books and in the assignments. For this examination you will be able to use 
your scientific calculator (programmable calculators are not permitted), so make yourself very 
familiar with its use. The examination will have a range of different questions which will 
involve multiple choice, calculations, problem solving and written explanations of 
mathematics. These questions will be a type similar to the assignment questions. If you 
haven’t completed an examination before or have not done one for some years refer to the 
‘Self-Development’ modules where a number of coping strategies are developed. Don’t forget 
that your tutor will also be able to help you with your concerns.

So now we have looked at working through the study books, submitting assignments and 
sitting for an exam. 

1.5 Conclusions

In this module we have asked you to think about your past experiences with mathematics and 
to look forward to things that might help in the weeks to come. You are now ready to 
commence the next module, but before you start complete Questions 1, 2 and 3 on Assignment 
1 – Learning Diary.

Finally, as you know, the comments recorded in this module have been taken from comments 
and diaries of past students. All the quotations were taken from successful students. Here is 
what some of them thought at the end of the course.

I have enjoyed studying this course and have learnt a lot. I was particularly amazed that I was 
able to teach myself a subject that I had trouble with at school.

If I had to study maths in years to come I don’t think I would be thrilled but I would be 
confident in my ability to successfully complete the subject. Having confidence and being able 
to see the relevance of the work are the two things that helped me.

I am not fearful of maths any more and I am sure that this has been a worthwhile experience 
for me...I know that in the future mathematics will not be the traumatic experience that I 
envisaged before I started this course.

In my learning diaries the words I most often used were interested, happy and hopeful. This is 
exactly how I feel about studying maths now.
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Introduction

Have you ever been in the situation where you:

• were the person selected to divide the bill of $126.75 between 13 people when you were 
all out at lunch;

• have been convinced that your telephone bill was wrong but couldn’t convince the cashier;

• were unsure what your credit card statement was all about; or

• thought that your teacher had added your marks incorrectly.

This module is about more than just numbers. We start by revising many of those basic skills 
you completed at school (possibly some time ago) and build on these to give you more skills to 
confidently tackle the types of dilemmas described above.

Recently a student rang, saying:

I am feeling great, I recently received my bank statement for my loan account and I was 
able to check it myself and show the bank that they had made a mistake.

At the completion of this module we hope that you too will have the mathematical confidence 
to challenge what you believe to be wrong. In the section ‘A taste of things to come’ we will 
look at some situations that you may face in everyday experience, in the workplace or in your 
future studies.

More formally, on successful completion of this module you should be able to:

• give examples of different types of numbers (real, rational, irrational, integers);

• represent these numbers on a number line;

• demonstrate understanding of the relationship between different types of numbers, in 
particular between fractions and decimals;

• perform the operations of addition, subtraction, multiplication and division on all of the 
above numbers;

• solve real world questions using the above numbers and techniques;

• perform complex calculations using order of operation;

• use techniques of estimation to aid in calculation; and

• use a calculator for calculations.

2.1 Our number system

The numbers and symbols that we use in mathematics are a part of our language. If we have a 
common understanding of what numbers mean and say, we can be assured that the message we 
want to send will be received as it was intended. When we communicate with numbers, just as 
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with words, we have to be aware of the purpose of the message as well as the audience with 
whom we are communicating.

The number system we use today has developed over many hundreds of years. Early 
civilisations only counted using fingers and toes where necessary. When it became necessary 
for additional representation of number, piles of stones were used. Eventually these needed to 
be grouped to make counting easier. Although we now group our numbers in lots of ten, early 
civilisations used other groupings for their number systems. For example some grouped in lots 
of five because they were used to seeing five fingers and five toes on each hand and foot. 
Another grouping that is still in use today is 60. The Babylonian civilisations used this for 
counting and we continue with its use for measurement of time (60 minutes in 1 hour, 60 
seconds in 1 minute).

The system of numbers we use today is called the Hindu-Arabic system. It consists of the 
digits 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 and is believed to have been used by the Arabs before being 
adopted by other countries. This system differed greatly from other systems because of the 
inclusion of a symbol for zero.

2.1.1 Whole numbers

Whole numbers are the first numbers we learn about as children. They are the numbers 0, 1, 2, 
3, 4, 5, 6, 7, 8, 9, … . You probably already know many things about them.You may know that 
some of the numbers are even (2, 4, 6, 8, …) and some are odd (1, 3, 5, 7, …). Whole numbers 
form the basis for all other numbers (e.g. fractions, decimals) so our first step in this course is 
to take a closer look at them.

Firstly, let’s picture these numbers on the number line. This allows us to see these numbers in 
order, moving from small to large. To draw a number line we draw a line and choose any point 
to represent zero (0). With a ruler we then mark off even spaces along the line to the right.

The arrow at the end of the line means that the numbers keep going, getting larger and larger 
(forever!!). We call the imaginary point that we never reach at the end of this number line, 
infinity. It is given the symbol ∞. Over history there has been much discussion about the 
concept of infinity. It is still a concept that is very hard to grasp. We do know that the first 
person to use the symbol ∞ for infinity was Englishman John Wallis in a publication in 1655.

Let’s look at some features of the number line.

You know that 3 is a number less than 5 and we can represent this as 3 < 5. The symbol ‘<’ 
means less than.We say 3 is less than 5.

If you look at the number line above you will see that the number 3 is to the left of 5. This also 
indicates that 3 < 5.

The opposite symbol to less than is greater than represented by the symbol ‘>’. 

An example of this would be to say that 24 > 9 or 24 is greater than 9. You can imagine that 
24 is further along the number line than 9 and hence is greater than 9.

∞
0 1 2 3 4 5 6 7 8 9 10
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You should note that the ‘point’ of the < or > sign will always point to the smaller number 
while the ‘open side’ will always point to the larger number.

Activity 2.1

1.Determine whether the following statements are true or false

(a) 6 < 9

(b) 5 > 6

(c) 2 < 19

(d) 56 > 49

(e) 24 < 123

2.Insert the correct symbol between these two numbers to make the statement 
true.

(a) 6 12

(b) 74  56

(c) 127 89

(d) 17 34

(e) 41 28

Before moving to the next section be sure to check your answers using the solutions at the end 
of this module.

We will look more closely at ways of comparing two or more items in a future module.

2.1.2 Place value

We call our number system the decimal system (‘dec’ meaning ten) because it is based on the 
ten digits 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. It is the position or place of the digit within a number 
that determines the value it will represent. For example, consider the 3 in the following 
numbers

536 and 3 598

In 536, the 3 refers to 3 tens (that is thirty) whereas in 3 598 it represents 3 thousands.

Each place value has a special name as set out in the table below.
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Consider these numbers:

(a) three hundred and sixty two.

That is, three hundreds, six tens and two units. 

Or 300 + 60 + 2

(b) one thousand, nine hundred and forty.

That is, one thousand, nine hundreds and four tens 

Or 1 000 + 900 + 40

(c) eight hundred and thirty two thousand and five 

That is, eight hundred thousands, three ten thousands, two thousands and five units

Or 800 000 + 30 000 + 2 000 + 5

(d) forty five 

That is, four tens and five units 

Or 40 + 5

(e) fifty six thousand, four hundred

That is, five ten thousands, six thousands and four hundreds 

Or 50 000 + 6 000 + 400

(f) ninety two million, twenty four thousand and fifty six 

That is, nine ten millions, two millions, two ten thousands, four thousands, five tens and 
six units 

Or 90 000 000 + 2 000 000 + 20 000 + 4 000 + 50 + 6

Let’s write them as digits in a place value table.

Billions Millions Thousands
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If we had written these numbers outside the table they would have looked like this:

(a) 362

(b) 1 940

(c) 832 005

(d) 45

(e) 56 400

(f) 92 024 056

You might have noticed with the above numbers, that when writing a number larger than 3 
digits it is usual to place the digits in groups of three starting from the units column. In the past 
we used a comma to separate these groups. This became confusing when some countries of the 
world use a comma to denote the decimal point. To overcome this confusion we now separate 
these groups of three with a space only.

This makes the number easier to read as each group is given a name as shown at the top of the 
table above.

Consider the area of Australia at 7 682 300 square kilometres. We would think of this number 
in its three separate parts:

 7 682  300

and say seven six hundred and three hundred

million eighty two thousand

Try reading this number aloud 765 431 982

Billions Millions Thousands

(a)

(b)

(c)

(d)

(e)

(f)

3 6 2

1 9 4 0

8 3 2 0 0 5

4 5

5 6 4 0 0

9 2 0 2 4 0 5 6
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You should have said seven hundred and sixty five million, four hundred and thirty one 
thousand, nine hundred and eighty two.

Being able to write numbers in words is essential when writing cheques. It would be nice to 
see the above number written on a cheque made out to you or me!

Check out the resource CD and in particular the ‘More than just numbers’ 
interactive program. You will find this in the ‘Course resources’ section of the 
CD. When you open the ‘More than just numbers’ program, choose ‘Topics’ 
and work through the ‘Numbers’ topic.

2.1.3 Estimation

Have you ever been shopping and needed to check quickly that you had enough money to pay 
for your purchases?

When working with any numbers, but especially very large numbers, it is always a good idea 
to get an estimate of the answer before actually calculating. Many of our calculations will be 
done on a calculator and in these cases estimation will become a very important skill.

If you had $37 in your wallet you know that you would have about $40. What you are saying 
is that the money you have is closer to $40 than to $30.

To help us estimate answers, we have a mathematical convention for deciding how to round 
off numbers in this way.

Rounding Numbers

To round numbers to a particular place value, investigate the digit immediately to the right of 
it.

• If the digit immediately to the right is greater than or equal to 5 (i.e. ≥ 5, which 
includes the digits 5, 6, 7, 8 or 9), then increase the required place value by 1.

We say the number has been rounded up.

• If the digit to the right is less than 5 (i.e. < 5 which includes the digits 0, 1, 2, 3 or 4), 
then the required place value remains the same.

We say the number has been rounded down.

• All digits to the right of the round off place are replaced by zeros.

Let’s look at some examples:
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Example

Round 572 to the nearest hundred.

572

hundreds position look at the digit immediately 
(the 5) to the right (the 7)

The digit immediately to the right of the hundreds column is greater than or equal to 5 so the 
digit in the hundreds column is increased by 1. The 5 in the hundreds place will increase to 6

All place values to the right of the required position are then filled with zeros. 

So 572 rounded to the nearest hundred becomes 600.

We could picture this on the number line.

We can see that 572 is closer to 600 than to 500.

Example

Round 674 927 to the nearest ten thousand.

674 927

ten thousands column look at the digit immediately 
(the 7) to the right (the 4)

The digit immediately to the right of the ten thousands column is less than 5 so the digit in the 
ten thousands column remains the same.

All place values to the right of the required position are then filled with zeros. 

So 674 927 rounded to the nearest ten thousand becomes 670 000

500 550 600

572
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Activity 2.2

Complete the following table by rounding each number as indicated.

The leading digit

Another way to round numbers that will help with estimation is to use what we call the leading 
digit. The leading digit is the first non-zero digit in a number when reading from left to right. 
To round to the leading digit we use the same convention as described for rounding off before, 
but this time our answer will have only one non-zero digit. That is, only one number that is not 
zero.

Example

Round 379 to the leading digit.

The first non-zero digit is 3 so we will need to round to the nearest hundred.

379 will round to 400

We can represent this in shorthand by writing

379 ≈ 400

The symbol ≈ means approximately equal to. So we would read the above statement as 
379 is approximately equal to 400.

You may also see the symbols  or ≅ used to represent ‘approximately equal to’ but in these 
modules we will continue to use ≈

Example

Round 23 to its leading digit.

23 ≈ 20

We have rounded to the nearest ten. We would say 23 is approximately equal to 20.

Number To nearest
ten

To nearest
hundred

To nearest
thousand

(a) 2 575

(b) 324

(c) 105

(d) 26 897

(e) 5 502 471
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Activity 2.3

Round each number to its leading digit

(a) 32 (e) 223 144

(b) 48 (f) 881

(c) 137 (g) 98 101

(d) 396 (h) 56 135

In any calculations that follow it is always good practice to quickly estimate the answer before 
you calculate. Having done this you can be sure that your answer is ‘close to the mark’. We 
would expect you to follow this practice throughout the rest of these modules wherever 
possible.

2.2 Working with numbers

You will probably remember all or parts of the following from your previous studies. 
Although everybody should work through all sections, some people may move more quickly 
than others. If you are unsure, take your time, this groundwork is very important.

In mathematics there are four basic operations to perform: addition, subtraction, multiplication 
and division. We will deal with each of these in turn. 

Although we will concentrate on using the calculator for performing these operations, the skill 
of doing them without a calculator is very valuable. In some courses such as nursing you will 
not always be permitted to use a calculator and so must do all calculations ‘by hand’. If you 
are going on to higher levels of mathematics you will need these calculating skills to 
manipulate algebraic expressions (whatever that may be!!). Even in your everyday life, you 
will not always have access to a calculator when you need to perform a quick calculation. For 
example, have you ever had to decide whether it is better to buy a packet of three items or 
three individually (assuming you need more than one)?

In each of the following cases we will look at how to use the calculator first and then the more 
traditional methods of calculating.

There are many different types of calculators and the sequence of keystrokes will vary 
between makes and models. An example of keystrokes is given for each case. You will need to 
try each case with your calculator to determine your own set of keystrokes. It is important to 
get to know how your calculator operates. If you have any difficulties please contact your 
tutor. (To contact a tutor refer to page 1 in the introductory book. 
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2.2.1 Addition

On a recent weekend trip I travelled the following distances each day.

Friday Saturday Sunday Monday
356 km  126 km  91 km 402 km

To find the total distance travelled on this weekend trip I need to find the sum of the distances 
for each day. That is, I must add together each of the above distances.

Before doing any calculation we should estimate the answer. It is easy on the calculator to 
press the wrong key and end up with an incorrect answer. If we estimate the answer first, we 
should then be aware that our answer may be wrong, if the estimated and calculated answers 
differ by a large amount.

The most convenient way to estimate is to round each number to its leading digit.

356 ≈ 400
126 ≈ 100
 91 ≈  90
402 ≈ 400

The total distance travelled then would be approximately equal to:

400 + 100 + 90 + 400 = 990 km

Adding numbers on the calculator

Find the  key on your calculator.

An example of the keystrokes for finding the total distance travelled over the weekend are:

 Now try this on your calculator.   

The display should read 975.

This is close to our estimate of 990 so we can assume our answer is probably correct.
Therefore the total distance I travelled on my weekend trip was 975 kilometres.

If you make an error when entering the numbers it is sometimes possible to correct 
the error without having to re-enter the whole calculation.

Write down the keystrokes you have 
used if they are different.
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Find this key on your calculator. It may look like ,  or 

If you type in an incorrect number, use this key to cancel the error and then press in the correct 
number and continue.

For example, if you went to press  but accidentally pressed 

 press the key to cancel the 6.

Now press  to complete the calculation.

The display should read 7 (the sum of 2 and 5)

 Now try this on your calculator.   

Spend a couple of minutes with a calculator now. Try correcting some errors.

Adding numbers without a calculator

• The first step in this process is to estimate the answer by rounding to the leading digit as 
we did before.

• Now line up the numbers you are adding, according to their place values. Add the 
columns, working from right to left. This means that we add the smallest place values first 
and work through to the largest.

• As a final step check your answer against your estimate to see if your answer is 
reasonable. If you have a calculator, verify your answer with the calculator.

There are various methods of writing out the addition process but we will look at just one of 
these.

Example

Evaluate: 58 + 321 Note that evaluate in mathematics means find 
a single answer.

Estimate: 58 ≈ 60
321 ≈ 300

60 + 300 = 360

Calculate:

5 8 Add Units 8 + 1 = 9
+ 3 2 1 Tens 5 + 2 = 7

3 7 9 Hundreds    3 = 3

Check: The answer is close to our estimate and so looks reasonable.

Write down the keystrokes you have 
used if they are different.
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Example

From our travelling example 356 + 126 + 91 + 402

Estimate: 356 ≈ 400
126 ≈ 100
 91 ≈ 90
402 ≈ 400

400 + 100 + 90 + 400 = 990

Calculate:

3 5 6 Add Units 6 + 6 + 1 + 2 = 15
1 2 6 Write down the 5 in the units column and carry the 1 to the bottom or top of the

9 1 tens column.
+ 4 0 2 Tens 5 + 2 + 9 + 0 + 1 = 17
     1   1    

9 7 5 Write down the 7 in the tens column and carry the 1 to the bottom or top of the
hundreds column.

Hundreds 3 + 1 + 4 + 1 = 9

Check: The answer is close to our estimate and so looks reasonable.

Activity 2.4

Find the following answers without using a calculator. Estimate your answer 
before commencing. Check your answer by using a calculator.

1.

(a) 58 + 61

(b) 25 + 956 + 32

(c) 750 + 2 305 + 10 + 9 + 315

(d) 658 + 0

2. The children’s ward of the local hospital admitted 5 children on Sunday, 3 on 
Monday, 2 on Tuesday, none on Wednesday and Thursday but 6 on Friday 
and 9 on Saturday. How many children were admitted to the children’s ward 
for the week?

3. The attendances for the Bold Batters Baseball Club’s first four home games 
were 10 428, 8 922, 7 431 and 9 647. How many people came to the first four 
home games?

4. David’s lunch consisted of a triple hamburger that contained 2 103 kJ 
(kilojoules, the measure of energy in food), hot potato chips containing  
1 714 kJ, an apple pie with 1 148 kJ and a diet softdrink containing just 18 kJ. 
How many kilojoules did David consume for lunch?
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2.2.2 Subtraction

On my previously mentioned weekend escape, I took $300. My expenses for the weekend 
totalled $121.

To find the amount of money I came home with I must subtract these expenses from the 
original amount of money. We call this the difference between the amount of money I took 
with me and the expenses.

That is, $300 – $121

Firstly, estimate the remaining amount.

300 = 300
121 ≈ 100

300 – 100 = 200 The remaining money is about $200

We can now do this subtraction on the calculator.

Subtracting numbers on the calculator

Find the  key on your calculator.

The keystrokes for finding the remaining amount of money would be:

 Now try this on your calculator.   

The display should read 179

$179 is close to our estimate of $200 so is a
reasonable answer.

The amount of money I had left after the 
weekend escape was $179.

Subtracting numbers without a calculator

• As for addition, we must firstly estimate the answer.

• Then line up the numbers according to place value and subtract the columns working from 
right to left as for addition.

• Finally, check your answer against the estimate to see if your answer is reasonable.

Write down the keystrokes you have 
used if they are different.
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Example

Evaluate 2 596 – 452

Estimate: 2 596 ≈ 3 000
     452 ≈ 500

3 000 – 500 = 2 500

Calculate:

2 5 9 6 Subtract Units 6 – 2 = 4
– 4 5 2 Tens 9 – 5 = 4

   2 1 4 4 Hundreds 5 – 4 = 1
Thousands 2 – 0 = 2

Check: The answer is close to our estimate and so looks reasonable.

This example was very simple. Most subtractions though will not be quite so straight forward. 
We will look at two methods of subtraction. Continue to use the method you are most familiar 
with. If you don’t already have a method, choose the method that you find easier.

Example

Evaluate 645 – 458

Method 1

Estimate: 645 ≈ 600
458 ≈ 500

600 – 500 = 100

Calculate:

Subtract Units 5 – 8 The 8 is too large. Borrow one ten from the next column.
5 + 10 = 15 (units). One less ten leaves 3 tens.
Now, 15 – 8 = 7

Tens 3 – 5 The 5 is too large. Borrow one hundred from the next column.
– 4 5 8 3 + 10 = 13 (tens). One less hundred leaves 5 hundreds.
   1 8 7 Now, 13 – 5 = 8

Hundreds 5 – 4 = 1

Check: The answer is close to our estimate and so looks reasonable.

     5    13
   3 15
  6 4 5
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Method 2

This is the ‘borrow and pay back’ method

Estimate: 645 ≈ 600
458 ≈ 500

600 − 500 = 100

Calculate:

Subtract Units 5 – 8 The 8 is too large. Borrow one ten from the next column.
5 + 10 = 15 (units). Now, 15 – 8 = 7
Now pay one back to the tens column.

6 14 15 Tens 4 – 6 The 6 is too large. Borrow one hundred from the next column.

– 41 51 8 4 + 10 = 14 (tens). Now, 14 – 6 = 8

  
____________ 

Now pay one back to the hundreds column.
1  8  7

Hundreds 6 – 5 = 1

Check: The answer is close to our estimate and so looks reasonable.

Activity 2.5

Find the following answers without using a calculator. Estimate your answers 
before you commence. Check your answers with a calculator.

1.
(a) 759 − 326

(b) 39 200 − 14 125

(c) 126 430 − 2 472

(d) 37 − 0

2. Mary purchases 4 items costing $14, $27, $16 and $7. She pays for the items 
with a $100 note. How much change should Mary receive?

3. A cleaner is asked to dilute 542 mL of disinfectant concentrate by making it 
into 3 500 mL of diluted solution. How much distilled water will the cleaner 
need to add? A diagram may help you ‘picture’ this situation.

4. The following table shows the weekly pay schedule for a number of 
employees of a small company. Gross pay is the amount of money you 
receive before any deductions. Deductions for these employees include 
taxation, superannuation and union fees. After these deductions have been 
made, the amount remaining is the take home pay.
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(a) For each employee calculate the take home pay.

(b) What is the total wages bill for these employees (Gross Pay)?

(c) What amount of money will be sent to the taxation office on behalf of 
these employees?

5. The following table shows the Fly Buys points needed for return flights 
between these cities.

Points for return flights

(All points shown are for single return flights)

Name Gross
pay Tax Superannuation Union 

fees
Take home 

pay

Adams J $500 $105 $30 $2

Bull P $1 200 $407 $74 $2

Filbee Y $678 $169 $41 $2

Hand I $893 $261 $54 $2

Ruse K $560 $127 $34 $2

Totals
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Adelaide 550 1650 1850 2100 1350 1800 1400 1350 850 1950 1250 2100

Brisbane 550 1850 2300 1450 1350 1800 1800 1450 2800 850 1350

Canberra 550 1350 2100 1350 2200 1400 1500 1450 800 2450 650 2050

Darwin 2350 1550 2650 1900 2650 3000 2750 2750 2750 2750 2750 2950

Gold Coast 1800 2350 1450 1400 1800 1800 1400 2850 850 1450

Hobart 1400 2250 1800 2600 1500 1800 850 2400 1200 2400

Launceston 1350 2200 1800 2600 1450 1800 800 2400 1200 2400

Melbourne 550 850 2200 1450 2300 800 1400 850 800 2050 850 2150

Perth 550 1950 2050 2800 2550 2450 2850 2400 2400 2050 2350 3300

Sydney 550 1250 2200 850 1900 650 850 1200 1200 850 2350 1850

Townsville 2100 1850 1350 700 2050 1450 2400 2400 2150 3300 1850
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(a) How many points do I need to take a return trip from the Gold Coast to 
Townsville?

(b) Linda decides to fly from Brisbane to Sydney. How many points does she 
need for the return trip?

(c) While still in Sydney, before returning to Brisbane, Linda decides that she 
will take a return flight from Sydney to Melbourne. How many points 
does she need for this return trip?

(d) How many points would Linda have saved by flying directly from 
Brisbane to Melbourne. (Assuming she did not want to visit Sydney of 
course!)

Subtraction that gives a negative answer

Consider the following.

The temperature in Toowoomba on a winters evening is 8°C. By midnight the temperature has 
dropped by 5°C.

What will the temperature be at midnight?

..........................................................................................................................

Did you say 3°C? We might think of the subtraction 8°C − 5°C.

What if the temperature drops a further 5°C by 4 a.m. What will the temperature be at 4 a.m.?

..........................................................................................................................

You may have come up with many different ways to express this answer. The following are 
some of the possible answers:

2 degrees less than zero
2 degrees below zero
negative two degrees

or maybe − 2°C

If we think of this as a subtraction we would write

3°C − 5°C

If you do the subtraction 3 − 5 on the calculator, the display should read −2.

In general when subtracting two numbers, if the number being subtracted is the larger of the 
two the answer will be negative. 

Which of the following will give negative answers?

(a) 243 − 672
(b) 2 430 − 1 650
(c) 246 − 1 240
(d) 21 583 − 9 683
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You should have said that (a) and (c) would give negative answers.

It is clear that the whole numbers we originally looked at are no longer enough to cope with 
the needs of our daily calculations. We must extend these numbers below zero to include the 
negative numbers.

Let’s picture this on the number line.

We call the positive and negative whole numbers together with zero, the integers.

We can see that −2 is to the left of 6 on the number line so we can say that −2 is less than 6. 
We write this −2 < 6.

We can also see that −5 is to the left of −1 so we can say that −5 is less than −1. We write this 
−5 < −1. If you think of this as temperature, −5°C is much colder than −1°C and so −5 is less 
than −1.

Activity 2.6

Insert the symbol that will make the following statements true.

(a) –5 3

(b) –1 –4

(c) 3 –1

(d) –65  –34

(e) –125  –420

We will look more closely at working and calculating with negative numbers in a later section 
of this module.

∞
–4 –3 –2 –1 0 1 2 3 4

– ∞
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2.2.3 Multiplication

Suppose a builder is prepared to employ you as a casual labourer for $80 a day.

Your total weekly pay would be: 

 5 lots of $80 added together

A shorthand way to write 5 lots of $80 added together is to use multiplication.

That is, 5 × 80 =  400

We say five multiplied by eighty equals four hundred.

We call 5 and 80 factors of 400 and say that 400 is the product of 5 and 80.

You may be familiar with these terms in everyday language. For example, ‘one of the factors 
leading to an early arrest was the accurate description given to police by the witness’. This 
simply means a part of the reason for the early arrest was the good description. We could also 
say ‘the reason for an early arrest was a product of good police work and an observant 
witness’. We are saying that the early arrest was a combination of these two factors.

Multiplying numbers on the calculator

Find the  key on your calculator

To calculate 5 × 80, press

 Now try this on your calculator.   

The display should read 400

Multiplying numbers without a calculator

Before moving on to look at multiplying numbers without a calculator it is important to be 
able to multiply the single digit numbers. In fact it is important to know the multiplication 
tables up to 10 and even 12 if possible. You will need to know these basic multiplications 
before you can move on to multiply and divide numbers with more than one digit. To help you 
remember the multiplication tables you could write them out and stick them in a spot where 
they will be seen regularly (e.g. the fridge, above your desk, or even the toilet door!). You 
could also recite them onto a tape and play them back when you are doing some mundane task 
(driving, sleeping or dare I say working?)

$80 + $80 +$80 + $80 + $80 = $400

Write down the keystrokes you have 
used if they are different.
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Complete the following table if you are not sure of the multiplication tables (use your 
calculator if you need to). Keep it for reference until you become familiar with these basic 
products.

You should notice from the table that zero multiplied by anything is zero.

3 × 0 = 0, 7 × 0 = 0, 0 × 5 = 0, 0 × 3 = 0

To think of this in a practical situation, we could have three people each receiving zero pieces 
of cake 3 × 0. Altogether we still have no pieces of cake 3 × 0 = 0.

Also, think of purchasing 5 items for 9 cents or 9 items for 5 cents. Either way the cost is still 
45 cents. That is, 5 × 9 = 45 and 9 × 5 = 45 so you only really need to learn about half the table. 

Let’s now look at multiplying larger numbers together without a calculator.

• The first step as always is to estimate the answer.

• To multiply two whole numbers line them up according to their place values. Multiply the 
numbers working from right to left. Add up the separate results to reach a final answer.

• Check this answer against your estimate.

× 0 1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0

2 0

3 0

4 0

5 0 45

6 0

7 0

8 0

9 0 45

10 0

11 0

12 0 144
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Example

Evaluate  42 × 6

Estimate: 42 ≈ 40
 6 = 6

40 × 6 = 240
Calculate:

 4 2 Multiply Units 6 × 2 = 12
  × 6
   1
2 4 2
2 5 2 6 × 4 = 24 

Write down the 4 in the tens column and the 2 in the hundreds 
column of the answer.

Add Units = 2
Tens    1 + 4 = 5
Hundreds = 2

Check: The answer is close to our estimate and so looks reasonable.

Example

Evaluate 847 × 36

Estimate: 847 ≈ 800
 36 ≈ 40

800 × 40 = 32 000 Multiply the 8 and 4 and add three zeros to the answer 
(because there were three zeros in the question)

Calculate:

    8 4 7 Multiply
     ×  3 6 Units 6 × 7 = 42 Write down the 2 in the units column and carry the 4 to the 

tens column of the answer.
6 × 4 = 24 Write down the 4 in the tens column and carry the 2 to the 

hundreds column of the answer.
6 × 8 = 48 Write down the 8 in the hundreds column and the 4 in the 

thousands column of the answer.
Tens Write down a zero in the units column to show that we are 

really multiplying by 30 not 3
3 × 7 = 21 Write down the 1 in the tens column and carry the 2 to the 

hundreds column of the answer.
3 × 4 = 12 Write down the 2 in the hundreds column and carry the 1 

to the thousands column of the answer.
3 × 8 = 24 Write down the 4 in the thousands column and the 2 in the 

ten thousands column of the answer.
Add
Units    2 + 0 = 2
Tens   4 + 4 + 1 = 9
Hundreds  2 + 8 + 2 + 2 = 14 Write down the 4 and carry the 1
Thousands 4 + 1 + 4 + 1 = 10 Write down the 0 and carry the 1
Ten Thousands 2 + 1 = 3

Check: The answer is close to our estimate and so looks reasonable.

Multiply the 4 and 6 and add one zero to the answer
(because there was one zero in the question)

Write down the 2 in the units column and carry the 1 to the 
tens column of the answer.

   2 4
     4 8 4 2
 1     2
2 4 2 1 0
 1 1     

3 0 4 9 2
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Activity 2.7

Find the following answers without using a calculator. Estimate your answers 
before you commence. Check your answer with a calculator.

1.

(a) 9 × 45

(b) 93 × 72

(c) 195 × 24

(d) 1 952 × 346

(e) 589 × 40

2. Sally earns $14 per hour and works for 38 hours in a week. How much does 
Sally earn?

3. Philip and Denise wish to pave an area around their swimming pool. They 
have calculated that they need 36 concrete blocks each weighing 22 
kilograms. What is the total weight of concrete that Philip and Denise will 
need?

4. Jeremy sees a shirt normally priced at $45 on sale for only $26.

(a) How much would Jeremy save if he purchased a shirt at the sale price?

(b) Jeremy decides to buy 5 shirts in different colours. How much does he 
save by buying them all at the sale price?

5. An express coach from Brisbane to Melbourne stops to load and unload 
passengers only in Sydney.

(a) How many passengers travelled all the way from Brisbane to 
Melbourne?

(b) How many passengers got off the coach in Melbourne?

Number of passengers

City Loaded Unloaded

Brisbane 36

Sydney 23 14

Melbourne
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Power notation

Often you will see different symbols being used as ways to reduce the writing out of a long 
process. So far we have used multiplication as a shorthand way of writing repeated additions. 
You will come across more of these abbreviations throughout these modules.

Power notation is a shorthand way of representing the same number being multiplied together 
several times.

Consider 6 × 6. This could be written 62. We would say six squared or six to the power two.

62  indicates that we are multiplying together two numbers which are both 6.

6 × 6 × 6 would be written 63  and would mean that we are multiplying three numbers together 
which are all 6. We say six to the power three or six cubed.

See if you can write out and describe in words what is meant by 65 

..........................................................................................................................

Did you say something like 65 means 5 numbers which are all 6 are multiplied together to give 
6 × 6 × 6 × 6 × 6 ?

We will look more closely at power notation in a later module but for now let’s see how to 
evaluate powers on your calculator.

To evaluate powers on the calculator

There are two buttons on your calculator that we can use to evaluate powers

Find the x2 on the  key

and the xy on the  key

 key is only for finding powers of 2.

To evaluate 62 press 

The display should read 36.

Depending on the type of calculator it may or may not be necessary to press the = key.

This key is very useful when finding powers of two but the key for finding all powers 
including 2 is the xy key.

An example of keystrokes to evaluate 53 are  



2.24  TPP7181 – Mathematics tertiary preparation level A
 Now try this on your calculator.   

The display should read 125

Remember that all calculators are different. Some keys are written on the face of the calculator 
rather than on the keys themselves. To activate any of the calculator functions in this position 

it may be necessary to press another function key first. This key may be a shift key  or 

2nd Function key . For example if the key to evaluate powers looks like  the 

sequence of keystrokes for 53 will be  

You may not have had to use these two new keys before so here is an activity if you feel you 
would like more practice.

Activity 2.8

1. Evaluate the following without a calculator. Check your answers with your 
calculator.

(a) 33

(b) 24

(c) 54

(d) 41

(e) 92

(f) 65

2. Complete:

(a) 4  = 16  (How many times is 4 multiplied together to give 16?)

(b) 2  = 32

(c) 5 = 25

(d) 3  = 81

3. The Heptane family has seven children. Each of the seven children spends 7 
minutes per day reading. What is the total time the children spend on reading 
in one week?

Write down the keystrokes you have 
used if they are different.
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The square root

What if a question on powers asked you to find a positive number that when raised to the 
power 2 gave you 49 as the answer.

That is  2 = 49

Did you get 7 for this answer? Check this with your multiplication table.

We have a shorthand way to express this type of question.

We could write  and it is understood that we are meant to find the two identical numbers 
that multiply to give 49.

We would read  as the square root of 49 

The symbol we use for the square root is 

To evaluate square roots on the calculator

Find the  key on your calculator

To evaluate  press

 

The display should read 7

 Now try this on your calculator.   

Activity 2.9

Evaluate the following. Check your answers on the calculator.

(a) Remember, we are asking what two identical numbers multiply to give 81.

(b)

(c)

(d)

(e)

49

49

49

Write down the keystrokes you have 
used if they are different.

81

36

25

64

100
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2.2.4 Division

Recall that multiplication is a shorthand way of adding the same number many times. 
Similarly, division is a shorthand way of subtracting the same number several times.

For example, to determine how many 5’s are contained in the number 20, you could use 
subtraction as follows:

20 − 5 = 15 one step
15 − 5 = 10 two steps
10 − 5 = 5 three steps
 5 − 5 = 0 four steps

Using subtraction it has taken four steps to determine how many 5’s there are in 20. A 
shorthand way of writing this using division would be:

20 ÷ 5 = 4

We would say this as twenty divided by five equals four.

We call the result of division a quotient. In our example above the quotient is 4.

It is interesting to note that the word quotient comes from the Latin word quotiens meaning 
‘how often’ or ‘how many times’.

Dividing numbers on the calculator.

Find the  key on your calculator

To divide 20 by 5 press 

 Now try this on your calculator.   

The display should read 4

We can say that 20 ÷ 5 = 4 because there are 4 lots of 5 in 20 i.e. 4 × 5 = 20

Can you see that division is the opposite of multiplication. Knowing your multiplication tables 
will be a help when doing division as well as multiplication.

For example:

72 ÷ 8 = 9 since 9 × 8 = 72 Look at the multiplication tables you wrote out earlier 
45 ÷ 9 = 5 since 5 × 9 = 45 and use them as a division table.

Write down the keystrokes you have 
used if they are different.
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Before we move on to the next section let’s consider divisions involving zero. 

0 ÷ 6 = 0 since 0 × 6 = 0 No cake divided among 6 children!
0 ÷ 342 = 0 since 0 × 342 = 0

What happens when it is zero that we are dividing by?

For example,  7 ÷ 0 = ? since ? × 0 = 7

We know that anything multiplied by zero equals zero so there is no number that we can write 
instead of the ? sign.

We say that division by zero is undefined. That is, it is impossible to divide by zero.

Try 7 ÷ 0 on your calculator. You should get an error message (- E -)

Dividing numbers without the calculator

• The first step in this process will be to estimate the answer.

• Then divide the numbers, working from left to right this time. That is from the highest 
place value to the lowest.

• Finally check for the reasonableness of your answer.

Example

Evaluate  864 ÷ 6

Estimate: 864 ≈ 900
6 = 6

900 ÷ 6 6 goes into 9 more than once but not twice.
The answer will be between 100 and 200

Calculate:

We will show this process as several steps. You would normally do all this on one diagram.

Divide
      

 

1
6 8 6 4

6
2 6

How many 6’s are there in 8? Answer 1. Write the 1 above the 8 and multiply 
the 1 by the 6 and write this answer below the 8. Subtract the 6 from the 8. 
Bring down the 6 from beside the 8.

1 4
6 8 6 4

6
2 6
2 4

2 4

     How many 6’s are there in 26? Answer 4. Write the 4 above the 6 in the 
question and multiply the 4 by the 6 (24) and write this answer below the 26. 
Subtract the 24 from the 26. Bring down the 4 from beside the 6.
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Our answer is telling us that there are exactly 144 lots of 6 in 864.

Check: The answer is within the range of our estimate so looks reasonable.

Example

Evaluate 3 854 ÷ 41

Estimate: 3 854 ≈ 4 000
   41 ≈ 40

4 000 ÷ 40 = 100

Calculate:

Divide

Check: The answer is close to our estimate so looks reasonable.

Check out the resource CD and in particular the intractive program ‘More than 
just numbers’. You will find this in the ‘Course resources’ section of the CD. 
Select ‘Topics’ and work through the ‘Calculations’ topic.

1 4 4
6 8 6 4

6
2 6
2 4

2 4
2 4

0

How many 6’s are there in 24? Answer 4. Write the 4 above the 4 in the 
question and multiply the 4 by the 6 (24) and write this answer below the 24. 
Subtract the 24 from the 24.

9 4
 41 3 8 5 4

3 6 9
1 6 4
1 6 4

0

41 will not divide into 3 so try 41 into 38. This won’t go either so try 41 into 385. This 
goes about 9 times. Write the 9 above the 5 and multiply the 9 by the
41(369) and write this answer below the 385. 
Subtract the 369 from the 385. Bring down the 4 from beside the 5. 
How many 41’s are there in 164? Answer 4. Write the 4 above the 4 in the question 
and multiply the 4 by the 41 (164) and write this answer below the 164. Subtract the 
164 from the 164.
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Activity 2.10

Complete the following without using a calculator. Estimate your answer before 
you begin. Check your answer with the calculator.

1.

(a) 1 204 ÷ 4

(b) 432 ÷ 12

(c) 10 608 ÷ 26

(d) 3 612 ÷ 42

2. Three children were left a $4 500 inheritance. How much will each child 
receive?

3. Joseph purchased 2 700 grams of minced steak to be used for 6 family meals. 
He wishes to freeze the meat in meal size portions. What amount of mince 
should he use for each meal?

4. If you receive an annual salary of $31 025, what is your weekly wage? Hint: 
you will need to work out the daily rate (365 days in a year) and then the 
weekly rate.

5. A merry-go-round at the local show revolves once every 32 seconds. Keely’s 
ride lasts 8 minutes, how many times did the merry-go-round revolve? (Hint: 
8 minutes equals 8 × 60 = 480 seconds).

2.3 Calculations involving negative numbers

Earlier in this chapter we showed how our number system has been extended to include the 
positive and negative whole numbers and zero. So far we have looked at performing the four 
basic operations on positive numbers. Let’s now take a look at calculating with the negative 
numbers.

Recall the number line

                                                                         

You should check that the distances between adjacent (lying beside each other) integers on the 
number line are always the same.

Let’s look more closely at the temperature example that generated 
this need for an extended number system.

Recall that at 4 am on that chilly Toowoomba morning the 
temperature was − 2 degrees. Suppose that two hours later the 
temperature had risen by 3 degrees. 

- ∞ –5 –4 –3 –1 0 1 2 3 4 5–2
∞

Recall:
Module 2
Section 2.2.2
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What was the temperature at 6 am? You may find the number line above will help.

..............................................................................................................

Did you say something like 1 degree?

If you were asked to calculate − 2 + 3 what would your answer be? Explain why?

...............................................................................................................

Although this question is represented by symbols, you could think of it in exactly the same 
way as you did the temperature change. On the number line you begin at − 2 and move three 
‘jumps’ to the right to indicate an increase. Your answer should have been 1 as before. We can 
write − 2 + 3 = 1

By 6.30 am the temperature had risen to 3 degrees (1 + 2 = 3) but unfortunately half an hour 
later it had dropped by 5 degrees. 
What was the temperature at 7 am?

................................................................................................................

Did you say negative 2 degrees?

If you were asked to calculate 3 − 5 what would your answer be? Explain why?

..............................................................................................................

Again you can think of this as a temperature question and start at 3 on the number line and 
move 5 ‘jumps’ to the left to indicate a decrease. You should get − 2 as before. We can write  
3 −  5 = − 2. We can also write 3 + − 5 = − 2 to indicate we started at 3 and added a decrease  
of 5.

After a cold day the temperature at 11 pm that evening was − 4 degrees and by midnight it had 
dropped a further 3 degrees. 
What was the temperature at midnight?

..............................................................................................................

This situation may be a little more unfamiliar to you. Did you come up with − 7 degrees as 
your answer?

If you were asked to calculate − 4 − 3 what would your answer be?

..............................................................................................................

Although this is in symbols now it is still the same question as before. On the number line start 
at − 4 and move 3 ‘jumps’ to the left to indicate a decrease. You should end up at − 7. We can 
write − 4 − 3 = − 7.

Is this the same as − 4 + − 3? Explain why?

..............................................................................................................
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Yes it is the same. In our temperature example we could think of this as adding a fall in 
temperature, that is − 3 degrees. Subtracting a number is the same as adding the negative of the 
same number. We will look more closely at this in the next section.

You should now feel a little more comfortable with the concept of a negative number. You 
may be interested to know that the word negative comes from the Latin negatus which means 
to deny. Negative numbers were thus named since many people denied they had any real 
meaning. Even mathematicians in the 15th and 16th centuries thought them absurd or 
impossible answers.

We have just shown that they do have meaning. Negative numbers are not something to be 
afraid of, but rather a part of the natural order of things. Of course if you live in more tropical 
climates than Toowoomba it may not be temperature where these numbers occur in your daily 
life. Perhaps it is going above or below sea level or in and out of debt.

2.3.1 Addition involving negative numbers

Consider the cases we have looked at with our temperature example.

−2 + 3 = 1 (1)

1 + 2 = 3 (2)

 3 + −5 = −2 (3)

−4 + −3 = −7 (4)

In examples (2) and (4) you can see that we are adding together numbers with the same sign, 
that is two positive numbers and two negative numbers.

In both cases the answer has the same sign as the numbers being added. 

Adding two positive numbers gives us a larger positive number. We have moved to the right 
on the number line. 

Adding two negative numbers gives us a larger negative number. We have moved to the left 
on the number line.

That is − 4 + − 3 = − (4 + 3) = − 7 The brackets indicate that we are grouping the numbers together 
after the negative sign. We should work out the brackets and then 
attach the negative sign.

This makes these types of addition easy. 

Example

− 3 + − 12

The signs are the same so our answer will also be negative.

− 3 + −12 = −(3 + 12) = − 15
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Negative numbers on the calculator

Find the  key on your calculator. It may also look like 

To calculate − 3 + −12  press 

If you are using  key the sign is given after the number. For example 

The display should read − 15

Did you notice that when you pressed the  or  key a negative sign appeared 
before the 3 on the calculator display? This key changes the sign of whatever is on the display 
of the calculator.

Here are some for you to try.

Activity 2.11

1. Evaluate the following without a calculator. Check your answers with a 
calculator.

(a) − 7 + − 16

(b) − 4 + − 9

(c) − 25 + − 12

(d) − 456 + − 32

(e) − 3 + − 1 245

Translate each of the following questions into an expression involving a sum 
and then solve.

2. A submarine is 10 metres below sea level. It dives a further 20 metres. How 
far below sea level does it come to rest?

3. Dan’s cheque account is over-drawn by $110. If he writes another cheque for 
$43, what will Dan’s cheque account balance now show?

Let’s return to the other two types of addition that we have come across.

− 2 + 3 = 1 (1)
3 + − 5 = −2 (3)
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In these cases the signs of the terms being added are different. As you can see from these 
examples, sometimes the answer will be positive, sometimes negative. 

How do you tell?

Look at the two numbers you are adding together. Which number is furthest away from the 
zero on the number line? It is the sign of this number that will be the sign of the answer.

Consider − 2 + 3.

Now, −2 is 2 units away from zero while 3 is three units away from the zero. Since the 3 is the 
furthest away, the answer will be positive.

To calculate the answer, ignore the signs, take the smaller number from the larger and give the 
answer the sign of the larger. Let’s look at this for the following:

Example

Evaluate − 15 + 3 =

The −15 is further from zero than the 3 on the number line and since this number is negative, 
the answer will be negative.

Ignoring the signs, take the smaller from the larger.

15 − 3 = 12

Now give the answer the correct sign, that is, the answer is −12.

− 15 + 3 = − 12

Check on the calculator. Press 

Let’s try another.

Example

Evaluate 78 + − 42 = 

Firstly decide on the sign of the answer .........................................

Did you decide the answer would be positive in this case?

Ignoring the signs, take the smaller from the larger

78 − 42 = 36

Now write out the answer

78 + − 42 = 36

Check on the calculator. Press 

∞
–4 –3 –2 –1 0 1 2 3 4

– ∞
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Activity 2.12

1. Complete these without a calculator and then check your answers with the 
calculator.

(a) − 5 + 3

(b) − 56 + 78

(c) 456 + −  67

(d) 89 + − 567

(e) − 1 789 + 1 674

Translate each of the following questions into an expression involving a sum and 
then solve. A diagram may sometimes help you to estimate whether the answer 
will be positive or negative.

2. Nami owes $25. If she is able to pay back $5, how much does she still owe?

3. A submarine dived 37 metres and then rose 23 metres. What is its new depth?

4. Australia started their second innings in the cricket, 134 runs behind South 
Africa. 

(a) If the opening partnership scored 76 runs, what is Australia’s position?

(b) If Australia scored 475 runs in their second innings, what is their position 
at the end of the innings?

5. From a certain floor in a building the lift descended 3 floors. It then rose 6 
floors before descending 8 floors. What is the lift’s final position relative to 
its starting position?

2.3.2 Subtraction involving negative numbers

Let’s firstly consider the following examples from the temperature exercise earlier in this 
module. In both of these cases we are subtracting a positive number.

− 4 − 3 = −7
  3 − 5 = −2

We can write both of these as additions as we saw in the previous section and follow the 
procedures for adding numbers involving negatives.

That is, − 4 − 3 = −7 becomes − 4 + −3 = −7
and   3 − 5 = −2 becomes   3 + −5 = −2

Now let’s look at examples involving subtracting negative numbers.

     3 − −5
− 4 − −3
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Consider the following statements that you might sometimes hear children make. (Having 
heard this, we would of course encourage better English expression!)

‘I did nothing’ This is a negative statement. The person is saying that they didn’t do 
anything.

‘I didn’t do nothing’ This statement on the other hand is positive. The person is saying the 
opposite of the first statement because of the second negative, 
‘didn’t’. As the person didn’t do nothing they must have done 
something.

In the second statement the person has used a double negative and arrived at a positive. We 
use this same principle in mathematics. Two negatives together make a positive. (Two wrongs 
don’t make a right. But here in maths we think they might!!!)

Therefore we can write the above two statements as 

    3 − −5 = 3 + 5 = 8
− 4 − −3 = −4 + 3 = −1

We have then reduced all subtractions to additions so we need only remember the addition 
rules.

Example

Evaluate − 7 − 5 Change to an addition

= − 7 + − 5 Same signs so answer will be negative

=  −(7 + 5)

= − 12

 Now try this on your calculator.

Example

Evaluate − 7 − − 5 Change to an addition
= − 7 + 5 Different signs. Decide that answer will be negative because −7

is further from zero than 5
= − (7 − 5) Ignoring signs take the smaller number from the larger.
= − 2

 Now try this on your calculator.

Let’s look at some examples using larger numbers.
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Example

Evaluate − 127 − 56 Change to an addition
= −127 + − 56 Same signs so answer will be negative
= − (127 + 56)
= − 183

 Now try this on your calculator.

Example

Evaluate 82 − 178 Change to an addition
= 82 + − 178 Different signs. Decide that answer will be negative because 

−178 is further from zero than 82
= − (178 − 82) Ignoring signs take the smaller number from the larger.
= − 96

 Now try this on your calculator.   

Example

Evaluate − 254 − − 897 Change to an addition
= − 254 + 897 Different signs. Decide that answer will be positive because 897 

is further from zero than  −254
= +(897 − 254) Ignoring signs take the smaller number from the larger.
= +643
= 643 It is not necessary to write in the + sign.

 Now try this on your calculator.
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Activity 2.13

1. Find the following without a calculator. Check your answers using the 
calculator.

2. Complete the following without a calculator.

(a) 13 − = 5

(b) 7 − = −2

(c) − 3 − = −6

(d) 7 − = 8

(e)  − 3 = −2

(f)  − 3 = –9

Translate each of the following questions into an expression involving a 
difference and then solve.

3. For the following cities calculate the difference in temperature between the 
maximum and minimum temperatures.

4. A man dived into a lake from the top of a 20 metre cliff. He levelled out after 
dropping 34 metres. At what depth did he level out?

5. At the end of a game Bill had scored 23 points while Peter had scored − 4 
points. By how many points did Bill beat Peter?

(a) −45 − 89 (f)  −498 − −587

(b) 456 − 765 (g)  −45 − 238

(c) −376 − −46 (h)  1 234 − −890

(d) 73 − −34 (i)  −56 − 4 693

(e) 567 − 345 (j)  567 − −780

City Maximum
°C

Minimum
°C

Difference
°C

London 11 8
Moscow 8 − 1

New York 3 − 4
Helsinki − 2 − 6
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2.3.3 Multiplication involving negative numbers

Recall that multiplication can be thought of as a shorthand way of writing many additions of 
the same number. For example:

4 + 4 + 4 = 12 we can write as  4 × 3 = 12

Negative numbers work in the same way

− 4 + − 4 + − 4 = −12  we can write as − 4 × 3 = − 12 

We can apply this finding as a general rule.

When multiplying numbers of opposite sign (one positive and one negative) the answer 
will be negative.

Another rule that you must know is for the case when multiplying numbers of the same sign. 
This rule is not easily explained by even the most brilliant mathematician so we give it to you 
without proof.

When multiplying numbers of the same sign (both positive or both negative) the answer 
will be positive.

An example of this would be:

− 6 × − 5 = 30

In general when multiplying numbers involving negatives, decide on the sign of the answer 
using the above rules. Then ignore the signs and perform the multiplication. Finally give your 
answer the sign you determined in the first step.

Let’s put all this into practice.

Example

Evaluate  42 × − 23

Look at the question and determine that the answer will be negative because the signs of the 
numbers are different.

Now ignore the signs and multiply

42 × 23 = 966 estimate: 42 ≈ 40
23 ≈ 20

40 × 20 = 800

This answer appears reasonable.

Finally attach the sign you determined in the first step

42 × − 23 = − 966

Before we move on with some for you to try, let’s look at doing this question on the calculator.
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To evaluate 42 × −  23 on the calculator, press the following keys:

 or 

 Now try this on your calculator.   

The display should read − 966 as you would expect.

Activity 2.14

1. Evaluate the following without a calculator. Where appropriate, estimate your 
answer before you begin. Check your answers on a calculator.

Translate each of the following questions into an expression involving a product 
and then solve.

2. The temperature was –3° yesterday. If it is twice as cold today, what is the 
temperature today?

3. A diver was 2 metres below sea level. The sea bed was 5 times deeper than 
his position. At what depth is the sea bed?

2.3.4 Division involving negative numbers

The same rules that we applied for multiplication involving negative numbers will apply for 
division.

That is:

When dividing numbers of opposite sign (one positive and one negative) the answer will 
be negative.

and

(a) − 3 × 5 (f) − 34 × 29

(b) 4 × − 7 (g) 37 × − 87

(c) − 6 × − 8 (h) −104 × 6

(d) −12 × 6 (i) 789 × − 45

(e) − 6 × 0 (j) − 67 × − 45

Write down the keystrokes you have 
used if they are different.
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When dividing numbers of the same sign (both positive or both negative) the answer will 
be positive.

In general, when dividing numbers involving negatives, decide on the sign of the answer using 
the above rules, then ignore the signs and perform the division. Finally give your answer the 
sign you determined in the first step.

Let’s look at an example.

Example

Evaluate − 45 ÷ 5

Look at the question and determine that the answer will be negative because the signs of the 
numbers are different.

Now ignore the signs and divide

45 ÷ 5 = 9 estimate: 45 ≈ 50
 50 ÷ 5 = 10

The answer look reasonable.

Finally attach the sign you determined in the first step

− 45 ÷ 5 = − 9

 Now try this on your calculator.

Activity 2.15

1. Evaluate the following. Estimate your answer, where necessary, before you 
begin.

Check out the resource CD and in particular the ‘More than just numbers’ 
interactive program. You will find this in the ‘Course resources’ section of the 
CD. When you open the ‘More than just numbers’ program, choose ‘Topics’ 
and work through the ‘Negative numbers’ topic.

(a) − 42 ÷ 6 (f) − 32 ÷ 16

(b) 64 ÷ − 8 (g) 5 642 ÷ − 91

(c) − 861 ÷ − 3 (h) −5 688 ÷ 6

(d) −12 ÷ 6 (i) 765 ÷ − 45

(e) − 6 ÷ 2 (j) −135 ÷ − 45
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2.4 Order of calculation

So far we have been dealing with expressions involving just one operation, for example:

−12 × 6 =

However, in reality, calculations usually involve performing more than one operation.

Consider the following situation. We are asked to calculate the amount earned by a person 
working for 12 hours if the pay rate is $14 per hour for the first 8 hours and $17 for each hour 
after that.

This means that the person is working 8 hours at $14 per hour and 4 hours at $17 per hour. We 
can express this mathematically as:

8 × $14 + 4 × $17

Look carefully at this expression. Note that there are three operations: a multiplication, an 
addition and another multiplication.

The order in which the operations are performed will determine our final result. Two 
possibilities are presented below.

Obviously only one answer can be right! Unfortunately for the person involved, Possibility 2 
is the correct answer and the amount earned is $180 for the 12 hours work.

Mathematical expressions are written to convey specific information, therefore everyone 
reading them needs to interpret them the same way. For this reason, mathematicians have 
established a convention (an accepted method) that specifies the order in which operations are 
to be performed.

Possibility 1

8 × $14 + 4 × $17
= $112 + 4 × $17 Evaluate Multiplication

= $116 × $17 Evaluate Addition

= $1 972 Evaluate Multiplication

Possibility 2

8 × $14 + 4 × $17
= $112 + 4 × $17 Evaluate Multiplication

= $112 + $68 Evaluate Multiplication

= $180 Evaluate Addition



2.42  TPP7181 – Mathematics tertiary preparation level A
This order of operations convention can be stated as:

When working from left to right

Step 1 Evaluate any expressions in brackets* first.
Step 2 Evaluate any powers and roots.
Step 3 Evaluate any multiplications or divisions.
Step 4 Evaluate any additions or subtractions.

* If there are brackets inside another set of brackets, do the inside brackets first.

If you check Possibility 2 above, you will see that it follows the convention for the order of 
operations, whereas Possibility 1 does not.

This is a very important aspect of mathematics that you must ensure that you understand.

Follow through the examples below carefully.

Example

Evaluate 12 + 2 × 3

12 + 2 × 3 Evaluate the multiplication first.

= 12 + 6 Finally evaluate the addition.

= 18

Let’s check this answer on the calculator. Your calculator automatically applies the order of 
operation convention.

On your calculator press 

The display should read 18

Example

Evaluate 8 − 12 ÷ (7 − 4)

8 − 12 ÷ (7 − 4) Evaluate the brackets first.
= 8 − 12 ÷ 3 Next do the division.
= 8 − 4 Finally the subtraction.
= 4

To check this on the calculator you will need to find the keys for brackets on your calculator. 

Notice that there are opening brackets as well as closing brackets.

For this example press

The display should read 4.

 Now try this on your calculator.   Write down the keystrokes you have 
used if they are different.
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Example

Evaluate 12 ÷ −3 × 5 + 6 − (5 − 8)

12 ÷ −3 × 5 + 6 − (5 − 8) Evaluate bracket first.

= 12 ÷ −3 × 5 + 6 − −3 Rewrite 6 − −3 as 6 + 3

= 12 ÷ −3 × 5 + 6 + 3 Evaluate multiplication and division left to right.

= −4 × 5 + 6 + 3
= −20 + 6 + 3 Evaluate additions.

= −14 + 3
= −11

Let’s check this on your on your calculator.

An example of keystrokes are:

The display should read −11

(Remember the sequence will change if you are using the  key.)

 Now try this on your calculator.   

Example

Evaluate  53 × 2 − (  − (7 − 3)2 + 43)

53 × 2 − (  − (7 − 3)2 + 43) Evaluate the inside bracket first.

= 53 × 2 − (  − 42 + 43) Evaluate the last bracket. Powers and roots firstly.

= 53 × 2 − (9 − 16 + 43) Now addition and subtraction left to right.

= 53 × 2 − (−7 + 43)
= 53 × 2 − 36 Finished brackets. Evaluate powers and roots.

= 125 × 2 − 36 Evaluate multiplication and division.

= 250 − 36 Finally addition and subtraction.

= 214

Let’s now check this on the calculator.

Write down the keystrokes you have 
used if they are different.

81

81

81
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An example of keystrokes are:

The display should read 214.

 Now try this on your calculator.   

Activity 2.16

1. Evaluate the following without a calculator. Check your results on the 
calculator.

2. Evaluate the following without a calculator. Estimate your answer before 
calculating. Check your results on the calculator.

(a) 765 ÷ 15 + 822

(b) 89 + 21 − 48 × 23

(c) 591 + 372 × 

(d)  4 763 + 395 ÷ 5 × 16

(e) (62 − 242 + (7 + 3 × 81) −  ) + 61 × 453

3. At Andy’s Engineering Works the hourly rate for workers is $14. Overtime is 
paid at $21 per hour, while working on a public holiday pays $28 per hour.

(a) Ahmid works as a spray painter. In one busy week Ahmid worked 32 
normal hours and 8 hours on Monday which was a public holiday. How 
much money did Ahmid earn in this week.

(b) Mary works as an electrician. To catch up on outstanding work Mary 
agreed to work 8 hours on Show Day, a public holiday. She worked the 
other four days of the week at 8 hours of normal time and 2 hours of 
overtime each day. How much money did Mary earn in this week.

(a) 7 × 5 + 4 (f) −3 ÷ −1 + 92 × −2

(b) 10 − 6 × 7 (g) 27 −  + 21 ÷ −3

(c) 6 + (3 − 9) (h) 4 × (2 + 5) ÷ (3 + 1)

(d) −2 − 2 × −3 (i) (17 − 53) ÷ −3 + 9 × −5

(e) 9 ÷ 3 × 7 + 3 (j) (−5 × −4)2 − 6 ÷ (−3 + )

Write down the keystrokes you have 
used if they are different.

9

4

49

169



   Module A2 – More than just numbers   2.45
4. A passenger coach can carry a maximum of 43 passengers. If the average 
passenger weighs 54 kg and carries luggage weighing 12 kg what is the usual 
‘load’ for the full coach.

5. An express coach from Brisbane to Melbourne stops to load and unload 
passengers only in Sydney. What was the total amount paid by people using 
this coach?

Check out the resource CD and in particular the ‘More than just numbers’ 
interactive program. You will find this in the ‘Course resources’ section of the 
CD. When you open the ‘More than just numbers’ program, choose ‘Topics’ 
and work through the ‘Order of calculations’ topic.

2.4.1 The distributive law

We have been using the order of operation convention to evaluate expressions involving more 
than one type of operation. Now we will investigate the Distributive Law which uses this 
convention as its basis.

Consider the following situation. In a choir there are twenty-one people arranged in 3 rows 
of 7 as in Step 1. In Step 2, a rearrangement is being planned. Instead of 3 rows of 7 it is 
planned to have 2 separate groups (sopranos and altos) – one having 3 rows of 5 and the other 
with 3 rows of 2. Step 3 shows this rearrangement completed.

Number of Passengers

Single Fares: City Loaded Unloaded

Brisbane – Melbourne $120 Brisbane 36

Brisbane – Sydney $75 Sydney 23 14

Sydney – Melbourne $68 Melbourne
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Looking at Step 2, we can write

3 × (5 + 2) as 3(5 + 2). The multiplication sign is understood.

From Step 3 we can say that:

3(5 + 2)
= 3 × (5 + 2)
= 3 × 5 + 3 × 2 The 3 has been distributed to both the 5 and the 2

= 15 + 6 Applying the order convention.

= 21

Recall that we began with 21 items, so we have distributed the 3 correctly.

We can summarise the distributive law to be:

When terms inside the brackets are added or subtracted, everything inside that bracket 
is multiplied by whatever is outside the brackets.

3 × 7

3 × (5 + 2)

7

3

5 2

3

3

5 2

3 × 5 + 3 × 2

Step 1

Step 2

Step 3
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Example

Use the distributive law to evaluate 5(9 − 2)

Applying order convention we know that 5(9 − 2) = 5 × 7 = 35

Using the distributive law

5(9 − 2)
= 5 × (9 – 2)
= 5 × 9 − 5 × 2 Distribute the 5 to the 9 and the 2

= 45 − 10
= 35

You could check this on your calculator.

Example

Apply the distributive law to −2(5 + 2)

Using the order convention we know the answer will be − 2 × 7 = −14

Using the distributive law

− 2(5 + 2)
= –2 × (5 + 2)
= −2 × 5 + − 2 × 2 Distribute the − 2 to the 5 and the 2

= −10 + − 4
= −14

Check on your calculator.

Example

Apply the distributive law to − 4(6 − 5)

Using the order convention we know the answer will be −  4 × 1 = −  4

Using the distributive law

− 4(6 − 5)
= –4 × (6 – 5)
= − 4 × 6 − − 4 × 5 Distribute the −4 to the 6 and the 5

= −24 − −20
= −24 + 20
= − 4

Check on your calculator.

A practical use of the distributive law that we will look at in a later module is to think of the 
day at the variety store when they have 15% off everything.

If you bought a towel, a shirt and a plant you would get 15% off each item.
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That is: 15% off towel + 15% off shirt + 15% off plant.

But what the shop does is add up the total cost of the towel, shirt and plant and then deduct the 
15% of the total.

That is 15% off (towel + shirt + plant).

We will look at percentages in detail in module 4.

Activity 2.17

1. Apply the distributive law to the following.

2. Apply the distributive law to the following

3. Three pizzas are each cut into 6 pieces and another three pizzas are each cut 
into 8 pieces. How many pieces of pizza are there?

You should now be ready to attempt questions 1, 2, 3, and 4 of Assignment 1A 
(see your Introductory Book for details). If you have any questions, please refer 
them to your course tutor.

(a) 2(5 + 7) (d) −2(3 + 5)

(b) 3(2 + 6) (e) −7(5 + 2)

(c) 5(7 − 2) (f) −2(3 − 6)

(a) 4 × 8 + 4 × 6 (d) 6 × 48 + 6 × 57

(b) 3 × 6 − 3 × 7 (e) −17 × 8 − −17 × 61

(c) −5 × 8 + −5 × 14
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2.5 Fractions

So far in this module we have only looked at whole numbers both positive and negative. There 
are many real life situations though when whole numbers are not enough. For example 
consider the situation where a parent might have 10 lollies to be divided amongst 3 children. It 
is apparent that the 10 lollies cannot be divided up evenly if we are to keep them as wholes. If 
all the lollies are to be used, each child must also receive a part of a lolly (unless of course the 
parent eats one and the problem would no longer exist!).

In this section and the next we will look more closely at the ways in which we can represent 
these parts of the whole.

Consider the problem above.

From the 10 lollies each child will receive 3 whole lollies.

Child 1 Child 2 Child 3

There is one lolly remaining and it must be divided between the three children. Let’s look 
more closely at this lolly (we’ll enlarge it).

If we divide the lolly into three parts then each child can receive one of these parts.

Since we have three parts and each child receives one of these we say the child has received 
one part of three or one third of the lolly.

We can write this as . We call this a fraction and we say one third or one over three.

Now for another example.

What part of this figure has been shaded?

Did you say three parts out of 5? Maybe you wrote . Either is quite correct.

We will now look at the special names we have for the parts of a fraction.

1
3
---

3
5
---
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Consider 

It is in the form 

The denominator (the number on the bottom of the fraction) tells us how many parts the 
object is divided into, while the numerator (the number on the top of the fraction) tells us 
how many of these parts we have.

In the case of , the denominator is 4 so it is divided into 4 parts and the numerator is 3 so we 

have 3 of those 4 parts. This is shown below.

We call numbers written in the form  rational numbers.

We should note here that whole numbers can also be written as fractions. We can write any 
whole number as being over one.

That is 4 = , 36 =  and − 673 =  

We can see that the rational numbers include the integers that we have already looked at.

Did you know:

• An iceberg has about  of its size under the water. You can see only  of the iceberg.

• In a new-born baby, the head is  of its total length. The head is  of total length at six 

years and in an adult only .

• Gravity on the moon is  that on earth. This is what makes people appear to ‘float on the 

moon’.

Check out the resource CD and in particular the ‘More than just numbers’ 
interactive program. You will find this in the ‘Course resources’ section of the 
CD. When you open the ‘More than just numbers’ program, choose ‘Topics’ 
and work through the ‘Fractions’ topic.

3
4
---

numerator
denominator
------------------------------

3
4
---

numerator
denominator
------------------------------

4
1
---

36
1
------

673–
1

------------

4
5
---

1
5
---

1
4
---

1
6
---

1
8
---

1
6
---
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Activity 2.18

1. For each of the following diagrams determine the fraction shaded.

2. Craig ate    of the pizza. Draw a diagram to represent the pizza and shade the 

portion Craig ate.

2.5.1 Equivalent fractions

Consider the following diagrams.

In each case half of the circle has been shaded.

In the first circle this has been represented as 1 part out of 2 or .

In the second circle this has been represented as 2 parts out of 4 or .

And in the third circle this same amount of shading has been represented as 4 parts out of 8 or .

(a) (b) (c)

(e)(d)

5
8
---

1
2
---

2
4
---

4
8
---
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Therefore

 =  = 

We say that such fractions are equivalent fractions, that is they have different names for the 
same value. We can write a series of equivalent fractions by multiplying or dividing both the 
numerator and the denominator by the same number.

These first examples form equivalent fractions by multiplying.

Examples

= = Multiplying by  is the same as multiplying by 1.

= =

= =

= =

Example

Express  as an equivalent fraction with a denominator of 21

In this case you would think, ‘what did I multiply 7 by to get 21?’ You should have answered 
yourself with ‘3’ since 7 × 3 = 21. Those multiplication tables will be very helpful for this 
section.

Now since we have multiplied the bottom by 3 we must multiply the top by 3 to maintain the 
balance.

Therefore  = We could read this as  equals  or we could read this as  equals . 

When two parts are equal it doesn’t matter which way we write or read them.

Remember, we have not changed the fraction. Eating  of the pizza is the same as eating  

of it, we just have smaller pieces.

Now to look at some examples that form equivalent fractions by dividing.

1
2
---

2
4
---

4
8
---

1
3
---

1 2×
3 2×
------------

2
6
--- 2

2
---

1
3
---

1 3×
3 3×
------------

3
9
---

1
3
---

1 5–×
3 5–×
---------------

5–
15–

---------

3
5
---

3 4×
5 4×
------------

12
20
------

2
7
---

2
7
---

?
21
------=

2 3×
7 3×
------------

6
21
------=

2
7
---

6
21
------ 2

7
---

6
21
------

6
21
------

2
7
---

2
7
---

6
21
------
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The process of dividing the numerator and denominator by the same number is called 
simplifying fractions. We do this until it cannot be done any further. The result is a fraction in 
simplest form that is equivalent to the original fraction. Recall that we have a special name for 
a number that divides evenly into another. It is called a factor.

Examples

 =  = We can divide top and bottom by 2 since 2 divides evenly into both 6 and 10. 

We say that 2 is a common factor of both 6 and 10.

 =  = We can divide top and bottom by 4 since 4 divides evenly into both 8 and 12. 

We call 4 the common factor.

Example

 =  = We can divide top and bottom by 4 since 4 divides evenly into both 12 and 

24.

If you look again at the fraction  you will notice that 3 will now divide into top and bottom. 

The fraction is not in its simplest form.

 =  = 

So  = 

It is not always easy to find the largest number that will divide into both the numerator and 
denominator. As you can see from the example above it doesn’t matter if you take more than 
one step to get to an equivalent fraction in its simplest form.

Here are a few tips for division that may help you to find numbers that will divide into the 
numerator and denominator.

• A number is divisible by 2 if the number is an even number.

• A number is divisible by 3 if the sum of the digits of the number is divisible by 3. For 
example, 591 is divisible by 3 since 5 + 9 + 1 = 15 which is a number divisible by 3.

• A number is divisible by 4 if the number formed by the last two digits is divisible by 4. For 
example, 2 732 is divisible by 4 since the last two digits, 32, form a number divisible by 4.

• A number is divisible by 5 if it ends in 0 or 5.

• A number is divisible by 10 if it ends in 0.

We have a shorthand way of writing this process of dividing top and bottom by the same 
number. We call it cancelling down.

6
10
------

6 2÷
10 2÷
---------------

3
5
---

8
12
------

8 4÷
12 4÷
---------------

2
3
---

12
24
------

12 4÷
24 4÷
---------------

3
6
---

3
6
---

3
6
---

3 3÷
6 3÷
------------

1
2
---

12
24
------

1
2
---
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Examples

 = = Divide numerator and denominator by 2.

 = = Divide numerator and denominator by 3 because it goes evenly into −12 and 15.

 = = Divide numerator and denominator by 7 because it goes evenly into −35 and 56.

Activity 2.19

1. Write equivalent fractions to each of the following by making the new 
denominator the number given in brackets.

2. Simplify the following fractions, giving your answer in its simplest form.

3. The following table shows the different items that have been found around 
the necks of 75 seals in the wild. This is a very serious problem in the wild 
and often leads to the death of the seal.

(a)  (9) (d)  (28)

(b)  (20) (e)  (60)

(c)  (8)

(a) (d)

(b) (e)

(c) (f)

Item Number

Trawler nets 26

Packaging bands 15

Gillnet 8

6
10
------

6
10
------

3

5

3
5
---

12–
15

---------
12–

15
---------

5

–4
4–

5
------

35–
56

---------
35–

56
---------

8

–5
5–

8
------

2
3
---

2–
7

------

4
5
---

7
12
------

3–
4

------

9
15
------

12–
16

---------

3–
18
------

30
40
------

8
10
------

2 000
6 000
-------------
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(a)What fraction of the seals are strangled by Trawler nets? Remember to 
write as a fraction you will have to ask ‘how many are in the Trawler net 
category’ out of ‘how many seals in the total group’.

(b)What fraction of the seals are strangled by Packaging bands? Reduce this 
fraction to its simplest form.

2.5.2 Mixed numbers and improper fractions

So far we have only looked at fractions where the numerator is less than the denominator. For 
example:

, , 

We call these types of fractions proper fractions. You will notice that a proper fraction will 
always be less than one.

Consider now the following fractions where the numerator is greater than the denominator.

, , 

We call this type of fraction an improper fraction.

Let’s return to our initial problem of the lollies.

We had 10 lollies and we were to divide them amongst 3 children.

That is 10 ÷ 3

Fractions are just another way to write division so we could write this expression as 

 meaning 10 items divided among 3

This fraction is expressed as an improper fraction since the numerator is greater than the 
denominator.

We also know that each child received 3 whole lollies and of the lolly left over. We say three 

and one third meaning three plus one third.

Rope 5

Other 21

Total 75

2
5
---

3–
8

------
5

102
---------

5
3
---

9
4
---

300
250
---------

10
3

------

1
3
---
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That is, each child received 3  lollies. We have expressed the improper fraction  as the 

mixed number 3 . We call this a mixed number because it is a mixture of a fraction and a 

whole number. Other examples of mixed numbers are

4 , − 42 , 502

Note that for − 42  the whole fraction is negative, not just the 42. That is −(42 )

Let’s look more closely at converting  to a mixed number.

1. How many lots of 3 are there in 10? 

3 with 1 left over as we determined before.
2. Write down the 3 as the whole number part.

= 3 3. The remainder 1 becomes the numerator of the fractional part whose 
denominator is 3.

Check: Is it in its simplest form? Yes!

Let’s look at some further examples.

Example

Express  as a mixed number

1. How many lots of 6 are there in 11? 1 with 5 left over.

2. Write down the 1 as the whole number part.

= 3. The remainder 5 becomes the numerator of the fractional part whose 
denominator is 6.

Check: Is it in its simplest form? Yes!

Example

Express  as a mixed number

1. Write the negative sign at the front of the whole number position.

2. How many lots of 7 are there in 19? 2 with 5 left over.

3. Write down the 2 as the whole number beside the negative sign.

= −2 4. The remainder 5 becomes the numerator of the fractional part whose 
denominator is 7.

Check: Is it in its simplest form? Yes!

Before we move on to some practice in changing improper fractions to mixed numbers, let’s 
look at moving from a mixed number to an improper fraction.

1
3
---

10
3

------

1
3
---

5
6
---

3
7
---

2
5
---

3
7
---

3
7
---

10
3

------

10
3

------

1
3
---

11
6

------

11
6

------

1
5
6
---

19–
7

---------

19–
7

---------

5
7
---
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Example

Express 2  as an improper fraction.

Let’s think of 2  hours and we need to find this in quarter hours.

Now 2 can be written as  which is equivalent to  or 8 quarter hours.

So 2  hours will be 2 hours plus  hour which is 8 quarter hours plus 3 quarter hours, giving 

us 11 quarter hours.

That is 2  = 2 +  =  +  = We will look at this more closely in the next section.

This is the formal method, in practice what we do is multiply the whole number (2) by the 
denominator of the fractional part (4) and add the numerator (3). This gives the new numerator 
(11) and the denominator remains the same (4)

Let’s look at that in symbols:

2  =  = 

Example

Express 4  as an improper fraction.

4  =   = 

Activity 2.20

1. Express these improper fractions as mixed numbers

(a) (d)

(b) (e)

(c)

3
4
---

3
4
---

2
1
---

8
4
---

3
4
---

3
4
---

3
4
---

3
4
---

8
4
---

3
4
---

11
4

------

3
4
---

2 4 3+×
4

---------------------
11
4

------ 2 3
4
---

+

×

2
7
---

2
7
---

4 7 2+×
7

---------------------
30
7

------ 4 2
7
---

+

×

5
3
---

40
25
------

45
20
------

35–
14
---------

16–
7

---------
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2. Express these mixed numbers as improper fractions

3. If I have 5  cakes, how many thirds do I have?

4. Gary is 3  years old. How old is Gary in months (convert to twelfths)?

Extending the number line

We can now look again at our number line and include the fractions.

Let’s look at part of our number line in more detail.

Only a few of the possible fractions have been located on the number line. As there are an 
infinite number of rationals it would be impossible to locate them all.

We now have on our number line, the integers (positive and negative whole numbers and zero) 
and the fractions.

We will return again to the number line in a later section.

2.5.3 Calculating with fractions

As with whole numbers it is important to be able to perform the four basic operations on 
fractions without a calculator. We will guide you through the basic operations and show you 
how to use the calculator. These are essential concepts for all students. For students whose 
faculty does not permit the use of calculators these skills of manipulation are vital. They will 
also be used in future work in algebra that you may come across in other levels of 
mathematics.

(a) 3 (d) 102

(b) 9 (e) −21

(c) –5

1
4
---

5
12
------

2
11
------

2
5
---

2
3
---

2
3
---

5
12
------

–2 –1 0 1 2 3∞– ∞
–11

2
---

1
2
---– 1

2
--- 1

2
---

1
2
---1 2

1 0 1
∞– ∞

1
2
---––

2
3
---–

3
4
---– 1

4
---– 1

8
---– 1

4
--- 1

3
---

1
2
--- 3

4
---

7
8
---
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Addition and subtraction of fractions

Consider the following:

A wood turner has three pieces of timber of equal length, each a different type of wood. From 
this timber the wood turner is going to make a decorative panel for a sideboard.

The wood turner divided each piece of wood into even divisions. The first piece of wood into 
2 pieces, the second into 5 pieces and the third into 10 pieces.

The wood turner wants to know if the decorative panel will be as long as the original pieces of 
wood.

Mathematically, the panel consists of the following parts.

+ + + + 

That is  +  +  +  + 

Does this equal the original length, one whole?

Before we can solve this dilemma, we have to look at the fractions differently.

Firstly let’s look at a simpler example.

 + 

If we take 

1
2
---

1
2
---

1
5
--- 1

5
---

1
5
---

1
5
---

1
5
---

1
10
------ 1

10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
5
---

1
2
---

1
5
---

1
10
------

1
10
------

1
5
---

1
2
---

1
5
---

1
10
------

2
5
---

1
5
---

1
5
---

1
5
---

2
5
---
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We can write this as  +  = 

Consider the following sum

 +  =

That is  +  =  =  when written in its simplest form.

In general, if the denominators are the same we need only add or subtract the numerators to 
find the answer. We should then reduce the fraction to its simplest form if necessary.

Much of the time though, the fractions we need to add have different denominators. 

Consider the following example

 +  =

We cannot work out a single answer from the above diagram. Consider changing both to 
tenths.

and add 

we end up with 

We have 

plus 

to give 

1
5
---

1
5
---

1
5
---

1
5
---

1
5
---

3
5
---

2
5
---

1
5
---

3
5
---

3
10
------

5
10
------

1
10
------

1
10
------

1
10
------

3
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

5
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

8
10
------

3
10
------

5
10
------

8
10
------

4
5
---

1
2
---

2
5
---

1
2
---

1
5
---

1
5
---



   Module A2 – More than just numbers   2.61
giving a total of 

We can write this as   + 

=  + 

= 

We have changed each of the fractions into an equivalent fraction with the new denominator 
10.

That is 

=  + 

= 

We call 10 the lowest common denominator (LCD) of  and . That is, 10 is the smallest 

number divisible by both denominators, 2 and 5.

Consider the following examples.

For  and  the lowest common denominator is 6, since 6 is the smallest number divisible by 

both 3 and 2.

 can be expressed as 

 can be expressed as 

1
2
---

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
2
---

5
10
------

1
5
---

1
5
---

1
10
------

1
10
------

1
10
------

1
10
------

2
5
---

4
10
------

1
2
---

1
5
---

1
5
---

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

1
10
------

9
10
------

1
2
---

2
5
---

5
10
------

4
10
------

9
10
------

1 5×
2 5×
------------

2 2×
5 2×
------------+

5
10
------

4
10
------

9
10
------

1
2
---

2
5
---

2
3
---

1
2
---
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For  and  the lowest common denominator is 8, since 8 is the smallest number divisible by 

both 4 and 8.

For  and  the lowest common denominator is 24, since 24 is the smallest number divisible 

by both 12 and 8.

It is often difficult to find the lowest common denominator for any two numbers. It is really 
quite acceptable to use any common denominator. If you do not find the lowest of the common 
denominators it will simply mean that you will have to simplify your final answer.

So in general, to add or subtract fractions with different denominators, we change each 
fraction into an equivalent fraction with the lowest common denominator (LCD) and then 
add or subtract the numerators and simplify if necessary.

Consider the following examples.

Let’s return to our wood turner.

That is,  +  +  +  + 

If we expressed each of these as tenths we could add the parts:

   +  +  +  + 

=  +  +  +  +  = 

In fact the decorative panel is a bit longer than the original pieces of wood. One length of 

wood is  and the panel is .

Example

Evaluate  + 

 + The LCD of  and  is 4

= 

3
4
---

5
8
---

7
12
------

3
8
---

1
10
------

1
5
---

1
2
--- 1

5
---

1
10
------

1
10
------

1
5
---

1
2
---

1
5
---

1
10
------

1
10
------

1
5
---

1
2
---

1
5
---

1
10
------

1
10
------

2
10
------

5
10
------

2
10
------

1
10
------

11
10
------

10
10
------

11
10
------

1
2
---

1
4
---

1
2
---

1
4
---

1
2
---

1
4
---

1 2×
2 2×
------------

1
4
---+



   Module A2 – More than just numbers   2.63
=  and  are equivalent fractions

= 

It is possible to enter fractions on the calculator and hence to work with them as we have done 
in past sections.

Find the  key on your calculator

For the  key the ‘a’ represents the whole number part of a mixed number and the ‘b/c’ 
represents the fractional part.

To evaluate  +  press  

The display should read 3  4 which you would interpret as meaning 

 Now try this on your calculator.   

Example

Evaluate  − 

 − The LCD of  and  is 12

=  − 

= 

 Now try this on your calculator.   

2
4
---

1
4
---+ 1

2
---

2
4
---

3
4
---

1
2
---

1
4
---

3
4
---

Write down the keystrokes you have 
used if they are different.

3
4
---

1
6
---

3
4
---

1
6
--- 3

4
---

1
6
---

3 3×
4 3×
------------

1 2×
6 2×
------------–=

9
12
------

2
12
------

7
12
------

Write down the keystrokes you have 
used if they are different.
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 The display should read 7  12

At other times it is necessary to add or subtract mixed numbers. To do this, convert the mixed 
numbers to improper fractions and then continue as before.

Example

Evaluate 3  + 2

3  + 2

=  + Convert to improper fractions

= LCD is 40

= 

= 

= 5

 Now try this on your calculator.   

The display should read 5 31 40

Example

Evaluate −5  + 3

− 5  + 3

= −  + Convert to improper fractions.

2
5
---

3
8
---

2
5
---

3
8
---

17
5
------

19
8

------

17 8×
5 8×
---------------

19 5×
8 5×
---------------+

136
40

---------
95
40
------+

Your calculator can help convert to a mixed number if you press 231 
a b/c 40 = your calculator gives you the mixed number.

231
40
---------

31
40
------

Write down the keystrokes you have 
used if they are different.

1
4
---

5
6
---

1
4
---

5
6
---

21
4

------
23
6
------
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= Although the LCD is 12, we will use 24 to show that it just means
 an extra cancelling at the end.

= −126 + 92 = −34

= Not taking the LCD means an extra step here. Not really a problem is it?

= −  

= −1

 Now try this on your calculator.   

The display should read   − 1 5 12

Activity 2.21

1. Evaluate the following without a calculator. Check your answers with a 
calculator.

(a)  + (f) 3  + 2

(b)  − (g) 5  − 4

(c)  + (h) − 3  + 2

(d) −  + (i) 17  + 25  

(e)  −  + (j) 2  − 3

21 6×–
4 6×

------------------
23 4×
6 4×

---------------+

126–
24

------------
92
24
------+

34–
24

---------

17
12
------

5
12
------

Write down the keystrokes you have 
used if they are different.

3
7
---

1
2
---

1
4
--- 1

2
---

2
3
---

3
4
---

3
10
------ 2

5
---

13
15
------ 2

5
---

7
9
--- 1

6
---

5
6
---

9
10
------ 1

6
---

1
4
---

5
9
---

5
6
---

1
2
---

5
7
---

2
9
---
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2. If Jason ate  of a pizza and Jenny ate , who ate the most pizza?  

(Hint: convert to a common denominator)

3. A patient takes  of his medication in the first hour and  in the following 

hour. How much of the medication remains?

4. Sean has worked out a budget that he is keen to follow. He has decided on the 
following distribution of income:

savings

rent

food

electricity/car/other bills

entertainment ?

What fraction of Sean’s income will be left for entertainment? Hint: your 
LCD must apply to all denominators.

5. Four trucks tipped the following loads of clean fill onto a block of land. What 

was the total amount of fill dumped if the loads were 2  tonnes, 6  tonnes, 

4  tonnes and 8  tonnes?

6. An electrician buys plastic tubing in 6 metre lengths. From one particular 

piece the electrician has cut pieces of lengths 1  metres, 2  metres and  

metre. How much of the piece of tubing is left?

Multiplication of fractions

Recall from the section on multiplying whole numbers, that multiplication is a shorthand way 
of writing a repeated addition.

For example  +  + 

could be written as 3 lots of  or 3 × 

Now we know that  +  +  = 

so 3 ×  must also equal .

To get this we have: 3 × 

=  × Convert 3 to an improper fraction.

3
8
---

2
5
---

1
3
---

2
5
---

1
20
------

1
4
---

1
6
---

2
5
---

3
4
--- 2

5
---

3
8
--- 1

2
---

3
4
--- 1

2
---

3
8
---

1
5
---

1
5
---

1
5
---

1
5
---

1
5
---

1
5
---

1
5
---

1
5
---

3
5
---

1
5
---

3
5
---

1
5
---

3
1
---

1
5
---
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= Multiply numerators.
Multiply denominators.

= 

Let’s look at some further examples.

Example

Evaluate  × 

 × 

= Multiply numerators.
Multiply denominators.

= 

Check this on your calculator.

Example

Evaluate  × 

 × 

= Cancel common factors. (Divide 16 and 8 by 8, and 7 and 21 by 7).
    

= 

= 

Check on your calculator.

Example

Evaluate − 3  × 6

− 3  × 6

= −  × Convert to improper fractions.

= Cancel common factors. (Divide 32 and 2 by 2).

= 

3 1×
1 5×
------------

3
5
---

3
4
---

5
8
---

3
4
---

5
8
---

3 5×
4 8×
------------

15
32
------

7
8
---

16
21
------

7
8
---

16
21
------

1
7 × 16
8 × 21
1

2

3

1 2×
1 3×
------------

2
3
---

1
2
---

2
5
---

1
2
---

2
5
---

7
2
---

32
5

------

–7 × 32
 2 ×   5
1

16

7 16×–
1 5×

------------------



2.68  TPP7181 – Mathematics tertiary preparation level A
= − Did you remember that a negative number multiplied by a positive number 

gives a negative answer?

= − 22

Example

In a library of 25 000 books  were found to be non-fiction. How many books were non-

fiction?

Non-fiction books =  × 25 000

= Cancel common factors.

   = 3 × 5 000

   = 15 000

Therefore there are 15 000 non-fiction books in the library.

Activity 2.22

1. Evaluate the following without a calculator. Check your answers with a 
calculator.

(a)  × (d) −  3  × −7

(b)  × (e)  × − 

(c) – 7  × 4

112
5

---------

2
5
---

3
5
---

3
5
---

3 × 25 000
 5 × 1
1

5 000

5
9
---

3
20
------ 3

4
---

1
20
------

3
8
---

7
9
---

10
15
------ 4

9
---

3
5
--- 1

2
---
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2. Find

(a)  of 256 metres

(b)  of 594 grams

(c)  of 45 000 hectares

3. Chung decided that he would rest after travelling  of his 450 kilometre 

journey. After how many kilometres did Chung rest?

4. The Smith’s swimming pool is in need of repair. The pool maintenance 
company told the Smith’s they would need to reduce the amount of water in 

the pool by . Luckily the Smiths know that their pool holds 51 000 litres of 

water. How much water must the Smiths drain from their pool?

5. A family holiday cost $1 850. Accommodation took  of this, while  

went on travelling. The remainder was spent on entertainment.

(a) How much was spent on accommodation?

(b) How much was spent on travelling?

(c) What fraction of the holiday money was spent on entertainment?

(d) How much money was spent on entertainment?

(e) How could you check that your calculation in (d) was correct?

6. Chris was working on some maths questions and incorrectly did the 
following calculation.

(a) What did Chris do wrong?

(b) How would you explain the error to Chris?

7. The following two statements come from Robert Hughes’ book The Fatal 
Shore, (Collins Harvill, Great Britain, 1987) about the history of Australia.

(a) Of the 137 rebels eventually charged with mutiny, half were lifers and 
another third had sentences of fourteen years.

How many of these Norfolk Island rebels were ‘lifers’ and how many had 
sentences of fourteen years.

(b) The First Fleet carried enough food to keep its passengers alive for two 
years in Australia. The rations issued to sailors, marines and officers 
each week were:

3
4
---

4
9
---

3
10
------

3
5
---

1
3
---

3
5
--- 3

10
------

8
3
4
---× 8 3×

8 4×
------------

24
32
------= =
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Beef4 poundHardtack*7 pound
Pork2 poundCheese12 ounces
Dried peas2 pintsButter6 ounces

Oatmeal3 pintsVinegar  pint

The male convicts got one third less, while female convicts got two 
thirds of the male ration, or slightly less than half the naval standard. 
On paper, this was not a bad allowance. In practice it meant scurvy, and 
the meat was mostly bone and gristle.
*Hardtack was a type of hard biscuit.

(i) Calculate the weekly ration of each item for the male convicts.

(ii) Calculate the weekly ration of each item for the female convicts.

(iii)Show that the female ration is ‘slightly less than half the naval ration’.

Division of fractions

When we dealt with positive whole numbers, dividing gave us a smaller number. For example, 
32 ÷ 4 = 8, 8 is a smaller number than the original 32. What happens when we divide by a 
fraction?

Let’s consider the following apple, cut in half, then into quarters.

How many quarters are there in one whole apple? There are four quarters in one whole apple.

1 ÷  = 4

We end up with a larger number than we started with. Very interesting!!

Let’s look at how we can divide without the diagram.

Consider the following reciprocals.

The reciprocal of  is 

The reciprocal of  is 

The reciprocal of  is 

Can you describe in your own words what is meant by the term reciprocal?

1
2
---

1
4
---

2
3
---

3
2
---

14
9

------
9

14
------

3
78
------ 78

3
------



   Module A2 – More than just numbers   2.71
...................................................................................................................................

You should have said something like the reciprocal is the fraction turned upside down.

Let’s multiply a fraction by its reciprocal.

 × 

= 

= 

= 1

Here’s another

−  × −

= 1

In fact, if we multiply any number by its reciprocal, the result is always 1.

However, we also know that anything divided by itself is 1

7 ÷ 7 = 1

−5 ÷ −5 = 1

 ÷ = 1

−  ÷ − = 1

Now since  ÷ = 1 

and  × = 1 

2
3
---

3
2
---

2 3×
3 2×
------------

1 1

11

1 1×
1 1×
------------

2
9
---

9
2
---

2– 9–×
9 2×

------------------
11

-1 -1

1– 1–×
1 1×

------------------=

2
3
---

2
3
---

2
9
---

2
9
---

2
3
--- 2

3
---

2
3
---

3
2
---
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we can say that  ÷ =  ×  because they both give the answer 1. 

Similarly −  ÷ − = 1 

and −  × −  = 1 

therefore we can say that −  ÷ −  = −  × −

Let’s look back to our apple cut into quarters.

1 ÷ = 4 We know there were four quarters in the apple.

so  × = 4 The reciprocal method gives us the same result.

In general we can see that dividing by a fraction is the same as multiplying by its 
reciprocal.

Example

Evaluate  ÷ 

 ÷ 

=  × Find the reciprocal of  and multiply instead of divide.

= 

= 

= 1

 Now try this on your calculator.   

2
3
---

2
3
---

2
3
---

3
2
---

2
9
---

2
9
---

2
9
---

9
2
---

2
9
---

2
9
---

2
9
---

9
2
---

1
4
---

1
1
---

4
1
---

3
4
---

2
3
---

3
4
---

2
3
---

3
4
---

3
2
--- 2

3
---

3 3×
4 2×
------------

9
8
---

1
8
---

Write down the keystrokes you have 
used if they are different.
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Example

Evaluate −1  ÷ −

−1  ÷ −

= −  ÷ − Convert the mixed number to an improper fraction.

= −  × − Multiply by the reciprocal.

= Cancel where appropriate.

= 

= Did you remember that a negative number multiplied by a negative number 

gives a positive answer?

= 1

 Now try this on your calculator.   

Activity 2.23

1. Evaluate the following without a calculator. Check your answers on the 
calculator.

(a)  ÷ 

2
3
---

25
27
------

2
3
---

25
27
------

5
3
---

25
27
------

5
3
---

27
25
------

–5 × –27
 3 × 25

–9

5

–1

1

1– 9–×
1 5×

------------------

9
5
---

4
5
---

Write down the keystrokes you have 
used if they are different.

3
4
---

9
20
------
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(b) −  ÷ 

(c) 4  ÷ 2

(d) 7  ÷ −3

(e) −2  ÷ −  

2. A 30 metre length of rope is to be divided into 1  metre lengths. How many 

pieces can be cut from this piece of rope?

3. A plant grows 1  centimetres per month. Provided that growing conditions 

remain the same, how long would it take for the plant to reach 28  
centimetres?

4. Part of the nutritional information on the side of a box containing 750 gram of 
cereal gives the following:

Protein 90 grams
Fat 21 grams
Carbohydrates 480 grams
Niacin 62 micrograms

(a) If the serving size is 30 grams, what fraction is this of the total weight of 
cereal in the box?

(b) Using your answer from part (a) find the amount of protein, fat, 
carbohydrate and Niacin present in one serve of this cereal.

(c) If the recommended daily allowance of Niacin in Australia is 10 
micrograms, how many serves of this cereal would I need to have to get 
all Niacin requirements for the day?

Recall that we used the order of operation convention when dealing with whole numbers. It 
holds true for all types of numbers including fractions. Refresh your memory on order of 
operation if you need to before attempting the following activity.

21
25
------ 35

30
------

2
5
---

7
10
------

5
8
---

1
2
---

1
4
---

3
8
---

1
5
---

2
3
---

3
4
---

Recall:
Module 2
Section 2.4
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Activity 2.24

1. Evaluate the following without a calculator. Check your answers using your 
calculator.

2. In a survey of 750 teenagers it was found that  were heavy smokers,  

smoked occasionally, and the rest were non-smokers. How many were non-
smokers?

3. On a recent trip to the butcher the Brown family made the following 
purchases. 

3  kilograms of sausages at $4 per kilogram

4 kilograms of mince at $5 per kilogram

Leg of lamb at $12

1  kilograms of pork chops at $8 per kilogram.

How much change did the Browns receive from a $100 note?

2.6 Decimals

Have you ever looked at your bank account (or maybe somebody else’s) and seen numbers 
such as $2 304.27 (don’t we wish!!)? This means 2 thousand, 3 hundred and 4 dollars and 27 
cents. Why are the cents written $0.27?

In this section we are going to look at these decimal numbers. In fact decimals are just another 
way of writing fractions, some would say a more convenient way when it comes to 
calculating.

Decimals are special fractions where the denominators are powers of 10 (e.g. 10 = 101,  
100 = 102, 1 000 = 103  ).

For example  and 

(a)  × (d)  ÷  +  × 3

(b) 1  ÷ (e)  − 

(c)  − 2  × 

2
3
---

1
2
---

1
3
---+⎝ ⎠

⎛ ⎞ 3
4
---

6
5
---

6
8
---

2
3
---

1
2
---

3
7
---

1
14
------–⎝ ⎠

⎛ ⎞ 3
5
---⎝ ⎠
⎛ ⎞ 2 4

5
---

1
2
---+⎝ ⎠

⎛ ⎞

3
5
---

2
5
---

19
4

------

2
5
---

1
3
---

1
2
---

3
4
---

2
10
------

45
100
---------



2.76  TPP7181 – Mathematics tertiary preparation level A
You will recall from earlier work that a fraction is just another way of writing a division.

So  could be written 2 ÷ 10. When you do this division on the calculator you should get 0.2

That is  = 2 ÷ 10 = 0.2

And when you do the same thing to  you will get

 = 45 ÷ 100 = 0.45

We call this type of number a decimal or sometimes a decimal fraction.

Let’s look back to the place value table from the beginning of this module. We can now extend 
this table by putting in a decimal point and extending our place values to the right.

Consider the number 356.782

We say this number as three hundred and fifty six point seven eight two. After the decimal 
point we say the name of the digit as we come to it.

The 7 represents 7 tenths, the 8 represents 8 hundredths and the 2 represents 2 thousandths. 
(Some of these words are hard to get your tongue around!)

Activity 2.25

1. Write these numbers in the following place value table.

(a) five hundred and twenty four point one nine

(b) two thousand point zero zero four

(c) negative seven hundred and ninety five thousand

(d) negative sixty six thousand and fifty five point three two

(e) zero point three zero six
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2
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2
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45
100
---------

45
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2. What is the place value of each of the numbers underlined below?

(a) 795.24
(b) 2 004.6
(c) 82.305
(d) −6 953 000.01
(e) −12 567.005 7

Before we do any calculations with decimals it is important that we know how to estimate with 
them.

We use much the same method as we used with whole numbers. The only difference is that 
when the round-off position is after the decimal point, we do not fill any spaces with zeros.

Example

Round 3.648 to the nearest tenth.

As before, look at the digit to the right of the tenth position, in this case the 4. It is less than 5 
so we leave the digit in the tenths position as it is.

3.648 ≈ 3.6 rounded to the nearest tenth.

Example

Round 3 476.638 to two decimal places.

To end up with two decimal places we are rounding to the nearest hundredth. Look at the digit 
to the right of the hundredth place, in this case the 8. It is greater than or equal to 5 so we take 
the round-off place up by one.

3 476.638 ≈ 3 476.64 rounded to two decimal places.
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Example

Round 0.003 76 to the leading digit.

Recall that the leading digit is the first non-zero digit. 

In this example that would be the 3. Following the normal procedures for rounding we get:

0.003 76 ≈ 0.004 rounded to the leading digit.

Activity 2.26

1. Round these numbers to the place value indicated.

(a) 576.205 to the nearest hundredth

(b) 75 201.3 to the nearest unit

(c) −0.008 to the nearest hundredth

(d) 67.345 67 to one decimal place

(e) −6 399.998 to two decimal places

2. Round the following numbers to the leading digit.

(a) 2 576.205

(b) 201.3

(c) −0.028

(d) 97.345 67

(e) −6 009

2.6.1 Addition and subtraction of decimals 

The same rules for addition and subtraction of whole numbers that we have previously looked 
at will apply to decimals. Recall that our steps were to:

• estimate by rounding to the leading digit, 

• calculate by lining up the numbers according to place value and finally to 

• check for the reasonableness of the answer. 

We will look at only one example here and leave you to follow the same steps for the 
questions in the activity following.

Example

Evaluate 76.4 + 105.92 + 3.456 + 2.1
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Estimate: 76.4 ≈ 80
105.92 ≈ 100
3.456 ≈ 3

2.1 ≈ 2
80 + 100 + 3 + 2 = 185

Calculate:

 7 6 . 4 1. Line up according to place value.
1 0 5 . 9 2 2. Add as for whole numbers.

   3 . 4 5 6 3. Insert the decimal point in the correct position.
+       2 . 1     

1 8 7 . 8 7 6

Check: The answer is close to our estimate and so looks reasonable.
(Now check on the calculator.)

Activity 2.27

1. Evaluate the following. Estimate results before commencing.

2. Three teenagers held a sponsored swim for Famine Relief. They raised 
$18.57, $24.32 and $9.84. How much did they raise?

3. Poison for the garden is purchased in a 2 litre container. If 0.15 litres has been 
used, how much poison remains in the container? Hint: write 2 litres as 2.00 
litres to assist with the subtraction. This does not change the number.

4. The weight loss table for a patient is recorded over a thirty day period at 10 
day intervals.

(a) Calculate this patient’s weight loss after each recording. 

(b) What is the total weight loss for this patient?

(c) Round this answer to the nearest tenth of a kilogram.

(a) 9.56 + 2.589 + 13.81 (d) 3.68 − 89.2

(b) 15.67 − 2.5 (e) −8 974.2 + 356.47

(c) 148 + 0.003 + 2.6079

Weight (kilograms) Weight loss

Start 88.904 0

10th day 87.772

20th day 86.592

30th day 84.036
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5. The Youth Club spent $100.00 preparing for their Saturday disco. Income 
from the disco was $64 from ticket sales, $17.40 from raffle ticket sales and 
$16.77 from a refreshment stall at the disco. How much did the youth club 
have to pay to cover costs?

6. Following is part of a statement received from Medicare after making a claim. 

(a) Find the totals for the CHARGE and the BENEFIT columns.

(b) Charge represents the amount of money that the patient paid, while the 
Benefit is the amount of money that Medicare refunded to the patient. 
How much of the total bill was left for the patient to pay after the 
Medicare benefit was allowed?

(c) Many doctors charge more than the government’s scheduled fee (Sch 
Fee). How much more than the scheduled fee has this patient been 
charged for each item?

2.6.2 Multiplication of decimals

Before we look at some more involved multiplications, let’s look at some easy ones.

Multiplying by powers of ten.

Find the answer to the following products on your calculator.

2.46 × 10 = Note that 10 could be written 101

25.638 × 10 =
5 694.3 × 10 =

0.008 94 × 10 =
43 × 10 =

Can you see a pattern? Complete the following sentence.
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Multiplying by 10 moves the decimal point .............................................................

Try these

2.46 × 100 = Note that 100 could be written 102

25.638 × 100 =
5 694.3 × 100 =

0.008 94 × 100 =
43 × 100 =

Complete the following sentence.

Multiplying by 100 moves the decimal point ...........................................................

Finally try these.

2.46 × 100 000 = Note that 100 000 could be written 105

25.638 × 100 000 =
5 694.3 × 100 000 =

0.008 94 × 100 000 =
43 × 100 000 =

Complete the following sentence.

Multiplying by 100 000 moves the decimal point ....................................................

We can generalize these rules for multiplying a number by a power of ten.

When multiplying by a power of 10, move the decimal point to the right by the number of 
zeros in the power of 10.

In general to multiply decimals:

• Estimate the answer as before.

• Ignoring the decimal points, multiply the numbers as if they were whole numbers.

• Count the number of decimal places in the question.

• Position the decimal point to give the same number of decimal places as in the question.

• Check your answer against your estimate.

Example

Evaluate 125.6 × 79.04

Estimate: 125.6 ≈ 100
79.04 ≈ 80

100 × 80 = 8 000
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Calculate:

  1 2 5. 6 
× 7 9 . 0 4

Check: Yes, this answer is close to the estimate so looks reasonable.
(Check on your calculator.)

Activity 2.28

1. Evaluate the following. Estimate results before commencing.

2. Olga makes monthly repayments of $37.45 on a loan for a stereo. She takes 2 
years to pay for the stereo.

(a) Estimate the total cost.

(b) Calculate the exact total cost.

3. If 1.5 millilitres of an experimental drug is given to each of 12 patients each 
day, how many millilitres of the drug will be used in 20 days?

4. A book has 367 pages. If each page is 0.1 millimetres thick and the covers are 
each 0.2 millimetres thick, what is the total thickness of the book?

5. Irving makes $14.68 an hour for the first 40 hours in a week and time and a 
half for each hour over 40 that he works in one week.

(a) Estimate Irving’s salary for a 40 hour week.

(b) Calculate his exact salary for a 40 hour week.

(c) Calculate his salary in a week in which he works 50 hours.

(a) 52.6 × 3.95 (d) 145 × 1.58

(b) − 2.05 × 20 (e) − 0.025 × − 3.6

(c) 0.56 × −1.23

4 8 0 4
9 8 5 4 0 0

7 4 5 2 0 0 0

9 9 2 7.4 2 4

2 2

1 4 5

431

1 2 1 1

We do not need to write in the row of zeros when multiplying be zero. We can

multiply by 900 by writing down two zeros and multiplying by 9.

There are three decimal places in the question so place the decimal point
 to give three decimal places in the answer.

 move on to 
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6. Following is the pricing schedule for Australia Post’s Express Post envelopes.

(a) I wish to purchase twenty 500 g satchels.

(i) What would the cost be if I purchased them individually?
(ii) What would the cost be if I purchased packs of 10?
(iii)What is the saving in purchasing in bulk?

(b) Find the cheapest way of purchasing the following order:

Eight 3 kg satchels
One hundred C5 envelopes
One hundred DL envelopes.

7. The Toowoomba City Council charges consumers for water according to the 
amount they use.

1st Tier 0 to 324 kilolitres $0.35 per kilolitre
2nd Tier above 324 kilolitres $1.00 per kilolitre

The council officer writes down the following readings for the meter at the 
Kennedy household.

Previous reading 3 619 kilolitres
Present reading 3 981 kilolitres

Calculate the water bill for the Kennedy residence.

Quantity
purchased

Single item
Packs of 10

1–4 packs 5–9 packs 10 or more 
packs

Discount none 5% 10% 15%

Price per item per pack per pack per pack

Envelopes

C5
B4

$3.00
$4.00

$28.50
$38.00

$27.00
$36.00

$25.50
$34.00

Satchels

500 g
3 kg

$5.00
$7.70

$47.50
$73.15

$45.00
$69.30

$42.50
$65.45

Packs of 50

Window faced 
envelopes

Only sold in 
packs of 50

1 pack 2 or more 
packs

Box of 500 
(per box)

DL na $135.00 $127.50 $1 275.00
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8. Following are the taxation rates payable for residents for the 1996/7 financial 
year.

Calculate the tax payable for people earning the following taxable incomes.

2.6.3 Division of decimals

Before we look at some more involved divisions, let’s look at dividing by powers of ten.

Find the answer to the following divisions on your calculator.

2.46 ÷ 10 = Note that 10 could be written 101

25.638 ÷ 10 =
5 694.3 ÷ 10 =

0.008 94 ÷ 10 =
43 ÷ 10 =

Can you see a pattern? Complete the following sentence.

Dividing by 10 moves the decimal point ..................................................................

Try these

2.46 ÷ 100 = Note that 100 could be written 102

25.638 ÷ 100 =
5 694.3 ÷100 =

0.008 94 ÷ 100 =
43 ÷ 100 =

Complete the following sentence.

Dividing by 100 moves the decimal point ................................................................

Taxable income Tax payable

$0 – $5 400 Nil

$5 401 – $20 700 20c for each $1 in excess of $5 400

$20 701 – $38 000 $3 060 + 34c for each $1 in excess of $20 700

$38 001 – $50 000 $8 942 + 43c for each $1 in excess of $38 000

Over $50 000 $14 102 + 47c for each $1 in excess of $50 000

(a) $4 356 (c) $48 940

(b) $34 780 (d) $56 200
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Finally try these.

2.46 ÷ 100 000 = Note that 100 000 could be written 105

25.638 ÷ 100 000 =
5 694.3 ÷ 100 000 =

0.008 94 ÷ 100 000 =
43 ÷ 100 000 =

Complete the following sentence.

Dividing by 100 000 moves the decimal point .........................................................

We can generalise these rules for dividing a number by a power of ten.

When dividing by a power of 10, move the decimal point to the left by the number of 
zeros in the power of 10.

To divide decimals:

• Estimate the answer as before.

• Write an equivalent expression so that you are dividing by a whole number.

• Divide as for whole numbers.

• Position the decimal point above the decimal point in the question.

• Check your answer against the estimate.

Example

Evaluate 11.6112 ÷ 2.36

Estimate: 11.6112 ≈ 10
2.36 ≈ 2

10 ÷ 2 = 5

Calculate:

Write an equivalent expression so as to divide by a whole number. 
Shift the decimal point 2 places to the right in 2.36 to make a whole number. Do the 
same to the 11.6112

    4 . 9 2
2 3 6 1 1 6 1 . 1 2 Divide as for whole numbers. Place the decimal point in the answer above

9 4 4 the decimal point in the question. Do not bring the decimal point down
2 1 7  1 underneath the question.
2 1 2  4

4  7 2
4  7 2

0

Check: Yes the answer is reasonable.
(Check on your calculator.)

11.6112 ÷ 2.36

= 11.6112 ÷ 2.36

= 1161.12 ÷ 236
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Activity 2.29

1. Evaluate the following. Estimate your answers before you begin.

2. A piece of pipe 6 metres long is to be cut into pieces that are each 0.75 metres 
long. How many pieces will there be?

3. If $23.58 is paid per month on a car repair account, how long would it take to 
pay off a balance of $565.92?

4. A vial of a certain drug contains 12.5 millilitres. How many single doses of 
1.25 millilitres can be given from this vial?

5. Companies wishing to export products to countries not using the metric 
system must supply measurements in imperial units (the system Australia 
used to use). To convert from centimetres to inches you divide by 2.54. How 
many inches are there in 280 centimetres?

6. For a $5.00 fee, a person can receive a flu shot at a community clinic. It costs 
the clinic $0.50 for the vaccine. If 154 people received flu shots on Monday, 
what was the profit for the clinic?

2.6.4 Converting between decimals and fractions

Sometimes it is convenient to work in fractions while at other times it may be more convenient 
to work in decimals. Although your calculator can work in fractions or decimals while the 
numbers are small, it converts to decimals once we start dealing with larger numbers. There 
are also instances where we would not normally talk in terms of fractions, for example we 

wouldn’t say we had  of a dollar, we would say we had 60 cents or $0.60.

It is important then to be able to convert from decimals to fractions and from fractions to 
decimals.

Let’s convert from a fraction to a decimal.

Recall that a fraction is just another way of expressing a division. It is this knowledge that 
enables us to convert a fraction to a decimal.

Example

Convert  to a decimal.

We know that  means 3 ÷ 5

We know that in a whole number the decimal point is located immediately after the last 
number. Placing zeros after the decimal point does not effect the number. When converting a 
fraction to a decimal it will be necessary to add some zeros.

(a) 0.672 ÷ 3.2 (d) −16.605 ÷ −36.9

(b) −8.326 ÷ 0.23 (e) 810 ÷ 40

(c) 0.002 88 ÷ 0.012

3
5
---

3
5
---

3
5
---
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Check this on the calculator: The display should read 0.6

Note that when there are no whole numbers, a zero is always written in the unit’s place.

Example

Express  as a decimal.

On the calculator:

The display should read − 0.63636363 … Don’t forget the negative sign in your answer

This number will continue like this indefinitely. We write this as  and say − 0.63 
recurring.

If the decimal was 56.478 947 89 … we would write this  with a dot over the first and 
last digit in the recurring part of the decimal.

Often it will be necessary to round off the answer your calculator gives if you cannot see a 
recurring pattern. In this case the fraction gives you an exact answer while the decimal is an 
approximation.

Let’s now look at the case where we have a decimal and we require it to be written as a 
fraction.

Consider the following:

0.3 = 3 tenths = 

You can see that there was one decimal place in the decimal and there is one zero in the 
denominator of the fraction.

0.37 = 37 hundredths = 

This time there are two decimal places in the decimal and two zeros in the denominator of the 
fraction.

We can generalise this:

• Write down the number without the decimal point.

• Count the number of decimal places, and put this many zeros after a 1 in the denominator.

• Simplify the fraction if possible.

0 . 6
5 3 . 0

3 0
0

7–
11
------

–0.63
. .

. .
56.4789

3
10
------

37
100
---------
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Example

Convert 0.45 to a fraction.

0.45 Write down the number without the decimal point.

= Count the number of decimal places, and put this many zeros after a 1 in the 

denominator.

= Simplify.

Example

Convert −5.25 to a fraction.

− 5.25 Write down the number without the decimal point.

= − Count the number of decimal places, and put this many zeros after a 1 in the 

denominator.

= Simplify.

= –5

Activity 2.30

1. Convert the following fractions to decimals.

2. Convert the following decimals to fractions. Express your answer in simplest 
Irrational numbers form.

(a) (e)

(b) − (f) −

(c) − (g) 1

(d)

(a) 0.7 (e) 0.075

(b) 0.8 (f) − 0.625

(c) 0.35 (g) 4.02

(d) − 0.58

45
100
---------

9
20
------

525
100
---------

21–
4

---------

1
4
---

1
8
---

13
7
------

1
4
---

25
11
------

7
10
------

3
4
---

1
3
---
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So far we have looked at decimals that terminate (e.g. 0.25, 1.648, 458.1) and decimals that 
recur (e.g. 0.33333…, 0.636363…, 56.666666…). There is one other type of decimal that 
neither terminates nor recurs. We call this type of decimal an irrational number.

Some examples of irrational numbers are ,  and . We can find an approximate 
answer for these using the calculator, but in reality the decimal keeps going forever.

 = 1.414213562……………

 = 1.732050808……………

 = 2.645751311……………

The approximation that the calculator gives, enables us to position the irrational number on the 
number line.

Before we move on and have a final look at the number line let’s look at one particular 
irrational that you may be familiar with. It is the number π (the Greek letter pi).

We will use π in later modules when working with circles. Your calculator will give you an 
approximation for π.

π = 3.141592654……………

In the past you may have used  as an approximation for π. On your calculator get a value 

for 

 = 3.142857143……………

As you can see, it is accurate only to the second decimal place.

For our calculations in these modules we will use the π key on the calculator for greatest 
accuracy.

Let’s now take a final look at the number line.

Example

Plot the following points on the number line.

, 0.6, 2 , π, −1.9, 0, − 3, 

2 3 7

2

3

7

22
7

------

22
7

------

22
7

------

1
4
---

1
3
--- 2
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To work out the position on the number line of each of these points it is convenient to convert 
them all to decimal approximations.

 = 0.25 0.6 2  ≈ 2.33  π ≈ 3.14 −1.9 0 −3  ≈ 1.41

You can see above all the different types of numbers we have used in this module. Together, all 
these numbers are called the real numbers and are best described in the picture below. 

You have now not only studied a range of different numbers, but also how to calculate with 
them. When you are confident with these skills, have a go at the following questions which 
have been taken from real-life situations or situations you might encounter in your future 
tertiary studies.

You should now be ready to attempt questions 5 and 6 of Assignment 1A (see 
your Introductory Book for details). If you have any questions, please refer them 
to your course tutor.

1
4
---

1
3
--- 2

−3 −2 −1 0 1 2 3

1
4
---−1.9−3 0.6 2

1
3
---2 π

Real Numbers

Rational Numbers

Integers

Positive Integers
e.g. 4, 563

ZeroNegative Integers
e.g. –2, –800

Fractions

e.g. , 1
1
2
---

2
3
---

Irrational Numbers

e.g. , , π2 11

Decimals
e.g. 0.7, 3.62
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2.7 A taste of things to come

1. Following is a bankcard statement.

You may not have a bankcard yourself but this is an important exercise in reading any type of 
financial statement. You should look carefully over the different sections of the statement. 
Many things are self explanatory but I will draw your attention to a few items.

DB after an amount means debit. The debits are added to your balance owing.

CR after an amount means credit. The credits are subtracted from your balance owing. They 
are payments that reduce the balance owing.

The last two items on the statement are charges that the bank makes on your account. You 
should now be in a position to answer the following questions.

The following is a bankcard account statement for 

J Citizen
Grubby Ave
Toowoomba 4350

Account number Annual percentage rate Daily percentage rate Opening
Cash advances: 16.450% balance A$

Credit limit Credit available Annual percentage rate Daily percentage rate $1 246.73
$ 4 000 Purchases 16.450%

Date Reference Transaction details Amount A$

08 JAN97 TARGET 5041 TOOWOOMBA AU 57.60 DB
13 JAN97 SHELL SUPERBARGAIN TOOWOOMBA AU 53.00 DB
16 JAN97 K MART 1029 TOOWOOMBA AU 78.00 CR

21 JAN97 FOSSEYS 212 ROCKHAMPTON AU 45.85 DB
26 JAN97 BIG W 0260 TOOWOOMBA AU 57.51 DB

28 JAN97 CALTEX TOOWOOMBA AU 40.00 DB
29 JAN97 K MART 1029 TOOWOOMBA AU 16.60 DB

03 FEB97 PAYMENT – THANK YOU 100.00 CR
04 FEB97 WYALLA PLAZA DAY NIGHT TOOWOOMBA AU 41.10 DB
05 FEB97 CREDIT CHARGE – PURCHASES 19.51
05 FEB97 CONTRACT STAMP DUTY .83

Opening balance Total credits (CR) Total debits (DB) Credit and other Closing
charges balance A$

Past due Due date Min.payment due Payment Date paid Amount paid
.00 28 FEB97 record $
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(a) What is the credit limit on this account?
What do you think this means?

(b) By what date should the closing balance or the minimum payment have been made?

(c) Fill out the first row at the bottom of the statement. That is, Opening balance, Total credits 
(CR), Total debits (DB), credit and other charges and the Closing balance.

We will look further at this statement in a future module.

2. In 1987 the forensic toxicology group of the Queensland Government Chemical 
Laboratory performed drug analysis on samples of liver, stomach, blood and urine from 
374 corpses involved in post mortem examinations. The numbers of times various drugs 
were detected at toxic levels are given in the following table.

Drugs detected at toxic levels in post mortem specimens

(Source: Moore, C 1988, ‘Forensic toxicology’, Australian Science Mag., no. 4, Darling Downs Institute Press, 

Drug Single 
drug

With 
alcohol

More 
than one 

drug
Subtotal Total

Analgesics
Codeine 
Paracetamol 
Propoxyphene

– 
– 
1

– 
– 
1

5 
4 
2

5 
4 
4 13

Barbiturates
Amylobarbitone 
Pentobarbitone 
Quinalbarbitone

1 
1 
1

– 
1 
–

1 
3 
1

2 
5 
2 9

Chlorpromazine – 1 5 6 6

Chloroquin 7 1 – 8 8

Digoxin – – 1 1 1

Metroprolol – – 1 1 1

Narcotic analgesics
Methadone 
Morphine

– 
2

– 
–

6 
1

6 
3 9

Orphenadrine – – 1 1 1

Pancuronium – – 1 1 1

Propranolo – – 2 2 2

Theophylline 1 1 – 2 2

Trichloroethanol – 1 2 3 3

Tricyclic antidepressants
Amitriptyline 
Clomipramine 
Dothiepin 
Doxepin

– 
– 
– 
1

– 
– 
– 
2

5 
1 
2 
2

5 
1 
2 
5 13

Verapamil – 1 – 1 1

TOTAL 15 9 46 – 70
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Toowoomba.)

(a) What fraction of all corpses showed toxic levels of drugs?

(b) What fraction (of corpses showing toxic drug levels) showed toxic levels of:
(i) analgesics
(ii) barbiturates
(iii)pentobarbitone?

(c) What fraction of all corpses showed the presence of more than one drug?

(d) What fraction of all corpses did not show the presence of any of the drugs in the table?

3. Following is a table showing information obtained from a breast screening clinic.

(a) Show several people the information in the chart and ask them the following question.

According to the information given in the table, is it true that as a person gets older, the 
chance of developing breast cancer lessens?

(b) What is the correct interpretation of this information? To establish this, write the chance of 
getting breast cancer for each age group as a fraction. For example, for a woman aged 40 
the chance of getting breast cancer is 1/1 041. That is, she has one chance out of 1 041 that 
she will develop breast cancer. 

Were most people you asked able to give the correct interpretation of the information?

(c) If you were asked to write a short article for a newspaper to accompany the above table, 
you could use some of the information that you have worked out above. Write a few 
sentences now, that could be included in an article to accompany this table.

Congratulations, you have now completed the second mathematics module. You should check 
that you have mastered all the objectives listed in the introduction to this module. The post-test 
is included here to help you do this.

Lower-risk  group shouldn’t  let  lump  go  unnoticed

Age Group size for 1 to develop
breast cancer per year

40 1 041

45 653

50 610

55 515

60 440

65 392

70 382
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Now might be a good time to look at your summary of new ideas, words and symbols. Would 
you be able to explain all these to a friend?

When you feel confident, complete the assignment, together with its learning diary.

2.8 Post-test

1. Evaluate the following expressions without a calculator. Show all your working. Estimate 
your answer before commencing and check your answer with your calculator.

2. Evaluate the following expressions on your calculator. Estimate your answer before 
commencing. Round your answers to two decimal places if necessary.

(a) (8.47)2 × 6.23

(b)

(c)

(d)

(e) (48 ÷ 8.4)3

3. The following table contains common fractions and decimals that you should become very 
familiar with. Complete the table.

4.

(a) Mark the following numbers on a number line.

0.22,  −3 ,  π,  − ,  3.8, 

(a) 765 ÷ 15 + 822 (d) 895(622 + 479)

(b) 89 + 21 − 48 × 23 (e) 4 763 + 395 ÷ 5 × 16

(c) 591 × 376 + 523

Fraction

Decimal 0.2 0.5 0.75

584
73.8
----------

8.25( )2 85.72–

6.4 34×
12.4

-------------------

1
8
---

1
4
---

1
3
---

2
3
---

1
2
--- 3

4
5
---
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(b) Using your calculator find the sum of the numbers in part (a). Round your answer to 
the nearest thousandth.

5. The following table shows the weight fluctuations of a person on a weight loss program. 

(a) If they started the program weighing 94.7 kilograms, what was their weight after the 
eight weeks shown?

(b) What was the total amount to weight lost?

(c) If this person’s ideal weight is 68 kilograms, how much more weight do they need to 
lose?

6. Toowoomba City Council’s 1996/97 annual rates for property owners include the 
following charges.

• General Rate on unimproved land value.
Residential 1.729 cents per $ value
Central Business District 2.029 cents per $ value

• Park and Bushland charge $15.00

• Water Access charge $235.00

• Sewerage Charge
Domestic (any number of pedestals) $134.00
Commercial First pedestal $134.00
Commercial Other pedestal $124.00 each

• Cleaning Charges
Domestic $70.00
Commercial $170.00

• Fire Levy $95.20

(a) Toowoomba City Council issues rate notices twice a year. Calculate the half yearly 
rates and charges due to Council on a residential property with an unimproved land 
value of $42 500.

(b) Calculate the half yearly rates and charges due to Council on a commercial property 
with 4 pedestals in the central business district with an unimproved land value of  
$82 540.

Week 1 2 3 4 5 6 7 8

loss/gain
(kilograms)

– 2.6 – 1.2 + 0.4 – 0.9 + 1.5 – 2.7 – 0.1 + 0.4



2.96  TPP7181 – Mathematics tertiary preparation level A
7. Following are the 1995 details of who moved where in Australia.

(a) To which state or territory did the most people move?

(b) Find the total number of people that left each of the states and territories. Which state or 
territory had the greatest number of people leave?

(c) Nett migration means the difference between the number of people coming in to the state 
or territory and the number of people leaving. By completing the following table decide 
which states or territories had a negative nett migration.

(d) The population of which state or territory remained least changed after arrivals and 
departures had been accounted for?

(e) What fraction of the total number of people who left NSW, went to South Australia?

(f) What fraction of the total number of people arriving in Western Australia came from 
Queensland?

Arrived
in

Left
NSW 
for

Left
Vic for

Left
Qld for

Left
SA for

Left
WA for

Left
Tas for

Left
NT for

Left
ACT 
for

TOTAL

Qld 53 110 31 069 8 900 7 548 4 147 6 205 3 894 114 873

NSW 24 182 34 184 6 445 6 770 2 442 2 532 10 496 87 051

Vic 19 442 14 628 6 776 5 191 3 125 2 052 2 231 53 445

WA 7 669 7 472 6 618 3 759 1 626 3 587 1 006 31 737

SA 5 682 7 446 4 772 2 542 755 2 783 724 24 704

ACT 10 425 2 603 2 876 1 132 985 319 739 19 079

NT 3 430 2 922 4 805 3 202 2 606 443 594 18 002

Tas 2 272 2 699 2 216 1 019 1 173 452 311 10 142

TOTAL

State Arrived Departed Nett migration

Qld 114 873

NSW 87 051

Vic 53 445

WA 31 737

SA 24 704

ACT 19 079

NT 18 002

Tas 10 142
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2.9 Solutions

Solutions to activities

Activity 2.1

8. (a) T 2. (a) 6 < 12

(b) F (b) 74 > 56

(c) T (c) 127 > 89

(d) T (d) 17 < 34

(e) T (e) 41 > 28

Activity 2.2

Activity 2.3

(a) 30 (e) 200 000

(b) 50 (f) 900

(c) 100 (g) 100 000

(d) 400 (h) 60 000

Number To nearest ten To nearest 
hundred

To nearest 
thousand

(a) 2 575 2 580 2 600 3 000

(b) 324 320 300 0

(c) 105 110 100 0

(d) 26 897 26 900 26 900 27 000

(e) 5 502 471 5 502 470 5 502 500 5 502 000
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Activity 2.4

1. (a) 58 + 61

Estimate Calculate Check

58 ≈ 60 58
61 ≈ 60 + 61 119 is close to our estimate.

60 + 60 = 120 119

(b) 25 + 956 + 32

Estimate Calculate Check

25 ≈ 30 25
956 ≈ 1 000 956 1 013 is close to our estimate.

32 ≈ 30 + 32
1  1_____

30 + 1 000 + 30 = 1 060 1 013

(c) 750 + 2 305 + 10 + 9 + 315

Estimate Calculate Check

750 ≈ 800 750
2 305 ≈ 2 000 2 305

10
9 3 389 is close to our estimate.

315 ≈ 300 + 315
1        1_____

800 + 2 000 + 300 + 10 + 9 = 3 119 3 389

(d) 658 + 0

You would know that adding zero does not change a number so there is no need to  
estimate in this case.

658 + 0 = 658

2. Sunday 5
Monday 3
Tuesday 2
Friday 6
Saturday 9
Total admitted = 5 + 3 + 2 + 6 + 9 = 25 children
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3. Total attendance = 10 428 + 8 922 + 7 431 + 9 647 people

Estimate Calculate Check

10 428 ≈ 10 000 10 428
8 922 ≈ 9 000 8 922 This answer is close to our
7 431 ≈ 7 000 7 431 estimate.
9 647 ≈ 10 000  + 9 647

2     2         1     1________

10 000 + 9 000 + 7 000 + 10 000 = 36 000 36 428
Total attendance was 36 428 people 

4. David’s lunch = 2 103 + 1 714 + 1 148 + 18 kJ

Estimate Calculate Check

2 103 ≈ 2 000 2 103
1 714 ≈ 2 000 1 714
1 148 ≈ 1 000 1 148 This answer looks reasonable.

18 ≈ 20 + 18
2_____

2 000 + 2 000 + 1 000 + 20 = 5 020 4 983

David’s lunch contained 4 983 kJ

Activity 2.5

1. (a) 759 – 326

Estimate Calculate Check

759 ≈ 800 759
326 ≈ 300 – 326 This answer looks reasonable.

___
800 – 300 = 500 433

(b) 39 200 – 14 125

Estimate Calculate Check

9 10
1 10

39 200 ≈ 40 000 39 200
14 125 ≈ 10 000 – 14 125 This answer looks reasonable

40 000 – 10 000 = 30 000 25 075
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(c) 126 430 – 2 472

Estimate Calculate Check

5 13
3 12

2 10

126 430 ≈ 100 000 126 430
2 472 ≈ 2 000 – 2 472 This answer is reasonable.

100 000 – 2 000 = 98 000 123 958

(d) 37 – 0

You would know that subtracting zero does not change a number so there is no need to  
estimate in this case

37 – 0 = 37

2. The cost of Mary’s items = $14 + $27 + $16 + $7

Estimate Calculate Check

14 ≈ 10 14
27 ≈ 30 27
16 ≈ 20 16 This answer is reasonable.

7 = 7 + 7
2__

10 + 30 + 20 + 7 = 67 64

Mary’s change = 100 – 64

Estimate Calculate Check

9 10

100 ≈ 100 100
64 ≈ 60 – 64 This answer is reasonable

100 – 60 = 40 36

Mary should receive $36 change

3. Amount of water to add = 3 500 – 542 mL

Estimate Calculate Check

2 14 9 10
4 10

3 500 ≈ 4 000 3 500 This answer looks reasonable.
542 ≈ 500 – 542

4 000 – 500 = 3 500 2 958

The cleaner should add 2 958 mL of water
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4. (a)

(b) The total wages bill for these employees is $3 831.

(c) The tax to be sent to the taxation office is $1 069.

5. (a) Gold Coast to Townsville needs 1 450 points

(b) Brisbane to Sydney needs 850 points

(c) Sydney to Melbourne needs 850 points

(d) Brisbane to Melbourne direct needs 1 450 points
Linda used 850 + 850 = 1 700 points
The direct flight saves 1 700 – 1 450 points
Linda would have saved 250 points

Activity 2.6

(a) –5 < 3 (b) –1 > –4

(c) 3 > –1 (d) –65 < –34

(e) –125 > –420

Activity 2.7

1. (a) 9 × 45

Estimate Calculate Check

9 = 9 45 It is an easier This answer looks
45 ≈ 50 × 9 calculation if we reasonable.

4 put the smaller
9 × 50 = 450 365 number on the bottom.

1      ___
405

Name Gross 
Pay Tax Superannuation Union 

Fees
Take Home 

Pay

Adams J $500 $105 $30 $2 $363

Bull P $1 200 $407 $74 $2 $717

Filbee Y $678 $169 $41 $2 $466

Hand I $893 $261 $54 $2 $576

Ruse K $560 $127 $34 $2 $397

Totals $3 831 $1 069
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(b) 93 × 72

Estimate Calculate Check

93 ≈ 90 93
72 ≈ 70 × 72 This answer looks reasonable.

90 × 70 = 6 300 186
2

6 310
6 696

(c) 195 × 24

Estimate Calculate Check

195 ≈ 200 195
24 ≈ 20 × 24 This answer looks reasonable.

3  2

200 × 20 = 4 000 460
1   1
2 800
1____
4 680 

(d) 1 952 × 346

Estimate Calculate Check

1 952 ≈ 2 000 1 952
346 ≈ 300 × 346 This answer looks reasonable.

5        3  1

2 000 × 300 = 600 000 6 402
3  2

46 080
2     1

375 600
1 2 1_______
675 392

 

(e) 589 × 40

Estimate Calculate Check

589 ≈ 600 589 In this case it is not
40 = 40   × 40 necessary to write out This answer looks

3       3 the row of zeros. We reasonable.
600 × 40 = 24 000 20 260 can move straight to

23 560 multiplying by the 4.
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2. Sally earns $14 × 38

Estimate Calculate Check

14 ≈ 10 38
38 ≈ 40 × 14 Yes, this looks reasonable.

3

10 × 40 = 400 122
380
1     ___
532

Sally earns $532 for the week.

3. Total weight = 36 × 22 kilograms

Estimate Calculate Check

36 ≈ 40 36
22 ≈ 20 × 22 Yes, looks reasonable.

1

40 × 20 = 800 62
1

620
792

Total weight of concrete blocks is 792 kilograms.

4. (a) Saving = $45 – $26

Estimate Calculate Check

3  15

45 ≈ 50 45
26 ≈ 30 – 26 Yes, looks reasonable.

50 – 30 = 20 19
Jeremy would save $19

(b) Saving on 5 shirts = 5 × $19

Estimate Calculate Check

5 = 5 19
19 ≈ 20 × 5 Yes, looks reasonable.

4

5 × 20 = 100 55
95

Jeremy would save $95 on 5 shirts.
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5. (a) Passengers travelling to Melbourne = 36 – 14 = 22

(b) After passengers unloaded in Sydney: total = 36 – 14 = 22
After passengers loaded in Sydney: total = 22 + 23 = 45
So 45 passengers get off the coach in Melbourne.

Activity 2.8

1. (a) = 3 × 3 × 3 = 27 (b) = 2 × 2 × 2 × 2 = 16

(c) = 5 × 5 × 5 × 5 = 625 (d) = 4

(e) = 9 × 9 = 81 (f) = 6 × 6 × 6 × 6 × 6 = 7 776

2. (a) = 16 (b) = 32

(c) = 25 (d) = 81

3. Total reading time = 7 children × 7 minutes × 7 days

=

= 343

The Heptane children spend 343 minutes reading.

Activity 2.9

(a) = 9 (b) = 6

(c) = 5 (d) = 8

(e) = 10

Activity 2.10

1. (a) 1 204 ÷ 4

Estimate Calculate Check

1 204 ≈ 1 000
4 = 4

1 000 ÷ 4 is between 200 and 300

3
3

2
4

5
4

4
1

9
2

6
5

4
2

2
5

5
2

3
4

7
3

81 36

25 64

100

3 0 1
4 1 2 0 4

1 2
0 0
0 0

0 4
4
0

Yes, looks reasonable.
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(b) 432 ÷ 12

Estimate Calculate Check

432 ≈ 400
12 ≈ 10

400 ÷ 10 = 40

(c) 10 608 ÷ 26

Estimate Calculate Check

10 608 ≈ 10 000
26 ≈ 30

10 000 ÷ 30 is between 300 and 400

(d) 3 612 ÷ 42

Estimate Calculate Check

3 612 ≈ 4 000
42 ≈ 40

4 000 ÷ 40 = 100

2. Each part = $4 500 ÷ 3

Estimate Calculate Check

4 500 ≈ 5 000
3 = 3

5 000 ÷ 3 is between 1 000 and 2 000

Each child receives $1 500

3 6
12 4 3 2

3 6
7 2
7 2

0

Yes, looks reasonable.

4 0 8
26 1 0 6 0 8

1 0 4
2 0
0 0
2 0 8
2 0 8

0

Yes, looks reasonable.

8 6
42 3 6 1 2

3 3 6
2 5 2
2 5 2

0

Yes, looks reasonable.

1 5 0 0
3 4 5 0 0

3
1 5
1 5

0

Yes, looks reasonable.
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3. Amount of mince for each meal = 2 700 ÷ 6

Estimate Calculate Check

2 700 ≈ 3 000
6 = 6

3 000 ÷ 6 = 500

Joseph freezes 450 grams for each meal.

4. Daily rate is $31 025 ÷ 365

Estimate Calculate Check

31 025 ≈ 30 000
365 ≈ 400

30 000 ÷ 400 is between 70 and 80

Weekly rate is $85 × 7

Estimate Calculate Check

85 ≈ 90 85
7 = 7 × 7 Yes, looks reasonable

3

90 × 7 = 630 565
595

Your weekly wage would be $595

5. Since 8 minutes = 480 seconds Keely’s ride lasts 480 ÷ 32 revolutions

Estimate Calculate Check

480 ≈ 500
32 ≈ 30

500 ÷ 30 is between 10 and 20

The merry-go-round revolved 15 times.

4 5 0
6 2 7 0 0

2 4
3 0
3 0

0

Yes, looks reasonable.

8 5
365 3 1 0 2 5

2 9 2 0
1 8 2 5
1 8 2 5

0

Yes, looks reasonable.

1 5
32 4 8 0

3 2
1 6 0
1 6 0

0

Yes, looks reasonable.
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Activity 2.11

1. (a) –7 + –16 = – (7 + 16) = –23 (b) –4 + –9 = – (4 + 9) = –13

(c) –25 + –12 = – (25 + 12) = –37 (d) –456 + –32 = – (456 + 32)=–488

(e) –3 + –1 245 = – (3 + 1 245) = –1 248

2. The submarine starts at –10 metres. The submarine dives to a depth of –10 + –20 metres.

–10 + –20 = – (10 + 20) = –30

The submarine comes to rest 30 metres below sea level.

3. Dan’s cheque account balance is –$110.  
After another withdrawal the balance is –110 + –43.

Dan’s balance is –110 + –43 = – (110 + 43) = –153.

Dan’s account is overdrawn by $153

Activity 2.12

1. (a) –5 + 3 = – (5 – 3) = –2 (b) –56 + 78 = + (78 – 56) = 22

(c) 456 + –67 = + (456 – 67) = 389 (d) 89 + –567 = – (567 – 89) = –478

(e) –1 789 + 1 674 = – (1 789 – 1 674) = –115

2. Nami still owes $25 + –$5

25 + –5 = + (25 – 5) = 20

Nami owes $20

3. Submarine was first at –37 metres. After rising its position is –37 + 23 metres.

–37 + 23 = – (37 – 23) = –14

The submarine’s new depth is 14 metres below sea level.

4. Let Australia’s starting position be –134 runs.

(a) After opening partnership Australia is –134 + 76 runs.

–134 + 76 = – (134 – 76) = –58

Australia is still 58 runs behind.
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(b) At the end of the innings Australia is –134 + 475 runs.

–134 + 475 = + (475 – 134) = 341

At the end of the second innings Australia is 341 runs in front.

5. We will make descent negative and ascent (rising) positive.

The lift moves as follows:

–3 + 6 + –8 = 3 + –8 = –5

This lift is 5 floors below its starting position.

Activity 2.13

1. (a) –45 – 89 = –45 + –89 = – (45 + 89) = –134

(b) 456 – 765 = 456 + –765 = – (765 – 456) = –309

(c) –376 – –46 = –376 + 46 = – (376 – 46) = –330

(d) 73 – –34 = 73 + 34 = 107

(e) 567 – 345 = 222

(f) –498 – –587 = –498 + 587 = + (587 – 498) = 89

(g) –45 – 238 = –45 + –238 = – (45 + 238) = –283

(h) 1 234 – –890 = 1 234 + 890 = 2 124

(i) –56 – 4 693 = –56 + –4 693 = – (56 + 4 693) = –4 749

(j) 567 – –780 = 567 + 780 = 1 347

2. (a) 13 – 8 = 5 (b) 7 – 9 = –2

(c) –3 – 3 = –6 (d) 7 – –1 = 8

(e) 1 – 3 = –2 (f) –6 –3 = –9

3. London 11 – 8 = 3

Moscow 8 – –1 = 8 + 1 = 9

New York 3 – –4 = 3 + 4 = 7

Helsinki –2 – –6 = –2 + 6 = + (6 – 2) = 4
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4. Man dived 20 – 34 metres

20 – 34 = – (34 – 20) = –14

The man levelled out 14 metres below the top of the lake.

5. Bill beat Peter by 23 – –4 points

23 – –4 = 23 + 4 = 27

Bill beat Peter by 27 points.

Activity 2.14

1. (a) –3 × 5 = – (3 × 5) = –15 (b) 4 × –7 = – (4 × 7) = –28

(c) –6 × –8 = + (6 × 8) = 48 (d) –12 × 6 = – (12 × 6) = –72

(e) –6 × 0 = 0

(f) –34 × 29 = – (34 × 29) Estimate: 34 ≈ 30
= –986 29 ≈ 30

30 × 30 = 900

(g) 37 × –87 = – (37 × 87) Estimate: 37 ≈ 40
= –3 219 87 ≈ 90

40 × 90 = 3 600

(h) –104 × 6 = – (104 × 6) Estimate:104 ≈ 100
= –624 6 = 6

100 × 6 = 600

(i) 789 × –45 = – (789 × 45) Estimate:789 ≈ 800
= –35 505 45 ≈ 50

800 × 50 = 40 000

(j) –67 × –45 = + (67 × 45) Estimate: 67 ≈ 70
= 3 015 45 ≈ 50

70 × 50 = 3 500

City Maximum
°C

Minimum
°C

Difference
°C

London 11 8 3

Moscow 8 –1 9

New York 3 –4 7

Helsinki –2 –6 4
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2. The temperature today is 2 × –3° = –6°C

3. The diver is at –2 metres. The sea bed is 5 times this depth.

That is, 5 × –2 = –10 metres

The sea bed is at 10 metres.

Activity 2.15

1. (a) –42 ÷ 6 = – (42 ÷ 6) = –7 (b) 64 ÷ –8 = – (64 ÷ 8) = –8

(c) –861 ÷ –3 = + (861 ÷ 3) = 287 (d) –12 ÷ 6 = – (12 ÷ 6) = –2

(e) –6 ÷ 2 = – (6 ÷ 2) = –3 (f) –32 ÷ 16 = – (32 ÷ 16) = –2

(g) 5 642 ÷ –91 = – (5 642 ÷ 91) Estimate: 5 642 ≈ 6 000
= –62 91 ≈ 90

6 000 ÷ 90 is between 60 and 70

(h) –5 688 ÷ 6 = – (5 688 ÷ 6) Estimate: 5 688 ≈ 6 000
= –948 6 = 6

6 000 ÷ 6 = 1 000

(i) 765 ÷ –45 = – (765 ÷ 45) Estimate: 765 ≈ 800
= –17 45 ≈ 50

800 ÷ 50 is between 10 and 20

(j) –135 ÷ –45 = + (135 ÷ 45) Estimate: 135 ≈ 100
= 3 45 ≈ 50

100 ÷ 50 = 2

Activity 2.16

1. (a) 7 × 5 + 4 (b) 10 – 6 × 7 (c) 6 + (3 – 9)
= 35 + 4 = 10 – 42 = 6 + –6
= 39 = –32 = 0

(d) –2 – 2 × –3 (e) 9 ÷ 3 × 7 + 3 (f) –3 ÷ –1 + × –2
= –2 – –6 = 3 × 7 + 3 = –3 ÷ –1 + 81 × –2
= –2 + 6 = 21 + 3 = 3 + –162
= 4 = 24 = –159

(g) 27 –  + 21 ÷ –3 (h) 4 × (2 + 5) ÷ (3 + 1)
= 27 – 3 + 21 ÷ –3 = 4 × 7 ÷ 4
= 27 – 3 + –7 = 28 ÷ 4
= 24 + –7 = 7
= 17

(i)  ÷ –3 + 9 × –5 (j) (–5 × –4)  – 6 ÷ (–3 + )
= (17 – 125) ÷ –3 + 9 × –5 =  – 6 ÷ (–3 + 2)
= –108 ÷ –3 + 9 × –5 = 400 – 6 ÷ –1
= 36 + –45 = 400 – –6
= –9 = 400 + 6

= 406

9
2

9

17 5
3

–( ) 2
4

20
2
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2. (a) 765 ÷ 15 + 822
Estimate Calculate Check
800 ÷ 20 + 800 765 ÷ 15 + 822
= 40 + 800 = 51 + 822
= 840 = 873 Answer looks reasonable.

(b) 89 + 21 – 48 × 23
Estimate Calculate Check
90 + 20 – 50 × 20 89 + 21 – 48 × 23
= 90 + 20 – 1 000 = 89 + 21 – 1 104
= 110 – 1 000 = 110 – 1 104
≈ 100 – 1 000 = –994
= –900 Answer looks reasonable.

(c) 591 +  × 
Estimate Calculate Check
600 +  × 7 591 +  × 
= 600 + 1 600 × 7 = 591 + 1 369 × 7
≈ 600 + 2 000 × 7 = 591 + 9 583
= 600 + 14 000 = 10 174
= 14 600 Answer looks reasonable.

(d) 4 763 + 395 ÷ 5 × 16
Estimate Calculate Check
5 000 + 400 ÷ 5 × 20 4 763 + 395 ÷ 5 × 16
= 5 000 + 80 × 20 = 4 763 + 79 × 16
= 5 000 + 1 600 = 4 763 + 1 264
= 6 600 = 6 027 Answer looks reasonable.

(e) (62 –  + (7 + 3 × 81) –  ) + 61 × 453

Estimate: (60 –  + (7 + 3 × 80) – 13) + 60 × 500

≈ (60 – 400 + (7 + 240) – 10) + 30 000

= (60 – 400 + 247 – 10) + 30 000

≈ (60 – 400 + 200 – 10) + 30 000

= –150 + 30 000

≈ –200 + 30 000

= 29 800

Calculate: (62 –  + (7 + 3 × 81) –  ) + 61 × 453

= (62 –  + (7 + 243) –  ) + 61 × 453

= (62 –  + 250 –  ) + 61 × 453

= (62 – 576 + 250 – 13) + 61 × 453

= –277 + 27 633

37
2

49

40
2

37
2

49

24
2

169

20
2

24
2

169

24
2

169

24
2

169



2.112  TPP7181 – Mathematics tertiary preparation level A
= 27 356

Check: Answer looks reasonable.

3. (a) Ahmid earns 32 × $14 + 8 × $28
Estimate: 30 × 10 + 8 × 30 Calculate: 32 × 14 + 8 × 28

= 300 + 240 = 448 + 224
= 540 = 672

Ahmid earns $672 for the week.

(b) Mary earns 8 × $28 + 4 × 8 × $14 + 4 × 2 × $21
Estimate: 8 × 30 + 4 × 8 × 10 + 4 × 2 × 20

= 240 + 320 + 160
≈ 200 + 300 + 200
= 700

Calculate: 8 × 28 + 4 × 8 × 14 + 4 × 2 × 21
= 224 + 448 + 168
= 840

Mary earns $840 for the week.

4. Coach’s load = 43 × (54 + 12) kilograms

Estimate: 40 × (50 + 10) Calculate: 43 × (54 + 12)
= 40 × 60 = 43 × 66
= 2 400 = 2 838

Coach’s usual load is 2 838 kilograms.

5. Number of people going Brisbane to Melbourne = 36 – 14 = 22
Number of people going Brisbane to Sydney = 14
Number of people going Sydney to Melbourne = 23
Total amount paid = 22 × $120 + 14 × $75 + 23 × $68
Estimate: 20 × 100 + 10 × 80 + 20 × 70 Calculate:22 × 120 + 14 × 75 + 23 × 68

= 2 000 + 800 + 1 400 = 2 640 + 1 050 + 1 564
= 4 200 = 5 254

Total amount paid to bus company is $5 254

Activity 2.17

1. (a) 2 (5 + 7) = 2 × 5 + 2 × 7 (b) 3 (2 + 6) = 3 × 2 + 3 × 6
= 10 + 14 = 6 + 18
= 24 = 24
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(c) 5 (7 – 2) = 5 × 7 – 5 × 2 (d) –2 (3 + 5) = –2 × 3 + –2 × 5
= 35 – 10 = –6 + –10
= 25 = –16

(e) –7 (5 + 2)= –7 × 5 + –7 × 2 (f) –2 (3 – 6) = –2 × 3 – –2 × 6
= –35 + –14 = –6 – –12
= –49 = –6 + 12

= 6

2. (a) 4 × 8 + 4 × 6 = 4 (8 + 6) = 4 × 14 = 56

(b) 3 × 6 – 3 × 7 = 3 (6 – 7) = 3 × –1 = –3

(c) –5 × 8 + –5 × 14 = –5 (8 + 14) = –5 × 22 = –110

(d) 6 × 48 + 6 × 57 = 6 (48 + 57) = 6 × 105 = 630

(e) –17 × 8 – –17 × 61 = –17 (8 – 61) = –17 × –53 = 901

3. Number of pieces = 3 × 6 + 3 × 8
= 3 (6 + 8)
= 3 × 14
= 42

There are 42 pieces of pizza.

Activity 2.18

1. (a) (b) (c) (d) (e) 

2.  shaded

Activity 2.19

1. (a) = = (b) = =

(c) = = (d) = =

(e) = =

1
3
---

5
6
---

3
4
---

7
10
------

1
2
---

5
8
---

2
3
---

2 3×
3 3×
------------

6
9
---

4
5
---

4 4×
5 4×
------------

16
20
------

3–
4

------
3– 2×

4 2×
---------------

6–
8

------
2–

7
------

2– 4×
7 4×

---------------
8–

28
------

7
12
------

7 5×
12 5×
---------------

35
60
------
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2. (a)  =  = (dividing by 3)

(b)  =  = (dividing by 3)

(c)  =  = (dividing by 2)

(d)  =  = (dividing by 4)

(e)  =  = (We are dividing by 10 but in practice  
we just cancel the zeros.)

(f)  =  =  = (Cancel three zeros on the top and three on  
the bottom.)

3. (a) Strangled by trawler nets = 

(b) Strangled by packaging bands =  = 

Activity 2.20

1. (a)  = (b)  =  = 

(c)  = (d)  =  = 

(e)  =  = 

2. (a)  =  = (b)  =  = 

(c)  =  = (d)  =  = 

(e)  =  = 

3.  cakes equals  = 

Therefore I have 17 thirds of cake.

9
15
------

9
3

155
--------

3
5
---

3–
18
------

3
1–

–
186
-----------

1–
6

------

8
10
------

8
4

105
--------

4
5
---

12–
16

---------
12

3–
–
164

--------------
3–

4
------

30
40
------

30
40
------

3
4
---

2 000
6 000
-------------

2 000
6 000
-------------

2
1

63
-----

1
3
---

26
75
------

15
75
------

1
5
---

5
3
--- 1

2
3
---

45
9

204
--------

9
4
--- 2

1
4
---

16–
7

--------- 2
2
7
---–

40
8

255
--------

8
5
--- 1

3
5
---

35
5–

–
142

--------------
5–

2
------ 2

1
2
---–

3
1
4
---

3 4 1+×
4

---------------------
13
4

------ 9
2

11
------

9 11 2+×
11

------------------------
101
11

---------

5
2
3
---–

5 3 2+×
3

---------------------⎝ ⎠
⎛ ⎞–

17
3

------– 102
5

12
------

102 12 5+×
12

------------------------------
1 229

12
-------------

21
2
5
---–

21 5 2+×
5

------------------------⎝ ⎠
⎛ ⎞–

107
5

---------–

5
2
3
---

5 3 2+×
3

---------------------
17
3

------
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4. Gary is  =  = 

Therefore, Gary is 41 twelfths or 41 months old.

Activity 2.21

1. (a)  + (b)  – (c)  + (d)  + 

   =  +   =  –   =  +   =  + 

   =   =   =   =

  =   =

(e)  –  + (f)  + (g)  – 

   =  –  +   =  +   =  – 

   =   =  +   =  – 

   =   =   =

   =   =

(h)  + (i)  + (j)  – 

   =  +   =  +   =  – 

   =  +   =  +   =  – 

   =   =   =

   =   =

5. Jason ate  = 

Jenny ate  = 

It is easy to see now that Jenny ate the larger portion of the pizza.

3
5

12
------

3 12 5+×
12

------------------------
41
12
------

3
7
---

1
2
---

2
3
---

3
4
---

13
15
------

2
5
---

5–
6

------
9

10
------

6
14
------

7
14
------

8
12
------

9
12
------

13
15
------

6
15
------

25–
30

---------
27
30
------

13
14
------

1–
12
------

19
15
------

2
30
------

1
4

15
------

1
15
------

5
9
---

5
6
---

1
2
--- 3

1
4
--- 2

1
2
--- 5

3
10
------ 4

2
5
---

10
18
------

15
18
------

9
18
------

13
4

------
5
2
---

53
10
------

22
5

------

10 15– 9+
18

---------------------------
13
4

------
10
4

------
53
10
------

44
10
------

4
18
------

23
4

------
9

10
------

2
9
--- 5

3
4
---

3
7
9
---– 2

1
6
--- 17

1
6
--- 25

1
4
--- 2

5
7
--- 3

2
9
---

34–
9

---------
13
6

------
103

6
---------

101
4

---------
19
7

------
29
9

------

68–
18

---------
39
18
------

206
12

---------
303
12
---------

171
63

---------
203
63

---------

29–
18

---------
509
12

---------
32–

63
---------

1
11
18
------– 42

5
12
------

3
8
---

15
40
------

2
5
---

16
40
------
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6. Remaining medication = 

= 

= 1 – 

=  – 

= 

Therefore  of the medication remains.

7. Fraction for entertainment = 1 – 

= 1 – 

= 1 – 

=  – 

= 

= 

Therefore  of Sean’s income is left for entertainment.

8. Total amount of fill =  +  +  +  tonnes

=  +  +  + 

=  +  +  + 

= 

= 

Amount of fill dumped was  tonnes.

1
1
3
---

2
5
---+⎝ ⎠

⎛ ⎞–

1
1
3
---

2
5
---+⎝ ⎠

⎛ ⎞– 1
5

15
------

6
15
------+⎝ ⎠

⎛ ⎞–

11
15
------

15
15
------

11
15
------

4
15
------

4
15
------

1
20
------

1
4
---

1
6
---

2
5
---+ + +⎝ ⎠

⎛ ⎞

3
60
------

15
60
------

10
60
------

24
60
------+ + +⎝ ⎠

⎛ ⎞

52
60
------

60
60
------

52
60
------

8
2

6015
-----------

2
15
------

2
15
------

2
3
4
--- 6

2
5
--- 4

3
8
--- 8

1
2
---

11
4

------
32
5
------

35
8

------
17
2

------

110
40

---------
256
40

---------
175
40
---------

340
40

---------

881
40

---------

22
1
40
------

22
1
40
------
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9. Remaining length = 6 –  metre

= 6 – 

= 6 – 

= 6 – 

=  – 

= 

= 

The electrician has  metres of the tubing left.

Activity 2.22

1. (a) (b) (c)

   =   =   =

   =   =   =

   =   =   =

  =

  =

(d) (e)

   =   =

   =   =

   =   =

   =

   =

1
3
4
--- 2

1
2
---

3
8
---+ +⎝ ⎠

⎛ ⎞

7
4
---

5
2
---

3
8
---+ +⎝ ⎠

⎛ ⎞

14
8
------

20
8

------
3
8
---+ +⎝ ⎠

⎛ ⎞

37
8

------

48
8

------
37
8

------

11
8

------

1
3
8
---

1
3
8
---

5
9
---

3
20
------× 3

8
---

7
9
---× 7

3
5
---– 4

1
2
---×

5
1

3
1×

93 204×
--------------------

3
1

7×
8 93×
--------------

38–
5

---------
9
2
---×

1 1×
3 4×
------------

1 7×
8 3×
------------

38–
19–

9×
5 21×

--------------------------

1
12
------

7
24
------

19– 9×
5

------------------

171–
5

------------

34
1
5
---–

3
3
4
---– 7

1
20
------–× 10

15
------

4–
9

------×

15–
4

---------
141–
20

------------× 10
2

4–×
153 9×

--------------------

15–
3–

141–×
4 204×

--------------------------------
2 4–×
3 9×

---------------

3– 141–×
4 4×

------------------------
8–

27
------

423
16

---------

26
7
16
------
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2. (a)  × 256 metres (b)  × 594 grams (c)  × 45 000 hectares

   =   =   =

   =   = Remember just to cancel the zeros

   = 192 metres   = 264 grams   = 3 × 4 500

  = 13 500 hectares

3. Chung rested after  × 450 kilometres

 × 450 = 

= 3 × 90

= 270

Chung rested after 270 kilometres.

4. The Smiths must drain  × 51 000 litres

 × 51 000 = 

= 17 000

The Smiths must drain 17 000 litres from the pool.

5. (a) Accommodation =  × $1 850

= 

= 3 × 370

= 1 110

Accommodation cost $1 110

3
4
---

4
9
---

3
10
------

3 256
64

×
41 1×

-----------------------
4 594

66
×
91 1×

-----------------------
3 45 000×

10 1×
--------------------------

3 64×
1 1×

---------------
4 66×
1 1×

---------------

3
5
---

3
5
---

3 450
90

×
51 1×

-----------------------

1
3
---

1
3
---

1 51 000
17 000

×
31 1×

----------------------------------------

3
5
---

3 1 850
370

×
51 1×

------------------------------
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(b) Travelling =   × $1 850

= 

= 3 × 185

=  555

Travelling cost $555

(c) Fraction for entertainment = 1 – 

= 1 – 

= 1 – 

=  – 

= 

Therefore  was left for entertainment.

(d) Entertainment =  × $1 850

= 

= $185

Therefore $185 was spent on entertainment.

(e) The sum of accommodation, travelling and entertainment should give the total  
cost.

Check: $1 110 + $555 + $185 = $1 850

Yes it does so my calculations should be correct.

6. (a) Chris has multiplied by  which equals 1 instead of  which equals 8.

(b) You would need to explain the difference between  and 

3
10
------

3 1 850×
10 1×

-----------------------

3
5
---

3
10
------+⎝ ⎠

⎛ ⎞

6
10
------

3
10
------+⎝ ⎠

⎛ ⎞

9
10
------

10
10
------

9
10
------

1
10
------

1
10
------

1
10
------

1 1 850×
10 1×

-----------------------

8
8
---

8
1
---

8
8
---

8
1
---
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7. (a) Half were ‘lifers’. 

That is,  × 137 =  =  = 

Now we cannot have half a person so we would round our answer to 69.

So 69 rebels were ‘lifers’.

One third had ‘fourteen years’.

That is,  × 137 =  =  = 

Again, we cannot have two-thirds of a person, so we will round to 46.

So 46 rebels had fourteen year sentences.

(b) (i) Male convicts got ‘one third less’ than the naval standard ration.  
What does this mean?

It means that they got  or  of the naval ration.

Beef = = =  pounds Hardtack = = =  pounds

Pork = = =  pounds Cheese = = 8 ounces

Dried Peas = = =  pints Butter = = 4 ounces

Oatmeal = = 2 pints Vinegar = =  pint

(ii) Female convicts got ‘two-thirds of the male ration’.

Beef = = =  pounds Hardtack = = =  pounds

Pork = =  pound Cheese = = =  ounces

Dried Peas = =  pints Butter = = =  ounces

Oatmeal = = =  pints Vinegar = =  pint

(iii) The males received two-thirds of the naval ration and females received  
two-thirds of males’ ration.

That is, females received  of  or  =  of the naval ration.

To show that  is slightly less than  we would need to convert to a 
common denominator.

1
2
---

1 137×
2 1×

------------------
137

2
--------- 68

1
2
---

1
3
---

1 137×
3 1×

------------------
137
3

--------- 45
2
3
---

1
1
3
---–

2
3
---

2
3
--- 4× 8

3
--- 2

2
3
---

2
3
--- 7× 14

3
------ 4

2
3
---

2
3
--- 2× 4

3
--- 1

1
3
---

2
31

----- 12
4×

2
3
--- 2× 4

3
--- 1

1
3
---

2
31

----- 6
2×

2
3
--- 3× 2

3
---

1
2
---× 1

3
---

2
3
---

8
3
---× 16

9
------ 1

7
9
---

2
3
---

14
3
------× 28

9
------ 3

1
9
---

2
3
---

4
3
---× 8

9
---

2
3
--- 8× 16

3
------ 5

1
3
---

2
3
---

4
3
---× 8

9
---

2
3
--- 4× 8

3
--- 2

2
3
---

2
3
--- 2× 4

3
--- 1

1
3
---

2
3
---

1
3
---× 2

9
---

2
3
---

2
3
---

2
3
---

2
3
---× 4

9
---

4
9
---

1
2
---
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 =  while  = 

So the female ration is indeed ‘slightly less than half’ the naval ration.

i.e.  < 

Activity 2.23

1. (a) (b) (c)

   =   =   =

   =   =   =

   =   =   =

   =   =   =

   =     =

  =

(d) (e)

   =   =

   =   =

   =   =

   =   =

   =   = 6

   =

2. Number of pieces = 30 ÷ 

= 30 ÷ 

=  × 

4
9
---

8
18
------

1
2
---

9
18
------

8
18
------

9
18
------

3
4
---

9
20
------÷ 21–

25
---------

35
30
------÷ 4

2
5
--- 2

7
10
------÷

3
4
---

20
9

------× 21–
25

---------
30
35
------× 22

5
------

27
10
------÷

3
1

20
5×

41 93×
--------------------

21–
3–

30
6×

25 3551
×

-----------------------------
22
5

------
10
27
------×

1 5×
1 3×
------------

3– 6×
25

---------------
22 10

2×
51 27×

--------------------

5
3
---

18–
25

---------
22 2×
1 27×
---------------

1
2
3
---

44
27
------

1
17
27
------

7
5
8
--- 3–

1
2
---÷ 2

1
4
---–

3–
8

------÷

61
8

------
7–

2
------÷ 9–

4
------

3–
8

------÷

61
8

------
2–

7
------× 9–

4
------

8–
3

------×

61 2
1–

–×
84 7×

-----------------------
9–

3–
8

2–
–×

41 31×
-----------------------------

61 1–×
4 7×

------------------
3– 2–×
1 1×

------------------

61–
28

---------

2
5
28
------–

1
1
5
---

6
5
---

30
1

------
5
6
---
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= 

= 25

Therefore 25 pieces of length  metres can be cut from the rope.

You could check your answer here by multiplying 25 by . You should of course get the  
original length of 30 metres.

3. Time to reach  cm will be  ÷ = 

= 

= 

= 

= 

= 

∴ it would take  months to reach  cm.

Did you notice this new symbol? It means therefore.

4. (a) Serving size =  = 

∴ 30 grams is  of the box

(b) Protein =  × 90 grams

= 

= 

= 

∴  grams of protein in one serve.

30
5

5×
1 61×
-----------------

1
1
5
---

1
1
5
---

28
3
4
--- 28

3
4
--- 1

2
3
---

115
4

---------
5
3
---÷

115
4

---------
3
5
---×

115
23

3×
4 51×

-----------------------

23 3×
4

---------------

69
4

------

17
1
4
---

17
1
4
--- 28

3
4
---

30
1

750
25

-------------
1
25
------

1
25
------

1
25
------

1 90
18

×
255 1×

--------------------

18
5

------

3
3
5
---

3
3
5
---



   Module A2 – More than just numbers   2.123
Fat =  × 21 grams

= 

= 

∴ in one serve there are  grams of fat.

Carbohydrates =  × 480 grams

= 

= 

= 

∴ in one serve there are  grams of carbohydrate.

Niacin =  × 62 micrograms

= 

= 

= 

∴ in one serving there are  micrograms of Niacin.

(c) Number of serves = 

= 

= 

= 

= 

= 

You would need to have  serves of cereal to get the recommended daily  
allowance.

1
25
------

1 21×
25 1×
---------------

21
25
------

21
25
------

1
25
------

1 480
96

×
255 1×

-----------------------

96
5

------

19
1
5
---

19
1
5
---

1
25
------

1 62×
25 1×
---------------

62
25
------

2
12
25
------

2
12
25
------

10 2
12
25
------÷

10
1

------
62
25
------÷

10
1

------
25
62
------×

10
5

25×
1 62

31
×

--------------------

125
31

---------

4
1

31
------

4
1

31
------
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Activity 2.24

1. (a) (b) (c)

   =   =   =

   =   =   =

   =   =   =

   =   =   =

  =   =

  =

(d) (e)

   =   =

   =   =

   =   =

   =   =

   =

   =

   =

2. Non-smokers = 1 – 

= 1 – 

= 1 – 

= 

= 

2
3
---

1
2
---

1
3
---+⎝ ⎠

⎛ ⎞× 1
1
2
---

3
7
---

1
14
------–⎝ ⎠

⎛ ⎞÷ 3
5
--- 2

2
5
---

19
4
------×–

2
3
---

3
6
---

2
6
---+⎝ ⎠

⎛ ⎞× 3
2
---

6
14
------

1
14
------–⎝ ⎠

⎛ ⎞÷ 3
5
---

12
5

------
19
4

------×–

2
3
---

5
6
---× 3

2
---

5
14
------÷ 3

5
---

12
3

19×
5 41×

--------------------–

2
1

5×
3 63×
--------------

3
2
---

14
5

------× 3
5
---

57
5

------–

5
9
---

3 14
7×

21 5×
-----------------

54–
5

---------

21
5

------ 10
4
5
---–

4
1
5
---

3
4
---

6
5
---

6
8
--- 3

2
3
---×+÷ 3

5
---⎝ ⎠
⎛ ⎞ 2 4

5
---

1
2
---+⎝ ⎠

⎛ ⎞–

3
4
---

6
5
---

6
8
---

11
3

------×+÷ 3
5
---

3
5
---

8
10
------

5
10
------+⎝ ⎠

⎛ ⎞–×

3
4
---

5
6
---

6
2

11×
8 31×
-----------------+× 9

25
------

13
10
------–

3
1

5×
4 62×
--------------

2
1

11×
84 1×

-----------------+
18
50
------

65
50
------–

5
8
---

11
4

------+
47–

50
---------

5
8
---

22
8

------+

27
8

------

3
3
8
---

2
5
---

1
3
---+⎝ ⎠

⎛ ⎞

6
15
------

5
15
------+⎝ ⎠

⎛ ⎞

11
15
------

15
15
------

11
15
------–

4
15
------
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Now

   =

   = 200

∴ 200 of the teenagers were non-smokers.

3. Change = 100 – 

= 100 – 

= 100 – 

= 100 – 60

= 40

The Browns would receive $40 change.

Activity 2.25

1.

2. (a) 7 9 5 . 2 4 The 5 represents 5 units. The 4 represents 4 hundredths.

(b) 2 0 0 4 . 6 The 2 represents 2 thousands. The 6 represents 6 tenths.

(c) 8 2 . 3 0 5 The 8 represents 8 tens. The 5 represents 5 thousandths.

m
ill

io
ns

hu
nd

re
d 

th
ou

sa
nd

s

te
n 

th
ou

sa
nd

s

th
ou

sa
nd

s

hu
nd

re
ds

te
ns

un
it

s

•

te
nt

hs

hu
nd

re
dt

hs

th
ou

sa
nd

th
s

te
n 

th
ou

sa
nd

th
s

(a) 5 2 4 • 1 9

(b) 2 0 0 0 • 0 0 4

(c) – 7 9 5 0 0 0

(d) – 6 6 0 5 5 • 3 2

(e) 0 • 3 0 6

4
15
------ 750×

4 750
50

×
151 1×

-----------------------

3
1
2
--- 4 4 5 12 1

3
4
--- 8×+ +×+×⎝ ⎠

⎛ ⎞

7
21

----- 4
2

20 12
7
41
----- 8

2×+ + +×⎝ ⎠
⎛ ⎞

14 20 12 14+ + +( )
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(d) – 6 9 5 3 0 0 0 . 0 1 The 6 represents 6 millions. The 1 represents 1 hundredth.

(e) – 1 2 5 6 7 . 0 0 5 7 The 1 represents 1 ten thousand. The 7 represents 7 ten  
thousandths.

Activity 2.26

1. (a) 576.205 ≈ 576.21 to the nearest hundredth.

(b) 75 201.3 ≈ 75 201 to the nearest unit.

(c) –0.008 ≈ –0.01 to the nearest hundredth.

(d) 67.345 67 ≈ 67.3 to one decimal place.

(e) –6 399.998 ≈ –6 400.00 to two decimal places.

Note here that although these decimal places end up as zeros they must be included to  
show that we have rounded to two decimal places.

2. (a) 2 576.205 ≈ 3 000

(b) 201.3 ≈ 200

(c) –0.028 ≈ –0.03

(d) 97.345 67 ≈ 100

(e) –6 009 ≈ –6 000

Activity 2.27

1. (a) 9.56 + 2.589 + 13.81

Estimate Calculate Check
9.56 ≈ 10 9.56

2.589 ≈ 3 2.589 Yes, looks reasonable.
13.81 ≈ 10 + 13.81

 1    1 1  ______
10 + 3 + 10 = 23 25.959

(b) 15.67 – 2.5

Estimate Calculate Check
15.67 ≈ 20 15.67

2.5 ≈ 3 – 2.5 Yes, looks reasonable.
20 – 3 = 17 13.17
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(c) 148 + 0.003 + 2.607 9

Estimate Calculate Check
148 ≈ 100 148

0.003 ≈ 0.003 0.003 Yes, looks reasonable.
2.607 9 ≈ 3 + 2.607 9

  1     1______
100 + 0.003 + 3 = 103.003 150.610 9

(d) 3.68 – 89.2 Note that the second number is larger so the answer  
will be negative

Estimate Calculate
3.68 – 89.2 = – (89.2 – 3.68) Take smaller number  

from larger.
3.68 ≈ 4 8 11

1 10
89.2 ≈ 90 89.20

– 3.68 Check
4 – 90 = –86 85.52 Looks reasonable.

∴ 3.68 – 89.2 = –85.52

(e) –8 974.2 + 356.47 The answer will be negative.

Estimate Calculate
–8 974.2 + 356.47 = – (8 974.2 – 356.47) 

Take smaller number from larger
13   11

6    3   1 10

–8 974.2 ≈ –9 000 8 974.20 Check
356.47 ≈ 400 – 356.47 Looks reasonable.

–9 000 + 400 = –8 600 8 617.73
∴ –8 974.2 + 356.47 = –8 617.73

2. Teenagers raised $18.57 + $24.32 + $9.84

Estimate Calculate Check
18.57 ≈ 20 18.57
24.32 ≈ 20 24.32

9.84 ≈ 10 + 9.84 Yes, looks reasonable.
2 1      1_____

20 + 20 + 10 = 50 52.73
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3. Poison remaining = 2 – 0.15 litres

9 10
1 10

2.00
– 0.15

1.85

∴ 1.85 litres of poison remain

4. (a)

(b) Total weight loss = 1.132 + 1.18 + 2.556

Estimate Calculate Check
1.132 ≈ 1 1.132

1.18 ≈ 1 1.18 Yes, looks reasonable.
2.556 ≈ 3 + 2.556

1____
1 + 1 + 3 = 5 4.868

The patient lost 4.868 kilograms

(c) To the nearest tenth of a kilogram the patient lost 4.9 kilograms.

5. Income from disco = $64 + $17.40 + $16.77

64
17.40

+ 16.77
1  1_____
98.17

Income was $98.17

Weight
(kilograms) Weight loss

Start 88.904 –

10th day 87.772 1.132

20th day 86.592 1.18

30th day 84.036 2.556
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Youth Club had spent $100

So Youth Club had to pay $100 – $98.17

9    9   9 10

100.00
– 98.17

1.83

The Youth Club has to pay $1.83

6. (a)

(b) Patient paid $160.40 – $125.25

5 10    3   10

160.40
– 125.25

35.15

The patient had to pay $35.15

(c) Item 23: $30 – $24.50 = $5.50

Item 104: $65 – $62.85 = $2.15

Item 42614: $35.40 – $35.40 = $0
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Activity 2.28

1. (a) 52.6 × 3.95

Estimate Calculate Check
52.6 ≈ 50 52.6
3.95 ≈ 4 × 3.95 Yes, looks reasonable.

1 3

50 × 4 = 200 2500
1 5

45840
1

156800
1 1 2______

207.770 Three decimal places in question  
so put three in answer.

∴ 52.6 × 3.95 = 207.77 There is no need to write the last  
zero.

(b) –2.05 × 20 A negative multiplied by a positive equals a negative.

Estimate Calculate
–2.05 × 20 = – (2.05 × 20)

–2.05 ≈ –2 2.05
20 = 20 × 20

1

–2 × 20 = –40 4 000
41.00 Two decimal places in question  

so two in answer.
∴ –2.05 × 20 = –41

(c) 0.56 × –1.23 Positive multiplied by a negative equals a negative.

Estimate Calculate
0.56 × –1.23 = – (0.56 × 1.23)

0.56 ≈ 0.6 1.23
–1.23 ≈ –1 × 0.56

1 1

0.6 × –1 = –0.6 628
1 1

  5050
0.6888 Four decimal places in question  

so four in the answer.

∴ 0.56 × –1.23 = –0.6888
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(d) 145 × 1.58

Estimate Calculate Check
145 ≈ 100 1.58
1.58 ≈ 2 × 145 Yes, looks reasonable.

2 4

100 × 2 = 200 550
2 3

4020
15800
1 1 1______

229.10
∴ 145 × 1.58 = 229.1 The final zero is not necessary.

(e) –0.025 × –3.6 Answer will be positive

Estimate Calculate Check
–0.025 ≈ –0.03 3.6

–3.6 ≈ –4 × 0.025 Yes, looks reasonable.
3

–0.03 × –4 = 0.12 150
1

620
1______

0.0900 We must insert zeros to get the  
four decimal places required.

∴ –0.025 × –3.6 = 0.09

2. 2 years = 24 months. Olga pays 24 × $37.45

(a) Estimate (b) Calculate Check
24 ≈ 20 37.45

37.45 ≈ 40 × 24 Yes, looks reasonable.
2 1 2

20 × 40 = 800 12860
1  1

64800
1______

898.80
Olga pays $898.80 for the stereo.

3. Over 20 days the amount of drug used will be: 1.5 × 12 × 20 millilitres

Estimate Calculate Check
1.5 ≈ 2 1.5 18
12 ≈ 10 × 12 × 20 Yes, looks reasonable.

1 1

20 = 20 20 260
2 × 10 × 20 = 400 150 360

18.0
∴ 360 millilitres of the drug is used in 20 days.
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4. Total thickness = 367 × 0.1 + 2 × 0.2

Estimate Calculate Check
367 ≈ 400 367
0.1 = 0.1 × 0.1
400 × 0.1 + 2 × 0.2 36.7 Yes, looks reasonable.
= 40 + 0.4 = 40.4 367 × 0.1 + 2 × 0.2

= 36.7 + 0.4
= 37.1

The book will be 37.1 millimetres thick.

5. (a) For a 40 hour week salary = 40 × $14.68

Estimate: 40 = 40
14.68 ≈ 10

40 × 10 = 400
Irving earns about $400

(b) Calculate: 40 × 14.68

14.68
× 40

1 2 3

46420
587.20

Irving earns $587.20 for a 40 hour week.

(c) For a 50 hour week Irving earns 40 × $14.68 + 10 ×  × $14.68

Estimate: 40 × 10 + 10 × 2 × 10
= 400 + 200
= 600

Calculate: 40 × 14.68 + 10 ×  × 14.68

= 587.20 + 15 × 14.68
= 587.20 + 220.20
= 807.40

For a 50 hour week Irving earns $807.40

1
1
2
---

1
1
2
---
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6. (a) (i) Individually 20 × $5 = $100

(ii) To purchase 20, I need two packs of 10 
2 × $47.50 = $95

(iii) Saving = $100 – $95 = $5

(b) Eight 3 kg satchels = 8 × $7.70 = $61.60

100 C5 envelopes = 10 × $25.50 = $255.00

100 DL envelopes = 2 × $127.50 = $255.00

Total order = $571.60

7. Total water used = 3 981 – 3 619 kilolitres

= 362 kilolitres

This is above the 324 kilolitres so some will be charged at the second tier.

2nd Tier 362 – 324 = 38 kilolitres

Water bill will be 324 × $0.35 + 38 × $1.00

= $113.40 + $38.00

= $151.40

The water charge at the Kennedy residence is $151.40

8. (a) $4 356 No tax payable

(b) $34 780 tax is $3 060 plus 34¢ for each $1 over $20 700

Amount in excess of $20 700 = $34 780 – $20 700 = $14 080

34¢ in the $1 = $14 080 × $0.34 (both numbers must be in dollars)

= $4 787.20

Total tax = $3 060 + $4 787.20

= $7 847.20
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(c) $48 940 tax is $8 942 + 43¢ for each $1 over $38 000

Amount in excess of $38 000 = $48 940 – $38 000 = $10 940

43¢ in the $1 = $10 940 × $0.43

= $4 704.20

Total tax = $8 942 + $4 704.20

= $13 646.20

(d) $56 200 tax is $14 102 + 47¢ for each $1 over $50 000

Amount in excess of $50 000 = $56 200 – $50 000 = $6 200

47¢ in the $1 = $6 200 × $0.47

= $2 914

Total tax = $14 102 + $ 2 914

= $17 016

Activity 2.29

1. (a) 0.672 ÷ 3.2

Estimate Calculate Check

0.672 ≈ 0.7 0.672 ÷ 3.2 = 6.72 ÷ 32

3.2 ≈ 3 0.21
32 6.72 Yes, looks reasonable.

0.7 ÷ 3 is between 0.2 and 0.3 6 4
32
32

0

∴ 0.672 ÷ 3.2 = 0.21

(b) –8.326 ÷ 0.23 Answer will be negative

Estimate Calculate Check

–8.326 ≈ –8 –8.326 ÷ 0.23 = –832.6 ÷ 23

= – (832.6 ÷ 23)
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0.23 ≈ 0.2 36.2
23 832.6 Yes, looks reasonable.

–8 ÷ 0.2 = –80 ÷ 2 = –40 69
142
138

4 6
4 6

0

∴ –8.326 ÷ 0.23 = –36.2

(c) 0.002 88 ÷ 0.012

Estimate Calculate Check

0.002 88 ≈ 0.003 0.002 88 ÷ 0.012 = 2.88 ÷ 12

0.012 ≈ 0.01 0.24
0.003 ÷ 0.01 = 0.3 ÷ 1 12 2.88 Yes, looks reasonable.

= 0.3 2 4
48
48

0

∴ 0.002 88 ÷ 0.012 = 0.24

(d) –16.605 ÷ –36.9 Answer will be positive

Estimate Calculate Check

–16.605 ≈ –20 –16.605 ÷ –36.9 = –166.05 ÷ –369

–36.9 ≈ –40 0.45
–20 ÷ –40 = 0.5 369 166.05 Yes, looks reasonable.

147 6
18 45
18 45

0

∴ –16.605 ÷ –36.9 = 0.45
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(e) 810 ÷ 40

Estimate Calculate

810 ≈ 800 810 ÷ 40 Cancel zeros.
40 = 40 = 81 ÷ 4 

800 ÷ 40 = 20 20.25
4 81.00 We must enter the decimal point

8 and some zeros.

01
0 Check
1 0 Yes, looks reasonable.

8
20
20

0

∴ 810 ÷ 40 = 20.25

2. Number of pieces = 6 ÷ 0.75 = 600 ÷ 75

Estimate Calculate

600 = 600 8
75 ≈ 80 75 600

600 ÷ 80 is between 7 and 8 600
0

∴ the pipe can be cut into 8 pieces.

3. Time to pay off balance = $565.92 ÷ $23.58 = 56 592 ÷ 2 358

Estimate Calculate Check
56 592 ≈ 60 000 24
2 358 ≈ 2 000 2 358 56 592 Yes, looks reasonable.

60 000 ÷ 2 000 = 30 47 16
9 432
9 432

0

∴ it would take 24 months or 2 years to pay off the account.
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4. Number of doses = 12.5 ÷ 1.25 = 1 250 ÷ 125

Estimate Calculate Check

1 250 ≈ 1 000 10
125 ≈ 100 125 1 250 Yes, looks reasonable

1 000 ÷ 100 = 10 1 25
00

∴ the vial contains 10 single doses.

5. 280 centimetres = 280 ÷ 2.54 inches = 28 000 ÷ 254

Estimate Calculate

28 000 ≈ 30 000 1 1 0.2 3 6 …
254 ≈ 300 254 2 8 0 0 0.0 0 0

30 000 ÷ 300 = 100 2 5 4
2 6 0
2 5 4

6 0 0
5 0 8

9 2 0
7 6 2
1 5 8 0
1 5 2 4

5 6 This would keep on going. We 
should stop and round off.

∴ 280 centimetres is approximately equal to 110.24 inches

6. Profit = 154 × ($5.00 – $0.50) = 154 × $4.50

Estimate Calculate Check
154 ≈ 200 154
4.50 ≈ 5 4.50 Yes, looks reasonable.

2 2

200 × 5 = 1 000 5500
2 1

40600
1______

693.00

The clinic’s profit is $693.00
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Activity 2.30

1. (a)  = 1 ÷ 8 = 0.125

(b)  = –1 ÷ 4 = –0.25

(c)  = –7 ÷ 10 = –0.7

(d)  = 1 ÷ 3 = 0.333  = 0.

(e)  = 13 ÷ 7 = 1.857142857  = 1. 5714

(f)  = –25 ÷ 11 = –2.272727  = –2.

(g)  =  = 7 ÷ 4 = 1.75

2. (a) 0.7 =

(b) 0.8 =  = 

(c) 0.35 =  = 

(d) –0.58 =  = 

(e) 0.075 =  = 

(f) –0.625 =  =  = 

(g) 4.02 =  =  = 

1
8
---

1
4
---–

7
10
------–

1
3
--- … 3

·

13
7

------ … 8
·

2
·

25–
11

--------- … 2
·

7
·

1
3
4
---

7
4
---

7
10
------

8
4

105
--------

4
5
---

35
7

100
20

--------------
7

20
------

58
29–

–
100

50

-----------------
29–

50
---------

75
3

1 000
40

------------------
3

40
------

625
25–

–
1 000

40

--------------------
25

5–
–
408

--------------
5–

8
------

402
201

100
50

----------------
201
50

--------- 4
1

50
------
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Solutions to a taste of things to come

1. (a) Credit limit is $4 000. 

This means that you cannot owe more than $4 000 on this account.

(b) The closing balance or minimum payment should have been made on or before  
28 February 1997.

(c)

2. (a) Corpses showing toxic levels of drugs =  = 

(b) (i) toxic levels of analgesics =

(ii) toxic levels of barbiturates =

(iii) toxic levels of pentobarbitone =  = 

(c) More than one drug present =  = 

(d) If 70 showed drugs then 374 – 70 had no drugs. That is 304 showed no drugs.

Fraction with no drugs =  = 

3. (a) You will have a variety of responses for this question.

(b) The correct interpretation is that the chance of developing breast cancer increases  
with age.

Opening 
balance

Total credits 
(CR)

Total debits 
(DR)

Credit and 
other charges

Closing 
balance A$

$1 246.73 $178 $311.66 $20.34 $1 400.73

70
374
---------

35
187
---------

13
70
------

9
70
------

5
70
------

1
14
------

46
374
---------

23
187
---------

304
374
---------

152
187
---------
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So at 40 a woman has 1 chance in 1 041 of developing breast cancer, while at 70  
she has 1 chance in 382. The first fraction is the smallest fraction and gives the  
least chance of developing breast cancer, while the last fraction  is the largest  
fraction and consequently the greatest risk.

How did the people you surveyed go?

(c) Following is a sample of what you might have written.

Information collected from a major breast screening unit has clearly identified the  
risks of a woman developing breast cancer. The older you are the greater the risk  
of developing breast cancer. A woman of 40 has 1 chance in 1 041 of developing  
breast cancer, while at 70 she has 1 chance in 382. You could think of this in  
another way. If you collected together 1 041 forty year old women, you would  
expect one of these to have breast cancer, but you would only need to gather 382  
seventy year old women together to find one person that has breast cancer.

Lower-risk group shouldn’t let lump go unnoticed

Age Group size for 1 to develop 
breast cancer per year

Chance of getting breast 
cancer as a fraction

40 1 041

45 653

50 610

55 515

60 440

65 392

70 382

1
1 041
-------------

1
653
---------

1
610
---------

1
515
---------

1
440
---------

1
392
---------

1
382
---------

1
382
---------
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Solutions to post-test

1. (a) 765 ÷ 15 + 822

Estimate Calculate Check
≈ 800 ÷ 20 + 800 765 ÷ 15 + 822
= 40 + 800 = 51 + 822 Yes, looks reasonable.
= 840 = 873

(b) 89 + 21 – 48 × 23

Estimate Calculate Check
≈ 90 + 20 – 50 × 20 89 + 21 – 48 × 23
= 90 + 20 – 1 000 = 89 + 21 – 1 104 Yes, looks reasonable.
= 110 – 1 000 = 110 – 1 104
≈ 100 – 1 000 = –994
= –900

(c) 591 × 376 + 523

Estimate Calculate Check
≈ 600 × 400 + 500 591 × 376 + 523
= 240 000 + 500 = 222 216 + 523 Yes, looks reasonable.
= 240 500 = 222 739

(d) 895 (622 + 479)

Estimate Calculate Check
≈ 900 (600 + 500) 895 (622 + 479)
= 900 (1 100) = 895 × 1 101 Yes, looks reasonable.
≈ 900 × 1 000 = 985 395
= 900 000

(e) 4 763 + 395 ÷ 5 × 16

Estimate Calculate Check
≈ 5 000 + 400 ÷ 5 × 20 4 763 + 395 ÷ 5 × 16
= 5 000 + 80 × 20 = 4 763 + 79 × 16 Yes, looks reasonable.
= 5 000 + 1 600 = 4 763 + 1 264
= 6 600 = 6 027
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2. (a)  × 6.23

Estimate Calculate Check

≈  × 6 8.47  × 6.23 =
= 64 × 6
≈ 60 × 6 ≈ 446.95 Looks reasonable.
= 360

(b)

Estimate Calculate Check

≈ 584 ÷ 73.8 =  

≈ ≈ 2.81 Looks reasonable.
= 3

(c)  – 85.72

Estimate Calculate Check

≈  – 90 8.25   – 85.72 = 

= 8 – 90 = –77.47 Looks reasonable.

= –82

(d)

Estimate Calculate Check

≈ 6.4 × 34 ÷ 12.4 = 

= ≈ 17.55 Looks reasonable.

= 18

(e)

Estimate Calculate Check

= (48 ÷ 8.4)  3 = 

≈ 
= 6 × 6 × 6 ≈ 186.59 Looks reasonable.
= 36 × 6
≈ 40 × 6
= 240

8.47( )2

8
2

x
2

584
73.8
----------

600
70
---------

9

8.25( )
2

8( )
2

x
2

6.4 34×
12.4

-------------------

6 30×
10

---------------

180
10

---------

48 8.4÷( )3

50 8÷( )3
x

y

6
3
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3.

4. (a) = 0.04 ≈ –1.73

= –3.5 3.8 = 3.8

π ≈ 3.14 = 0.8

(b) You should press the following keys to find the sum

0  •  2    +  3    1    2  +⁄ –  +     π

   +  3    +⁄ –  +   3  •  8  +  4    5  =

The display should read 2.549541846

Rounded to the nearest thousandth = 2.550

5. (a) 94.7 – 2.6 – 1.2 + 0.4 – 0.9 + 1.5 – 2.7 – 0.1 + 0.4 = 89.5

The person weighs 89.5 at the end of eight weeks.

(b) Total weight lost = 94.7 – 89.5 = 5.2

Total weight lost was 5.2 kilograms.

(c) Needs to lose 89.5 – 68 = 21.5

This person needs to lose a further 21.5 kilograms.

Fraction

Decimal 0.125 0.2 0.25 0. 0.5 0. 0.75

1
8
--- 1

5
---

1
4
---

1
3
--- 1

2
---

2
3
--- 3

4
---

3
·

6
·

0.2( )2
3–

3–
1
2
---

4
5
---

−3 −2 −1 0 1 2 3

4
5
---3– π

–4 4

(0.2)2
3.8

–∞ ∞
3–

1
2
---

x
2

a
b
c
--- a

b
c
---

a
b
c
---

…
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6. (a) General rate =  × $0.017 29 × $42 500 = $367.41

Park and Bushland charge =  × $15.00 = $7.50

Water access charge =  × $235.00 = $117.50

Sewerage charge =  × $134.00 = $67.00

Cleaning charge =  × $70.00 = $35.00

Fire levy =  × $95.20 = $47.60

Total Rates for  year = $642.01

(b) General rate =  × $0.020 29 × $82 540 = $837.37

Park and Bushland charge =  × $15.00 = $7.50

Water access charge =  × $235.00 = $117.50

Sewerage charge =  × $134 1st pedestal +  × 3 × $124 = $253.00

Cleaning charge =  × $170 = $85.00

Fire levy =  × $95.20 = $47.60

Total Rates for  year = $1 347.97

7. (a) Most people moved to Queensland.

(b)

NSW had the greatest number of people leave.

Arrived
in

Left
NSW 
for

Left
Vic 
for

Left
Qld 
for

Left
SA 
for

Left
WA 
for

Left
Tas 
for

Left
NT 
for

Left
ACT 
for

TOTAL

Qld 53 110 31 069 8 900 7 548 4 147 6 205 3 894 114 873

NSW 24 182 34 184 6 445 6 770 2 442 2 532 10 496 87 051

Vic 19 442 14 628 6 776 5 191 3 125 2 052 2 231 53 445

WA 7 669 7 472 6 618 3 759 1 626 3 587 1 006 31 737

SA 5 682 7 446 4 772 2 542 755 2 783 724 24 704

ACT 10 425 2 603 2 876 1 132 985 319 739 19 079

NT 3 430 2 922 4 805 3 202 2 606 443 594 18 002

Tas 2 272 2 699 2 216 1 019 1 173 452 311 10 142

TOTAL 102 030 78 393 70 099 31 233 26 815 12 857 18 350 19 256 359 033

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---
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(c)

All states except Queensland and WA had negative nett migration.

(d) The Australian Capital Territory (ACT) had the least change in population  
with a drop of only 177.

(e) Left NSW for SA = 5 682

Total leaving NSW = 102 030

Fraction leaving NSW for SA =  = 

(f) Fraction arriving in WA from Queensland =  = 

State Arrived Departed Nett Migration

Qld 114 873 70 099 44 774

NSW 87 051 102 030 –14 979

Vic 53 445 78 393 –24 948

WA 31 737 26 815 4 922

SA 24 704 31 233 –6 529

ACT 19 079 19 256 –177

NT 18 002 18 350 –348

Tas 10 142 12 857 –2 715

5 682
102 030
-------------------

947
17 005
----------------

6 618
31 737
----------------

2 206
10 579
----------------
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Introduction

In module 2 we looked at calculating with different types of numbers. Generally we kept the 
numbers relatively small and our pen and paper or calculator were able to handle them 
relatively easily. There are many instances where you may be required to work with very large 
numbers or very small numbers.

In the health professions you may be working with viruses with masses as small as  
0.000 000 000 000 000 003 kilograms.

In engineering you might look at the breaking stress of steel at 430 000 000 Pascals.

In business you might be interested to know that the profit in the 1995/6 financial year of one 
of our major banks was $1 119 000 000. That is over one billion dollars in profit!!!

This module will look at ways of handling calculations involving these very large and very 
small numbers.

On successful completion of this module you should be able to:

• demonstrate an understanding of power notation;

• evaluate and simplify expressions involving powers;

• demonstrate an understanding of scientific notation, and the metric system;

• solve problems using scientific notation; and

• solve problems using metric units, including conversions between units.

3.1 Power notation

Power notation is a very convenient way of writing very large and very small numbers. Before 
we move on to look at the uses for power notation we will look at what power notation means 
and how to work with numbers that are written in this form.

This method of writing numbers is so convenient, it is surprising that it has only been in 
general use for a little less than 400 years. The power notation that we use today was first 
written in a book by the French mathematician René Descartes, in 1637.

Recall from module 2 that a shorthand way of writing a series of like numbers being 
multiplied together was to use power notation.

We could represent  2 × 2 × 2 × 2 × 2  as  25.

That is, 5 numbers which are all 2 are being multiplied together.

Think of 1 000, we can write this as 10 × 10 × 10   or   103 (Note that there were also three 
zeros in 1 000). This notation becomes really useful when our numbers get even larger.

Recall:
Module 2
Section 2.2.3
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Consider 100 000 000. We can write this in power notation as 108 (again note that there were 8 
zeros in this number) which is much easier to read and understand.

Let’s consider the parts of an expression in power notation.

For example, in 25 we call 2 the base (the number being multiplied) while 5 is called the index 
or exponent (how many times the base is being multiplied). This is shown below:

Base 2 5 Index

Note here that the plural of index is indices (pronounced in/dis/ees).

Let’s begin by considering cases where the index is positive.

Follow through the examples in the following table:

Look carefully at the last row of the table above.

In general, if we multiply m (for many) numbers all the same, let’s call them a (for anything) 
then we write

a × a × a × a × ........... m times and we can write this as  am  (read as a to the power m)

Here are some more examples.

73 means 3 numbers each being 7 are multiplied together.

73 =  7 × 7 × 7
=  49 × 7
=  343

 Now try this on your calculator.   

Product Think Power notation Say

5 One number, 5 51

Normally written as 5
5 to the power 1

5 × 5 2 numbers each 
equal to 5

52 5 to the power 2 or
5 squared

5 × 5 × 5 3 numbers each 
equal to 5

53 5 to the power 3 or
5 cubed

5 × 5 × 5 × 5 4 numbers each 
equal to 5

54 5 to the power 4 

5 × 5 × 5 × 5 × … 
m (for many) 
times

m numbers each 
equal to 5

5m 5 to the power m

Write down the keystrokes you have 
used if they are different.
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(−3)2  means 2 numbers each being −3 are multiplied together.

(−3)2 =  −3 × −3 Recall that two negatives multiply to give a positive.

       =  9

 Now try this on your calculator.   

  

Activity 3.1

1. Write the following expressions in power notation and evaluate on your 
calculator.

2. The chance of getting 10 heads in a row when tossing a coin, is found by 

multiplying  by itself ten times. Express this in power notation.

3. Seven children from the Avoledo family came to Australia and each of these 
had seven children and each of these then had seven children. How many 
people were there in the Avoledo family after three generations?

4. A large piece of cake is cut into smaller pieces, as in the diagram. How many 
pieces of cake will there be?

(a) 2 × 2 × 2 (e) 1.9 × 1.9 × 1.9 × 1.9 × 1.9

(b) 3 × 3 (f) – 4 × – 4

(c) 0.5 × 0.5 × 0.5 × 0.5 (g) – 6 × – 6 × – 6

(d) 6

Recall:

Module 2
Section 2.2.3

Write down the keystrokes you have 
used if they are different.

1
2
---
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5. The art of sword making in Japan was an old and revered profession which 
was secretly passed from father to son or master to pupil. Since the sword had 
to be both strong and flexible, it had to be constructed in layers. To do this the 
craftsmen heated the sword to welding temperature, folded it in half, the heat 
welding the two halves together, and then reshaped the sword. This process of 
doubling it over, welding and shaping was done 22 times producing 222 
layers of steel.  
Using your calculator, find the number of layers of steel as an ordinary 
number.

Did you notice in the first question of the last activity that:

– 4 × –4 = (– 4)2 = 16  while 

–6 × –6 × –6 =  (–6)3 = –216?

One answer was positive while the other was negative.

Let’s now investigate this a little further.

Evaluate the following: Remember that evaluate means find the answer.

(–2)2 = –2 × –2 = 

(–2)3 = –2 × –2 × –2 = 

(–2)4 = –2 × –2 × –2 × –2 = 

(–2)5 = –2 × –2 × –2 × –2 × –2 =

(–2)6 = –2 × –2 × –2 × –2 × –2 × –2 =

Can you see a pattern? Look at whether your answer is positive or negative.

Complete the following:

A negative base with an even index gives a ........................... answer.

A negative base with an .................index gives a ........................... answer.

Did you say:

A negative base with an even index gives a positive answer.

A negative base with an odd index gives a negative answer.

Examples

Evaluate  (–3)6

(–3)6 The base is –3 and the index is even so the answer will be positive.

= 729
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Evaluate   (–4)5

(–4)5 The base is –4 and the index is odd so the answer will be negative.

= –1 024

Let’s now look at an area of particular importance. This is an area that often causes confusion 
so make a particular note of it.

The confusion lies in the difference between the following two types of expressions.

(–2)6 and  –26

In the first expression, (–2)6, the base is –2 and (–2)6 = 64 a positive number as we would 
expect from the work just covered.

The difference with the second expression, –26, is that the base is 2. We could rewrite this 
expression as –(26). We could even think of this expression as –1 × 26. The answer in this case 
is –64. Your answer depends on your being very clear about what number is the base.

To recap:

(–2)6 = 64 The base is –2

–26 = –(26)  = –64 The base is 2

 Now try this on your calculator.   

To evaluate the second expression on the calculator you must ‘know’ that the answer will be 
negative.

Write down the keystrokes you have 
used if they are different.
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3.2 Calculating with powers

While it is great to be able to express numbers as a power, it is no use to us unless we can then 
move on and calculate with them as we could with ordinary numbers. This section will 
concentrate on working with numbers that have been expressed using power notation.

3.2.1 Multiplying powers

Consider the expression

72  ×  73

We know that 

72 = 7  ×  7

and 73 = 7  ×  7  ×  7

Therefore we can write  72 × 73

= 7 × 7 × 7 × 7 × 7

= 7 × 7 × 7 × 7 × 7

= 75

That is 72  ×  73  =  75

Can you see a quick way to arrive at this answer?

....................................................................................................................................

Did you say something like add the indices but leave the base the same?

Let’s try another example and see if this same rule applies.

Simplify 65  ×  62 Remember that simplify means to write in a simpler form but do not 
evaluate.

What do you think the answer is going to be?..............................................................

Let’s do it the long way to check your answer.

65 × 62

= 6 × 6 × 6 × 6 × 6 × 6 × 6

= 6 × 6 × 6 × 6 × 6 × 6 × 6

= 67

So, 65  ×  62  = 65 + 2 = 67
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Was this the answer you worked out before? If not, have another look over these two 
examples.

We can now generalise this result.

When multiplying powers which have the same base we add the indices.

Let’s think of this in symbols as we did before.

am  ×  an    =   am + n

In words we can think of this as multiplying m numbers each equal to a by n numbers each 
equal to a to give m + n numbers each equal to a.

Let’s check this rule on the following examples.

Example Example

Simplify 97  ×  93 Simplify (1.7)5 × (1.7)3 × (1.7)4

97  ×  93 (1.7)5 × (1.7)3 × (1.7)4

= 97+3 = (1.7)5 + 3 + 4

= 910 = (1.7)12

Example

Simplify  (−3)3  ×   (−3)2 Note that –3 is in brackets. This means that the base is –3.  
Therefore (–3)2 = (–3) × (–3)

(−3)3  ×   (−3)2

=  (−3)3 + 2

= (−3)5

Example

Simplify  −33  ×   −32

−33  ×   −32

= 33 × 32 Recall that 2 negatives multiplied together give a positive.

= 33 + 2

= 35

As you can see from the above two examples it is important to take great care when dealing 
with negative bases. Always put brackets around a negative base.
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Example

Simplify 

= 

= 

Example

Simplify   (0.4)2 × 95 × (0.4)5 × 97

(0.4)2 × 95 × (0.4)5 × 97

= (0.4)2 × (0.4)5 × 95 × 97 Group like numbers (those with the same base)

= (0.4)2 + 5  × 95+7 Use the rule on both pairs

= (0.4)7  × 912

We cannot simplify this expression further as we have different bases. Remember that the 
question said to simplify so you must stop here and not go on and evaluate.

How are you feeling now about multiplying numbers involving powers?

Here are some for you to do.

1
4
---⎝ ⎠
⎛ ⎞ 3 1

4
---⎝ ⎠
⎛ ⎞ 6

×

1
4
---⎝ ⎠
⎛ ⎞ 3 1

4
---⎝ ⎠
⎛ ⎞ 6

×

1
4
---⎝ ⎠
⎛ ⎞ 3 6+

1
4
---⎝ ⎠
⎛ ⎞ 9
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Activity 3.2

1. Simplify the following expressions as far as possible.

(a) 52 × 57

(b) 38 × 32 × 35

(c) (– 4)3 × (– 4)2 × (– 4)5

(d) (2.6)7 × (2.6)12 × (2.6)

(e) (–7)3 × 62 × (–7)2 × 62

(f)  × (–4)3 ×  × (–4)2

(g) 58 × (0.3)2 × (0.3)5 × 52 × (0.3)7

(h) – 43 × – 42

(i) –93 × – 92 × – 91

2. Evaluate your answers in question 1 using your calculator.

3. A glass of water contains approximately 1025 water molecules and the 
Atlantic ocean contains approximately 1021 glasses of water. Approximately 
how many molecules of water are there in the Atlantic Ocean? Leave your 
answer expressed as a power.

4. In our galaxy there are 1011 (100 billion) stars, and we know of 109 (1 billion) 
galaxies. If each of these galaxies has the same number of stars as ours, how 
many stars would there be? Leave your answer expressed as a power.

5. The frequency of television waves is 108 cycles per second. One type of x-ray 
wave has a frequency 1011 times greater than this. What is the frequency of 
the x-ray? Leave your answer expressed as a power.

3.2.2 Dividing powers

Consider the expression  75  ÷  72

Recall that a division can be written as a fraction.

So,  75  ÷  72  can be written as 

We know that 75  =  7 × 7 × 7 × 7 × 7

72  =  7 × 7

1
2
---⎝ ⎠
⎛ ⎞ 3 1

2
---⎝ ⎠
⎛ ⎞ 5

Recall:

Module 2
Section 2.5.2

7
5

7
2

-----
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Therefore we can write the above expression as

75  ÷  72 = Cancel to simplify the fraction.

= 7 × 7 × 7

= 73

That is, 75  ÷  72  =  73

Again it looks like there is a quick way to arrive at this result. What do you think it is?

.....................................................................................................................................

Did you say something like subtract the powers but leave the bases the same?

Let’s try another example and see if this same rule applies.

Simplify  36  ÷  34

What do you think the answer is going to be?.............................................................

36  ÷  34  =  =   3 × 3  =  32

So  36  ÷  34  =  36 – 4  =  32

Does this agree with the answer you thought of above?

Let’s now generalise this result.

When dividing powers which have the same base, we subtract the indices.

Now let’s express this in symbols as before.

am  ÷  an    =   am − n

In words we can think of this as dividing m numbers each equal to a  by n numbers each equal 
to a to give m− n numbers each equal to a.

Let’s check this rule on the following examples.

Example Example

Simplify  53  ÷  52 Simplify (1.5)9 ÷ (1.5)6 ÷ (1.5)

53  ÷  52 (1.5)9 ÷ (1.5)6 ÷ (1.5)
= 53 − 2 = (1.5)9 ÷ (1.5)6 ÷ (1.5)1

= 51 = (1.5)9 – 6 – 1

= 5 = (1.5)2

7
5

7
2

-----
7 7 7 7 7××××

7 7×
----------------------------------------=

3
6

3
4

-----
3 3 3 3 3 3×××××

3 3 3 3×××
-------------------------------------------------=
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Example

Simplify  (−2)9  ÷   (−2)2 Note that the use of brackets here is the same as for  
multiplication.

(−2)9  ÷   (−2)2

=  (−2)9 − 2 This means that the base is –2

= (−2)7

Example

Simplify  −29  ÷   −22 Note: The lack of brackets in this expression means the same  
here as in multiplication.

−29  ÷   −22

= 29  ÷  22 Dividing two negatives gives a positive.

= 29 − 2

= 27

Take care when dealing with negative bases in division as well as in multiplication.

Activity 3.3

1. Simplify the following expressions as far as possible.

(a) 57 ÷ 52

(b) 38 ÷ 32

(c) (– 4)3 ÷ (– 4)2

(d) (2.6)12 ÷ (2.6)7

(e) (–7)3 ÷ (–7)

(f)

(g) –57 ÷ –52

(h)

(i) (1.7)10 ÷ (1.7)6 ÷ (1.7)2

2. Evaluate your answers in question 1 using your calculator.

3. If a radio frequency is 108 cycles per second and gamma rays have a 
frequency of 1021 cycles per second, how many times greater is the gamma 
ray frequency than the radio frequency.

1
2
---⎝ ⎠
⎛ ⎞ 13 1

2
---⎝ ⎠
⎛ ⎞ 5

÷

1
4
---⎝ ⎠
⎛ ⎞ 5 1

4
---⎝ ⎠
⎛ ⎞ 3

÷
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Negative Indices

Consider the following division.

75  ÷  79

We know from the last section that we subtract the indices because it is a division.

75  ÷  79  =  75 – 9  =  7–4

Let’s look at this another way

75  ÷  79  =  =  = 

Let’s combine these two results.

75  ÷  79 = 7–4  = 

So  7–4 =

Here’s another example:

65  ÷  68

What do you think the answer will be?........................................................................

Can you express this answer without the negative index?.............................................

We know that  65  ÷  68  =  65 – 8  =  6–3  = 

We can now generalise this result.

A power with a negative index is equal to one over the same power 
with a positive index of the same size.

In symbols this would be:

Let’s look at some further examples.

7
5

7
9

-----
7 7 7 7 7××××

7 7 7 7 7 7 7 7 7××××××××
-----------------------------------------------------------------------------=

1
7 7 7 7×××
------------------------------

1

7
4

-----

1

7
4

-----

1

7
4

-----

1

6
3

-----

a
m– 1

a
m

------=
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Examples

Express the following with no negative indices.

Note here that the base is negative and moves with the power.

This time we used the rule in reverse.

–2–3  = –1 × 2–3  = Be very careful when any of the numbers involved is  
negative. Note that it is only the sign of the index that  
changes.

 = 2 × 37

Did you notice that in general moving a power from the top to the bottom or the bottom to the 
top of a fraction merely changes the sign of the index.

To Evaluate Negative Powers on the Calculator

An example of keystrokes to evaluate 5–2 are:

The display should read 0.04

 Now try this on your calculator.   

5
2– 1

5
2

-----=

26
4– 1

26
4

--------=

4–( ) 2– 1

4–( )2
-------------=

1

5
8–

-------- 5
8

=

1–
1

2
3

-----
1–

2
3

------=×

2

3
7–

-------- 2
1

3
7–

--------×=

5
4–

6
2–

--------
6

2

5
4

-----=

Write down the keystrokes you have 
used if they are different.
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Activity 3.4

Simplify, expressing your answer with no negative indices.

1.

2. Evaluate each of the expressions in question 1 on your calculator.

3.

(4.Evaluate each of the expressions in question 3 using your calculator.

(a) 8–2 (f)

(b) 6–2 (g)

(c) 7–1 (h) 2 × 4–3

(d) (i) –3–2

(e) (j) (–3)–2

(a) (f)

(b) (g)

(c) (h)

(d) (i)

(e) (j)

2 5–

3
2–

--------

4
2–

3
--------

1

5 2–
--------

3

4 2–
--------

3–

6 5–
--------

2 5–

5
3–

--------

7

5 2–
-------- 24

3 6–
--------

2 42×
3 4–

---------------
35–

2–( ) 4–
----------------

3 4––
4–( ) 2–

2
----------------

2 5 3–×–
5 4– 34×–

23
-----------------------
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Zero Index

Consider  52  ÷  52

You know from your rules for dividing powers that

52  ÷  52  =  52 – 2  =  50

Let’s look at this another way

52  ÷  52  =  =  1

Combining these two results

52  ÷  52  =  50  =  1

In general, any number (except zero) raised to the power of zero is equal to 1

In symbols we can write

a0  =  1 a ≠ 0 The symbol ≠ means ‘not equal to’.

Activity 3.5

Evaluate the following, check your answers with the calculator.

(a) 50

(b) 2560

(c) 4 × 650

(d) 32  ×  550

(e) (–4)0

(f) –40

3.2.3 Adding and subtracting powers

While there are quick ways of multiplying and dividing powers there are no simple methods 
for adding and subtracting.

Example

Evaluate  23  +  26

The only way to add these two terms together is to evaluate each one and then add the results.

23  +  26

= 8 + 64

= 72

5
2

5
2

-----
5 5×
5 5×
------------=
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Example

Evaluate  74 – 53

74 – 53

= 2 401 – 125
= 2 276

3.2.4 Special powers

Fractional Indices

So far we have looked at indices which have been positive and negative whole numbers and 
zero, that is, indices that were integers. The other type of numbers that we studied in module 2 
were fractions. 

Let’s look at powers where the index is a fraction.

Consider 

From the previous sections we know that:

Note that  = 

= 

= 91

= 9

We have shown that:

 =  9

But we know that 32  =  9.  Therefore 

Therefore must equal 3.

Now we know that  = 3

Therefore  =  =  3

Hence, an index of  means the square root of the number.

9

1
2
---

9

1
2
---

×

9

1
2
---

9

1
2
---

× 9

1
2
---

9

1
2
---

× 9

1
2
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

2

9

1
2
---

1
2
---+

9

1
2
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

2

9

1
2
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

2

32=

9

1
2
---

9 Recall:
Module 2
Section 2.2.39

1
2
---

9

1
2
---
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Examples

 = 10

 =  7

Now consider 

We can write  ×  × Note that  ×  ×  = 

= 

= 81

= 8

We have shown that  =  8

But we also know that   23  =  8.  Therefore 

Therefore  must equal 2.

We call 2 the cubed root of 8 since it is the number when multiplied together three times gives 
you 8.

We write this as 

Therefore  =  =  2

An index of means the third root or cubed root of the number.

This symbol for the cubed root is from 17th Century France.  Earlier than this, in 1525, a 

German mathematician named Christoph Rudolff used the symbol for the cubed 
root of a number.

What do you think  would mean?

................................................................................................................................

You should have said something like it means the fourth root of 16. The number that when 
multiplied together 4 times will give you 16.

Do you know what this number will be? ...................................................................

If you said 2 then well done!!

100

1
2
---

100=

49

1
2
---

49=

8

1
3
---

8

1
3
---

8

1
3
---

8

1
3
---

8

1
3
---

8

1
3
---

8

1
3
---

8

1
3
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

3

8

1
3
---

1
3
---

1
3
---+ +

8

1
3
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

3

8

1
3
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

3

23=

8

1
3
---

83

8

1
3
---

83

1
3
---

16

1
4
---
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We write  =  =  2

What symbol do you think Rudolff would have used to represent the fourth root of a number?

Did you say  ?

The roots are not always easy to find but again your calculator will help with this calculation.

Let’s find . That is, the fifth root of 1 024. What number when multiplied together 5 
times will give you 1 024?

There are a number of ways to do these on your calculator.

The display should read 4.

That is 4 multiplied by itself 5 times will give you 1 024

The other way to do this calculation is to enter the index as a fraction and use the xy key. 
Depending on your calculator you may or may not have to add the brackets.

 Now try this on your calculator.   

An example of keystrokes are:

We can write  =  =  4

Example

Evaluate , estimating your answer before you begin.

Estimation under these circumstances can be very difficult, but a general idea of the answer 
will be helpful. 

What you are looking for is the number, that when cubed, will give you 123.

You may know that 43  =  64

and that 53  =  125

So, the answer we are looking for will be between 4 and 5. In fact it should be fairly close to 5.

16

1
4
---

164

1 024

1
5
---

Write down the keystrokes you have 
used if they are different.

1 024

1
5
---

1 0245

123

1
3
---
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On the calculator = 4.973189833 ……

≈ 4.97

So our answer is very close to 5 as we had estimated.

Activity 3.6

1. Express the following without using an index. Do not evaluate.

2. Evaluate the following using your calculator. Think about what your answer 
will be before you calculate.

(a) (d)

(b) (e)

(c) 810.25

(a)
(f)

(b)
(g)

(c)
810.25 (h)

(d)
(i)

(e)
(j)

123

1
3
---

25

1
2
---

7 776

1
5
---

27

1
3
---

100

1–
2

------

25

1
2
---

16

1
2
---

49

1
2
---

×

27

1
3
---

36

1
3
---

54

1
2
---

×

63

1
5
---

125

1
4
---

+

7 776

1
5
---

123

1
2
---

567

1
6
---

÷

100

1–
2

------
534

1
3
---

34

1
4
---

–
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Finding a power of a power

Consider the expression

(42)3

Read this as 4 squared all cubed.

We can rearrange this expression:

(42)3 To cube a number multiply it together three times.

=  42 ×      42 ×     42

= 4 × 4 ×   4 × 4 ×   4 × 4

= 46

So  (42)3  =  46

Can you see a shortcut way to get to this result?

.....................................................................................................................................

If you said to multiply the indices then you would be correct.

(42)3  =  42 × 3  =  46  

We can generalise this result.

When raising a power to another power we multiply the indices

In symbols we can write this as

Check this rule with the following examples.

Example Example

Simplify  (32)5 Simplify  ((–2)2)7

(32)5 ((–2)2)7

= 32 × 5 =  (–2)2 × 7

= 310 =  (–2)14

Let’s consider 

a
m( )

n
a

m n×
=

8

1
3
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

2

8

1
3
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

2
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= 

= 

Now we know that can be written  (the cubed root of 8)

So another way to write is 

and so  = 

To evaluate this

= 22 The cubed root of 8 is 2

= 4

So  =  4

We have extended our knowledge of fractional indices. 

When the index is a fraction, the denominator tells us the root to take 
and the numerator tells us the power to take.

To evaluate  on your calculator

The display should read 4.

Let’s do another.

Example

Evaluate 

The index   tells us to take the fourth root of 16 and then to raise this to the power 3

That is

 = The fourth root of 16 is 2

    =  23

    =  8

 Now try this on your calculator.

8

1
3
--- 2×

8

2
3
---

8

1
3
---

83

8

1
3
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

2

83( )
2

8

2
3
---

83( )
2

83( )
2

8

2
3
---

8

2
3
---

16

3
4
---

3
4
---

16

3
4
---

164( )
3
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Activity 3.7

1. Simplify the following

2. Evaluate each of the above expressions with your calculator.

3. Evaluate each of the following expressions with your calculator.

Finding a power of a product

Consider the expression

(3 × 4)2

Let’s rearrange this as below

(3 × 4)2

= (3 × 4)  ×  (3 × 4)
= 3 × 4 × 3 × 4
= 3 × 3 × 4 × 4
= 32 × 42

That is  (3 × 4)2  =   32 × 42

(a) (23)5 (e) ((–5)3)3

(b) (34)2 (f) ((1.2)3)0

(c) (56)2 (g) (( )4)3

(d) ((–2)3)4 (h)
( )3

(a) (e)

(b) (f)

(c) (g)

(d) 42.5 + 812.5 (h)

1
4
---

6

3
4
---

64

4
3
--- 7

3
5

4×

35( )2
-----------------

8

4
3
---

16

5
4
---

× 121( )
5
2
---

49( )
3
2
---

×

11
3

7
2×

------------------------------------

27

7
3
---

36

3
2
---

– 27–( )
1
3
---

814+

7 7765 4

1
2
---

–÷
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 Now try this on your calculator.

The display should again read 144.

Example

Remove the bracket from (5  ×  2)3

(5  ×  2)3  =  53  ×  23

Let’s go the other way.

Example

Express  75  ×  35  as a single power statement.

75  ×  35  =  (7  ×  3)5

We can generalise the rule.

When raising the product of two (or more) numbers to a power 
we find the product of each of these numbers raised to the same power.

We can also express it in symbols as we have done before.

(a × b)m  =  am  ×  bm

Activity 3.8

1. Apply the power of a product rule to the following.

2. Evaluate the above expressions on your calculator.

We have looked at many different ways of manipulating numbers that are expressed as 
powers.

Here is an activity that combines many of these techniques.

(a) (9 × 5)2 (d) 65 × 35

(b) (7 × 6)2 (e) 126 × 26

(c) (8 × 5)3 (f) 73 × 43
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Activity 3.9

Simplify the following expressions giving your answers with no negative indices 
and no brackets.

1.

Simplify the following expressions giving your answers with no negative indices 
and no brackets.

2.

(a) (g)

(b) (h)

(c) (i)

(d) (j)

(e) (k)

(f)

(a) (c)

(b)

5

4
3
---

5

2
3
---

÷
5 2– 53÷

54
--------------------

30( )2 24 25×
22( ) 2– 2 3–×

------------------------------

3 1– 40×
35 32÷

34 34( ) 2–×
----------------------------

26 22 27÷×
2–( )3 2–( )5×

2–( )10
---------------------------------

34 3×
35

--------------- 5
3–

5
2( )×

3

5
3( )4

5
7–×

---------------------------

3 2– 30×
34

--------------------

32 106×( )

1
2
---

34 10 2–×
----------------------------

5

1
3
---

50×
5 1–

----------------- 52÷

5 3– 42×( )3

4 7– 52×( )2
----------------------------
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3.3 Common applications of powers

Remember that we set out to find ways of expressing and manipulating very large and very 
small numbers. We have found that power notation is a convenient way to express some of 
these numbers and we have looked at ways of manipulating these numbers expressed in power 
notation.

We will now consider another shorthand way of expressing any number, but especially very 
large and very small numbers containing many zeros. 

3.3.1 Scientific notation

Quick, which is larger, 381000000000 or 98200000000?

And which is smaller, 0.000000000034 or 0.00000000085? 

It is very difficult to tell which is larger or smaller without counting zeros.

Scientific notation is a convention by which we can write these very large and very small 
numbers in such a way that their relative sizes are immediately clear.

It also spares us the effort of having to pronounce them!!!!!!

We will return to these numbers in a moment but firstly let’s look a little more closely at 
powers of 10 which are an important part of being able to express numbers in scientific 
notation. Recall that we covered these in module 2 when multiplying decimals.

Multiplying by powers of 10

Consider the following examples where 75 is multiplied by  
10 = 101, 100 = 102 and 1 000 = 103.

Do the following calculations on your calculator and write in the results.

75 × 101 = 75 × 10 = Remember that the decimal point in a whole number is 

75 × 102 = 75 × 100 = understood to be after the last digit.

75 × 103 = 75 × 1 000 =

If you look carefully at them you will notice that we have shifted the decimal point in the 75 to 
the right in each case – one place when multiplying by ten, two places when multiplying by 
100 and three places when multiplying by 1 000. 

In fact the number of places moved was the same as the number of zeros in the power of 10 
involved. The number of places moved also corresponds to the power of ten that we were 
multiplying by.

Recall:
Module 2
Section 2.6.2
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75 × 101 = 75 × 10 = 75. 0  =  750
75 × 102 = 75 × 100 = 75. 0 0  =  7 500
75 × 103 = 75 × 1 000 = 75. 0  0  0  =  75 000

Following this pattern, if we multiply 75 by 106 (1 000 000), the result should be

75 × 106 = 75 × 1 000 000  =    75. 0 0 0 0  0 0  = 75 000 000

Let’s try this process on some other products involving powers of 10.

56 × 102 =  56 × 100  =  56.   0 0    =  5 600

4.6 × 103 =  4.6 × 1 000 = 4.  6 0 0  =  4 600

0.789 × 105 = 0.789 × 100 000 = 0.  7 8 9 0  0  = 78 900

We can generalise this.

When multiplying by a power of ten, move the decimal point to the right 
by the number of zeros in the power of ten.

Activity 3.10

1. Multiply by the numbers shown to complete the table.

2. Five bottles each contain 100 tablets. How many tablets are there?

3. A large company orders embroidered caps to give away as a promotion. If 
they order 1 000 caps at $4.32, how much does the order cost?

Number × 10 (101) × 100 (102) × 1 000 (103) × 1 000 000 (106)

(a) 23

(b) –590

(c) 0.6

(d) 0.04

(e) –0.0305

(f) 8.9
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Dividing by powers of 10

This time let’s divide 75 by the following powers, 10 = 101, 100 = 102 and  1 000 =103.

Do the following calculations on your calculator and write in the results.

75  ÷  101  = 75  ÷  10  =
75  ÷  102  = 75  ÷  100  =
75  ÷  103  =  75  ÷  1 000  =

Can you now write a rule for dividing by powers of 10?

................................................................................................................................

................................................................................................................................

Once again, if you look at the pattern you can see that the decimal point has moved, this time 
to the left  – one place when dividing by ten, two places when dividing by 100 and three places 
when dividing by 1 000.

A similar pattern has emerged to when we multiplied by powers of 10. The number of decimal 
places shifted depends on the number of zeros in the power of 10. The number of places 
moved also corresponds to the power of ten that we were dividing by.

That is

75 ÷ 101  =  75 ÷ 10  =  7 5. = 7.5

75 ÷ 102 =  75 ÷ 100 =  0 7 5. =  0.75

75 ÷ 103 =  75 ÷ 1 000  = 0 0 7 5. = 0.075

Following this pattern, if we divide 75 by 1 000 000, the result should be

75 ÷ 1 000 000  = 0 0 0 0 0 7 5. = 0.000 075 We moved the decimal point 6 places  
to the left

Let’s try this process on some other divisions involving powers of 10

56 ÷ 100  = 0 5 6. = 0.56 We moved the decimal point 2 places to the left

4.6 ÷ 1 000  = 0 0 0 4.6 = 0.004 6 We moved the decimal point 3 places to the left

0.789 ÷ 100 000 = 0 0 0 0 0 0.789 = 0.000 007 89 We moved the decimal point 5 places  
to the left

We can generalise this.

When dividing by a power of ten, move the decimal point to the left 
by the number of zeros in the power of ten.
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Activity 3.11

1. Divide by the numbers shown to complete the table

2. One thousand individual doses of medicine are to be drawn from a 5 500 
millilitre container. How much medicine will be in each dose?

3. At a sale, Jeremy purchases 10 pairs of socks for $49.50. How much did each 
pair cost?

Let’s look more closely at dividing in terms of the power of 10.

Example

Express  567 ÷ 102 as a multiplication, without evaluating.

567 ÷ 102 

= 567 ÷ 100 

= Multiply by the reciprocal

= Expressing 100 as a power

=  567 × 10–2 Recall that 

So 567 ÷ 102  =  567 × 10–2

Dividing by a power of ten is the same as multiplying by the same power 
with the index of the opposite sign.

Can you express 351 ÷ 103 as a multiplication?

................................................................................................................................

Number ÷ 10 (101) ÷ 100 (102) ÷ 1 000 (103) ÷ 1 000 000 (106)

(a) 23

(b) –590

(c) 0.6

(d) 0.04

(e) –0.0305

(f) 8.9

Recall:

Module 2
Section 2.5.3

567
1

100
---------×

567
1

10
2

--------×

1

10
2

-------- 10
2–

= Recall:

Module 3
Section 3.2.2
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Let’s try: 351 ÷ 103

= 

=  351 × 10–3

Is this the answer you suggested above?

Writing Numbers in Scientific Notation

Any positive number can be written as a multiplication of a number between 1 and 10 and a 
power of ten. A number written in this form is said to be written in scientific notation. It is 
very useful for writing very large and very small numbers in a manner that is easy to 
understand.

For example, 3.2 × 103,  4.69 × 1015 and 9.567 × 10–6 are all positive numbers written in 
scientific notation.

It is also possible to write negative numbers in scientific notation.

For example, –8.2 × 103, –6.72 × 1015 and –3.201 × 10–23  are all negative numbers written in 
scientific notation. This time the number at the front is between –1 and –10.

Writing numbers in scientific notation involves two steps:

• moving the decimal point so that it is placed after the first non-zero digit from the left; and

• multiplying by a power of ten that would return the number to its original form.

Example

Convert 365 000 to scientific notation.

Step 1  3.650 00 Move the decimal point to be after the first non-zero digit.

Step 2  3.650 00 × 105 To maintain the initial value of the number we must multiply by 105. That is,  
move the decimal point 5 places to the right. Our index is positive because we  
need to make the number larger to get back to the original number.

So 365 000 = 3.65 × 105 expressed in scientific notation. Note that we have left off the zeros 
that came after the last number after the decimal point.

Example

Express  0.003 05 in scientific notation.

Step 1  003.05 Move the decimal point to be after the first non-zero number.

Step 2  3.05 × 10–3 To maintain the initial value of the number we must multiply by 10–3 (which  
is the same as dividing by 103). That is, move the decimal point 3 places to  
the left. Our index is negative because we need to make the number smaller  
to get back to the original number.

So  0.003 05  =  3.05 × 10–3

Let’s now look at those numbers from before.

351
1

10
3

--------×



3.30  TPP7181 – Mathematics tertiary preparation level A
Which is larger, 381000000000 or 98200000000?

And which is smaller, 0.000000000034 or 0.00000000085?

Consider the first two very large numbers.

Write 381000000000 in scientific notation. ..............................................................

Now write 98200000000 in scientific notation. ............................................................

Your answers should have been 3.81 × 1011 and  9.82 × 1010

It should be clear now that the first number is the larger because it contains the higher power 
of 10.

Now to those very small numbers.

Write 0.000000000034 in scientific notation.............................................................. 

Now write 0.00000000085 in scientific notation. ......................................................

You should have answered 3.4 × 10–11 and 8.5 × 10–10.

Which is the smaller number? ........................................................................

Did you say that the first number is the smaller of the two? The first number will have the 
greater number of zeros after the decimal point and so will be smaller than the second number.

Activity 3.12

1. Write the following numbers in scientific notation.

2. Write in scientific notation the numbers for the mass of the virus, the 
breaking strength of steel and the profit of the bank given in the introduction 
to this module.

3. The number   578 × 106   is not written in scientific notation. Can you explain 
why not?

(a) 65 000 (g) 0.000 002 4

(b) 750 000 (h) 825 600

(c) 8 700 (i) 650

(d) 0.003 5 (j) –0.005 9

(e) 0.04 (k) 7.2

(f) −65
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4. The number of hairs on your head varies with the colour of your hair.

(a) Which colour head of hair has the most number of hairs?

(b) How did you determine that this was the largest number?

5. Arrange the following in ascending (from smallest to largest) order.

(a) 1.6 × 103,   2.54 × 103,   9.6 × 103,   2.4 × 103,   1.7 × 103 

(b) 5.1 × 106,   5.1 × 10–3,   5.1 × 104,   5.1,   5.1 × 10–4

(c) 7.96 × 107,   8.45 × 106,   7.8 × 10–5,   1.4 × 109,   3.4 × 10–4

Converting from scientific notation to ordinary form

To convert a number back from scientific notation to its ordinary form, you need to follow the 
instructions given by the index.

Recall from the section on multiplying by powers of ten:

If the index of the power of 10 is positive, move that number of places to the right. For 
example, if the power is 108, then move the decimal point 8 places to the right.

If the index of the power of 10 is negative, move that number of places to the left. For 
example, if the power is 10–8. Then move the decimal point 8 places to the left.

Example

Write 7.2 × 106 in ordinary form.

7.2 × 106 = 7.2 0 0 0 0 0

= 7 200 000

Example

Write 7.2 × 10–6 in ordinary form.

7.2 × 10–6 =  0 0 0 0 0 7.2

=  0.000 007 2

Colour of hair Number of hairs

Black or Brown 1.05 × 105

Blond 1.4 × 105

Red 9 × 104

Since the power of 10 is positive 6 we move the decimal point 6 
places to the right.

Since the power of 10 is negative 6 we move the decimal point 6 
places to the left.
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Activity 3.13

1. Write in ordinary form

2. The following concentrations (in milligrams per millilitre of blood) of 
various chemicals have been found in a blood sample. Write these numbers in 
ordinary form.

Chemical A 4.56 × 10–4

Chemical B 3.89 × 10–12

Chemical C 5.78 × 10–7

3. The speed of light is 2.998 × 108 metres per second. Express this number in 
ordinary form.

4. The number of hairs on your head varies with the colour of your hair.

5. Write each number in ordinary form.

6. Complete the following using one of the symbols, <, >, or =. You may have to 
change the way some of these numbers are written to be able to make the 
comparison.

(a) 6.15 × 103 (e) −5.76 × 10–5

(b) 7.24 × 10–3 (f) 104

(c) 9.25 × 104 (g) 10–3

(d) 6.92 × 102

Colour of hair Number of hairs

Black or Brown 1.05 × 105

Blond 1.4 × 105

Red 9 × 104

(a) 39.7 3.97 × 10

(b) 10–4

(c) 6.85 × 105 6 850

1
1 000
-------------
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Try this calculation on your calculator.

9 876 × 87 456 × 354 876 =

What answer did your calculator display? ..................................................................

It probably looked something like the following if you are using the same calculator as we 
have throughout these modules.

3.06511886214

Other calculators will show this as:

What has happened is that there were too many digits to be displayed on your calculator screen 
so the calculator has automatically gone into scientific notation.

You must be able to recognise this as being a number in scientific notation and write it as such. 
In this example you would write out the answer as:

9 876 × 87 456 × 354 876 =  3.065118862 × 1014

and since the number is an approximation anyway due to the fact that the screen could not 
display all the digits, it would be quite acceptable to round this answer a bit further. 

9 876 × 87 456 × 354 876 =  3.065118862 × 1014

 × 1014

In this course we do not have any strict rules for how many decimal places to round to in any 
given situation but you will find that in other studies you may undertake there could be strict 
guidelines for rounding to a specific number of decimal places.

Let’s do another on your calculator.

Example

0.2 ÷ 987 654 321 = ...................................................

You should check, when keying this calculation on your calculator, that all of these 9 digits are 
displayed. Different calculators allow for different numbers of digits to be displayed. If all 
these digits did not appear on the screen the calculator may have ignored the ones that did not 
appear, giving an incorrect answer. If your calculator did not allow for this many digits, you 
would need to enter the number in scientific notation as explained earlier.

(d) 0.000 95 7.8 × 10–2

(e) 5 × 10–2

(a) 39.7 3.97 × 10

55
100
---------

3.0651189
10

14×

3.065≈
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Did your calculator display show something like 2.025–10? Again this number has been 
written in scientific notation and you should interpret it as:

0.2 ÷ 987 654 321 =  2.025 × 10–10

which you know is the ordinary number  0.000 000 000 202 5

It is quite acceptable to give your answer in most of these cases in scientific notation.

Calculations with numbers in scientific notation

We will now use your ability to write numbers in scientific notation, and your knowledge of 
calculating with powers, to multiply, divide, add and subtract numbers written in scientific 
notation.

Multiplication
Example

Evaluate  7.25 × 104   ×   9.6 × 102 Write your answer in scientific notation.

7.25 × 104    ×    9.6 × 102 Since everything is multiplied we can rearrange in any order. 

= (7.25 × 9.6)    ×    (104 × 102) Rearrange so that the powers are together.

= 69.6  ×  104 + 2 Multiply 7.25 and 9.6 on the calculator.

= 69.6  ×  106

= 6.96  ×  107 Write in scientific notation 69.6 × 106

= 6.96 × 101 × 106

= 6.96 × 107

Example

Evaluate 6.5 × 10–3    ×    9.2 × 10–7 Answer in scientific notation.

6.5 × 10–3    ×    9.2 × 10–7

=  (6.5 × 9.2)    ×    (10–3 × 10–7) Rearrange.
= 59.8 × 10–10 Multiply each group.

= 5.98 × 10–9 Write in scientific notation 

59.8 × 10–10 = 5.98 × 101 ×10–10

= 5.98 × 10–9

It is possible to do these calculations on your calculator. In most instances you will need to 
show your working for these questions but the calculator is a great tool to check that you were 
on the right track. Recall that when expressing numbers as powers we used the terms index or 
exponent for the power to which a given base was raised. We have used the word index 
throughout this module, but exponent is the more precise term. It is this word that the 
calculator is referring to on the EXP key which we will use to evaluate calculations in 
scientific notation.

Take the first example above.

7.25 × 104   ×   9.6 × 102
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To evaluate this on the calculator, press the following keys.

 Now try this on your calculator.   

The display should read  69 600 000  which is the same as 6.96 × 107

Now try the second example above and see if you come up with the same answer.

6.5 × 10–3    ×    9.2 × 10–7

On your calculator press

Your answer here will depend on the calculator you are using.

The display could read 0.000 000 005 You will notice that because of the lack of space for 
digits on the calculator, an error has been introduced. The method by hand has given a more 
accurate answer. Alternatively the calculator may have given the answer in scientific notation, 
5.98 × 10–9 as before.

Write down the keystrokes you have 
used if they are different.
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Activity 3.14

1. Evaluate the following products and answer in scientific notation. Check your 
answers on the calculator.

2. The average adult has about 5 500 millilitres of blood in their body. If each 
millilitre contains 5 × 109 red blood cells, how many red blood cells in the 
average adult body?

3. There are about 4 × 106 microbes on each square centimetre of your skin, and 
you have about 2 × 104 square centimetres of skin. How many microbes 
would you expect to find on your skin?

4. A light-year, the distance that light travels in one year, is 9.46 × 1012 
kilometres. The sun is approximately 2.7 × 104  light years from the centre of 
our galaxy. Find this distance in kilometres.

Division
Example

Evaluate  (6.4 × 105)   ÷   (3.2 × 102)  Write your answer in scientific notation

It is easier to think of this division as a fraction.

(6.4 × 105)   ÷   (3.2 × 102) = 

= 

= 2 × 105 – 2 Divide numbers and powers of 10

= 2 × 103

 Now try this on your calculator.   

The display should read 2 000

(a) 2.5 × 102    ×    3.5 × 103 (d)  9.25 × 10–2    ×    3.75 × 10–6

(b) 6.7 × 103    ×    5.4 × 10–2 (e) –5.9 × 103    ×    3.8 × 10–7

(c) 7.5 × 10–5    ×    1.3 × 106

6.4 10
5×

3.2 10
2×

----------------------

6.4
3.2
-------

10
5

10
2

--------×

Write down the keystrokes you have 
used if they are different.
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Example

Evaluate  (7.6 × 104)    ÷    (3.9 × 10–2)  Write your answer in scientific notation.

(7.6 × 104)    ÷    (3.9 × 10–2) = 

= Divide numbers and powers of 10

≈ 1.95  ×  104 – (– 2)

=   1.95  ×  106

 Now try this on your calculator.   

The display should read  1 948 717.949  which is the ordinary form of what we have above.

Activity 3.15

1. Evaluate and write your answers in scientific notation. Check your solutions 
on the calculator.

2. The total profits for a company over the last 5 years have been  4.78 × 107 
dollars. If profits were the same each year, what was the yearly profit?

3. The earth travels 3.88 × 108 kilometres around the sun each year in 
approximately 9 × 103  hours. Determine the earth’s speed in kilometres per 
hour, by calculating (3.88 × 108) ÷ (9 × 103).

4. At one point in Voyager 1’s journey to Jupiter, its radio waves travelled  
2.89 × 108 kilometres to reach earth. These waves travel at a speed of  
1.94 × 105 kilometres per second. Determine the number of seconds it took 
these signals to reach earth by calculating  (2.89 × 108) ÷ (1.94 × 105).

(a) (5.2 × 103)   ÷   (2.6 × 104) (d)  (–5.6 × 109)   ÷   (6.1 × 102)

(b) (7.2 × 105)   ÷   (3 × 10–7) (e)  (7.1 × 102)   ÷   (–8.4 × 107)

(c) (9.7 × 10–2)   ÷   (3.8 × 10–3)

7.6 10
4×

3.9 10
2–×

-------------------------

7.6
3.9
-------

10
4

10
2–

-----------×

Write down the keystrokes you have 
used if they are different.
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Addition and subtraction
Look at the following expression:

5.64 × 104    +    3.8 × 104

Recall from module 2 that we must do the multiplications before we do the addition. This 
means that we cannot rearrange as before.

What we do have though is the same power in each of the terms. We could use the distributive 
law to simplify this expression.

5.64 × 104 + 3.8 × 104 Taking 104 outside the bracket since it is common to both terms

= (5.64 + 3.8) × 104

= 9.44 × 104

 Now try this on your calculator.   

 The display should read 94 400

Let’s look at some other examples.

Example

Evaluate  9.5 × 10–5  −  3.7 × 10–5  Write your answer in scientific notation.

9.5 × 10–5  −  3.7 × 10–5

= (9.5 − 3.7) × 10–5 Since 10–5 is common to both terms.
= 5.8 × 10–5

Example

Evaluate  3.2 × 102  +  5.7 × 104  Write your answer in scientific notation.

This time we do not have the same power in both terms so we cannot yet apply the distributive 
law. There are three methods that you could use to evaluate an expression such as the one 
above.

Recall:

Module 2
Section 2.4

Recall:
Module 2
Section 2.4.1

Write down the keystrokes you have 
used if they are different.
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Method 1

3.2 × 102  +  5.7 × 104 Different powers of 10.

= 3.2 × 102  +  570 × 102 Express with the same powers of 10. For 5.7 shift 

= (3.2 + 570) × 102 the decimal point 2 places to the right and reduce the 

= 573.2 × 102 power to 102.

= 5.732 × 104 Rewrite in scientific notation.

Check on your calculator.

Method 2

3.2 × 102  +  5.7 × 104 Express with the same powers of 10. For 3.2 shift 

= 0.032 × 104  +  5.7 × 104 the decimal point 2 places to the left and increase the 

= (0.032 + 5.7) × 104 power to 104.

= 5.732  × 104

Which is the same answer as we calculated before.

Method 3

This final method is only suitable when dealing with numbers with few digits. We can convert 
each of the numbers to ordinary form and then calculate.

3.2 × 102  +  5.7 × 104

= 320  +  57 000
=  57 320
= 5.732  ×  104
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Activity 3.16

1. Evaluate the following, writing your answer in scientific notation. Check 
your answers with the calculator. 

2. A part of the brain called the neocortex contains cells called neurons. The 
numbers of neurons for three different mammals are listed below.

(a) Which mammal has the largest number of neurons?

(b) How many more neurons does the neocortex of a human brain have than the 
neocortex of the brain of the gorilla? (Hint: you will need to subtract)

(c) How many more neurons does the neocortex of a gorilla brain have than the 
neocortex of the brain of the cat?

3.3.2 The Metric system 

In our everyday world we are surrounded by measurements. From the nutritional information 
on the cereal box at breakfast, to setting the alarm at night. We buy various amounts of meat 
and vegetables for meals. We travel kilometres in our car and fill it with litres of petrol.

Many of the first units of measurement were parts of the body. Early Babylonian and Egyptian 
records indicate that the hand, the span, the foot, and the cubit were all units of measurement. 
The hand was a basic unit of measurement used by most ancient civilisations and is the basis 
of the unit that is used today to measure the height of horses (now standardised as 4 inches or 
0.0106 metres).

(a) 5.9 × 104  +  2.4 × 104 (d) 4.5 × 103  +  9.6 × 104

(b) 7.8 × 10–2  −  3.4 × 10–2 (e) 7.6 × 108  −  9.5 × 106

(c) 6.1 × 103  −  9.5 × 103 (f) 1.3 × 10–6  +  8.3 × 10–4

Mammal Number of 
neurons

Human 3 × 1010

Gorilla 7.5 × 109

Cat 6.5 × 107
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Since everybody has different measurements for these body parts it was difficult for accurate 
comparisons to be made. A more formalised system of measurement needed to be developed. 
This happened in different parts of the world, leading to differing systems of measurement. We 
have seen two of these in Australia, where we previously used the Imperial system of 
measures (inches, feet, yards, etc.) and now the Metric system of measurement.

Following the introduction of decimal currency in 1966, a program of gradual conversion to 
the metric system of weights and measures was implemented in Australia. This new system, 
developed by the French in the 18th century, was based on the decimal system of numbers 
with the aim of making calculation less complicated.

Here is a table of some of the common units that you might use in your everyday life, together 
with their symbols.

In our everyday life, a convenient unit for measuring such things as the length and width of a 
block of land, or the height of a building would be the metre.

Think of the distance between Toowoomba and Charleville or the thickness of a 20 cent coin. 
It is not convenient to write either of these in metres. One is too large at 600 000 metres and 
one is too small at 0.002 metres.

For this reason a system of prefixes based on the power 103 (that is 1 000) has been developed 
for multiples of units and for parts of units.

You would be familiar with the kilometre which is a much more convenient measure to talk 
about the distance between Toowoomba and Charleville, a distance of 600 kilometres.

You are probably also familiar with the millimetre which would give a more meaningful 
answer for the thickness of a 20 cent coin at 2 millimetres.

In general it is best to choose a prefix that allows the number to be expressed in the range   
1 to 999.

The table below shows the prefixes that are used with metric units.

Measurement Unit Symbol

Length metre m

Mass gram g

Volume litre L

Time second s

Prefix Factor Numerical factor Symbol

giga 109 1 000 000 000 G

mega 106 1 000 000 M

kilo 103 1 000 k

100 = 1 1
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Note: * The small Greek letter mu (pronounced mew as in new)

**  Although centi is not really part of the system because it is not a power of  
      103, it is commonly used so we will include it here.

The examples below show how this system of using symbols for units operates.

Examples

96 millilitres = 96 mL

5.2 nanoseconds = 5.2  ns

45 micrograms = 45  µg

Activity 3.17

Write the measurements given here in symbols

(a) 50 milligrams (d)  7.2 megalitres

(b) 65 kilograms (e)  9 picoseconds

(c) 5 microlitres

Some of the other commonly used units that you will need to be familiar with are:

milli 10–3 0.001 m

micro 10–6 0.000 001 µ*

nano 10–9 0.000 000 001 n

pico 10–12 0.000 000 000 001 p

centi** 10–2 0.01 c

Unit Symbol Description

tonne t another name for megagram
1 000 000 grams

hectare ha a measure of area

kilojoule kJ a measure of the energy 
derived from food

Prefix Factor Numerical factor Symbol
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Converting between units

Let’s look back to the distance between Toowoomba and Charleville, 600 000 metres which 
we wanted to express in kilometres.

That is, convert 600 000 metres to kilometres.

Step 1

Think about the unit you are in (metres) and the unit you are converting to (kilometres). If you 
are converting from a larger to a smaller unit you multiply; from a smaller to a larger unit 
you must divide.

In our case above we are converting from a smaller to a larger unit so we will divide.

Step 2

We must now decide what to divide by. The metric system is designed in multiples of 1 000. 
Think of the metric system in the figure below.

Each ‘jump’ along this line represents 1 000. If we are moving to a larger unit (to the right) we 
divide by 1 000 for each ‘jump’ we take. If we are converting to a smaller unit (moving to the 
left) we will multiply by 1 000 for each ‘jump’ we take.

So for our conversion 600 000 metres to kilometres, we have taken one ‘jump’ to the right so 
we will divide by 1 000

Step 3

So  600 000 metres
= 600 000 ÷ 1 000  kilometres
= 600 kilometres
= 600 km

Recall that dividing by 1 000 is the same as multiplying by 10–3

So  600 000 metres
= 600 000 ÷ 1 000  kilometres
= 600 000 × 10–3 Multiplying by 10–3 means move the decimal point to the left 3 places.

= 600 km

Look at your answer and see that it looks reasonable. You were moving from a smaller to a 
larger unit so you had to divide. Dividing by whole numbers means that you should have 
ended up with a smaller number than the one you started with. Is this the case for this answer?

pico nano micro milli unit kilo mega giga
p n µ m k M G

milli unit kilo
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Yes, it looks reasonable.

Let’s look at another example.

Example

Each day, world wide, honey bees collect about 2 700 tonnes of honey. How much would this 
be in grams.

That is, convert 2 700 tonnes to grams.

Step 1

We are converting from a larger to a smaller unit so we will multiply.

Step 2

Remember that tonnes is the same as megagrams.

We have moved 2 ‘jumps’ to the left so we will multiply by 1 000 twice.

Step 3

2 700 t = 2 700 × 1 000 × 1 000 grams
= 2 700 × 103 × 103 grams
= 2 700 × 106 grams
= 2 700 000 000 grams

or = 2.7 × 109 g That’s a lot of honey each day!!!!

Look at your answer and see that it looks reasonable. You were moving from a larger to a 
smaller unit so you had to multiply. Multiplying by whole numbers means that you should 
have ended up with a larger number than the one you started with. Is this the case for this 
answer?

Yes, the answer looks reasonable.

milli unit kilo mega
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Activity 3.18

1. Convert the following:

2. Choose the most realistic measure for each of the following.

(a) Length of a car:500 mm 500 cm 500 m

(b) Weight of a person:75 mg 75 g 75 kg

(c) Volume of a car’s petrol tank:48 mL 48 L 48 kL

(d) Weight of a toothpick:450 mg 450 g 450 kg

(e) Height of the Sydney Harbour  
Bridge above water:135 cm 135 m 135 km

(f) Amount of blood in the human body:5.5 mL5.5 L 5.5 kL

Calculating with metric units

Rather than simply converting from one unit to another your every day need for metric 
measurements may be a little more involved.

Working with Length
Example

A farmer wishes to renew the fencing around the boundary of the property. The following 
measurements were obtained (not drawn to scale):

To determine the total length of fencing required we will need to have all measurements in the 
same units. We could convert everything to kilometres or everything to metres. Since you 
would probably order the fencing material in metres we will use this conversion.

Distance around the property =  1.2 km  +  1.2 km  +  2 km  +  1.6 km  +  400 m

=  1 200 m  +  1 200 m  +  2 000 m  +  1 600 m  +  400 m

=   (1 200  +  1 200  +  2 000  +  1 600  +  400) m

=  6 400 m

(a) 5 600 grams into kilograms (e)  70 250 centimetres into metres

(b) 0.032 litres into millilitres (f) 1 600 kilograms into tonnes

(c) 0.000 000 25 grams into 
nanograms

(g)  0.021 megalitres into 
millilitres

(d) 35 000 milligrams into grams (h)  206 micrometres into metres

1.2 km 1.2 km

2 km

1.6 km

400 m
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This distance around a figure is often called its perimeter. In our example the perimeter of the 
property measures 6 400 metres. This is the amount of fencing that is required.

Example

If 235 centimetres of fabric is required to make a laboratory coat, how much fabric is required 
to make six of these coats.

To make six coats we require six times as much fabric.

235 cm  × 6  =  1 410 cm

It would be more convenient to express this in metres.

The amount of fabric required is 14.1 metres.

It is also possible to multiply two numbers that both involve lengths.

Example

A kitchen floor measures 4 metres by 6 metres as shown below.

If we needed to order tiles to cover the kitchen floor we need to know the area of floor that is 
to be covered. To do this for a room shaped as in the diagram above (we call this a rectangle) 
we would multiply the length by the width.

Area of the kitchen floor

=  4 m × 6 m The units are the same so we can multiply.

=  4 × 6 × m × m Note that we must multiply the units as well as the numbers.

= 24 m2 We say this as 24 square metres.

To think of the meaning of a square metre, think of something measuring 1 metre by 1 metre. 
You would need 24 of these to cover the kitchen floor.

You would need to order 24 square metres of tiles to cover the kitchen floor.

6 m

4 m
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We can also divide lengths which both have units attached.

Example

A small crop farmer owns 93.5 ha of land. If the farmer purchased 1.5 km2 of the neighbour’s 
land, what area, in hectares, is the farm now?

Firstly, let’s look more closely at the meaning of a hectare.

A hectare is a measure of area. A piece of land 100 m by 100 m gives an area of 1 hectare.

That is, 1 ha  =  100 m × 100 m

1 ha = 10 000 m2

The farmer has added a piece of land measured in square kilometres. One square kilometre is a 
piece of land 1 km by 1 km which we could express in metres as 1 000 m by 1 000 m

1 km2 = 1 000 m × 1 000 m

= 1 000 000 m2

How many hectares are there in a square kilometre?

Since 1 km2 = 1 000 000 m2

and     1 ha = 10 000 m2

1 000 000 m2 ÷ 10 000 m2

= 100

So, there are 100 hectares in one square kilometre.

Let’s picture this.

You can see that ten hectares must fit along each row, giving us 10 rows of 10 hectares, a total 
of 100 hectares.

100 m

100 m1 hectare

1 km = 1 000 m

1 km2
1 km = 1 000 m

1 km = 1 000 m

1 ha

100 m

100 m

1 
km

 =
 1

 0
00

 m
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Back to the question.

The farmer owned 93.5 hectares and bought a further 1.5 km2. We cannot add these until they 
are both in the same units.

1.5 km2 = 1.5 × 100 Recall that there are 100 hectares in each square kilometre.

         = 150 ha

The farmer now has 93.5 ha + 150 ha = (93.5 + 150) ha = 243.5 ha

This was rather a large purchase of land!!

Example

A hospital patient’s waist measures 85 cm. Suppose a roll of gauze contains 9.4 metres. 
Approximately how many times could the gauze be completely wrapped around the patient’s 
waist?

We need to divide 9.4 m by 85 cm to find out how many times around the waist measurement 
the gauze will fit.

That is 9.4 m ÷ 85 cm 

Again we cannot do this calculation while we have differing units. We could change to metres 
or centimetres, so this time let’s try centimetres so as not to have any decimal points.

9.4 m ÷ 85 cm The units are different so we must make the same.

= 940 cm ÷ 85 cm Estimate 900 ÷ 90  =  10

= We must cancel the cm on the top and bottom.

≈ 11.06 Note that no units are left.

So the gauze will go around the patient’s waist about 11 times.

Working with Mass
We often use the word weight as meaning the same thing as mass, but scientists distinguish 
between the two. We can think of mass as the amount of matter that makes up an object. 
Weight, on the other hand, is the force that gravity exerts on an object. This is why astronauts 
appear ‘weightless’ in space. The amount of matter that makes up the astronauts (mass) hasn’t 
changed, but the effect of gravity is not as great. At sea level on earth, mass and weight are 
essentially equal. In these modules we will keep our feet on the ground and consider mass and 
weight to be the same.

Working with mass is much the same as working with length except that there is no meaning 
associated with multiplying together two masses.

Example

To make one batch of tomato relish requires 3.25 kg of brown sugar. How much brown sugar 
would be needed for four batches of tomato relish?

We need four times as much sugar.

3.25 kg × 4  =  13 kg

We would need to have 13 kg of brown sugar to make four batches of tomato relish.

940 cm
85 cm

------------------
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Example

A major pharmaceutical company has been able to get a bulk order of 5 kilograms of a 
particular type of tablet. Each tablet weighs 2.5 grams, so how many tablets did the 
pharmaceutical company receive?

To find the answer to this problem we must divide. 

5 kg ÷ 2.5 g
= 5 000 g ÷ 2.5 g Change to the same units.

= 2 000 Remember that the g 's will divide out.

The pharmaceutical company has received 2 000 tablets.

We can calculate with most of the units in the metric system in much the same manner as the 
examples we have looked at.

Following is an activity that shows some other applications of metric measures.

Activity 3.19

1. To get to University a student walks 1 450 metres to the bus stop and then 
travels 7.4 kilometres by bus to the University. What is the total distance 
travelled by the student?

2. Colin ran 2 750 metres every morning before breakfast. How many 
kilometres did he run in a week?

3. Water in the flooding creek rose, 1.6 m in the first hour, 1.16 m in the second 
hour and 65 cm in the third hour. How far did the creek rise in the first three 
hours?

4. Tom’s father is 1.85 m tall. If Tom is 92 cm shorter than his father, how tall is 
he?

5.

(a) A doctor orders Keflex 1 g every 6 hours. If the tablets are 500 mg each, 
what is the correct dose?

(b)  A patient if to receive Eltroxin at 0.1 mg daily. The tablets are labelled 
0.05 mg each. What is the correct dosage?

6. A land developer divided his land into 18 blocks each 550 m2. If he also had 
to allow 920 m2 for roads and footpaths, how many hectares did he develop?

7. A wealthy farming couple gave 750 hectares of land to each of their five 
children. How many square kilometres does the couple now own if they 
originally owned 150 km2?

8. (a) A crate of bread loaves weighs 49.9 kg. If the crate weighs 2.3 kg, how 
many 680 g loaves of bread does the crate contain?

 (b) A bakery supplies 31.025 tonnes of bread in a year. What number of  
680 g loaves are baked each day (assuming they bake the same number of 
loaves every day of the year)?
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9. One of the largest swarms of locusts ever seen was estimated to contain  
4 × 1010 insects. A locust is capable of consuming as much as 15 grams of 
grain in a week.

(a) How many grams of grain could be consumed in a week by this swarm of 
locusts? (Write your answer in scientific notation)

(b) Express your answer in (a) in tonnes.

You should now be ready to attempt questions 1, 2, 3, 4 and 5 of Assignment 2A 
(see your Introductory Book for details). If you have any questions, please refer 
them to your course tutor.
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3.4 A taste of things to come

1. The table below gives the nutritional information for Kellogg’s Special K.

(a) How many micrograms of Thiamine are contained in a 30 g serve of Special K with 

 cup of skim milk?

(b) For breakfast, a truck driver eats an amount of Special K equivalent to 4 serves, each 

with  cup skim milk. How many grams of Sodium are consumed by the truck driver?

(c) How many milligrams of Calcium are contained in  cup of skim milk?

(d) How many grams of Special K are required to provide 3.94 megajoules of energy?

1
2
---

1
2
---

1
2
---
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2. A hospital storage container holds 9.750 litres of ethyl alcohol.

(a) If 150 mL, 200 mL, 100 mL, 1 000 mL and 2.5 L are removed from the container, how 
many litres of alcohol remain?

(b) On one morning the 9.750 litre container had 4.250 litres in it. If 3.125 litres are added, 
what is the total?

(c) How much alcohol could be stored in 7 of these containers?

(d) If the container is  full, how much alcohol is left?

3. Studying courses in psychology or history you may refer to data on ethnic backgrounds as 
presented by W S Sherman in the book Australian Organisational Behaviour. In 
Australia today we have approximately 140 different ethnic backgrounds, 90 different 
languages spoken at home and 40 different religions practised. The main ethnic 
backgrounds are set out in the table below.

(Source: Ainsworth, WM & Willis, QF 1985, Australian organisational behaviour: readings, 2nd edn, Macmillan, 
Melbourne)

In order to write a paragraph on Australia’s ethnic background you might consider some of the 
following types of questions.

(a) Write the first four numbers as ordinary numbers and then convert to scientific notation.

(b) How many more people come from a British background than from a Greek background?

(c) Find the total number of people from the first five backgrounds in the table .

Now write a few sentences about the ethnic backgrounds of Australians.

Ethnic Background Number of Australians

British 4.7 million

Irish 3.5 million

German/Austrian 1.2 million

Italian 1 million

Greek 6.5 × 105

Maltese 4 × 105

Yugoslav 2.5 × 105

Dutch 2 × 105

Aboriginal 1.6 × 105

Spanish Speaking 1.5 × 105

Arabic Speaking 1.5 × 105

Polish 1 × 105

2
3
---
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3.5 Post-test

1. Write 1.4 × 1.4 × 1.4 in power notation.

2. Simplify the following, expressing your answers with no negative indices.

3. Evaluate the following on your calculator. Round your answers to two decimal places if 
necessary.

4. The recipe for a party punch has the following ingredients.

3.5 L unsweetened pineapple juice
400 mL orange juice
300 mL lemon juice
4 L ginger ale
2.5 L soda water
500 mL mashed strawberries
800 mL mixture of sugar, water and mint leaves.
(a) How much punch will the recipe make in litres?

(b) If 30 people are at the party, how much punch will there be for each person?

(c) This recipe was used at the local fete to raise money. Each drink of 80 mL cost 25 
cents. What was the profit on the sale of punch if the ingredients cost $12.50?

(a) 54 × 58 × 5–3 (c) 1227 ÷ 125

(b) (–2)5 × (–2)–6 (d) 4–3 × (42)3 ÷ 4–1

(a) (d)

(b) (e) 4–3 × (42)3 + 4–1 × 45

(c) 35 + 34

243

2
5
--- 1

2
---⎝ ⎠
⎛ ⎞ 3 1

2
---⎝ ⎠
⎛ ⎞ 5

–

196

1
2
---
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5. The following table gives the diameter, and mass in terms of the earth’s mass, of the 
planets.

* Diameter is the distance from one side of the planet to the other through the centre.

(a) (i) List the planets in order of size by diameter.

(ii) Convert each diameter to ordinary form.

(b) (i) Arrange the planets in order of size by mass.

(ii) The mass of the earth is 5.983 × 1024 kg. Determine the mass of Venus, Saturn 
and Pluto.

(c) The sun has a diameter of 1.39 × 106 km and has a mass 3.29 × 106 times the mass of 
the Earth. 

(i) What is the mass of the Sun?

(ii) What is the difference between the Earth’s diameter and the Sun’s diameter?

(Adapted from Shield & Wallace, Investigating Maths 10)

Planet Diameter* (km)
Mass

(in terms of the 
Earth’s mass)

Mercury 5 × 103 0.04

Venus 1.24 × 104 0.82

Earth 1.27 × 104 1.00

Mars 6.87 × 103 0.11

Jupiter 1.4 × 105 318.3

Saturn 1.14 × 105 95.3

Uranus 5.1 × 104 14.7

Neptune 5 × 104 17.3

Pluto 1.27 × 104 0.0021
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3.6 Solutions

Solutions to activities

Activity 3.1

1. (a) 23  =  8 (e) (1.9)5  =  24.760 99

(b) 32  =  9 (f) (–4)2  =  16

(c) (0.5)4  =  0.0625 (g) (–6)3  = –216

(d) 61  =  6

2.

3. After three generations there would have been 73 people. This gives 343 people.

4. There will be 3 × 3 × 3 pieces of cake. That is 33 which equals 27 pieces of cake.

5. As an ordinary number 222 is 4 194 304.

Activity 3.2

1. (a) 52 × 57 (b) 38 × 32 × 35 
=  52 + 7 = 38 + 2 + 5

=  59 = 315

(c) (–4)3 × (–4)2 × (–4)5 (d) (2.6)7 × (2.6)12 × (2.6)
=  (–4)3 + 2 + 5 =  (2.6)7 + 12 + 1

 =  (–4)10 =  (2.6)20

(e) (–7)3 × 62 × (–7)2 × 62 
=  (–7)3 × (–7)2  × 62  × 62

=  (–7)3 + 2 × 62 + 2

=  (–7)5 × 64

(f)

= 

= 

= 

1
2
---⎝ ⎠
⎛ ⎞ 10

1
2
---⎝ ⎠
⎛ ⎞ 3

4–( )3 1
2
---⎝ ⎠
⎛ ⎞ 5

4–( )2×××

1
2
---⎝ ⎠
⎛ ⎞ 3 1

2
---⎝ ⎠
⎛ ⎞ 5

4–( )3
4–( )2×××

1
2
---⎝ ⎠
⎛ ⎞ 3 5+

4–( )3 2+×

1
2
---⎝ ⎠
⎛ ⎞ 8

4–( )5×
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(g) 58 × (0.3)2 × (0.3)5 × 52 × (0.3)7

=  58 × 52 × (0.3)2 × (0.3)5 × (0.3)7

=  58 + 2 × (0.3)2 + 5 + 7

=  510 × (0.3)14

(h) –43 × –42

=  +43 + 2 Two negatives multiplied together give a positive.

=  45

(i) –93 × –92 × –91

=  93 + 2 × –91 Two negatives multiplied together give a positive.

= –93 + 2 + 1 A negative times a positive gives a negative.

= –96

2. (a) 52 × 57  =  59  =  1 953 125

(b) 38 × 32 × 35  =  315  =  14 348 907

(c) (–4)3 × (–4)2 × (–4)5  =  (–4)10  =  1 048 576

(d) (2.6)7 × (2.6)12 × (2.6)  =  (2.6)20  =  199 281 489

(e) (–7)3 × 62 × (–7)5 × 62  = (–7)5 × 64  = –21 781 872

(f)

(g) 58 × (0.3)2 × (0.3)5 × 52 × (0.3)7  =  510 × (0.3)14 ≈  0.467 086 816

(h) –43 × –42  =  45  =  1 024

(i) –93 × –92 × –91  = –96  = –531 441

3. There would be approximately 1025 × 1021 = 1046 molecules of water in the Atlantic 
Ocean.

4. There would be 1011 × 109 = 1020 stars in all the galaxies.

5. The x-ray would have a frequency of 108 × 1011 = 1019 cycles per second.

1
2
---⎝ ⎠
⎛ ⎞ 3

4–( )3 1
2
---⎝ ⎠
⎛ ⎞ 5

4–( )2××× 1
2
---⎝ ⎠
⎛ ⎞ 8

4–( )5× 4–==
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Activity 3.3

1. (a) 57 ÷ 52 (b) 38 ÷ 32

=  57 – 2 =  38 – 2

=  55 =  36

(c) (–4)3 ÷ (–4)2 (d) (2.6)12 ÷ (2.6)7

=  (–4)3 – 2 =  (2.6)12 – 7

=  (–4)1 =  (2.6)5

= –4

(e) (–7)3 ÷ (–7) (f)

=  (–7)3 – 1 = 

=  (–7)2 = 

(g) –57 ÷ –52 (h)

=  +57 – 2 = 

=  55 = 

(i) (1.7)10 ÷ (1.7)6 ÷ (1.7)2

=  (1.7)10 – 6 – 2

=  (1.7)2

2. (a) 57 ÷ 52  =  55  =  3 125

(b) 38 ÷ 32  =  36 = 729

(c) (–4)3 ÷ (–4)2  = –4

(d) (2.6)12 ÷ (2.6)7  =  (2.6)5  =  118.813 76

(e) (–7)3 ÷ (–7)  =  (–7)2  =  49

(f)  =  ≈  0.003 906 25

(g) –57 ÷ –52  =  55  =  3 125

(h)  =  =  0.062 5

(i) (1.7)10 ÷ (1.7)6  ÷ (1.7)2  =  (1.7)2  =  2.89

3. Gamma frequency is 1021 ÷ 108  =  1013 times greater than the radio frequency.

1
2
---⎝ ⎠
⎛ ⎞ 13 1

2
---⎝ ⎠
⎛ ⎞ 5

÷

1
2
---⎝ ⎠
⎛ ⎞ 13 5–

1
2
---⎝ ⎠
⎛ ⎞ 8

1
4
---⎝ ⎠
⎛ ⎞ 5 1

4
---⎝ ⎠
⎛ ⎞ 3

÷

1
4
---⎝ ⎠
⎛ ⎞ 5 3–

1
4
---⎝ ⎠
⎛ ⎞ 2

1
2
---⎝ ⎠
⎛ ⎞ 13 1

2
---⎝ ⎠
⎛ ⎞ 5

÷ 1
2
---⎝ ⎠
⎛ ⎞ 8

1
4
---⎝ ⎠
⎛ ⎞ 5 1

4
---⎝ ⎠
⎛ ⎞ 3

÷ 1
4
---⎝ ⎠
⎛ ⎞ 2
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Activity 3.4

1. (a) (f)

(b) (g)

(c) (h)

(d) (i)

(e) (j)

2. (a) 0.015625 (f) 0.28125

(b) (g)

(c) (h) 0.03125

(d) 25 (i)

(e) 48 (j)

3. (a) (f)

(b) (g)

(c) (h)

(d) (i)

(e) (j)

4. (a) –23 328 (f) 3.90625

(b) 175 (g) 11 664

(c) 2592 (h) –3 888

(d) (i) 0.03125

(e) –0.016 (j) –0.0162

8 2– 1

82
-----=

2 5–

3 2–
--------

32

25
-----=

6 2– 1

62
-----=

4 2–

3
--------

1

3 42×
---------------=

7 1– 1

71
-----

1
7
---= = 2 4 3–× 2

43
-----=

1

5 2–
-------- 52= 3 2––

1–

32
------=

3

4 2–
-------- 3 42×= 3–( ) 2– 1

3–( )2
-------------=

0.027
·

0.02083
·

0.1
·
42857

·

0.1
·

–

0.1
·

3–

6 5–
-------- 3 65×–= 2 5–

5 3–
--------

53

25
-----=

7

5 2–
-------- 7 52×= 24

3 6–
-------- 24 36×=

2 42×
3 4–

--------------- 2 42× 34×=
35–

2–( ) 4–
---------------- 35–= 2–( )4×

3 4––
1–

34
------= 4–( ) 2–

2
----------------

1

2 4–( )2×
-----------------------=

2 5 3–×–
2–

53
------= 5 4–– 34×

23
-----------------------

34–

23 54×
-----------------=

0.0
·
12345679

·
–



   Module A3 – The power of numbers   3.59
Activity 3.5

(a) 50  =  1 (d) 32  ×  550  =  9 × 1  =  9

(b) 2560  =  1 (e) (–4)0  =  1

(c) 4 × 650  =  4 × 1  =  4 (f) –40  = –1 × 40  = –1 × 1  = –1

Activity 3.6

1. (a) (d)

(b) (e)

(c)

2. (a)  = 5 (f)  = 4 × 7 = 28

(b)  = 3 (g)  ≈  24.264

(c) 810.25 = 3 (h)  ≈  5.634

(d)  = 6 (i)  ≈ 3.855

(e)  = 0.1 (j)  ≈ 5.698

Activity 3.7

1. (a) (23)5  =  215 (e) ((–5)3)3  =  (–5)9

(b)  (34)2  =  38 (f)  ((1.2)3)0  =  (1.2)0  =  1

(c) (56)2  =  512 (g)  

(d)  ((–2)3)4  =  (–2)12 (h)

2. (a) (23)5  =  215  =  32 768 (e) ((–5)3)3  =  (–5)9  = –1 953 125

(b) (34)2  =  38  =  6 561 (f)  ((1.2)3)0  =  (1.2)0  =  1

25

1
2
---

25= 7 776

1
5
---

7 7765=

27

1
3
---

273= 100

1–
2

------ 1

100

1
2
---

-----------
1

100
-------------= =

81
0.25

81

1
4
---

814= =

25

1
2
---

16

1
2
---

49

1
2
---

×

27

1
3
---

36

1
3
---

54

1
2
---

×

63

1
5
---

125

1
4
---

+

7 776

1
5
---

123

1
2
---

567

1
6
---

÷

100

1–
2

------ 1
10
------= 534

1
3
---

34

1
4
---

–

1
4
---⎝ ⎠
⎛ ⎞ 4

⎝ ⎠
⎛ ⎞ 3 1

4
---⎝ ⎠
⎛ ⎞ 12

=

6

3
4
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

3

6

9
4
---

=
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(c)  (56)2  =  512  =  244 140 625 (g)  ≈ 0.000 000 059

(d) ((–2)3)4  =  (–2)12  =  4 096 (h)  ≈ 56.343

3. (a)  = 256

(b)  = 16 × 32 = 512

(c)  = 2 187 – 216 = 1 971

(d) 42.5 + 812.5  =  32 + 59 049  =  59 081

(e)  = 175

(f)  = 847

(g)  = –3 + 3 = 0

(h)  ÷ –  = 6 ÷ –2 = –3

Activity 3.8

1. (a) (9 × 5)2  =  92 × 52 (d)  65 × 35  =  (6 × 3)5

(b) (7 × 6)2  =  72 × 62 (e) 126 × 26  =  (12 × 2)6

(c) (8 × 5)3  =  83 × 53 (f) 73 × 43  =  (7 × 4)3

2. (a)  (9 × 5)2  =  452  =  2 025 (d) 65 × 35  =  7 776 × 243  =  1 889 568

(b) (7 × 6)2  =  422  =  1 764 (e) 126 × 26  =  2 985 984 × 64  =  191 102 976

(c) (8 × 5)3  =  403  =  64 000 (f) 73 × 43  =  343 × 64  =  21 952

1
4
---⎝ ⎠
⎛ ⎞ 4

⎝ ⎠
⎛ ⎞ 3 1

4
---⎝ ⎠
⎛ ⎞ 12

=

6

3
4
---

⎝ ⎠
⎜ ⎟
⎛ ⎞

3

6

9
4
---

=

64

4
3
---

8

4
3
---

16

5
4
---

×

27

7
3
---

36

3
2
---

–

7
3

5
4×

35( )2
-----------------

343 625×
1 225

------------------------
214 375

1 225
-------------------= =

121( )
5
2
---

49( )
3
2
---

×

11
3

7
2×

------------------------------------
161 051 343×

1 331 49×
-----------------------------------

55 240 493
65 219

---------------------------= =

27–( )
1
3
---

814+

7 7765 4

1
2
---
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Activity 3.9

1. (a)

= 

= 

(c) 3–1 × 40

= 

= 

(e) (f)

(g) (h)

(b) (30)2

=  30

=  1

5

4
3
---

5

2
3
---

÷

5

4
3
---

2
3
---–

5

2
3
---

(d) 26 × 22 ÷ 27

= 26 + 2 – 7

= 21

= 2

1
3
--- 1×

1
3
---

34 3×
35

---------------

34 1+

35
-------------=

35

35
-----=

1=

3 2– 30×
34

--------------------

3 2– 0+

34
-----------------=

3 2–

34
--------=

3 2– 4–=

3 6–=

1

36
-----=

5 2– 53÷
54

--------------------

5 2– 3–

54
----------------=

5 5–

54
--------=

5 5– 4–=

5 9–=

1

59
-----=

24 25×
22( ) 2– 2 3–×

------------------------------

29

2 4– 2 3–×
-----------------------=

29

2 7–
--------=

29 7––=

216=
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(i) (j)

(k)

2. (a) (b)

35 32÷
34 34( ) 2–×
----------------------------

33

34 3 8–×
--------------------=

33

3 4–
--------=

33 4––=

37=

2–( )3 2–( )5×
2–( )10

---------------------------------

2–( )8

2–( )10
----------------=

2–( )8 10–=

2–( ) 2–=

1

2–( )2
-------------=

5 3– 52( )3×
53( )4 5 7–×

----------------------------

5 3– 56×
512 5 7–×
----------------------=

53

55
-----=

53 5–=

5 2–=

1

52
-----=

32 106×( )

1
2
---

34 10 2–×
----------------------------

31 103×
34 10 2–×
-----------------------=

3 3– 105×=

105

33
--------=

5 3– 42×( )3

4 7– 52×( )2
----------------------------

5 9– 46×
4 14– 54×
----------------------=

414 46×
59 54×
--------------------=

420

513
--------=
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(c)

5

1
3
---

50×
5 1–

----------------- 52÷

5

1
3
---

5 1–
-------- 52÷=

5

1
3
---

5 1–
--------

52

1
-----÷=

5

1
3
---

5 1–
--------

1

52
-----×=

5

1
3
---

51
-----=

5

1
3
--- 1–

=

5

1
3
---

3
3
---–

=

5

2–
3

------
=

1

5

2
3
---

-----=

Remember from module 2.
Change division to multiplication as 
in fractions.
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Activity 3.10

1.

2. There will be 5 × 100 tablets.  That is, 500 tablets.

3. The total cost of the order will be $4.32 × 1 000  =  $4 320

Activity 3.11

1.

2. Each dose will contain  5 500 millilitres ÷ 1 000  =  5.5 millilitres.

3. Each pair of socks will cost $49.50 ÷ 10  =  $4.95.

Activity 3.12

1. (a) 65 000  =  6.5 × 104 (g) 0.000 002 4  =  2.4 × 10–6

(b) 750 000  =  7.5 × 105 (h) 825 600  =  8.256 × 105

(c) 8 700  =  8.7 × 103 (i) 650  =  6.5 × 102

(d) 0.003 5  =  3.5 × 10–3 (j) −0.005 9  = –5.9 × 10–3

(e)  0.04  =  4 × 10–2 (k)  7.2  =  7.2 × 100

(f)  −65  = –6.5 × 101

Number × 10 (101) × 100 (102) × 1 000 (103) × 1 000 000 (106)

(a) 23 230 2 300 23 000 23 000 000

(b) –590 –5 900 –59 000 –590 000 –590 000 000

(c) 0.6 6 60 600 600 000

(d) 0.04 0.4 4 40 40 000

(e) –0.0305 –0.305 –3.05 –30.5 –30 500

(f) 8.9 89 890 8 900 8 900 000

Number ÷ 10 (101) ÷ 100 (102) ÷ 1 000 (103) ÷ 1 000 000 (106)

(a) 23 2.3 0.23 0.023 0.000 023

(b) –590 –59 –5.9 –0.59 –0.000 59

(c) 0.6 0.06 0.006 0.000 6 0.000 000 6

(d) 0.04 0.004 0.000 4 0.000 04 0.000 000 04

(e) –0.0305 –0.00305 –0.000 305 –0.000 030 5 –0.000 000 030 5

(f) 8.9 0.89 0.089 0.008 9 0.000 008 9
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2. Mass of a virus  =  0.000 000 000 000 000 003 kilograms  =  3 × 10–18 kilograms 
Breaking stress of steel = 430 000 000 Pascals  =  4.3 × 108 Pascals 
Bank profit = $1 119 000 000 = 1.119 × 109 dollars

3. The number   578 × 106   is not written in scientific notation because the decimal point is 
not after the first non-zero digit.  If we re-wrote the number to be 5.78 × 108 it would now 
be in scientific notation.

4. (a) Blond heads have the greatest number of hairs.

(b) The number for blond heads, 1.4 × 105, had the highest power of 10 along with  
black or brown heads at 1.05 × 105, but the number out the front of 1.4 × 105 is  
greater than the number at the front of 1.05 × 105.

5. (a) 1.6 × 103,   1.7 × 103,   2.4 × 103,   2.54 × 103,   9.6 × 103.

(b) 5.1 × 10–4,   5.1 × 10–3,   5.1,   5.1 × 104,   5.1 × 106.

(c) 7.8 × 10–5,   3.4 × 10–4,   8.45 × 106,   7.96 × 107,   1.4 × 109

Activity 3.13

1. (a)  6.15 × 103  =  6 150 (e)  −5.76 × 10–5  = –0.000 057 6

(b) 7.24 × 10–3  =  0.007 24 (f) 104  =  1 × 104  =  10 000

(c) 9.25 × 104  =  92 500 (g) 10–3  =  1 × 10–3  =  0.001

(d)  6.92 × 102  =  692

2.

Chemical A 4.56 × 10–4 =  0.000 456

Chemical B 3.89 × 10–12 =  0.000 000 000 003 89

Chemical C 5.78 × 10–7 =  0.000 000 578

3. The speed of light is 2.998 × 108 metres per second  =  299 800 000 metres per second.

4.

5. (a) 39.7   =   3.97 × 10 since 39.7   =   39.7

(b)   >   10–4 since 0.001   >   0.000 1

Colour of hair Number of hairs

Black or Brown 1.05 × 105 105 000

Blond 1.4 × 105 140 000

Red 9 × 104 90 000

1
1 000
-------------
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(c) 6.85 × 105   >   6 850 since 685 000   >   6 850

(d) 0.000 95   <   7.8 × 10–2 since 0.000 95   <   0.078

(e)   >  5 × 10–2 since 0.55   >   0.05

Activity 3.14

1. (a) 2.5 × 102    ×    3.5 × 103

= 2.5 × 3.5 × 102 × 103

= 8.75 × 105

(b) 6.7 × 103    ×    5.4 × 10–2

= 6.7 × 5.4 × 103 × 10–2

= 36.18 × 101

= 3.618 × 102

(c) 7.5 × 10–5    ×    1.3 × 106

= 7.5 × 1.3 × 10–5 × 106

= 9.75 × 101

2. Number of red blood cells =  5 500 × 5 × 109

=  27 500 × 109

=  2.7500 × 104 × 109

=  2.75 × 1013

3. Number of microbes =   4 × 106 × 2 × 104

=  4 × 2 × 106 × 104

=  8 × 1010

4. Distance of the sun from the centre of our galaxy  
=  9.46 × 1012 × 2.7 × 104 kilometres
=  9.46 × 2.7 × 1012 × 104 kilometres
=  25.542 × 1016 kilometres
=  2.554 2 × 1017 kilometres

55
100
---------

(d) 9.25 × 10–2    ×    3.75 × 10–6

= 9.25 × 3.75 × 10–2 × 10–6

= 34.687 5 × 10–8

= 3.468 75 × 10–7

(e) –5.9 × 103    ×    3.8 × 10–7

= –5.9 × 3.8 × 103 × 10–7

= –22.42 × 10–4

= –2.242 × 10–3
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Activity 3.15

1. (a) (5.2 × 103)   ÷   (2.6 × 104)

= 

= 2 × 103 – 4

= 2 × 10–1

(b) (7.2 × 105)   ÷   (3 × 10–7)

= 

= 2.4 × 105 – (–7)

= 2.4 × 1012

(c) (9.7 × 10–2)   ÷   (3.8 × 10–3)

= 

≈ 2.552 63 × 10–2 – (–3)

≈ 2.55 × 101

2. Yearly profit  =  (4.78 × 107) ÷ 5 dollars

=  dollars

=  0.956 × 107 dollars
=  9.56 × 106 dollars

3. Earth’s speed  =  (3.88 × 108) ÷ (9 × 103)   kilometres per hour

=  kilometres per hour

≈ 0.431 11 × 108 – 3

≈ –0.43111 × 105

=  4.311 1 × 104

4. Time for signals to reach earth =  (2.89 × 108) ÷ (1.94 × 105) seconds

=  seconds

= 1.489 69 × 108 – 5 seconds
= 1.49 × 103 seconds

(d) (–5.6 × 109)   ÷   (6.1 × 102)

=  

≈ –0.918 03 × 109 – 2

≈ –0.91803 × 107

≈ –9.180 3 × 106

(e) (7.1 × 102)   ÷   (–8.4 × 107)

= 

≈ –0.845 238 × 102 – 7

≈ –0.845238  × 10–5

≈ –8.452 38 × 10–6

≈ –8.452 × 10–6

5.6– 10
9×( )

6.1 10
2×( )

------------------------------

7.1 10
2×( )

8.4– 10
7×( )

------------------------------

5.2 10
3×( )

2.6 10
4×( )

---------------------------

7.2 10
5×( )

3 10
7–×( )

---------------------------

9.7 10
2–×( )

3.8 10
3–×( )

-----------------------------

4.78 10
7×( )

5
------------------------------

3.88 10
8×( )

9 10
3×( )

------------------------------

2.89 10
8×( )

1.94 10
5×( )

------------------------------
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Activity 3.16

1. You may have done these using any of the three methods discussed.

(a) 5.9 × 104  +  2.4 × 104

=  (5.9 + 2.4) × 104

=  8.3 × 104

(b) 7.8 × 10–2  −  3.4 × 10–2

=  (7.8 − 3.4) × 10–2

=  4.4 × 10–2

(c) 6.1 × 103  −  9.5 × 103

=  (6.1 − 9.5) × 103

= –3.4 × 103

2. (a) Humans have the largest number of neurons

(b) The difference =  3 × 1010 – 7.5 × 109

=  30 × 109 – 7.5 × 109

=  (30 – 7.5) × 109

=  22.5 × 109

=  2.25 × 1010

(c) The difference =  7.5 × 109 – 6.5 × 107

=  750 × 107 – 6.5 × 107

=  (750 – 6.5) × 107

=  743.5 × 107

=  7.435 × 109

Activity 3.17

(a) 50 milligrams  =  50 mg

(b) 65 kilograms  =  65 kg

(c) 5 microlitres  =  5 µL

(d) 7.2 megalitres  =  7.2 ML

(e) 9 picoseconds  =  9 ps

(d) 4.5 × 103  +  9.6 × 104

=  0.45 × 104  +  9.6 × 104

=  (0.45 + 9.6) × 104

=  10.05 × 104

=  1.00 5 × 105

(e) 7.6 × 108  −  9.5 × 106

=  760 × 106  −  9.5 × 106

=  (760 − 9.5) × 106

=  750.5 × 106

=  7.505 × 108

(f) 1.3 × 10–6  +  8.3 × 10–4

=  0.013 × 10–4  +  8.3 × 10–4

=  (0.013 + 8.3) × 10–4

=  8.313 × 10–4



   Module A3 – The power of numbers   3.69
Activity 3.18

1. (a) 5 600 g  =  5 600 × 10–3 kg  =  5.6 kg

(b) 0.032 L  =  0.032 × 103 mL  =  32 mL

(c) 0.000 000 25 g  =  0.000 000 25 × 109 ng  =  250 ng

(d) 35 000 mg  =  35 000 × 10–3 g  =  35 g

(e) 70 250 cm  =  70 250 × 10–2 m  =  702.5 m

(f) 1 600 kg  =  1 600 × 10–3 t  =  1.6 t

(g) 0.021 ML  =  0.021 × 109 mL  =  21 000 000 mL

(h) 206 µm  =  206 × 10–6 m  =  0.000 206 m

2. (a) Length of a car: 500 cm

(b) Weight of a person: 75 kg

(c) Volume of a car’s petrol tank: 48 L

(d) Weight of a toothpick: 450 mg

(e) Height of the Sydney Harbour
Bridge above water: 135 m

(f) Amount of blood in the human body: 5.5 L

Activity 3.19

1. Total distance travelled by the student =  1 450 m  +  7.4 km
=  1.45 km  +  7.4 km
=  8.85 km

The student travels 8.85 km to University.

2. Colin ran 2 750 m × 7  =  19 250 m  =  19.25 km
Colin runs 19.25 kilometres each week.

3. The creek rose 1.6 m  +  1.16 m  +  65 cm
=  1.6 m  +  1.16 m  +  0.65 m
=  3.41 m

The creek rose 3.41 metres in the first three hours.



3.70  TPP7181 – Mathematics tertiary preparation level A
4. Tom’s height =  1.85 m – 92 cm
=  185 cm – 92 cm
=  93 cm

Tom is 93 centimetres tall.

5. (a) Doctor orders 1 gram every 6 hours.  That is 1 000 mg every 6 hours.
If tablets are 500 mg each, the patient must take:
1 000 mg ÷ 500 mg  tablets every 6 hours
=  2 tablets every 6 hours.

(b) The patient should receive 0.1 mg ÷ 0.05 mg  tablets daily
=  2 tablets daily

6. Recall that     1 ha  =  10 000 m2

Land developed  =  (18 × 550  +  920) m2

=  (9 900  +  920) m2 
=  10 820 m2

=  (10 820 ÷ 10 000) ha
=  1.082 ha

The land developed amounted to 1.082 hectares.

7. Land given to children =  750 ha × 5
=  3 750 ha
=  37.5 km2   Recall that 1 km2  =  100 ha

Remaining land =  (150 – 37.5) km2  
= 112.5 km2

     The couple now own 112.5 km2 of land.

8. (a) Number of loaves of bread in the crate
=  (49.9 kg – 2.3 kg) ÷ 680 g
=  (49 900g – 2 300 g) ÷ 680 g
=  47 600 g ÷ 680 g
=  70
There are 70 loaves of bread in the crate.

(b) Number of loaves supplied in a year =  31.025 t ÷ 680 g
=  31 025 000 g ÷ 680 g
=  45 625

       Number of loaves supplied each day =  45 625 ÷ 365
=  125
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Therefore, 125 loaves of bread are supplied each day of the year.

9. (a)This swarm of locusts could consume4 × 1010 × 15 grams of grain in one week
=  60 × 1010  grams of grain in one week
=  6 × 1011  grams of grain in one week

(b) 6 × 1011  g =  6 × 1011 × 10–6 t
=  6 × 105 t

The locusts could consume 6 × 105 tonnes of grain in one week.
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Solutions to a taste of things to come

1. (a) 30 g serve with  cup skim milk =  0.34 mg of Thiamine

=  0.34 × 103 µµg
=  340 µg

A 30 g serve of Special K with  cup skim milk contains 340 µg of Thiamine.

(b) 30 g serve with  cup skim milk has 212 mg of sodium

 Truck driver has 4 × 212 mg sodium
=  848 mg 
=  848 × 10–3 g
=  8.48 × 10–1 g

The truck driver consumes 0.848 g of sodium for breakfast.

(c)  30 g serve of Special K contains  175 mg of calcium.

30 g serve of Special K with  cup skim milk contains 330 mg of calcium.

Therefore  cup skim milk must contain 330 mg – 175 mg

=  155 mg

Therefore  cup skim milk contains 155 mg of calcium.

(d)  100 grams of Special K provides 1 536 kJ of energy.
Therefore 1 gram of Special K provides 15.36 kJ of energy.
Now 15.36 kilojoules =  15.36 × 10–3  megajoules

=  0.015 36 MJ
To receive 3.94 MJ of energy you would need 3.94 MJ ÷ 0.015 36 MJ

≈ 256.51
You would need to have about 256.5 grams of Special K to receive  
3.94 megajoules of energy.

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---

1
2
---
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2. (a) Litres remaining =  9.75 L – (150 mL + 200 mL + 100 mL + 1 000 mL + 2.5 L)
=  9.75 L – (0.15 L + 0.2 L + 0.1 L + 1.0 L + 2.5 L)
=  9.75 L – 3.95 L
=  5.8 L

Therefore 5.8 litres remain.

(b) New amount =  4.250 L +  3.125 L
=  7.375 L

After the addition the total amount in the container is 7.375 litres.

(c) Seven containers will hold 7 × 9.75 L
=  68.25 L

Seven containers will hold 68.25 litres.

(d) Amount left =  × 9.75 L

=  6.5 L

If the container is  full it contains 6.5 litres.

3. (a) 4.7 million  =  4 700 000  =  4.7 × 106

3.5 million  =  3 500 000  =  3.5 × 106

1.2 million  =  1 200 000  =  1.2 × 106

1 million  =  1 000 000  =  1 × 106

(b) British – Greek
= 4.7 × 106 – 6.5 × 105

= 47 × 105 – 6.5 × 105

= (47 – 6.5) × 105

= 40.5 × 105

= 4.05 × 106

∴ about 4 million more people come from British backgrounds as from Greek 
backgrounds.

(c) Total of first five backgrounds: 
=  4.7 × 106  +   3.5 × 106  +  1.2 × 106  +  1 × 106  +  6.5 × 105

=  4.7 × 106  +   3.5 × 106  +  1.2 × 106  +  1 × 106  +  0.65 × 106

=  (4.7 + 3.5 + 1.2 + 1 + 0.65) × 106

=  11.05 × 106

=  1.105 × 107

The total number of people represented by the first five ethnic backgrounds is  
1.105 × 107

2
3
---

2
3
---
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Following is an example of the sort of paragraph that you may have written.

From the data given in the table, the majority of Australia’s people from ethnic backgrounds 
have come from European countries. The ethnic group most represented in Australia today are 
the British. There are a bit over 4 million more British as Greek people in Australia. The 
impact of this diversity of ethnic background needs to be understood, learnt from and catered 
for both socially and in the work place.
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Solutions to post-test

1. 1.4 × 1.4 × 1.4  =   (1.4)3

2. (a) 54 × 58 × 5–3  
=  54 + 8 – 3

=  59

(b) (–2)5 × (–2)–6

=  (–2)5 – 6

=  (–2)–1

= 

3. (a)  = 9

(b)  =  14

(c) 35 + 34  =  243 + 81  =  324

(d) =  0.125 – 0.031 25  =  0.093 75 ≈ 0.09

(e) 4–3 × (42)3 + 4–1 × 45  
  =  4–3 × 46 + 4–1 × 45

  =  4–3 + 6  +  4–1 + 5

  =  43  +  44

  =  64  +  256
  =  320

4. (a) Amount of punch:
=  3.5 L + 400 mL + 300 mL + 4 L + 2.5 L + 500 mL + 800 mL

  =  3.5 L + 0.4 L + 0.3 L + 4 L + 2.5 L + 0.5 L + 0.8 L
  =  12 L

Therefore 12 litres of punch will be made from this recipe.

(c) 1227 ÷ 125

= 1227 – 5

=  1222

(d) 4–3 × (42)3 ÷ 4–1

=  4–3 × 46 ÷ 4–1

=  4–3 + 6 –(–1)

=  44
1

2–( )1
-------------

243

2
5
---

196

1
2
---

1
2
---⎝ ⎠
⎛ ⎞ 3 1

2
---⎝ ⎠
⎛ ⎞ 5

–
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(b) Each person would be able to have:
12 L ÷ 30 =  12 000 mL ÷ 30

=  400 mL
Each person could have 400 mL of punch.

(c) If 12 000 mL of punch were made, this gives 12 000 mL ÷ 80 mL  =  150 cups  
of drink to sell at the fete.
If each drink sells for 25 cents this gives income =  150 × 25 cents

=  3 750 cents
=  $37.50

Profit on the sale of punch would be $37.50 – $12.50  =  $25.00

5. (a) (i) (ii)

Mercury 5 × 103 =  5 000 km

Mars 6.87 × 103 =  6 870 km

Venus 1.24 × 104 =  12 400 km

Earth 1.27 × 104 =  12 700 km

Pluto 1.27 × 104 =  12 700 km

Neptune 5 × 104 =  50 000 km

Uranus 5.1 × 104 =  51 000 km

Saturn 1.14 × 105 =  114 000 km

Jupiter 1.4 × 105 =  140 000 km

(b) (i) Pluto, Mercury, Mars, Venus, Earth, Uranus, Neptune, Saturn, Jupiter

(ii) Mass of Venus  =  5.983 × 1024 kg × 0.82  =  4.906 06 × 1024 kg

  Mass of Saturn  =  5.983 × 1024 kg × 95.3=  570.179 9 × 1024 kg
   ≈ 5.702 × 1026 kg

  Mass of Pluto=  5.983 × 1024 kg × 0.0021 kg
≈ 0.01256 × 1024 kg
= 1.256 × 1022 kg

(c) (i) Mass of the sun  =  5.983 × 1024 kg × 3.29 × 106

=  5.983 × 3.29 × 1024 × 106 kg
=  19.684 07 × 1030 kg
= 1.968 × 1031 kg

(ii) Sun’s diameter – Earth’s diameter
 =  1.39 × 106 km – 1.27 × 104 km

=  1.39 × 106 – 0.012 7 × 106 km
=  1.377 3 × 106 km
The Sun’s diameter is approximately  1.377 3 × 106 km larger than the 
Earth’s diameter.
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Introduction

Consider the fictional property Gunnadoo, a farm grazing cattle and sheep. In 1991 stock 
numbers indicated that times were good and food plentiful. By 1994 drought had taken its toll 
and Gunnadoo had reduced its herd numbers. As things pick up after the drought Gunnadoo is 
again building up stock numbers. Throughout this module we will look closely at the stocking 
patterns for this farm, comparing these numbers in different ways.

Of course, you may not live on a cattle or sheep station but the ability to accurately compare 
numbers or quantities is sure to come up sometime in your life. For example, have you ever 
seen these expressions.

On a bottle of mix-up cordial: Mix with water in the ratio 1:4

In the newspaper: Interest rates have fallen by a further 0.75%

On a map: Scale 1:1 000 000

At the supermarket: 6 for $1 or 20 cents each.

In a recipe book: Recipe for 12 biscuits and you wish to make 20.

Even though you may not recognise the above as comparisons at this stage, they are all types 
of mathematical comparisons.

On successful completion of this module you should be able to:

• make comparisons using subtraction;

• make comparisons using percentages;

• convert between percentages, fractions and decimals;

• solve problems using percentages including those involving interest; and

• make comparisons using division, with division expressed as ratios.

1991 1994 1997

Cattle 500 100 300

Sheep 2 000 500 900
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4.1 Comparing quantities by subtraction

We have already looked at comparing two numbers in module 2.

Do you remember we talked about one number being smaller or 
greater than another? This is one type of comparison that we will 
now explore further.

It is sometimes enough to know that one quantity is greater or smaller than another, but often 
we need to know by how much these quantities differ.

Example

Consider the 1991 stock numbers for Gunnadoo.

Cattle Sheep

500 2 000

You can probably see that the number of sheep is 1 500 more than the number of cattle. To 
obtain this we have subtracted.

That is, 2 000  500 = 1 500

Note that we have put the larger of the numbers first. We could also say that the number of 
cattle is 1 500 less than the number of sheep.

4.2 Comparing quantities by division

There are a number of methods for comparing numbers which we could classify as 
comparison by division. Some of these you might already be familiar with, some may be new 
to you. Let’s look at the general case firstly.

Consider our cattle and sheep numbers for Gunnadoo in 1991 again.

If we were to divide the number of sheep (the larger number) by the number of cattle we get:

We can say that there are 4 times as many sheep as there are cattle.

If we were to divide the number of cattle (the smaller number) by the number of sheep we get:

We can say that there are as many cattle as there are sheep.

Recall:

Module 2
Section 2.2.1

–

Number of sheep
Number of cattle
-----------------------------------------

2 000
500

------------- 4= =

Number of cattle
Number of sheep
-----------------------------------------

500
2 000
-------------

1
4
---= =

1
4
---
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Example

Ms Welltodo earns $1 380 a week while Mr Barelycando earns $460 per week. Compare the 
earnings of these two workers by subtraction and by division.

Using the subtraction method: $1 380  $460   =   $920

We can say that Ms Welltodo earns $920 more per week than Mr Barelycando.

Using the division method:

We can also say that Ms Welltodo earns 3 times as much per week as Mr Barelycando.

Looking at this the other way, we could also say that Mr Barelycando earns of the amount 

that Ms Welltodo earns.

Have you noticed the different words we have used here to distinguish between using division 
and subtraction. When we use division our answer represents ‘times as many’ or ‘times as 
much’ but when using subtraction our answer represents ‘more than’ or ‘less than’.

Look at these figures, from the Australian Council on Smoking and Health.

Fags and figures

In people aged between 40 and 49 who smoke 20 - 30 
cigarettes a day, the risk of heart attack is increased -- 4 

times. 

Women who smoke 25 cigarettes a day and use an 
oral contraceptive increase their risk of heart attack by 

up to -- 39 times.

After a heart attack, the likelihood of a further attack in 
a patient who continues to smoke, compared with their 

age group among nonsmokers is -- 2 or 3 times.

What the first statement is saying is that you are 4 times as likely to die of a heart attack, if you 
are in this age bracket and smoke this number of cigarettes, than someone in this age bracket 
who doesn’t smoke. You may have heard the expression a ‘four fold increase’ in the chance of 
dying.

In another drug related example, we can look at the relationship between blood alcohol 
concentration (BAC) and the likelihood of having an accident. Can you see from the following 
graph that the likelihood of having an accident with a Blood Alcohol Concentration (BAC) of 
0.05 (the legal limit in all states of Australia) is 2 times the likelihood when sober. If the BAC 
is 0.10 you are 9 times as likely to have an accident. Even a small amount of alcohol increases 
the likelihood of having an accident.

–

$1 380 $460÷ $1 380
$460

---------------- 3= =

1
3
---
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We haven’t yet looked at interpreting graphs, so if you have trouble interpreting this graph, 
come back to it after you have completed module 5.
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Activity 4.1

1. Consider the following maximum lengths for the given fish

Bream   Blue Groper

(50 cm) (150 cm)

Compare the lengths of the two fish by subtraction and by division. Express 
your answers as sentences.

2. Consider the following table that you have seen in a previous module. If you 
need to check on your understanding of scientific notation you should do so 
now.

Compare the number of hairs on the heads of blondes and red heads by 
subtraction and by division.

3. Suppose that 2 cans of white paint are mixed with 3 cans of red paint to make 
a new shade of pink. Compare, by subtraction and by division, the amounts of 
the different coloured paints used to make the pink paint.

4. According to the Guinness Book of Records, the tallest person for whom 
there is irrefutable evidence is Robert Wadlow. When last measured in 1940, 
just before his death, Wadlow had reached a height of 2.72 metres. The 
shortest mature human for whom evidence exists, is Gul Mohammed from 
India. When examined in 1990 at the age of 33, he was 57 centimetres in 
height. Compare, by subtraction and by division, the heights of Robert 
Wadlow and Gul Mohammed.

5. Have you ever wondered why you see lightning before you hear it? Light 
travels at approximately 1.1 × 109 kilometres per hour while sound travels at 
roughly 1.2 × 103 kilometres per hour. How many times faster than sound is 
the light travelling?

Colour of hair Number of hairs

Black or brown 1.05 × 105

Blond 1.4 × 105

Red 9 × 104



4.6  TPP7181 – Mathematics tertiary preparation level A
4.2.1 Percentages

Percentages were first used in the fifteenth century for calculating interest, profits and losses. 
Currently they have a much broader application as indicated in the newspaper items below.

Converting from a fraction to a percentage

Let’s consider a person with the following marks over their first three assignments for a 
particular subject.

Assignment 1 Assignment 2 Assignment 3

Because the assignments are all out of different marks, it is very hard just looking at these 
figures to decide which assignment has given the student the best result. A very convenient 
method of comparing these results is to make them all out of the same mark....100.

Assignment 1  

Assignment 2  

Assignment 3  

It is now quite easy to compare results and see that the first assignment gave the student the 
best result. We call the resulting comparison with 100 a percentage (from per cent meaning 
out of one hundred). We represent a percentage by the symbol %.

The percentage sign is thought to have been derived as an economy measure when recording 

in the old counting houses; writing in the fraction of a cargo would take two lines of 

parchment, and hence the 100 denominator was put alongside the 25 and rearranged to become 
%.

Surfboards, bodyboards and surfskis 6% p a 
Term Deposit

... m
aths sc

ores o
f th

e children who had

Clearance

10 to 50% off everything.

When you insure with NRMA you 

caused 61% of injuries....

learnt to
 play the piano leapt by 34 %

 receive a 10% discount on each policy

17
20
------

8
10
------

21
25
------

17
20
------

17 5×
20 5×
---------------

85
100
---------= =

8
10
------

8 10×
10 10×
------------------

80
100
---------= =

21
25
------

21 4×
25 4×
---------------

84
100
---------= =

Recall:

Module 2
Section 2.5.1

25
100
---------
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Back to the above student’s assignment marks expressed as percentages:

Assignment 1 85% Say 85 percent, meaning 85 out of 100.

Assignment 2 80%

Assignment 3 84%

Rather than writing the assignment mark as a mark out of 100 we can simply multiply the 
fraction by 100 to get the value of the percentage.

Assignment 1 

Assignment 2 

Assignment 3 

Note that we are not changing the value of the fraction, just the look of it:

 =  = 85% the percent sign meaning out of 100.

We can generalise this process.

When converting to a percentage, form a fraction and multiply by 100%.

Example

Let’s return to Gunnadoo. In which year did the farm have the greatest percentage of cattle 
compared to the entire stock?

We must firstly form a fraction and then multiply by 100% for each year.

Percentage of cattle in 1991

17
20
------ 100× % 

17 100%×
20 1×

--------------------------= 85%=

5

1

8
10
------ 100%

8 100%×
10 1×

----------------------- 80%= =×

21
25
------ 100%× 21 100%×

25 1×
-------------------------- 84%= =

4

1

17
20
------

85
100
---------

Number of Cattle 100%×
Total Number of Stock

--------------------------------------------------------------=

500 100%×
2 500

-----------------------------=

20%=

20

1
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Percentage of cattle in 1994 

Percentage of cattle in 1997

We can see from these figures that in 1997 Gunnadoo had the highest percentage of cattle. 

Example

You pour out 200 mL from a bottle containing 1 000 mL. What percentage of the liquid did 
you pour out?

Percentage poured  

To do this on your calculator you would press the following keys.

The display should of course read 20 and you will know to add the % sign.

As you can see it is often easier and quicker to do the calculation by hand using the technique 
of cancelling zeros.

Example

A team won 7 matches out of 8.  What percentage did they win?

(Check this on your calculator).

Number of Cattle 100%×
Total Number of Stock

--------------------------------------------------------------=

100 100%×
600

-----------------------------=

17%≈

50

3

Number of Cattle 100%×
Total Number of Stock

--------------------------------------------------------------=

300 100%×
1 200

-----------------------------=

25%=

25

1

amount poured out
total amount

--------------------------------------------- 100%×=

200 mL 100× %
1000 mL

----------------------------------------=

20%=

Percentage won 
7
8
--- 100%× 87.5%= =
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Example

Suppose I had painted 75 cm of a 3 m post. What percentage of the post has been painted?

As with previous examples, we cannot compare these two numbers while they are in differing 
units.

Percentage painted

(Check this on your calculator.)

Activity 4.2

1. Write as a percentage.

(a) 8 out of 10

(b) 250 mL out of 400 mL

(c) 800 g out of 2 000 g

(d) 25 cm out of 80 cm

(e) $25 out of $60

(f) 50 mL out of 2 L

(g) 2  104 light years out of 3.5  103 light years

2. In a class of 50 students taking a maths test, 45 passed. What percentage of 
the class passed?

3. In her life a green turtle lays an average of 1 800 eggs. Of these, some 1 395 
don’t hatch, 374 hatchlings quickly die, and of the remaining 31, only 3 live 
long enough to breed. What percentage of the green turtle’s eggs hatch and 
live long enough to breed?

4. A survey of 200 people asking what cereal they ate for breakfast found the 
following results.Complete the table by calculating the percentage of people 
eating each type of cereal.

Cereal Number of 
people

Percentage of people

Corn Flakes 50

Rice Bubbles 42

Nutri Grain 39

75 cm 100%×
3 m

-----------------------------------=

75 cm 100%×
300 cm

-----------------------------------=

25%=

25

1

× ×
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5. Consider the following figures for pedestrians killed in Queensland in 1996.

Killed - 55Killed - 14Killed - 16

Taken to hospital - 405Taken to hospital - 46Taken to hospital - 65

Treated at the scene - 381Treated at the scene - 20Treated at the scene - 43

Minor Injuries - 153Minor Injuries - 12Minor Injuries - 11

Total - 994Total - 92Total - 135

Crossing carriageway at traffic lights - 6

Crossing carriageway at pedestrian crossing - 1

Crossing carriageway with no pedestrian control - 30

Stationary on road side - 6

Walking against the traffic - 2

Walking with the traffic - 7

Playing on the roads - 1

Other - 2

(a) What percentage of all people involved in pedestrian accidents are killed?

(b) What percentage of the people involved in alcohol related accidents are taken 
to hospital?

(c) As a pedestrian, what is the most common way to be killed? What percentage 
of the total deaths, die in this way?

(d) We learn as a child that we should walk on the right hand side of the road so 
we are facing the approaching traffic. Do these figures still support this view? 
What figures did you compare to come to this decision?

What happens if we have a decimal that we wish to convert to a percentage? Since we can 
convert any fraction to a decimal equivalent, converting a decimal to a percentage is exactly 
the same process as converting a fraction to a percentage.

Rolled Oats 23

Muesli 11

Coco Pops 10

Other Cereals 25

ALL AGES OVER 70 ALCOHOL LINKED

HOW PEDESTRIANS ARE KILLED
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Example

Suppose that  of the children under 6 believe in Santa Claus

We are saying that 75% of the children under 6 believe in Santa Claus.

Now we know that  

and that 0.75 × 100% = 75%

So,  = 0.75 = 75%

So we can say that  or 0.75 or 75% of the children under 6 believe in Santa Claus.

Example

Convert 0.93 to a percentage.

Example

Convert 4.23 to a percentage.

Converting from a percentage

Example

A well known department store is offering 15% off everything in the shop on one particular 
day. You are very interested in a new clock which is normally selling for $35. What will the 
clock cost after the 15% discount?

Recall from a previous section that 15% means 15 per 100. As a fraction we can represent this 

as 

We could simplify this to be 

We could also represent  as a decimal.

3
4
---

3
4
--- 100× % 75%=

3
4
--- 3 4 0.75=÷=

Recall that multiplying by 100 moves the decimal point
 2 places to the right

3
4
---

3
4
---

0.93 0.93 100%×=

93%=

4.23 4.23 100%×=

423%=

15
100
---------

3
20
------

15
100
---------
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15% =  = 0.15

You can work with a fraction or a decimal whichever you find most convenient.

Let’s return to our question. We must firstly calculate how much we would save.

Discount offered is 15% of $35

We can write this as We write the ‘of’ as a multiplication sign.

We could use decimals in the same way.

Either way we have a discount of $5.25.

The price you will pay for the clock on ‘discount day’ is $35  $5.25 = $29.75

Example

Convert 75% to a fraction and a decimal.

Example

Convert 345% to a fraction and a decimal.

Did you notice that we ended up with a number greater than 1. This is because the percentage 
was greater than 100%. We will come back to this in a later section.

15
100
---------

15% $35×

15
100
--------- $35×=

3
20
------ $35×=

$5.25=

15% $35×
15

100
--------- $35×=

0.15 $35×=

$5.25=

–

75%
75

100
---------

3
4
---= =

0.75=

345%
345
100
---------

69
20
------= =

3.45=
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Converting from a percentage to a fraction or decimal is a very useful skill. There are some 
percentages that we use so often that it is helpful to remember their fractional equivalents. 
This will also help in estimating answers which you should always be doing, even if only in 
your head.

Some of the common percentages are:

10% = 

25% = 

50% = 

75% = 

Example

Convert  % to a fraction and a decimal

You know that 25% =  = 0.25 so you would expect this answer to be very close to this 

result.

Depending on the circumstances, you might do the question like this:

This method is convenient if you are going on to do a calculation with your calculator.

Or, if calculating by hand you might do it like this:

Both of these answers are close to our estimate of  or 0.25.

1
10
------

1
4
---

1
2
---

3
4
---

25
1
2
---

1
4
---

25
1
2
---%

25.5
100
----------=

0.255=
Recall that dividing by 100 moves the decimal 
point 2 places to the left.

25
1
2
---%

25.5
100
----------=

25.5 10×
100 10×
----------------------=

255
1 000
-------------=

51
200
---------=

To remove the decimal point,
multiply top and bottom by 10.

1
4
---
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Let’s now look at some more practical uses for percentages.

Example

Interest is paid by a bank at a rate of 4% p.a. (Note: p.a. means per annum which is really 
saying per year). If you invested $2 000 for 2 years, how much money would you have?

You could think here that 10% would give $200 a year and 5% is half of this at $100, so 4% 
must be a bit less than $100.

Interest received for one year 

Interest for two years 

At the end of the two years you would have $2 000 + $160 = $2 160

Example

A hospital keeps on hand a 5% glucose solution (that is, a solution that is only 5% glucose). If 
the glucose container holds 500 mL what portion of the container is glucose?

5% of the container is actually glucose.

That is, 5% of 500 mL

So in a 500 mL container of 5% glucose solution, 25 mL would be glucose.

4% of  $2000=

4
100
--------- $2000×=

0.04 $2000×=

$80=

$80 2×= $160=

5
100
--------- 500 × mL=

5 500×
100

------------------ mL =

25 mL=
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Example

In a recent survey of adult students returning to studying mathematics it was found that 49% of 
these students expressed some anxiety about this return to mathematics study. If the group 
consisted of 63 students how many were expressing some anxiety?

Let’s think about our answer before continuing. 49% is about 50% which we know is .  

If half the students are expressing anxiety this is about 31 or 32 students.

Now to the actual calculation.

We are to find 49% of 63

So approximately 31 of the 63 students expressed some degree of anxiety.

Example

Let’s look again at Gunnadoo. When the drought began to have an effect and stock numbers 
were reduced, what percentage of the cattle and sheep were removed?

Whenever we are looking at a percentage reduction or a percentage increase we must put 
the amount of the increase or decrease over the original amount.

Let’s look at cattle firstly on Gunnadoo.

Number of cattle removed = 400 (500 100) This is the amount of the reduction

Original number of cattle    = 500

If 400 out of 500 of the cattle were removed the percentage reduction is going to be quite high.

The percentage decrease in cattle numbers 

The percentage decrease in sheep numbers

On Gunnadoo the cattle were reduced by 80% while the sheep were reduced by 75%. The 
cattle have been reduced to a greater extent than the sheep.

1
2
---

49% 63×
0.49 63×=

30.87=

31≈
We can’t have a part of a student so we will round up.

–

Amount of decrease
Original number

------------------------------------------------=

400
500
--------- 100%×=

80%=

Amount of decrease
Original number

------------------------------------------------=

1 500
2 000
------------- 100%×=

75%=
1

75
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Activity 4.3

1. Complete the following table.

2. Calculate

(a) 12% of 250 mL

(b) 90% of $75

(c) 30% of 645 g

(d) 250% of $16.40

(e) 2% of 900 mL

(f) 15.6% of 300 mL

(g) 5.5% of 350 g

(h) 70.5% of 400 mL

3. Safety experts say that 60% of children’s traffic injuries could be prevented 
by the use of child-restraint seats. If 6 100 children are injured each year in 
traffic accidents, how many injuries could be prevented with the use of child-
restraint seats?

4. The longest bone in the human body is the thigh bone or femur. It normally 
measures about 27.5% of a person’s height. Calculate the approximate length 
of your femur.

5. When the rains came to Gunnadoo and things were looking better, restocking 
began. What percentage increase in cattle and then sheep numbers took place 
in 1997?

Fraction Decimal Percentage

0.5 50%

0.25

80%

0.78

33

1
2
---

2
5
---

3
8
---

1
3
---

1
---

3
---%
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The following questions are a little more involved. They include explanations 
as well as calculations for you to complete.

6. On a bank housing loan the interest is calculated on a reducing balance. That 
is, you only pay interest on the amount of money you still have owing. One 
such housing loan has an outstanding balance of $62 347.65 on the 1st July. 
Loan payments of $865 are paid on the 20th of each month and interest is 
calculated on the last day of the month. The current yearly interest rate is 
8.2%

As a loan is basically an overdrawn (money owing) situation, a payment is 
shown as a credit and is subtracted from the balance (amount owing). Interest 
is shown as a debit and is added to the balance.

Interest is calculated on a daily balance and charged for the number of days in 
the charging period.

Let’s look at how the interest charged on July 31st was calculated.

The balance on this account was $62 347.65 from July 1 to July 20 when the 
loan payment was made. This amount was owed for 20 days.

The balance then was $61 482.65 until July 31 when the interest for July was 
calculated. This amount was owed for 11 days.

To summarise:$62 347.65 owed for 20 days
$61 482.65 owed for 11 days

Check that all 31 days in July have been accounted for.

Now to calculate the interest the bank will charge. The interest is calculated 
by finding the daily rate for any given balance and then multiplying by the 
number of days.

Let’s consider the first balance. The interest for the whole year on this 
balance would be:

 Never round off until the end.

Now work out the daily rate:

Date Particulars Debit Credit Balance

1 July 62 347.65

20 July Loan payment 865.00 61 482.65

31 July Interest 432.08 61 914.73

20 August Loan payment 865.00 61 049.73

31 August Interest

20 September Loan payment 865.00

30 September Interest

$62 347.65
8.2
100
---------× $5 112.5073=

$5 112.5073 365÷ $14.00686932=
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Calculate for the number of days owing. 

Now do the same for the other amount.

Yearly:

Daily:

For 11 days:

Now add the two amounts together to find the total interest charged.

$280.1373863 + $151.937946 = $432.0753323....

Now we can round off these numbers. The amount of interest charged is 
$432.08

You can see from these calculations that by making payments more 
frequently you owe a little bit less money each time and the interest for the 
month will be a little bit less. Over the period of a housing loan these saving 
become quite significant.

(a)By calculating the interest charges for August and September, complete 
the above bank statement up to the end of September.

7. For those of you who are now studying, have been or will be studying the 
‘Self Development’ modules of the Tertiary Preparation Program, there are 
some interesting percentage applications for you to look at. Let’s look to 
module 4 firstly and the tables on projected growth in a variety of 
employment areas. Some of these tables are reproduced below.

Projected Employment Growth by Major Group, 1992-2001 (percent)

     (Source: Projections prepared for the Workforce 2005 Report)

(a) Which group of workers is projected to show the greatest increase in 
employment numbers?

(b) Why do you think the increase in employment numbers for the machine 
operators is a negative percentage? Write a sentence to explain the 
negative percentage.

Occupation Total Change in occupational 
employment (%)

Managers 40.0

Professionals 38.2

Para-professionals 35.5

Tradespersons 21.1

Clerks 21.9

Sales workers 48.5

Machine operators –1.9

Labourers 8.8

Total 27.4

$14.00686932 20× $280.1373863=

$61 482.65
8.2
100
---------× $5 041.5773=

$5 041.5773 365÷ $13.81254055=

$13.81254055 11× $151.937946=
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0

0

0

0

0

0

0

0

0

0

0

(c) What is the difference between the highest and lowest increases in 
employment numbers?

There were 120 different occupations included in these eight groupings. The full 
details are in module 4 of the self development modules. Included here are two 
groups in detail.

Occupational employment projections 1993-94 to 2004-05

(Source: Deet 1995, pp. 139-42)

(d) Let’s consider the managers first. The total increase in numbers is expected to 
be 40%. Can you show how this figure was calculated? Remember, it is a 
percentage increase in the number of people employed. Round your answer to 
one decimal place.

(e) For the second employment group, look at the figures for the stationary plant 
operators. As for an earlier question there has been a decrease in the number 
of people employed in this area. Calculate the percentage increase in numbers 
of stationary plant operators. Round your answer to one decimal place.

Did you get the same answer as in the table? You need to be very careful 
when gathering information from any data that is presented to you.

(f) Calculate the percentage increase in the total number of machine operators. 
Round your answer to one decimal place.

Did you get the same answer as in the table this time? If you did, have a close 
look at your working again. 

Occupation
Total change in 

employment 
(%)

1993-94
Number 

employed

2004-5 
Number 

employed

Managers

Legislators or Gov Officials 41.1 2 600 3 70

General managers 73.1 32 900 57 00

Specialist managers 54.1 197 500 304 30

Farmers & farm managers 27.4 247 000 314 70

Managing supervisors 38.2 404 200 558 40

Total Managers 40.0 884 200 1 238 10

Machine Operators

Road and rail drivers 2.6 259 300 266 00

Mobile plant operators 3.4 102 000 105 50

Stationary plant operators –6.9 52 700 49 00

Machine operators –12.4 138 300 121 20

Total Machine Operators –1.9 552 400 541 60
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What error has the person that developed this table made when calculating 
this answer?

8. A bird fancier with 300 birds was asked to estimate the percentage of the 
various types of birds in his aviary. The information is given below.

The pie chart above is a very convenient way to represent information. It 
shows, in this case, the percentage of each type of bird in the aviary.

The entire pie chart represents the total number of birds in the aviary.

(a) Calculate the number of each type of bird in the aviary.

Percentages in pie charts

Let’s look in a little more detail at the pie chart from the last activity.

We said in the question that the pie chart represented the total number of birds in the aviary. 
Add up the percentages for each type of bird.

What total percentage did you get?..........................................................

You should have arrived at 100% which represented the total number of birds. In fact we use 
100% to represent the whole of whatever we are referring to.

If we were referring to your weekly income, then 100% of your income would be everything 
that you were paid.

If we were talking about 100% of the stock on Gunnadoo, then we would be referring to all the 
cattle and sheep on the farm.

Let’s look at how we could have drawn the above pie chart.

Types of Birds kept by a Bird Fancier
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Suppose this is the information from the bird fancier.

To produce a pie chart for this information, the first step is to find the proportion (fraction) of 
each type of bird.

To do this we must firstly know the total number of birds we are dealing with. From the 
original question or by adding up the number column of the table we know that there were 300 
birds altogether.

Proportion of Parrots = = = 25%

Proportion of Finches = = = 45%

Proportion of Pigeons = = = 30%

You should check that your percentages all add to 100% to check that you haven’t made any 
errors in your calculations.

We will now have to work out the size of the different sectors (pie shaped pieces) of the circle.

The full circle will represent the total number of birds in the aviary. You will also need to 
know that there are 360° in a circle.

As parrots make up 25% of the aviary population then parrots should make up 25% of the 
circle. That is, they make up 25% of the 360° in the circle.

Angle for parrots: 25% of 360° = 0.25  × 360° = 90°

See if you can complete the calculations for the other birds.

Angle for finches:  =  ×  = 

Angle for pigeons: 30% of =  ×  = 

Did you get 162° and 108° for finches and pigeons respectively?

Type of bird Number

Parrots 75

Finches 135

Pigeons 90

75
300
---------

1
4
---

135
300
---------

9
20
------

90
300
--------- 3

10
------

45% of   360°
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Now to the actual drawing of the pie chart. Using a pair of compasses  draw a circle. 
Clearly mark the centre. Draw a line from the centre to the edge (we call this line a radius).

To mark in the sector for parrots use a protractor to make an angle of 90°

Now construct the remaining sectors.

Give your pie chart a title and the finished product should look like:

Parrots 25%
If you are not familiar with the use of 
a protractor please refer to the
appendix at the end of this module. 
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Activity 4.4

1. The following table shows the percentage of people preferring their steak to 
be cooked in each of the following ways.

(a) Construct a pie chart using the above information. Round your angles to 
the nearest degree, checking to see that you only end up with 360°

(b) If 3 450 restaurant patrons were surveyed, how many of these would you 
expect to order their steak medium?

(c) Because everybody has a different idea of what is meant by each of the 
above categories, a recent study found that about 31% of people believed 
the steaks they received were not cooked to the ordered degree of 
‘doneness’. How many of the 3 450 restaurant patrons surveyed in part 
(b) would you expect to be unhappy with their steak? 

Degree of ‘doneness’ Overall (%)

Rare 5

Medium/rare 19

Medium 28

Medium/well done 18

Well done 30

100

Parrots 25%

Finches 45%

Pigeons 30%

Types of birds kept by a bird fancier
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2. Forty primary school teachers were surveyed about a proposal to begin and 
end the school day half an hour earlier. Their responses were collated and are 
partly shown on the pie chart below.

(a) Calculate the percentage of teachers in each of the three categories.

(b) How many of the surveyed teachers opposed the change in hours?

3. Following are two pie charts that have appeared in advertising material. 
Neither are accurate examples of the use of the pie chart. Write a few 
sentences commenting on the problems with each of the charts.

(a)

Teachers’ attitude to change in hours

 Heart Tablet $40.00

 
 (Health Insurance Commission 06/93)

Government $24 Patient $16
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(b)

(Source: Discover Better Health, A pamphlet from your local chemist)

4.2.2 Ratios

Another method of comparison by division is the idea of a ratio. A ratio is a comparison of two 
or more related amounts.

Consider the pink paint made in a previous activity by mixing 2 cans of white paint with 3 
cans of red paint. This will make a total of 5 cans of pink paint. However, suppose that 10 cans 
of this pink paint were needed. Then the amounts of each colour (white and red) will have to 
be doubled. Provided that both colours are doubled, the same shade of pink will be produced. 
It is important to recognise that the colour of the mixed paint depends on the ratio of the white 
paint to the red paint. In this case, the ratio of white paint to red paint is

2 : 3 Read this as  '2 is to 3'

2 of white is to 3 of red

A ratio is a statement of related amounts. 

Ratio comes from the Latin ar meaning ‘to fit together’. The Latin ratio developed from the 
idea of fitting numbers together in the sense of comparing them. Related to these words 
meaning fitting together are, arthritis - inflammation in the fitting together of the joints, adorn 
- make more appealing by adding decoration and read - the fitting together of words to give 
understanding.

A ratio does not contain any units. In fact the same shade of pink could be made by mixing 2 
cups of white with 3 cups of red or by mixing 2 litres of white with 3 litres of red. As long as 
the two colours stay in the same relative amounts we will always get the same shade of pink.

As we saw above, 10 cans of this paint could be made by mixing 4 cans of white with 6 cans of 
red.

We could express this as the ratio  4 : 6

Just as we can convert fractions to their simplest form, we can do the same with ratios.

Heartburn, indigestion & age

Age 35-49  
38%

Age 18-24   
27%

Age 25-35  
34%

Age 50+   
41%



4.26  TPP7181 – Mathematics tertiary preparation level A
Consider the ratio of sheep to cattle numbers on Gunnadoo in 1991.

The ratio of sheep to cattle  2 000 : 500 Dividing both sides by 100 or cancelling zeros.

      20 : 5

20 ÷ 5 : 5 ÷ 5 Dividing both sides by 5

        4 : 1

Therefore 2 000 : 500 is the same ratio as 4 : 1. We are saying that for every cow there are 4 
sheep. Or we could say, just as we did before, that there are 4 times as many sheep as there are 
cattle.

Example

Simplify the ratio 15 : 10

Hence 15 : 10 is the same as 3 : 2  We call them equivalent ratios.

We can write this as 15 : 10  ≡  3 : 2 The symbol  ≡  means ‘is equivalent to’.

So far in this module we have only looked at comparing two quantities. A ratio allows us to 
compare any number of quantities.

Consider a particular mix of concrete that is made by mixing cement, sand and gravel in the 
ratio 1 : 3 : 4

     1 : 3 : 4  

1 part cement 3 parts sand     4 parts gravel

We can simplify a ratio of more than two quantities using the same methods as before.

Example

Simplify 20 : 16 : 12

Don’t worry if it takes you more than one step to reach the simplest form.

15 : 10

15 5 : ÷ 10 5÷
3 : 2 There is nothing further that will divide into both

 3 and 2 so this is in its simplest form.

20 :16 : 12

20 2 : 16 2 : 12 ÷÷ 2÷
10 : 8 : 6

10 2 : 8 2 : 6 2÷÷÷
5 : 4 : 3
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Example

Express 15 seconds to 2 minutes as a ratio in simplest form.

Before we can do this, each measurement must be expressed in the same unit. We could 
change both to seconds or both to minutes. We will choose seconds.

2 minutes 

The ratio then can be written:

        15 : 120 Remember there are no units in a ratio.

Don’t be concerned if you took more steps. It       

1 :  8 doesn’t matter how many steps you take.

So 15 seconds to 2 minutes can be written as the ratio 1 : 8

Example

Just as we can simplify ratios by dividing both sides by the same number, we can also multiply 
both sides by the same number to form an equivalent ratio.

Consider our pink paint from before. It was mixed white to red in the ratio 2 : 3

How many cans of red paint would be needed to make this shade of pink paint, if 6 cans of 
white paint are available?

White : 

What did we multiply 2 by to get to six? ...............................................................

You should have said 3 because . This was fairly easy to see. You could also have 
come up with this answer by dividing 2 into 6. That is  We will come back to this in 
a minute.

What you do to one part of the ratio you must do to the other, so

If 6 cans of white paint were available, 9 cans of red paint would be needed to make the same 
shade of pink.

Using the same ratio of paints, how many red cans would I need if I had only 5 white cans?

That is

2 60 seconds×=

120 seconds=

15 15 : 120 15÷÷

Red 2 : 3 6 : ?≡≡

2 3× 6=
6 2÷ 3=

2 3 : 3 3 6 : 9≡××

2 : 3  5 : ?≡
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We ask ourselves the same question. What did I multiply 2 by to get 5? This is a little harder 
than the last example as this time it is not easy to see the answer. If we use the second method 
mentioned before, we will find the answer.

That is,  So we must multiply both sides by 

With 5 cans of white paint you would mix 7  cans of red paint.

Example

On a map or scale drawing you might see the scale written as 1 : 100   This ratio compares 
distance on the map or scale drawing to the actual distance. In this case, 1 unit on the map will 
be equivalent to 100 of the same unit in real life. For example, one centimetre of this map 
would represent 100 cm in real life. We could also state this as 1 cm is equivalent to 1 metre, 
since 100 cm is the same as 1 metre.

The following map shows the situation of four towns around an island. Find the distance 
between towns A and B.

The scale on a map is 1 : 1 000 000, which we could think of as 1 cm on the map representing 
1 000 000 cm of real distance. The distance between A and B measures 3.5 cm on the map.

What did you multiply 1 by to get 3.5?   You multiplied by 3.5.

5 2÷ 5
2
---=

5
2
---

2
5
2
--- : 3

5
2
---   5 : 

15
2

------    5 : 7 
1
2
---≡ ≡××

1
2
---

1 : 1 000 000  3.5 : ?≡

1 3.5  :  1 000 000 3.5 3.5 : 3 500 000≡××
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So the distance between A and B is 3.5 cm on the map giving a distance of 3 500 000 cm in 
real life. This is not an appropriate measure to express the distance between two towns. We 
should convert it to kilometres, a more appropriate measure.

3 500 000 cm = 35 000 m = 35 000 × 10 −3 km = 35 km

The distance between towns A and B is 35 kilometres.

Activity 4.5

1. Express the following as ratios in their simplest forms.

(a) 21 : 15

(b) 20  :  12

(c) 350 g to 500 g

(d) 90  mL to 300 mL

(e) 5 mL to 3 L

(f) 5 g to 10 kg

(g) 2.2 kg to 500 g

(h) 9.5 L to 50 mL

2. A human has 32 adult teeth. There are four different kinds of teeth. The teeth 
are classified as follows:

incisors 4 pairs bicuspids 4 pairs

canines 2 pairs molars 6 pairs

(a) How many teeth are:

(i) incisors 

(ii) canines

(iii)bicuspids 

(iv)molars

(b) Express the following as ratios in their simplest forms.

(i) incisors to molars

(ii) bicuspids to canines

(iii)incisors to bicuspids

(iv)molars to all teeth

(v) incisors to molars to all teeth.

Recall:

Module 3
Section 3.2.1
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3. If the basketball team wins 24 games out of 30 played

(a) What fraction of the games are won?

(b) How many games are lost?

(c) What is the ratio of games lost to games won?

4. A company surveyed a group of people to find out information about diets. 
They found out that 35% of people skip breakfast. What is the ratio of people 
who eat breakfast to those who skip breakfast?

5. Find the unknown value that makes each of the following equivalent ratios 
true.

(a) 8 : 5  ≡  24 : ?

(b) 3 : 4  ≡    ? : 20

(c) 4 : 6  ≡  10 : ?

(d) 7 : 3  ≡  ? : 4

(e) ?  : 4  ≡  2 : 1

(f)  :  ≡  ? : 

(g) 2 : 0.75  ≡  ? : 0.25

6. A garden compost is made up of loam, peat and sand in the ratio 7 : 4 : 2  If 
we use 4 buckets of sand, how much loam and peat are required?

7. From the map drawn in the previous example, find the distance between 
towns B and C.

8. I wish to draw a 1 : 500 scale drawing of a basketball court. I know that the 
exact dimensions of the court are 14 metres by 26 metres. What dimensions 
should I make the scale drawing?

9. The case load in a particular ward in the hospital is determined to be 12 
patients to each two nurses. To have an equal case load, how many nurses are 
required for 70 patients?

Let’s return to our pink paint.

If the pink paint is mixed in the ratio 2 : 3 (white to red) then 5 (that is, 2 + 3) cans of this pink 
paint is made up of 2 cans of white and 3 cans of red paint.

We can say that 2 out of 5 or  of the cans will be white and 3 out of 5 or  will be red.

4
7
---

3
5
---

6
15
------

2
5
---

3
5
---

W W R R R
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Example

A herbicide mixture is  chemical and the rest is water.

(a) What fraction of the herbicide is water?

(b) How much of each will have to be mixed to make 200 mL of herbicide?

(c) What is the ratio of chemical to water?

Solution:

(a) If the chemical makes up  then the water must be 

(b) To make 200 mL of herbicide:

chemical:  of 200 mL

water:  of 200 mL

Therefore we should mix 40 mL of chemical with 160 mL of water to make 
200 mL of the herbicide. This looks reasonable as there should be a lot more 
water than chemical.

(c) The ratio of chemical to water is:

40 mL to 160 mL

40  :  160 We can simplify this further.

   1  :  4

1
5
---

1
5
---

4
5
---

C

W
W

W

W

Fraction of water 1
1
5
---–=

5
5
---

1
5
---–=

4
5
---=

1
5
---

1
5
--- 200×=

40 mL=

4
5
---

4
5
---= 200×

160 mL=
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Remember that this means that 1 measure of chemical with 4 of the same measures of water 
will make herbicide of the same strength. Now, 1 part is chemical and 4 parts are water giving 
5 parts altogether. We can also think of this as meaning that 1 part in 5 is chemical and 4 parts 
in 5 are water, as in the original question.

You may often see statistics written in this form. 

Example

Some interesting facts from Larry Laudan’s Book of Risks (New York, John Wiley & Sons, 
Inc, 1994) include:

• The risk that you will be injured this year is 1 in 3;

• The risk that you will injure yourself on a chair or bed this year is 1 in 400;

• The risk that you will injure yourself shaving this year is 1 in 7 000;

• The risk that you will die from falling out of bed this year is 1 in 2 000 000;

• The risk that you will be injured by your toilet is a mind boggling 1 in 6 500!!!

We can express each of the above risks as a ratio.

Risk of:

being injured: 1 : 2 That is, 1 in 3 (1 + 2)

being injured by chair or bed: 1 : 399 That is, 1 in 400 (1 + 399)

of a shaving injury: 1 : 6 999 That is, 1 in 7 000 (1 + 6 999)

death from falling from bed: 1 : 1 999 999 That is, 1 in 2 000 000 (1 + 1 999 999)

being injured by your toilet 1 : 6 499 That is, 1 in 6 500 (1 + 6 499)

Fancy your chances of winning Lotto? You might like to know that the chance of winning 
Lotto, with 45 numbers to choose from, is 1 in 8 145 060. If you bought six games each week, 
you could expect to wait about 26 000 years for your first win. Your chances of winning 
Lotto? Fat Chance!!!!!

Example

An inheritance of $8 235 is to be divided between Sally, Tony and Ursula in the ratio 

2 : 3 : 4. How much will each person receive?

The ratio 2 : 3 : 4 consists of 9 parts (2 + 3 + 4) so we can say that:

Sally receives 2 parts out of the 9 or 

Tony receives 3 parts out of the 9 or and

Ursula receives 4 part out of the 9 or 

So Sally receives $8 235  ×  = $1 830

2
9
---

3
9
---

4
9
---

2
9
---
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Tony receives $8 235  ×  = $2 745

Ursula receives $8 235  ×  = $3 660

To check that you have shared out all the money correctly, add your final figures.

$1 830 + $2 745 + $3 660 = $8 235

We have formed an equivalent ratio.

    2 : 3 :  830 : 2 745 : 3 660

Therefore from the inheritance, Sally receives $1 830, Tony receives $2 745 and Ursula 
receives $3 660.

Activity 4.6

When you are calculating answers for the following questions always check that 
your answer is reasonable.

1. An evening class contains 32 male students. If the ratio of males to females in 
the class is 4 : 3, how many females are in the class?

2. On Gunnadoo in 1970 the ratio of sheep to cattle was 13 : 5. If stock numbers 
totalled 1 980, how many cattle were on the property?

3. A fertilizer is made up of nitrogen, potash and phosphate in the ratio 2 : 3 : 4 
respectively. How many kilograms of nitrogen would there be in a 27 
kilogram bag of fertilizer?

4. Daniel and Tom help out at home by mowing the lawn. They are to be paid 
$10 for the job. Daniel is older and feels he did more work than Tom. Their 
mother decides that the money should be divided between Daniel and Tom in 
the ratio 3:2 How much money does each boy receive?

5. Human blood normally has a ratio of 1 000 : 1 between red blood cells and 
white blood cells. A sample of blood is found to have 2 125 white blood cells 
and 4 250 000 red blood cells. How does this compare with normal blood?

6. Following are the risks of dying this year from a job related accident or 
illness. Express each of these as a ratio.

(a) An airline pilot: 1 in 1 100

(b) In mining and agriculture: 1 in 2 300

(c) In transportation: 1 in 4 500

(d) In government: 1 in 11 000

(e) In manufacturing 1 in 23 000

(f) In sales 1 in 24 000

(g) In office work 1 in 37 000

3
9
---

4
9
---

4 1≡
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7. The mortality rate for a particular surgical procedure has been found to be 5 
deaths for each 3 800 operations.

(a) In one year, a total of 10 500 operations using this surgical procedure are 
conducted. How many deaths would be expected for this procedure over 
this time?

(b) Research showed that 75 deaths occurred over a given period, for this 
type of surgery, how many operations would have taken place?

Ratios around us

Ratios are more than just a way of comparing facts and figures. Throughout history we have 
used ratios in the shapes of things around us to make things more pleasing to the eye or to be 
structurally sound. Let’s now look at ratios associated with some common shapes.

Ratios in squares

Firstly let’s consider the square.

What do you already know about the square?

..................................................................................................................................

You might have said that all of its angles are right angles (90°) and all of its sides are the same 
length.

Recall from earlier work that the perimeter of any figure is the distance around the outside.

What is the perimeter of this square? ......................................................................

Write a ratio of perimeter to side length for this square. ............................................

Did you say that the perimeter was 3 cm + 3 cm + 3 cm + 3 cm = 12 cm

The ratio would then be 12 cm to 3 cm

That is 12 : 3 or when simplified this would become 4 : 1

3 cm

3 cm 3 cm

3 cm

Notice the symbol we use to represent a 
right angle.
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Let’s try that with another square.

Find the ratio of the perimeter to the side length. .........................................................

Did you get 5 + 5 + 5 + 5 : 5

     ≡ 20 : 5

≡ 4 : 1

In fact you should always get a ratio of 4 : 1 when you compare the perimeter of a square to its 
side length. That is to say that the perimeter is always 4 times the length of the side. We will 
look at a formula for this expression in a later module.

Ratios in rectangles

Let’s firstly look at what it means to be a rectangle. Like a square, the rectangle has all angles 
equal to 90°, that is, they are all right angles. A rectangle also has opposite sides equal in 
length.

We represent lines with the same length by marking them with the same symbol.

5 cm

5 cm 5 cm

5 cm

To come:
Module 5
Section 5.3.1

And these two lines 
are the same length.

These two lines
are the same length.
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Let’s move on and look at a very special rectangle.

In studying art and architecture you may come across the golden ratio. The golden ratio is a 
number that dates back to at least 300 B.C. It was particularly important to the Greek 
civilizations where it appeared in many examples of art and architecture. The golden ratio is 
approximately equal to 1.62 : 1. A rectangle with its sides in this ratio is known as a golden 
rectangle. This rectangle was thought to be the most pleasing to the eye.

Ancient Greek architects in the 5th century B.C. were aware of the golden rectangles 
harmonious influence. The Parthenon at Athens is an example of the use of the golden 
rectangle in architecture. Many of Leonado da Vinci’s paintings make use of the golden 
rectangle. In fact, he helped illustrate a book which dealt with the properties of the golden 
ratio.

Find the ratio of the length to the width of the following items. Express these ratios as 
‘something’ : 1

(a) a normal envelope;

(b) a playing card;

(c) a postcard;

(d) a foolscap piece of paper; and

(e) find the ratio of your height to the height of your navel above the ground.

You should have found that most of these ratios fall close to the golden ratio. This ratio occurs 
in nature as well as the man made world. Look at things in your environment and see if you 
can find other instances of the use of the golden ratio.

Ratios in circles

We have already come across circles in the section on drawing pie charts. Let’s now look again 
at the circle and some of the names we give to the parts of the circle. 

Remember that we have already talked about the perimeter of an object as the distance 
around the outside. This distance in a circle is given the special name circumference. The 
distance from the centre of the circle to the edge is called the radius, and finally the distance 
all the way across a circle through the centre is called the diameter. 

You should notice that the diameter is twice as long as the radius.

By placing a piece of string around the edge, find the length of the circumference of the 
following circles. Then for each circle, find the length of the diameter. Measure these lengths 
as accurately as you can (to two decimal places if possible) and be sure you use the same unit 

Circumference

Diameter
Radius
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for both measurements. Then for each circle write the ratio of the circumference to the 
diameter.

You will sometimes see a ratio written as a fraction. In this case the ratio has been expressed as 
a comparison to 1.

For example, 

Consider the ratio 3 : 4 

If we divide both sides of the ratio by 4 we get,

  : 

  : 1

0.75 : 1

You will sometimes see a ratio written just as a fraction or a decimal, for example  or 0.75, 

but you would know that this meant it was compared to 1.

For each of the three ratios you found above, express them as a ratio to 1. Express your 
answers in decimal form.

Circle 1 Circle 2 Circle 3

..................... .................... .........................

You should have found that all your answers were about the same, depending on the accuracy 
of your calculations. In fact if your calculations were very accurate you should be able to 
recognise the number that you obtained for each circle.

The number in each case should be π at 3.14159..........

You will recall from module 2 that π is an irrational number (as a 
decimal it is a never ending, non-repeating decimal).

So, circumference : 

Circle 1
Circle 2

Circle 3

.......................... ....................................................

3
4
---

4
4
---

3
4
---

3
4
---

Recall:

Module 2
Section 2.6.5

diameter π : 1≡
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We say that the ratio of the circumference of a circle to its diameter is equal to .Try this on 
some familiar circular items about your house.

We will use this information in the next module to develop a formula that will allow us to find 
the circumference of a circle without having to measure it.

The number pi (π) has fascinated people for thousands of years. It is thought that the 
Egyptians used a value for π when building the Great Pyramid of Cheops. It has been claimed 
that the height of the pyramid multiplied by π gives a result equal to the length of any two of 
the four sides measured at ground level.

Ratios in triangles

Just as we find the golden rectangle in art, architecture and nature, we also come across the 
golden triangle (we are referring to the geometric shape of a triangle, not the drug area of 
Asia). This is a triangle where two of the angles are 72° and the other angle is 36°. For the 
three golden triangles below, check with your protractor, that the two angles at the bottom of 
the triangle are 72° and that the angle at the top of the triangle is 36°.

What do all the angles in each of these triangle add up to? ........................................

Did you say 180°? That is right, there are 180° in every triangle.

If you were to measure the lengths of the two upright sides you would find that they are the 
same length, while the base of the triangle is a different length. Check this now on the above 
triangles.

We call any triangle with two sides of equal length and two angles of equal size, an isosceles 
triangle.

Now, for the above three triangles, form a ratio of the upright side length to the base length.

Triangle 1 Triangle 2 Triangle 3

.................. ........................... ........................

As we have done before, express these ratios as ‘something’ : 1

π

Triangle 1 Triangle 2 Triangle 3
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Triangle 1 Triangle 2 Triangle 3

.................. ........................... ........................

All your answers should be very close to the golden ratio which is approximately equal to 
1.62 : 1

This figure shows a sand dollar, a sea creature often found washed up on beaches in the 
northern hemisphere.

It has five evenly spaced holes that, if connected in every possible way, form the figure shown 
below. 

We call this five sided figure a pentagon. Using your protractor to measure angles, see how 
many golden triangles you can find in the above diagram. In fact you may find up to twenty 
different golden triangles.

We have only briefly touched on the properties and occurrences of the golden ratio. If you 
would like to learn more about this interesting topic, you will find many books in the library 
worth reading.

Let’s now look at another type of triangle. The triangle we will look at next is the right angled 
triangle. This simply means that one of the angles in the triangle is a right angle (90°).

All of the following triangles are right angled triangles.
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Consider the following right angled triangle. Apart from the right angle, which is marked with 
a small square, another angle is usually marked. Often this angle is unknown or we want to 
represent the angle to be many values. In this case, we represent the angle with a symbol. Any 
symbol will do, but for this module we will use the Greek letter theta ( ). 

We call the side opposite the right angle the hypotenuse (pronounced hi/pot/en/use). The side 
opposite the marked angle we call the opposite side and the remaining side is called the 
adjacent side. Note that the adjacent side will always be one of the sides that surround the 
marked angle.

Let’s now look at some of the ratios of sides in the above triangle.

For the above triangle, measure the angle  with your protractor ..........

Measure the length of the side opposite the angle θ .................................

Measure the length of the side adjacent to angle θ ...................................

Measure the length of the hypotenuse. .....................................................

It is usual practice when writing the ratios of side lengths in triangles to express the ratio as a 
fraction or decimal. Recall from earlier in this section that this means that we are expressing 
the ratio as a comparison with 1.

Find the ratio of the opposite side to the hypotenuse.

θ

hypotenuse

opposite side

adjacent side

θ

θ

Ratio =
length of opposite side
length of hypotenuse

= = ___________
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Now repeat this procedure for the following triangle.

With your protractor, measure the angle . ................................................

Measure the length of the side opposite the angle θ ....................................

Measure the length of the side adjacent to angle θ ......................................

Measure the length of the hypotenuse. .......................................................................

What do you notice about the size of the angle and the ratio of the opposite side to the 
hypotenuse, compared to the last triangle?

.....................................................................................................................................

You should have found that for this triangle, the angle was the same as in the previous triangle. 
You should also have found that the ratio was the same (or very close depending on the 
accuracy of your measurements and our diagrams).

In fact the ratio of the opposite side to the hypotenuse will always be the same provided that 
the angle  is always the same.

We refer to the ratio of the opposite side to the hypotenuse, of a right angled triangle, as the 
sine ratio of the angle.

For an angle of 45°, the sine ratio will always be approximately equal to 0.707

What does this mean?

hypotenuse

opposite side

adjacent side

θ

θ

Ratio =
length of opposite side
length of hypotenuse

= = ___________

θ



4.42  TPP7181 – Mathematics tertiary preparation level A
Let’s write out this ratio so that it looks like our earlier ratios.

opposite side :  : 1

Remember back to when we looked at the ratio of sheep to cattle 
on Gunnadoo. 

sheep :  : 1

We are saying that for every cow there are 4 sheep. Or we could say that there are 4 times as 
many sheep as there are cattle.

So for our sine ratio, in a right angled triangle, with one angle equal to 45°: 

opposite side : : 1

We are saying that for every one unit of length (that might be a centimetre, a millimetre or any 
unit of length) on the hypotenuse, we have 0.707 units on the opposite side. Or we could say 
that the opposite side is 0.707 times the length of the hypotenuse. Can you now see the 
similarity of this ratio to the others we have looked at? The ratio still has the same meaning 
even though it is written only as a fraction or a decimal.

Example

Construct some right angled triangles with an angle of 30°. 

Find the ratio of the opposite side to the hypotenuse, the sine ratio.

For an angle of 30°, the sine ratio will always equal 0.5. Does this agree with your findings?

We write this mathematically as 

sin 30° =  0.5 We write sin as an abbreviation for sine but still pronounce it as in ‘sign’.

We are saying that in a triangle with an angle of 30°, that for each unit of length on the 
hypotenuse, we have half this unit of length on the opposite side. 

Consider the following triangle (not drawn to scale).

In the above diagram, the hypotenuse is 4 cm long, how long is the opposite side?

We know that sin 30° = 0.5   That is:

opposite side :  : 1

Now, we know the hypotenuse is 4 and we wish to find the length of the opposite side.

hypotenuse 0.707≡

Recall:

Module 4
Section 4.2.2cattle 4≡

hypotenuse 0.707≡

4 cm

? cm

30°

hypotenuse 0.5≡
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So, ? : : 1

We now have a ratio statement very similar to many we have solved before.

? : : 1

What did you multiply 1 by to get to 4? So, we must multiply 0.5 by 4 to find our unknown 
value.

The opposite side would have to be 2 cm long. We can check that, yes, opposite over 
hypotenuse or 2 over 4 does equal 0.5.

The same principles we have looked at for the sine ratio apply to the ratio of the length of the 
side adjacent to an angle and the hypotenuse of a right angled triangle. We call this the cosine 
ratio (pronounced co-sign and abbreviated to cos).

Try calculating the cosine ratio for the following triangle. We are using a method of naming 
triangles using letters. For example, we have below two triangles, triangle ABC and triangle 
ADE. If you move from one letter to the next in the name of the triangle, you will have a 
picture of which triangle is indicated. We also name sides in the same way. For example side 
DE means the side that runs from the letter D to the letter E. We could also have named this 
side ED. It doesn’t matter which way you name the sides in this module.

For the triangle ABC Measure the angle = __________

Measure the adjacent side (AB) = __________

Measure the hypotenuse (AC) = __________

The cosine ratio    = 

For this angle, the cosine ratio    = =  

4 0.5≡

4 0.5≡

0.5 : 1 0.5 4 : 1 4 2 : 4≡××≡

A
B

C

D

E

0

Hypotenuse

Adjacent side

θ

length of adjacent side
length of hypotenuse
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For the triangle ADE Measure the angle = __________

Measure the adjacent side (AD) = __________

Measure the hypotenuse (AE) = __________

For this angle, the cosine ratio    =       =  

      Hence, cos = __________________     

If the cosine ratios were not similar for the two triangles, recheck your working.

There is one final ratio to consider.

The tangent ratio (tan for short) is the ratio of the length of the side opposite an angle to the 
length of the side adjacent to it, in a right angled triangle.

Find the tan ratios for each triangle in the last example.

For the triangle ABC Measure the angle = __________

Measure the opposite side (CB) = __________

Measure the adjacent side (AB) = __________

The tangent ratio    = 

For this angle, the tangent ratio    =  _____________ 

For the triangle ADE Measure the angle = __________

Measure the opposite side (ED)= __________

Measure the adjacent side (AD)= __________

For this angle, the tangent ratio    =  ____________ 

      Hence, tan  = _________________ 

These ratios are three of the basic trigonometric ratios. We call this branch of mathematics 
trigonometry (trig for short). The word trigonometry names a science that was originally 
concerned with finding the lengths of the sides of triangles. Early astronomers used these ideas 
to solve problems related to the planets and stars. Today trigonometry is an essential part of 
navigation and surveying, but also has applications in business, drawing, design and building.

θ

θ We would say this as 
cos theta or coz theta

θ

length of opposite side
length of adjacent side

θ

θ We would say this
 as tan theta.
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Let’s summarise the work we have done so far on trigonometry.

For the angle , sin = 

cos = 

tan = 

As you have seen, each angle has its own set of ratios. It will not be necessary to measure each 
time to find the ratio. Your calculator is able to find the sin, cos and tan of any angle that you 
require.

Example

Find the sin, cos and tan ratios for the angle marked in the following triangle.

Find the sin, cos and tan keys on your calculator

Before we move on to finding these values check that your calculator is in degrees. If it is in 
degrees it should have DEG written along the top of the display.

If it doesn’t have DEG, press the  key and then the key for degrees.

To get the sine ratio for 15° press:    on your calculator.

0

Hypotenuse (always 
opposite the right angle)

Opposite side (opposite
 the angle of interest)

Adjacent side (next to the 
angle of interest)

0, the angle of interest

θ θ
opposite 
hypotenuse

θ
adjacent 
hypotenuse

θ
opposite 
adjacent 

15°
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The display should read 0.258819045

To get cos 15° press  on your calculator.

The display should read 0.965925826

And finally tan 15° = 0.267949192

If you did not get these answers you should check that your calculator is working in degrees. It 
should have DEG written on the display.

Go back now and check your ratios for cosine and tangent in the last section. Find the cos and 
tan for the angle that you measured and check that your answers agree.

Example

A 6 m ladder leans against a wall such that it makes an angle of 60° with the ground. How far 
is the bottom of the ladder away from the wall?

Next you need to choose the appropriate trig. ratio. We know the hypotenuse (the length of the 
ladder), the angle (60°) and wish to find the length of the side adjacent to the angle (the length 
along the ground to the foot of the ladder). So we must choose the cosine ratio.

cos 60° :  : hypotenuse

       0.5 :  : 6 On your calculator cos 60° = 0.5

Hence the foot of the ladder is 3 m from the wall.

wall
6 m ladder

60°
? m

Firstly, draw a diagram.

1 adjacent≡

1 ?≡

0.5 6 : × 1 6 3 : 6≡×
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Activity 4.7

1. For each of the following right angled triangles (not drawn to scale) name 
the:

(i) hypotenuse

(ii) side opposite the marked angle

(iii) side adjacent to the marked angle.

2. Using your calculator find the ratios, sin, cos and tan, for each of the angles 
marked in the triangles in question 1. Round your answers to three decimal 
places if necessary.

3. For the following triangles name the ratio given for the marked angle.

(b) (c)
A

B C

E F

G

P Q

R
34°

67°

45°

(a)

(a) (b) (c)
C

D E

J K

L

R T

S

0

0
0

CD
CE = JL

KL = RT
ST =

DE
CE = JL

JK = ST
RS =

DE
CD = JK

LK = RT
RS =
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4. A missile was fired at an angle of elevation of 30°. What is its height after it 
has travelled 500 m?

5. Shadows tell us that the sun’s rays land on earth at an angle. This angle varies 
throughout the day. Find the height of a skyscraper, if the length of its shadow 
is 150 m when the angle of elevation of the sun is 45°. Draw a diagram to 
represent this situation.

4.2.3 Rates

So far we have only looked at comparing quantities of the same kind. A rate is a comparison 
of two quantities of different kinds. Unlike ratios, rates are expressed with the units included. 
Rates can be compared by expressing them in the same unit.

Example

A small car is driven 150 kilometres on 10 litres of petrol. What is the rate of petrol 
consumption.

We are comparing a distance of 150 kilometres with a volume of petrol of 10 litres.

Notice that in this case the units do not cancel

Rate of consumption 

We don’t usually see a rate written like this. 

We could write it as 15 km/L and say 15 kilometres per litre.

Or, recall from module 3 that moving a power from the top to the 
bottom or the bottom to the top of a fraction means that we change 

the sign of the index.

In this case we have 

We could write this as 15 kmL–1. We would still say 15 kilometres per litre. With most 
documents now being typed or written with a computer this is a symbolism that you will 
regularly see. 

However we write it, 15 kilometres per litre sounds like pretty good fuel economy.

?m
500 m

30°

150 km
10 L

------------------=
15 km

1 L
---------------=

Recall:

Module 3
Section 3.2.2

 
15 km

1

1 L
1

------------------
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A common way that car manufacturers talk about the worth of their respective cars is to talk 
about the fuel economy. They express this as how many litres of petrol the car would use to 
travel 100 kilometres.

Let’s go back to our small car above.

This time we wish to compare volume to distance.

Fuel economy 

We need to express this as litres per 100 kilometres instead on 1 kilometre as we have.

Multiplying both units by 100 gives us

Fuel economy 

Example

Rates are also a convenient way of making price comparisons between similar items.

Suppose you were looking for the best buy in laundry detergent. At the supermarket you found 
two brands that looked promising: Kwik Klean at $3.95 for 1.5 kg and Super Sudser at $5.30 
for 2 kg. How can you compare value when they come in different size containers?

By converting each to a rate per kilogram we can make a comparison on equal terms.

Rate per kilogram for Kwik Klean 

Rate per kilogram for Super Sudser 

We can now see that Kwik Klean at $3.95 for 1.5 kg is the better buy. 

(Of course, price is not the only consideration when purchasing a product. You may buy the 
larger one to save on packaging or it may have more environmentally friendly ingredients.)

10 L
150 km
------------------= 0.06666667 L/km=

0.06666667 100 L/1 100 km××=

6.67 L/100 km≈
A pretty good selling point.

$3.95
1.5 kg
---------------= $2.63/kg≈

$5.30
2 kg
-------------=  = $2.65/kg
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Activity 4.8

1. Complete the following:

(a) 300 kilometres in 6 hours is a rate of  kilometres per hour.

(b) $27 for 9 metres is a rate of   dollars per metre.

(c) 42 hectares in 7 days is a rate of  hectares per day.

(d) 120 runs for 4 wickets is a rate of  runs per wicket.

(e) $320 for 40 hours work is a rate of  dollars per hour.

2. Two athletes were checking their pulse rates after an exercise session. Craig 
measured his pulse for 10 seconds and counted 20 beats, while Keely counted 
31 beats over 15 seconds. Compare the two athletes pulse rates by converting 
each to beats per minute which is the usual unit in which to measure pulse 
rate.

3. Fertiliser is to be spread over a 20 hectare paddock at the rate of 250 
kilograms per hectare. How many tonnes of fertiliser should the farmer 
order?

4. A 600 m2 suburban block of land was advertised for sale at $42 000, while an 
equally well situated block of area 0.1 hectares was priced at $50 000. Which 
was the better value for money on a dollars/square metre basis?

5. On 3 000 hectares of Gunnadoo the owners increased the carrying capacity of 
sheep by improving some of the pastures. If the carrying capacity increased 
from 5 to 61⁄ 2 sheep per hectare, how many more sheep was the area able 
to run?

6. Sound is said to travel at an approximate speed of 340 metres per second. An 
aircraft travelling at this speed is said to be travelling at Mach 1.

(a) What is this expressed in kilometres per hour? 

(b) If an aircraft is travelling at Mach 2, what is this speed in metres per 
second and in kilometres per hour?
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4.3 A taste of things to come

1.  Following is a bankcard statement that we looked at in module 2.

(a) You will notice at the top of the statement that the annual percentage rate has been stated. 
Calculate the daily percentage rate, rounded to the nearest ten thousandth, and include this 
in the appropriate column at the top of the statement.

(b) If the minimum payment due is calculated by finding 3% of the closing balance, rounded 
to the nearest dollar, what is the minimum payment due for this statement?

2. Now let’s look at a task that teachers and others face when trying to work out final marks 
for students at the end of the semester.

For example, if you are currently studying the unit Focus on Study you will be involved in 
three areas of study: self development, communications and mathematics. Each of these 
parts contributes the same amount to the final mark.

(a) What fraction of the final mark comes from each of the three areas?   Express this fraction 
as a percentage.

The following is a bankcard account statement for:

J Citizen
Grubby Ave
Toowoomba 4350

Account number Annual percentage rate Daily percentage rate Opening
Cash advances: 16.450% balance A$

Credit limit Credit available Annual percentage rate Daily percentage rate $1246.73
4000 Purchases 16.450%

Date Reference Transaction details Amount A$

08 JAN97 TARGET 5041 TOOWOOMBA AU 57.60 DB
13 JAN97 SHELL SUPERBARGAIN TOOWOOMBA AU 53.00 DB
16 JAN97 K MART 1029 TOOWOOMBA AU 78.00 CR

21 JAN97 FOSSEYS 212 ROCKHAMPTON AU 45.85 DB
26 JAN97 BIG W 0260 TOOWOOMBA AU 57.51 DB

28 JAN97 CALTEX TOOWOOMBA AU 40.00 DB
29 JAN97 K MART 1029 TOOWOOMBA AU 16.60 DB

03 FEB97 PAYMENT – THANK YOU 100.00 CR
04 FEB97 WYALLA PLAZA DAY NIGHT TOOWOOMBA AU 41.10 DB
05 FEB97 CREDIT CHARGE – PURCHASES 19.51
05 FEB97 CONTRACT STAMP DUTY .83

Opening balance Total credits (CR) Total debits (DB) Credit and other Closing
charges balance A$

$1 246.73 $178 $311.66 $20.34 $1 400.73

Past due Due date Min.payment due Payment Date paid Amount paid
.00 28 FEB97 record $
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(b) Let’s, as an example, consider assignment S2. 

It is to be marked out of 50 as described on the marking sheet in module S1. 

Its weighting for the ‘S’ component of the unit is 10% according to the unit spec.

Finally, its weighting for the overall unit is 3%.

The 10% weighting of this assignment in the ‘S’ component was determined by the unit 

team leader. The ‘S’ component contributes of the total unit Focus on Study.

So,  which has been rounded to 3%.

Consider a student who receives 25 out of 50 for assignment S2.

Since this assignment contributes 10% towards the ‘S’ component we must convert this to 
a mark out of 10.

To do this we calculate

That is, = 

So a person scoring  on assignment S2 has scored 5% towards the ‘S’ component total.

But, only  of this contributes to the final assessment for Focus on Study.

That is, 

So, in other words, if someone gets  for assignment S2, this is worth 1.7% of the final 
assessment.

For the following marks, calculate the percentage contributing to the final assessment in 
Focus on Study. 

(i)

(ii)  

Did you notice that these small differences in marks only had a minor effect on the 
percentage contributing to the final assessment?

1
3
---

1
3
--- 10 %× 3

1
3
---%=

25
50
------ 10 %× 5%=

25
50
------

5%
10%
-----------

25
50
------

1
3
---

1
3
--- 5%× 1.7 %≈

25
50
------

30
50
------

20
50
------
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3.  Following is the recipe that makes 12 big chocolate patty cakes. 

3 tablespoons of butter

 cup sugar

1 cup S R flour

2 tablespoons of cocoa

2 eggs

 cup milk

Suppose that you needed to supply the local school with 30 patty cakes (you did not want to 
have any left in the house). How much of each ingredient would you need to make the 30 
cakes?

You should now be ready to attempt questions 6–11 of Assignment 2A (see your 
Introductory Book for details). If you have any questions, please refer them to 
your course tutor.

1
2
---

1
4
---
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4.4 Post-test

1. The highest mountain in Queensland is Mount Bartle Frere, between Cairns and Innisfail, 
which rises to 1 657 metres. Australia’s highest mountain is Mount Kosciuszko which is  
2 228 metres high. Compare the heights of the two mountains by subtraction and by 
division.

2. (a) Convert 65% to a fraction in its simplest form.

(b) Convert 0.0004 to a percentage.

3. A student receives 21 out of 27 for one assignment and 24 out of 31 for another. Which 
assignment received the better marks?

4. The following table shows the interest received on a term deposit.

How much interest will I receive for the following term deposits:

(a) $5 000 invested for 3 months?

(b) $20 000 invested for 2 years?

5.

(a) How many degrees are there in a triangle?

(b) Find the size of angle 

(c) Find sin , cos and tan for this triangle.

Round your answers to 4 decimal places.

Term deposit interest rates 

Interest paid on maturity or annually if term exceeds 12 months

1 month 3 months 6 months 12 months 24 months

$1 000 4.00% pa 4.50% pa 4.80% pa 5.00% pa 5.10% pa

$5 000 4.50% pa 5.10% pa 5.50% pa 5.65% pa 5.85% pa

$20 000 4.80% pa 5.20% pa 5.55% pa 5.70% pa 5.90% pa

$50 000 5.25% pa 5.50% pa 5.60% pa 5.75% pa 5.95% pa

0

48°
θ

θ θ θ
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6. Following are the areas and populations of the states and Territories of Australia.

(a) Compare the areas of Queensland and Victoria by subtraction and by division.

(b) Compare the populations of Queensland and Victoria by subtraction and by 
  division.

(c) Calculate the total area of Australia.

(d) Calculate the total population of Australia in 1993.

(e) Calculate the percentage of Australia that is represented by each state according 
  to area and population (round your answers to the nearest tenth of a percent).

Check that your percentages add up to 100%. If they do not add to 100%, check your 
calculations and give an explanation for your result.

(f) Calculate the population rates for Queensland and Victoria in people per square 
  kilometre.

(g) Write a few sentences comparing the populations and areas of Queensland and 
  Victoria.

State or Territory Area  
(km2)

Population
(1993)

Percentage of 
Australia

Area Population

New South Wales (and ACT) 804 000 6 298 000

Northern Territory 1 346 200 168 000

Queensland 1 727 200 3 095 000

South Australia 984 000 1 460 000

Tasmania 67 800 472 000

Victoria 227 600 4 461 000

Western Australia 2 525 500 1 673 000

Australia
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4.5 Appendix: using a protractor

The Babylonians devised a method for measuring angles by dividing a circle into 360 equal 
parts called degrees. We can then divide the degree into smaller parts but that is beyond the 
scope of this module.

Measuring Angles

Imagine a pizza being cut into eight pieces. One piece would look like this. We call this shape 
a sector of the circle. The two straight sides of the slice form an angle and the point at which 
they meet is called the vertex.

A protractor is a device for measuring angles. 

Let’s measure the angle of the slice of pizza above. To measure the angle, place the centre of 
the protractor on the vertex of the angle and line up one of the arms of the angle with the 
baseline of the protractor. It will sometimes be necessary to extend the length of the arms of 
the angle so as to be able to read off the angle on the protractor.

Vertex
Rays or Arms

Place this line over one of
the angle’s rays.Place this point over the angle’s vertex.
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What did you get for the angle of the pizza sector: ................................................

If you said 60° then well done! If not, go back and have another look at your protractor. When 
measuring the angle you should always start from the zero on the protractor. Be sure that you 
are reading the angle from the correct scale.

Constructing angles

Let’s construct an angle of 55°

Firstly we must have a line on which to construct the angle.

Place the protractor over the line with its centre on the angle’s vertex. Find the 55° mark on the 
protractor and make a mark on the page. Remove the protractor and join the mark to the 
vertex. You have constructed an angle of 55°

This point will become
 the vertex of the angle.

55°
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4.6 Solutions

Solutions to activities

Activity 4.1

1.  We can see that the Blue Groper is the larger of the two fish.

That is, 150 cm − 50 cm = (150 − 50) cm = 100 cm

The Blue Groper is 100 cm longer than the Bream.

Or we could say that the Bream is 100 cm shorter than the Blue Groper.

Comparing the sizes of the fish be dividing gives us:

     

Note that we have the Blue Groper length on the top of the fraction and so we can say that the 
Blue Groper is 3 times as long as the Bream. 

If we put the Bream on top of the fraction we get:

We could then say that the Bream is of the size of the Blue Groper.

2. Blondes have about 1.4 × 105 hairs on their head while red heads have about 9 × 104

By subtraction: 1.4 × 105 − 9 × 104 

= 1.4 × 105 − 0.9 × 105

= (1.4 − 0.9) × 105

= 0.5 × 105

= 5 × 104 Writing in scientific notation.

Blondes have 5 × 104 or 50 000 more hairs on their head than red heads.

Blue Groper Length
Bream Length

------------------------------------------------
150cm
50cm

---------------- 3= = The cm's cancel.
The larger length is on the top.

Bream Length
Blue Groper Length
------------------------------------------------

50cm
150cm
-----------------

1
3
---= = The cm's cancel.

1
3
---
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By division:

Blondes have 1.56 times as many hairs on their head as do red heads.

3.  White paint = 2 cans Red paint = 3 cans

By subtraction: 3 cans − 2 cans = (3 − 2) cans = 1 can

This pink paint requires 1 more can of red paint than white paint.

By division:    

This pink paint requires 1.5 times as much red paint as white paint.

4.  Robert Wadlow  2.72 metres = 272 centimetres

Gul Mohammed  57 centimetres

Comparison by subtraction: 272 cm − 57 cm = (272 − 57) cm = 215 cm

Robert Wadlow is 215 cm or 2.15 m taller than Gul Mohammed. 

Comparison by division:    

Robert Wadlow is 4.77 times as tall as Gul Mohammed.

5. This question refers back to the original comparison by division.

≈ 0.916 667 × 109 – 3

= 0.916667 × 106

= 9.166 67 × 105

Light is travelling approximately 9.166 67 × 105 times faster than sound.

1.4 10
5×( ) 9 10

4×( )÷

1.4 10
5×

9 10
4×

----------------------=

0.156 10
5 4–×≈

0.156 10
1×=

1.56=

Red Paint
White Paint
----------------------------

3 cans
2 cans
--------------- 1.5==

272 cm
57 cm
------------------ 4.77=

Speed of Light
Speed of Sound
-----------------------------------------

1.1 10
9

kmh
1–×

1.2 10
3

kmh
1–×

-----------------------------------------=
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Activity 4.2

1.

(a)

(b)

(c)

(d)

(e)

(f)

(g)

2. The percentage passing 

Therefore 90% of the students pass.

3. Percentage living to breed 

The number of turtles living long enough to breed is only 0.17% of the eggs laid.

Sometimes you will see this written as 0.17 of one percent, emphasising that this 
percentage is less than one percent.

8 out of 10
8
10
------ 100 %× 80%= =

250 mL out of 400 mL
250
400
--------- 100 %× 62.5%= =

800 g out of 2000 g
800

2000
------------ 100 %× 40%= =

25 cm out of 80 cm
25
80
------ 100 %× 31.25%= =

$25 out of $60
25
60
------ 100 %× 41.7%≈=

50 mL out of 2 L
50

2000
------------ 100 %× 2.5%= =

2 104 light years out of 3.5 103×× 2 104×
3.5 103×
---------------------- 100%×=

0.5714 104 3–×( ) 100%×=

571.4%≈

45
50
------ 100% 90%=×=

3
1800
------------ 100% 0.17%≈×=
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4.  

5. 

(a)  

Approximately 5.5% of pedestrians involved in accidents are killed.

(b) 

       Approximately 48.1% of people involved in alcohol related accidents are taken to hospital.

(c) The most common way that pedestrians are killed is by crossing the road where there is no 
pedestrian control.

Approximately 54.5% of pedestrian deaths are caused by crossing the road where there is 
no pedestrian control.

(d) Of the 9 people killed walking near traffic, seven are killed walking with the traffic and 
only two are killed walking against the traffic as recommended. That is, about 78% are 
killed disobeying the childhood rules. This would suggest that this rule still holds true 
today.

Cereal Number of 
people Percentage of people

Corn Flakes 50
   = 25%

Rice Bubbles 42
   = 21%

Nutri Grain 39
   = 19.5%

Rolled Oats 23
   = 11.5%

Muesli 11
   = 5.5%

Coco Pops 10
   = 5%

Other Cereals 25
   = 12.5%

200 100%

50
200
--------- 100%×

42
200
--------- 100%×

39
200
--------- 100%×

23
200
--------- 100%×

11
200
--------- 100%×

10
200
--------- 100%×

25
200
--------- 100%×

Number Killed 
Total involved in accidents
----------------------------------------------------------------- 100%

55
994
---------=× 100% 5.5%≈×

Taken to Hospital
Total Alcohol Linked
---------------------------------------------------- 100%

65
135
---------=× 100% 48.1%≈×

Number Killed Crossing Road 
Total Number Killed

-------------------------------------------------------------------------- 100%
30
55
------=× 100% 54.5%≈×
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Activity 4.3

1.  

2.

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Fraction Decimal Percentage

0.5 50%

0.4 40%

0.25 25%

0.8 80%

0.375 37.5%

0.78 78%

33 %

1
2
---

2
5
---

1
4
---

4
5
---

3
8
---

78
100
---------

39
50
------=

1
3
--- 0.3

· 1
3
---

12% of 250 mL 
12
100
--------- 250 mL 30=×  mL=

90% of $75
90

100
--------- $75 $67.50=×=

30% of 645 g
30

100
--------- 645 g 193.5=×  g=

250% of $16.40
250
100
--------- $16.40×  $41.00==

2% of 900 mL 
2

100
--------- 900 mL 18=×  mL=

15.6% of 300 mL 
15.6
100
---------- 300 mL 46.8=×  mL=

5.5% of 350 g 
5.5
100
--------- 350g 19.25=×  g=

70.5% of 400 mL 
70.5
100
---------- 400mL 282=×  mL=
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3. Injuries preventable 

Therefore, 3 660 injuries could be prevented with the use of child-restraint seats.

4.  For a person 165 cm tall the length of the femur will equal:

5. Percentage increase in cattle 

Percentage increase in sheep 

In 1997 the cattle numbers were increased by 200% while the sheep numbers were 
increased by only 80%.

6.

To calculate interest on 31 August:

From 1st August to 20 August (20 days) the balance is $61 914.73

From 21st August to 31 August (11 days) the balance is $61 049.73

Let’s consider the first balance. The interest for the whole year on this balance would be:

Now work out the daily rate:

Date Particulars Debit Credit Balance

1 July 62 347.65

20 July Loan payment 865.00 61 482.65

31 July Interest 432.08 61 914.73

20 August Loan payment 865.00 61 049.73

31 August Interest 429.06 61 478.79

20 September Loan payment 865.00 60 613.79

30 September Interest 412.41 61 026.20

60
100
--------- 6100 3660=×=

27.5
100
---------- 165 cm 45.375 cm=×

Number of increase
Original number

----------------------------------------------- 100%×=

200
100
--------- 100%×=

200= %

Number of increase
Original number

----------------------------------------------- 100%×=

400
500
--------- 100%×=

80= %

$61 914.73
8.2
100
--------- $= 5 077.00786× Never round off until the end.

$5 077.00786 365 $= 13.90961058.....÷
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Calculate for the number of days owing. 

Now do the same for the other amount.

Yearly:

Daily:

For 11 days:

Now add the two amounts together to find the total interest charged.

$278.1922115 + $150.8680999 = $429.0603114....

Now we can round off these numbers. The amount of interest charged is $429.06

To calculate interest on 30 September:

From 1st September to 20 September (20 days) the balance is $61 478.79

From 21st September to 30 September (10 days) the balance is $60 613.79

Let’s consider the first balance. The interest for the whole year on this balance would be:

Now work out the daily rate:

Calculate for the number of days owing. .

Now do the same for the other amount.

Yearly:

Daily:

For 10 days:

Now add the two amounts together to find the total interest charged.

$276.2334674 + $136.173446 = $412.4069134....

Now we can round off these numbers. The amount of interest charged is $412.41

$13.90961058 20 $=× 278.1922115.....

$61049.73
8.2
100
--------- $=× 5006.07786

$5006.07786 365 $= 13.71528181÷

$13.71528181 11 $=× 150.8680999

$61478.79
8.2
100
--------- $= 5041.26078× Never round off until the end.

$5041.26078 365 $= 13.81167337÷

$13.81167337 20 $=× 276.2334674

$60613.79
8.2
100
--------- $4970.33078=×

$4970.33078 365 $= 13.6173446÷

$13.6173446 10 $=× 136.173446
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7.  

(a) Sales workers are the group projected to show the greatest increase in employment 
numbers.

(b) The numbers employed in this area have decreased. When talking about increases in 
numbers we refer to a decrease as a negative increase.

(c) Difference between highest and lowest growth areas 

=  48.5 – –1.9

=  48.5 + 1.9

=  50.4

(d) Percentage increase in number of managers

Therefore managers are expected to increase by about 40%

(e) Percentage increase in numbers of stationary plant operators

It appears that the calculation in the table is incorrect.

(f) Percentage increase in total numbers of machine operators:

It appears that the calculation in the table is incorrect. This time the error appears to be 
because of incorrect rounding.

Amount of increase
Original Amount

----------------------------------------------- 100%×=

1238 100 884 200–
884 200

------------------------------------------------= 100%×

353 900
884 200
------------------- 100%×=

40.0%≈

Amount of increase
Original Amount

----------------------------------------------- 100%×=

49 000 52 700–
52 700

---------------------------------------= 100%×

3 700–
52 700
----------------- 100%×=

7.0– %≈

Amount of increase
Original Amount

----------------------------------------------- 100%×=

541 600 552 400–
552 400

---------------------------------------------= 100%×

10 800–
552 400
-------------------- 100%×=

2.0– %≈
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8.  

(a) There are 300 birds in the aviary. 

Number of parrots:  

Number of finches:  

Number of pigeons:  

Check that you have accounted for all the birds. 75 + 135 + 90 = 300

Activity 4.4

1.  

(a) Angle for rare: = 18°

Angle for medium/rare: ≈ 68°

Angle for medium: ≈ 101°

Angle for medium/well done: ≈ 65°

Angle for well done: ≈ 108°

Check to see that we have 360°.   18° + 68° + 101° + 65° + 108° = 360°

25
100
--------- 300 75=×

45
100
--------- 300 135=×

30
100
--------- 300 90=×

5
100
--------- 360°×

19
100
--------- 360°×

28
100
--------- 360°×

18
100
--------- 360°×

30
100
--------- 360°×

Degree of Doneness

Well done
30%

Rare
5%

Medium/Rare
19%

Medium
28%

Medium/Well 
done
18%
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(b)  Percentage ordering medium

Therefore, 966 patrons would order their steak medium.

(c)  Percentage unhappy

We cannot have a part of a person, so we say that about 1 070 people were unhappy with 
their steak.

2.

(a) Percentage opposed to change:

Percentage in favour of change:

Percentage undecided:  

Check that your percentages add to 100%. Yes, they do!

(b) 35% of teachers opposed the change.

That is,  

Therefore 14 of the 40 teachers surveyed opposed the change of hours.

3.  

(a) While the data itself on this graph is accurate, the impression given does not match the 
data. If the data were rearranged into a two dimensional pie chart it would look like this:

So to comment on the pie chart, the sectors do not look to be the correct size and the centre 
of the pie chart is not in the correct position.

(b)  The information presented in this graph is not suitable for a pie chart. A pie chart is used to 
represent 100% of something. The percentages on this graph do not add to 100%. Also, all 
sectors appear to be the same size, but each is representing a different percentage.

28
100
--------- 3 450 966=×=

31
100
--------- 3 450 1 069.5=×=

126
360
--------- 100% 35%=×

162
360
--------- 100% 45%=×

72
360
--------- 100% 20%=×

35
100
--------- 40 14=×

Government 
$24.00
60%

Patient 
$16.00
40%
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Activity 4.5

1.

(a)  21 : 15  ≡  7 : 5

(b)  20  :  12  ≡  5 : 3

(c)  350 g  to  500 g: 350 : 500  ≡  7 : 10

(d)  90  mL  to  300 mL: 90 : 300  ≡  3 : 10

(e)  5 mL to 3 L  =  5 mL to 3 000 mL: 5 : 3 000  ≡  1 : 600

(f)  5 g  to 10 kg  =  5 g to 10 000 g: 5 : 10 000  ≡  1 : 2 000

(g)  2.2 kg to 500 g  =  2 200 g to 500 g: 2 200 : 500  ≡  22 : 5

(h) 9.5 L  to 50 mL  =  9 500 mL to 50 mL: 9 500 : 50  ≡  190 : 1

2.

(a) (i) 8 incisors

(ii) 4 canines

(iii) 8 bicuspids 

(iv) 12 molars

Check that you have accounted for all 32 teeth.

(b) (i)  incisors to molars 8 : 12  ≡  2 : 3

(ii)  bicuspids to canines 8 : 4  ≡  2 : 1

(iii)  incisors to bicuspids 8 : 8  ≡  1 : 1

(iv)  molars to all teeth 12 : 32  ≡  3 : 8

(v)  incisors to molars to all teeth. 8 : 12 : 32  ≡  2 : 3 : 8

3.

(a)  Fraction of the games won =  = 

(b)  6 games are lost.

(c)  Ratio of games lost to games won: 6 : 24  ≡  1 : 4

4. If 35% of people skip breakfast then 65% must eat breakfast.

Ratio of people who eat breakfast to those who skip breakfast:  65 : 35  ≡  13 : 7

24
30
------

4
5
---
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5.

(a)

(b)

(c)

(d)

(e)

(f)

(g)

6. Loam to peat to sand

   7     :     4     :     2

To get to 4 buckets of sand we have multiplied by 2.

 

≡  14  :  8  :  4

Therefore if we use 4 buckets of sand we must use 14 buckets of loam and 8 buckets of 
peat.

7. The measured distance between B and C on the map was 4.3 cm.

1 : 1 000 000  ≡    4.3 : ?

What did you multiply 1 by to get 4.3?   You multiplied by 4.3.

1 × 4.3 : 1 000 000 × 4.3  ≡    4.3 : 4 300 000

So the actual distance between B and C is 4 300 000 cm.

We should convert it to kilometres, a more appropriate measure.

4 300 000 cm  = 43 000 m =  43 000 × 10–3 km = 43 km

The distance between towns B and C is 43 kilometres.

8 : 5 8 3 : ×≡ 5 3 24 : 15≡×

3 : 4 3 5 : ×≡ 4 5 15 : 20≡×

4 : 6 4
10
4

------ : ×≡ 6
10
4

------ 10 : 15≡×

7 : 3 7
4
3
--- : ×≡ 3

4
3
--- 9

1
3
--- : 4≡×

8 : 4 2 : 1≡

4
7
--- : 

3
5
---

4
7
---

2
3
---×  : 

3
5
---

2
3
---× 8

21
------ : 

6
15
------≡ ≡

2 : 0.75 2 3 : ÷≡ 0.75 3÷ 0.6
·
 : ≡ 0.25

7 2 : 4 × 2×  : 2 2×
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8. Remember a scale like this represents the scale drawing to the original. Since centimetres 
would be a good measure in which to draw our scale diagram let’s convert the lengths to 
centimetres.

14 m  =  1 400 cm

26 m  = 2 600 cm

Now, 1 : 500 ≡ ?  :  1 400

1 : 500 ≡ 1 × 2.8  :  500 × 2.8

≡ 2.8  :  1 400

and, 1 : 500 ≡ ?  :  2 600

1 : 500 ≡ 1 × 5.2  :  500 × 5.2

≡ 5.2  :  2 600

The scale drawing of the basketball court will be 2.8 cm by 5.2 cm.

9. The ratio patients to nurses is 12 : 2

If there are 70 patients, we are finding 12 : 2 ≡ 70 : ?

12 : 2 ≡ 12 ×  : 2 × 

≡

If there were 70 patients the hospital would need 12 nurses.

70
12
------

70
12
------

70 : 11.6
·
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Activity 4.6

1.  Males to Females are in the ratio 4 : 3 ≡ 32 : ?

4 × 8 : 3 × 8 ≡ 32 : 24

Therefore there are 24 females in the class.

2.  In the ratio 13 : 5 there are 18 parts. So  of the stock are sheep and  are cattle.

Number of cattle  =  × 1 980 = 550

In 1970 the number of cattle on Gunnadoo was 550.

3. In the ratio 2 : 3 : 4 there are 9 parts. So  of the bag of fertilizer is nitrogen,  is potash 

and  phosphate.

Amount of nitrogen =  × 27 = 6

There will be 6 kilograms of nitrogen in the 27 kilogram bag.

4. Since there are 5 parts in the ratio, Daniel will receive  and Tom .

Daniel receives:  × $10 = $6

Tom receives:  × $10 = $4

5. The sample has a ratio of red to white cells of 4 250 000 : 2 125

If we were to make this into a ratio to 1 we would divide both sides by 2 125.

4 250 000 ÷ 2 125 : 2 125 ÷ 2 125

2000 : 1

This sample of blood has a much higher red cell count than is normal. In fact there are 
twice as many red cells to white cells than for normal blood.

6.  

(a) An airline pilot: 1 in 1 100 1 : 1 099

(b) In mining and agriculture: 1 in 2 300 1 : 2 299

(c) In transportation: 1 in 4 500 1 : 4 499

(d) In government: 1 in 11 000 1 : 10 999

13
18
------

5
18
------

5
18
------

2
9
---

3
9
---

4
9
---

2
9
---

3
5
---

2
5
---

3
5
---

2
5
---
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(e) In manufacturing 1 in 23 000 1 : 22 999

(f) In sales 1 in 24 000 1 : 23 999

(g) In office work 1 in 37 000 1 : 36 999

7.  

(a) Operations to deaths are in the ratio 3 800 : 5. We could simplify this to be 760 : 1

If 10 500 operations are performed, we are looking to evaluate:

In this particular year we would expect the 10 500 operations to result in about 14 deaths.

(b) We are trying to evaluate: 760 : 1   ≡   ? : 75

       760 × 75 : 1 × 75   ≡   57 000 : 75

If there had been 75 deaths it would be expected that there had been 57 000 operations.

Activity 4.7

1. (a)  (i)  hypotenuse AC

(ii)  side opposite the marked angle AB

(iii)  side adjacent to the marked angle. BC

(b) (i)  hypotenuse FG

(ii)  side opposite the marked angle EF

(iii)  side adjacent to the marked angle. EG

(c) (i)  hypotenuse PR

(ii)  side opposite the marked angle QR

(iii)  side adjacent to the marked angle. PQ

Note that you could have written the letters in these answers around the other way.

2. (a) (b) (c) 

sin 34°  0.559 sin 67°  0.921 sin 45°  0.707

cos 34°  0.829 cos 67°  0.391 cos 45°  0.707

tan 34°  0.675 tan 67°  2.356 tan 45° =  1

760 : 1 10 500 : ?≡

760
10 500

760
---------------- : 1

10 500
760

----------------××

10 500 : 13.816

≈ ≈ ≈

≈ ≈ ≈

≈ ≈
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3.

(a) (b) (c)

4. We will need to use the sine ratio.

 sin 30° : 1   ≡   opposite : hypotenuse

        0.5 : 1   ≡   ? : 500

0.5 × 500 : 1 × 500   ≡   250 : 500

The missile is 250 metres high.

5. We will need to use the tangent ratio.

tan 45° : 1   ≡   opposite : adjacent

           1 : 1   ≡   ? : 150

1 × 150 : 1 × 150   ≡   150 : 150

So the height of the building must have been 150 m.

Activity 4.8

1. 

(a) 300 kilometres in 6 hours is a rate of 50 kilometres per hour.

(b) $27 for 9 metres is a rate of 3 dollars per metre.

(c) 42 hectares in 7 days is a rate of 6 hectares per day.

(d) 120 runs for 4 wickets is a rate of 30 runs per wicket.

(e) $320 for 40 hours work is a rate of 8 dollars per hour.

2.  Craig’s pulse rate is 20 beats for 10 seconds 

= 20 × 6 beats for 60 seconds

= 120 beats per minute.

CD
CE
-------- cosine=

JL
KL
-------- sine=

RT
ST
------- tangent=

DE
CE
-------- sine=

JL
JK
------ tangent=

ST
RS
------- cosine=

DE
CD
-------- tangent=

JK
LK
-------- cosine=

RT
RS
------- sine=

30°

500 m
? m

45°
150 m

? m
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Keely’s pulse rate is 31 beats for 15 seconds

= 31 × 4 beats for 60 seconds

= 124 beats per minute.

After the exercise session, Keely’s pulse rate is slightly higher than Craig’s.

3. If the farmer needs 250 kg per hectare for 20 hectares, 250 × 20 kg are needed.

The farmer should order 5 000 kg or 5 tonnes of fertiliser.

4. The first block is $42 000 for 600 m2 

which gives $70/square metre.

The second block is $50 000 for 0.1 hectares 

which is $50 000 for 1 000 m2 

which gives $50/square metre.

The second block of land appears to be the better buy.

5. On 3 000 hectares at 5 sheep/hectare, there would be 15 000 sheep.

On 3 000 hectares at 6.5 sheep/hectare, there would be 19 500 sheep.

The increase in sheep numbers = 19 500  − 15 000 = 4 500

6. 

(a) 340 metres in 1 second convert to minutes

340 × 60 metres in 1 × 60 seconds multiply both sides by 60

20 400 metres in 60 seconds (1 minute) convert to hours

20 400 × 60 metres in 1 × 60 minutes multiply both sides by 60

1 224 000 metres in 60 minutes (1 hour)

1 224 kilometres in 1 hour convert metres to kilometres

Therefore, 340 m/s is equivalent to 1 224 km/h

(b) At Mach 2 the aircraft is travelling at twice the speed of sound.

That is, 680 m/s or 2 448 km/h
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Solutions to a taste of things to come

1. 

(a) If the annual percentage rate is 16.450 % then the daily rate will be:

rounded to the nearest ten thousandth.

(b)  Closing balance is $1 400.73 so the minimum payment will be:

 rounded to the nearest dollar

2. 

(a) Since there are three areas contributing to the final mark, each must contribute 1/3 of the 
marks.

As a percentage  = 33 %

(b) (i) A person getting  on the assignment, would have:

 × 10% = 6% contributing to the ‘S’ Component and

 × 6% = 2% contributing to the final mark.

(ii) A person getting  on the assignment, would have:

 × 10% = 4% contributing to the ‘S’ Component and

 × 4%  ≈ 1.3% contributing to the final mark.

3. We are making 30 cakes from a recipe for 12 and we could think about the answer before 
we begin. Thirty cakes is more than twice the recipe but not three times. So each of our 
answers should be 2 and a bit times, but not three times, the original amount for each 
ingredient.

Now:

number of cakes now : number of cakes needed   ≡   ingredients now : ingredients needed

16.450%
365

--------------------- 0.0451%≈

3
100
--------- $× 1 400.73 $≈ 42

1
3
---

1
3
---

30
50
------

30
50
------

1
3
---

20
50
------

20
50
------

1
3
---
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Let’s look at butter first:

12 : 30   ≡   3 : ? We have divided by 4

12 ÷ 4 : 30 ÷ 4 ≡ 3 : 7.5

Therefore we would need 7.5 tablespoons of butter.

Sugar: 12 : 30   ≡  : ? We have divided by 24

       12 ÷ 24 : 30 ÷ 24   ≡  : 1 

Therefore we would need 1  cups of sugar.

Flour: 12 : 30   ≡   1 : ? We have divided by 12

       12÷ 12 : 30 ÷ 12   ≡   1 : 2 

Therefore we would need 2  cups of flour.

Cocoa: 12 : 30   ≡   2 : ? We have divided by 6

           12 ÷ 6 : 30 ÷ 6   ≡   1 : 5

Therefore we would need 5 tablespoons of cocoa.

Eggs: 12 : 30   ≡   2 : ? We have divided by 6

           12 ÷ 6 : 30 ÷ 6   ≡   1 : 5

Therefore we would need 5 eggs.

Milk: 12 : 30   ≡  : ? We have divided by 48

       12 ÷ 48 : 30 ÷ 48   ≡  : 

Therefore we would need  of a cup of milk.

1
2
---

1
2
---

1
4
---

1
4
---

1
2
---

1
2
---

1
4
---

1
4
---

5
8
---

5
8
---
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Solutions to post-test

1.  By subtraction:

2 228 m  − 1 657 m = 571 m

Therefore, Mount Kosciuszko is 571 m higher than Mount Bartle Frere.

By division:

Therefore, Mount Kosciuszko is about 1.34 times as high as Mount Bartle Frere.

2. 

(a) 65% = 

(b) 0.0004 =   0.0004  × 100% = 0.04%

3.   =  × 100%  =  ≈ 77.78%

 =  × 100%  =  ≈ 77.42%

The marks are actually very close. The first assignment has a slightly better result.

4.

(a) Investing $5 000 for three months gives an interest rate of 5.1% pa

Interest for whole year would be  

Since the money is invested for 3 months, or  of a year the interest will be  of this 

amount.

Interest for 3 months  =  ×  $255  =  $63.75

2 228 m
1 657 m
-------------------- 1.34≈

65
100
---------

13
20
------=

21
27
------

21
27
------ 77

7
9
---%

24
31
------

24
31
------ 77

13
21
------%

5.1% $5000×=

5.1
100
--------- $5000×=

$255=

1
4
---

1
4
---

1
4
---
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(b) Investing $20 000 for 2 years gives an interest rate of 5.90% pa

Interest for one year would be  

Since the money is invested for 2 years the total amount of interest will be:

$1 180  ×  2  =  $2 360

5.  

(a) There are 180° in a triangle.

(b) θ  =  42° ( since 90° + 48° + 42° =  180°)

(c) sin  42° ≈  0.6691 cos  42° ≈  0.7431 tan  42° ≈  0.9004

6.

(a) Area of Queensland = 1 727 200 km2

 Area of Victoria = 227 600 km2

By subtraction: 1 727 200 km2 − 227 600 km2 = 1 499 600 km2

Queensland is 1 499 600 km2 greater in area than Victoria.

By division:  ≈ 7.59

Queensland is approximately 7.59 times larger in area than Victoria.

State or Territory Area  
(km2)

Population
(1993)

Percentage of 
Australia

Area Population

New South Wales (and ACT) 804 000 6 298 000 10.5 35.7

Northern Territory 1 346 200 168 000 17.5 1.0

Queensland 1 727 200 3 095 000 22.5 17.6

South Australia 984 000 1 460 000 12.8 8.3

Tasmania 67 800 472 000 0.9 2.7

Victoria 227 600 4 461 000 3.0 25.3

Western Australia 2 525 500 1 673 000 32.9 9.5

Australia 7 682 300 17 627 000 100.1 100.1

5.9% $20 000×=

5.9
100
--------- $20 000×=

$1 180=

1 727 200 km
2

227 600 km
2

-----------------------------------
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(b) Population of Queensland = 3 095 000

Population of Victoria = 4 461 000

By subtraction: 4 461 000  − 3 095 000 = 1 366 000

Victoria has 1 366 000 more people than does Queensland.

By division:  ≈ 1.44

Victoria has approximately 1.44 times the population of Queensland.

If we looked at this the other way:       ≈ 0.69

Queensland has approximately 0.69 times the population of Victoria.

(c) Total area of Australia = 7 682 300 km2 (See table above)

(d) Total population in 1993 = 17 627 000 people. (See table above)

(e) See table above. Due to rounding off, the totals are 100.1% instead of 100% as they 
should be. To correct this you could change one of the answers that you have rounded up.

(f) Area of Queensland = 1 727 200 km2 Population of Queensland = 3 095 000

Area of Victoria = 227 600 km2 Population of Victoria = 4 461 000

For Queensland :

For Victoria:

4 461 000
3 095 000
------------------------

3 095 000
4 461 000
------------------------

3 095 000 people

1 727 200 km
2

-----------------------------------------=

3 095 000
1 727 200
------------------------ people km

2⁄=

1.79  people km
2⁄≈

4 461 000 people

227 600 km
2

-----------------------------------------=

4 461 000
227 600

------------------------ people/km
2

=

19.6  people/km
2≈
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For every square kilometre in Queensland we only have about 2 people, while in Victoria 
there are about 20 people for every square kilometre. (No wonder they want to move to 
Queensland.) You might like to think of this in comparison to India which has a population 
density of about 273 people per square kilometre. 

(g) Queensland has a much greater area than Victoria, in fact the area of Queensland is about 
7.59 times the area of Victoria. Queensland though, has 1 366 000 fewer people than 
Victoria. This leads to the population density of Victoria being about 20 people per square 
kilometre while Queensland has only about 2 people per square kilometre.



Module A5 – Representing Relationships

Module
 A5

REPRESENTING 
RELATIONSHIPS 5





   Module A5 – Representing Relationships   5.1
Introduction

Suppose you have just arrived in a strange town. You go to the local tourist bureau to seek 
directions to a particular local attraction. Think about how you would like to be given 
directions. Would you like to be given a map with the attraction clearly identified, or would 
you prefer the attendant to tell you the directions? Maybe you would prefer just to have the 
directions written down (without a map), or even to have someone take you to the attraction.

What if you were about to purchase a new stereo. Other than price, what would influence your 
decision? Maybe the salesperson telling you what you wanted to know, or reading the details 
in the brochure. Maybe you would base your decision on the way it looked or sounded.

This module is about representing relationships, and you may be wondering what this has to 
do with directions and stereos. In mathematics we look for the connection or relationship 
between many different things. We try to represent these relationships in different ways, 
catering for the different ways in which people prefer to receive information. In the above 
examples, different students would have had different preferences for receiving directions or 
deciding on which stereo to buy. For some people, a word statement of a relationship is 
enough to explain clearly the connection. For others, a picture or diagram may be the preferred 
method of viewing a relationship. Still others prefer a precise formula that clearly states the 
connection. You will see information in the newspaper presented in different ways for exactly 
these reasons. There may be a table of information, a graph to accompany the table and some 
text that will provide still further insight into the relationship.

This module will look at different ways of representing relationships. It looks at representing 
relationships in words, graphs and formulas and goes on to look at ways of describing 
relationships.

When you have completed this module you should be able to:

• demonstrate an understanding of the nature of a formula;

• convert word statements into mathematical formulas;

• use the Cartesian Coordinate System to represent formulas;

• convert graphs and formulas into written descriptions; and

• describe more complex graphs in words.
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5.1 Preview

A graph is a very convenient way to picture a relationship between two quantities. Consider 
the following graph showing the age relationship between a brother and sister, Shirley and 
Jeffrey.

Follow the arrows on the above graph to answer the following.

When Jeffrey was 2 years old, how old was Shirley? ..................................................

Imagine similar arrows to answer the following.

When Jeffrey was 3 years old, how old was Shirley? ..................................................

When Jeffrey was 4 years old, how old was Shirley? ..................................................

When Jeffrey was 5 years old, how old was Shirley? ..................................................

You should have found Shirley’s ages to be 5, 6, 7 and 8 years respectively.

In fact we can find Shirley’s age for any given age for Jeffrey. 

Describe any relationship you can see between the ages of Jeffrey and Shirley

....................................................................................................................................

Did you say something about the fact that Shirley is always 3 years older than Jeffrey?

We could now go on and express this relationship in symbols as we have done in past modules.

If we let Shirley’s age be represented by S and Jeffrey’s age be represented by J we could say 
that Shirley’s age is Jeffrey’s age plus three.

That is, S  =  J  +  3
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We call this a formula. It allows us to find Shirley’s age for whatever age of Jeffrey we might 
choose.

We have now expressed the relationship between the ages of Shirley and Jeffrey in three 
different ways:

• in words

• as a formula

• as a graph

Each method has its advantages. This module goes on now to look at each of these methods of 
representing a relationship in more detail.

5.2 Relationships in words

This is probably the method of expressing a relationship that you are most familiar with at this 
stage.

For example:

• Chris earns twice as much as David.

• At the restaurant there are 5 more women than men.

• The bank charges 8% interest on my loan.

• The grevillea was half the height of the palm tree.

• The adult weighed three times as much as the child.

• The perimeter of a square is four times the length of one side.

• The house was 15 metres longer than it was wide.

While it is important that we are able to express in words what we are trying to find, it is more 
convenient to use a formula when we need to do some calculations using these relationships. 
We will come back to relationships in words when we look at ways of describing relationships.

5.3 Relationships as formulas

We have already looked at expressing the relationship ‘Shirley is 3 years older than Jeffrey’ as 
a formula.

That is   S  =  J  +  3 where S represents Shirley’s age in years,

and J represents Jeffrey’s age in years.
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It is important if we are going to express our relationship as a formula using letters, that we 
know exactly what these letters represent. In our case, we have let S equal Shirley’s age in 
years and J equal Jeffrey’s age in years. We could have chosen any letters we liked but these 
two clearly help us to identify the required relationship. It is also important to note that it is not 
just Shirley and Jeffrey that we are comparing, but their ages. We should also note that their 
ages are always measured in years.

In this case we call S and J variables because they can vary to take on any values for S and J 
that we give them.

Let’s look at some of the word relationships from the previous section.

Example

Translate the following relationship into a formula. 

Chris earns twice as much as David.

What are the variables in this case?

...................................................................................................................................

You could have let the variables be C representing the amount of money that Chris earns and 
D representing the amount of money that David earns. Note that it is the amount of money that 
each earns that is the variable, not the person.

Before you go on to write a formula, think about the question. You know that Chris is the 
person earning the most money. Remove from the question any unnecessary words.

Chris earns twice David

or, C  earns  2  times  D

Put the symbol × for times.

C  earns  2 × D

Finally put in the equals sign to complete the formula.

C  =  2 × D where C represents the amount of money that Chris earns in dollars,

and D represents the amount of money that David earns in dollars.

It is an acceptable shorthand to leave the multiplication sign out of expressions involving 
variables. We say the multiplication is implied or understood.

So we could write  C =  2D and we ‘know’ that we must multiply the 2 and the D.

Example

Translate the following relationship into a formula.

At the restaurant there are 5 more women than men.

We will firstly define the variables we will use. 
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Let W represent the number of women at the restaurant,

and M represent the number of men at the restaurant.

To write the formula you could use one of two methods. 

The ‘skeleton method’ where you could set up the skeleton of the formula with lots of room.

W          =             M

There are more women than men so we must add the 5 to the number of men to get the number 
of women.

W  =   M  +  5

The other method that you might use is to rearrange the question.

Five more women than men

or, Number of women is 5 more than number of men

Number of women is men plus 5

W is M plus 5

W  =  M + 5

Example

Translate the following relationship into a formula. 

The bank charges 8% interest on my loan.

The formula using one of the above methods, could be written:

I = 8% × A Where I represents the interest charged on the loan in dollars,

I =  × A and A represents the amount of the loan in dollars.

I = 0.08 × A

We could also write this as  I = 0.08A 

Since it doesn’t matter which letters are chosen for variables in a formula (provided that it is 
understood what the letters mean) this formula could also be written as:

y = 0.08x Where y  represents the interest charged on the loan in dollars,

and  x represents the amount of the loan in dollars.

It is most important that the meaning of the variables be understood.

Formulas can involve two variables, just like the examples above, but you might also see a 
relationship which involves only one variable and sometimes ones involving 3, 4 or more 
variables.

8
100
---------
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Example

The number of people in Toowoomba is approximately 90 000. We could write this as the 
formula 

N  =  90 000 where N is the approximate population of Toowoomba.

This is an example of a formula with one variable.

Example

The formula for finding the perimeter of a rectangle is 

P = 2(L + W) where P represents the perimeter,

L represents the length of the rectangle,

and W represents the width of the rectangle.

This is an example of a formula with three variables.

You might also notice that the formula for the perimeter of a rectangle contains two 
operations, namely addition and multiplication. The multiplication sign is understood to be 
after the 2, that is, P = 2 × (L + W)

In general, a formula can contain any number of different operations (addition, subtraction, 
multiplication, division, powers, square roots.......) depending on the relationship being 
described.

Activity 5.1

1. Express the following relationships as formulas.

(a) The distance (d) travelled be a car is equal to its speed (s) multiplied by 
the time (t) of the journey.

d  =  

(b) Profit (P) equals the revenue income (R) less the costs (C).

P  =

(c) Electrical voltage (V) equals electrical current (I) times electrical 
resistance (R).

V  = 

2. Express the following relationships as formulas.

(a) The grevillea was half the height of the palm tree.

(b) The adult weighed three times as much as the child.

(c) The perimeter of a square is four times the length of one side.

(d) The house was 15 metres longer than it was wide.
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3. A shop stocks four times as many cola softdrink bottles as soda water. Write a 
formula to calculate the number of cola softdrink bottles given the number of 
soda water bottles.

4. If taxable income is greater than $33 500 in the Chook Islands, tax is 
calculated by subtracting $9 500 from the taxable income, then finding 39% 
of this difference, then adding $9 500. Write a formula to calculate the tax to 
be paid from the taxable income.

5. A small company pays their salesperson Mae Ihelpyu $200 per week plus $50 
for each item that she sells in the week. Write a formula to calculate Mae’s 
weekly income for any number of items sold.

5.3.1 Substituting into formulas

Recall our formula relating the ages of Shirley and Jeffrey.

S  =  J  +  3 where S represents Shirley’s age in years,

and J represents Jeffrey’s age in years.

By replacing the symbol for Jeffrey’s age with a numerical value I am able to find Shirley’s 
age.

When Jeffrey was 14 years old, how old was Shirley?

That is, when J  =  14, what does S equal? We will substitute 14 for the J.

S = 14  +  3

= 17

So, when Jeffrey was 14 years old, Shirley was 17 years old. (Shirley is still 3 years older than 
Jeffrey as she always will be.)

Find Shirley’s age when Jeffrey is 19 and when he is 35.

You should have found that when Jeffrey is 19, Shirley is 22 and when he is 35, Shirley is 38.

Example

The formula for the area of a square is 

A  =  s2 where A represents the area of the square,

and  s represents the side length of the square.

When the length of the side of the square is 3 cm the area of the square will be

A = s2 

= s × s 

= 3 cm × 3 cm Remember to multiply the units. cm × cm  =  cm2

= 9 cm2
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Find the area of a square with a side length of 9 cm.

A = s2 

= s × s 

=  cm ×  cm

=  cm2

Did you get 81 cm2?

Example

The formula for speed is

s =  where s represents speed,

d represents the distance travelled,

and t represents the time taken.

A giant tortoise can cover 100 metres in 20 minutes, what is the speed of the tortoise?

We need to be very careful with units when calculating speeds. Recall the work on rates from 
the previous module if you need to.

If a human can walk at about 4 km/h how does this compare to the giant tortoise?

We cannot compare the two speeds at the moment because they are in different units.

Convert the tortoises speed to km/h. .........................................................................

Did you get 0.3 km/h? (5 m/minute  =  0.005 km/minute  =  0.005 × 60 km/hour

We can now see that the human can walk much faster than the tortoise. In fact, using our 
knowledge from the previous module, the human can walk more than 13 times faster than the 
tortoise.

d
t
---

Recall:
Module 4
Section 4.2.3s

d
t
---=

s
100 m

20 minutes
--------------------------=

s 5 m minute⁄=
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Activity 5.2

1. The formula for the area of a rectangle is:

A  =  lw Where l represents the length of the rectangle,

and  w represents the width of the rectangle.

Find the area of rectangles with the following lengths and widths.

(a) l = 7 cm w = 5 cm

(b) l = 34 cm w = 21 cm

(c) l = 3 m w = 67 m

(d) l = 4 cm w = 82 mm

2. Recall that in module 4 we talked about the ratio of the perimeter of a square 
to its side length. We said that the perimeter is always 4 times the length of 
the side.

(a) Now write this as a formula.

(b) Find the perimeter of squares with the following side lengths.

(i) 4 cm

(ii) 7 m

(iii) 2.6 mm

(iv)  m

(c) Suppose that you had a square chicken pen, of side length 3.2 metres. 
You wish to fence it with chicken wire costing $6.50 a metre. How much 
will it cost to fence the chicken pen?

3. Also in module 4 we talked about the ratio of the circumference to the 
diameter of a circle. We said that the ratio of the circumference of a circle to 
its diameter is equal to π. Another way to look at this is to say that the 
circumference is equal to π times the diameter.

(a) Write a formula that will allow us to find the circumference of the circle, 
given the diameter.

(b) Find the length of the circumference, rounded to one decimal place, for 
circles with the following diameters:

(i) 3 cm

(ii) 72 mm

(iii) 6.5 m

(iv) m

(c) Suppose that you have built a circular rose garden with diameter 3.8 
metres in your yard. You wish to purchase a log type edging that comes 

3
4
---

3
5
---
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in rolls of three metres costing $18.95 for roll. How many rolls of edging 
should you purchase, and what will be the cost?

4. If I stand on top of a cliff  S  metres high and drop a stone, it will take t 
seconds to reach the ground. The height of the cliff can be found using the 
following formula.

S  =  4.9 t2

Use this formula to find the height of the cliff when it takes the following 
times for the stone to reach the ground.

(a) 3 seconds

(b) 8 seconds

(c) 1.4 seconds

5. Observation towers are often built in forests to allow bushfires to be spotted 
quickly. The distance (D) in kilometres that can be seen from a tower of 
height h metres is given by:

Find the distance that can be seen from towers with the following heights. 
Round your answers to the nearest kilometre.

(a) 10 metres

(b) 25 metres

(c) 17.5 metres

6. We can quickly find the approximate area of skin on our body by using the 
following formula.

where A represents the area of skin,

and  h represents the person’s height.

(a) This formula only gives approximate answers for average people. 
Explain why it wouldn’t be accurate for all people?

(b) Calculate the area of skin covering people with the following heights.

(i) 165 cm

(ii) 175.5 cm

(iii) 1.68 m

(c) If each of these people suffered burns to 24% of their bodies, calculate 
the area of skin that is burnt.

7. To check whether a person is the correct weight for their height, health 
workers now calculate the Body Mass Index. It is found by using the 
following formula.

D 8
h
5
---=

A
3h

2

5
---------=
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Body Mass Index = where w represents the weight in kilograms,

and  h represents the height in metres.

For a person to be healthy their Body Mass Index should lie between 19 and 
25 for a female and 20 to 26 for a male.

Calculate the Body Mass Index for the following people.

(a) Female, 165 cm, 65 kg 

(b) Male, 178 cm, 85 kg

(c) Female, 150 cm, 75 kg

(d) you

Which of these people fall into the healthy category?

5.4 Relationships as graphs

Earlier in this module we looked at the relationship between Shirley and Jeffrey as a graph. We 
will now look at how you would go about graphing this and other relationships.

You have probably used a map at some stage to find the location of a particular place. Map 
makers commonly set up a grid to allow you to do this. They use a letter to label a column and 
a number for a row (this will sometimes vary).

Look at the map of the University of Southern Queensland on the next page. Suppose you 
were looking for the library and were given the grid reference J7. To find it you need to go 
across to column J and from there go up or down to row 7. The library will be found at this 
point. (It is actually labelled R on the map.)

Now find the Office of Preparatory and Continuing Studies, the grid reference being L4. Go 
across to L and then up or down to 4. You should have found it labelled K5 on the map. If you 
are ever in Toowoomba call into K5 and say hello to us.

w

h
2

-----
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Activity 5.3

1. What is located at the following grid references.

(a) I6

(b) D5

(c) N7

2. Find the grid reference for the following places.

(a) Steele Rudd Courts.

(b) W Block Sciences (nursing and psychology) and Shopping Complex.

(c) Gymnasium

Obviously a grid system is a very useful tool because everyone agrees on the location of a 
particular point.
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Mathematicians use a similar system to refer to a point in a plane (a flat surface extending 
infinitely in all directions) and to distinguish it from any other points in that plane.

The system we use today was developed by a seventeenth century mathematician called René 
Descartes. Legend has it that the idea of coordinates came to him while he lay in bed and 
watched a fly crawling on the ceiling. Noting that each position of the fly could be expressed 
by two distances from the edges of the ceiling where the walls and ceiling met. He set up a 
grid using two number lines at right angles. The horizontal number line is usually called the 
x-axis and the vertical number line is usually called the y-axis. In fact these horizontal and 
vertical number lines can have any name as you will see as we move through this module. 
These two axes (the plural of axis and pronounced ax/ees) meet or intersect at a point called 
the origin. We call this grid system the Cartesian Coordinate System after its inventor.

5.4.1 The Cartesian plane
A Cartesian plane would look like this.

In this case I have labelled the axes x and y as you will often see, but I could also have labelled 
them J and S, or any other variable that I wish to represent.

As each axis is a number line it must have a scale drawn on it as we have done before when 
constructing a number line. The numbers extend out infinitely in either direction from the 
origin. All the way along the axis one centimetre must always represent the same number 
of units. It is not necessary to have the same scale on both axes although this will often be the 
case.

Look at the following Cartesian planes where different scales have been used. Note that only 
one scale has been used per axis. With a ruler, check that the scales are correct on each axis.

y

y-axis x-axis

x

origin
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You will also have noticed that the two axes divide the plane into four regions. We call these 
regions quadrants. They are numbered as in the following diagram.

Any point can be represented on the Cartesian plane by using a pair of numbers that we call an 
ordered pair. To describe a point we give its horizontal or x-coordinate and its vertical or  
y-coordinate. This pair of numbers is always written in strict order, stating the x-coordinate 
first followed by the y-coordinate.

That is (x-coordinate , y-coordinate)

We abbreviate this to be (x, y)

Or, if we are not using x and y as our variables then in general we give the horizontal co-
ordinate first and the vertical coordinate second.

That is (horizontal coordinate, vertical coordinate)

Let’s now look at using this scheme to locate some points on the Cartesian plane.

To locate the point (3,2) firstly establish which is the x-coordinate and which is the  
y-coordinate. As ordered pairs are always in the form (x,y) we know that the x-coordinate is 3 
and the y-coordinate is 2.

Having drawn a Cartesian plane, go across to 3 on the x-axis and up to 2 on the y-axis.

y
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x
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The dotted lines have been drawn to help you locate the point. These are only for guidance and 
would not normally be included on your diagram.

The point (3,2) lies in the first quadrant. We can locate points in other quadrants using the 
same technique.

Let’s plot the point (–1,2). Again we must firstly determine that the x-coordinate is –1 and the 
y-coordinate is 2. This time we must move left from the origin to get to –1 and then up to 2 on 
the y-axis. You will notice that this point is in the second quadrant.
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On the Cartesian plane below check the location of the points (–3,–2) and (4,–3)

You should have noticed that (–3,–2) is located in the third quadrant and (4,–3) in the fourth 
quadrant.

When you feel comfortable with locating points do not include the dotted lines.

What about points that lie on the axes rather than in one of the four quadrants. Take note of the 
location of the points (0,3) and (–2,0) below.

For the point (0,3) the x-coordinate is 0 which means we move neither left nor right from the 
origin, and then we move up to 3 on the y-axis. A point where the x-coordinate is 0 will always 
lie on the y-axis.
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For the point (–2,0) the y-coordinate is 0. This means that after moving to –2 on the x-axis we 
move neither up nor down on the y-axis. A point where the y-coordinate is 0 will always lie on 
the x-axis.

Activity 5.4

Set up a Cartesian plane on some 2 mm graph paper, with both axes showing 
from –5 to 5 using the scale 1 cm for every unit.   Plot the following points on 
your Cartesian plane

(a) (4,–3) (f) (–4,–5)

(b) (2,3) (g) (0,0)

(c) (–4,1) (h) (3,–5)

(d) (1,0) (i) (0,–4)

(e) (–1.5,4) (j) (–3,4)

So far we have only looked at the case where you have been given an ordered pair and been 
required to locate it on the Cartesian plane. What if you were given the point located on the 
plane and needed to find its coordinates.

Consider the point A marked on the plane below. We determine the coordinates by finding the 
x-coordinate first.

Imagine a vertical line from the point to the x-axis. (We will draw these dotted lines in for 
convenience only.) The point where this line cuts the x-axis gives the x-coordinate. We find 
that it cuts at –2.5
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The next step is to imagine a horizontal line from the point to the y-axis to find the y-
coordinate. We find that it cuts at y = 3

Therefore the coordinates of the point A are (–2.5,3) 

Practise, by finding the coordinates of the points below.
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Activity 5.5

Find the coordinates of the points marked on the Cartesian plane below.

Let’s summarize what we have learned about the points located in the various 
quadrants.
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5.4.2 Drawing graphs

The general purpose of a graph is to give a visual representation of the relationship between 
two or more things. Graphs must contain clear, precise and meaningful information for the 
reader.

This section takes you step by step through the process of drawing a graph by plotting points. 
This is only one of many ways to develop a graph, but it is one that you can always fall back 
on, no matter what the shape of the graph. In this section we are only going to look at straight 
line graphs.

For this section you will need to have some 2 mm graph paper so that you can practise drawing 
graphs and reading off accurate answers. It is also helpful to have a well sharpened pencil to 
draw the graphs. You should draw the graphs on graph paper as we move through the steps.

Let’s return to our brother and sister Shirley and Jeffrey. We know that Shirley is three years 
older than Jeffrey and that this can be represented by the formula

S  =  J  +  3 where S represents Shirley’s age in years,

and  J represents Jeffrey’s age in years.

Using the Cartesian coordinate system, if we could find a number of ordered pairs, we could 
locate these on the Cartesian plane and join them up to get a graph of this relationship.

In fact you have already found these ordered pairs in an earlier activity.

When Jeffrey was 14, Shirley was 17

When Jeffrey was 19, Shirley was 22

When Jeffrey was 35, Shirley was 38

A convenient way to represent this information is to enter it in a table of values.

From our table of values we can write a series of ordered pairs that satisfy the formula.

(14,17) (19,22) (35,38)

In each case Jeffrey’s age (horizontal axis) comes first and Shirley’s age (vertical axis) is 
second.

The series of ordered pairs can now be plotted on a Cartesian plane so that we can see the 
relationship between Jeffrey’s age and Shirley’s age.

Jeffrey’s age (years) 14 19 35

Shirley’s age (years) 17 22 38

Recall:

Module 5
Section 5.3.1
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Before we draw our axes let’s think about the possible values for the ages. Since neither 
Jeffrey’s age nor Shirley’s age can be negative we are only interested in the first quadrant.

Now choose an appropriate scale to suit the ordered pairs. In our table of values, the maximum 
value for Shirley’s age is 38 and for Jeffrey, 35. Let’s then make the axis for Shirley’s age go 
up to 40 and for Jeffrey’s to 35.

J

S

Note: Axes are labelled J and S 
and given word labels because 
the graph is showing a specific 
relationship.

Jeffrey’s Age (years)

Sh
ir

le
y’

s 
A

ge
 (

ye
ar

s)

J

S

Jeffrey’s Age (years)

Sh
ir

le
y’

s 
A

ge
 (

ye
ar

s)

50 10 15 20 25 30 35
0

40

35

30

25

20

15

10

5



   Module A5 – Representing Relationships   5.23
Now plot the ordered pairs on the Cartesian plane drawn.

To illustrate the trend in the graph we draw a straight line through all of the plotted points. 
When drawing a trend line we need to think about whether all values on the x-axis are 
possible. In our case we are talking about ages in years. We can have 5 years, 10 years and so 

on, as marked on the graph, but we could also have  years or 6 years 3 months and 4 days, 

so yes all values are possible on the x-axis. Since all values are possible we will draw a solid 
line when joining the plotted points.

Finally give the graph a title.
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Notice that we do not stop at the points we have plotted when drawing in the trend line. The 
points we have plotted were only three of an infinite number of possibilities.

Once the graph is drawn it is easy to read off Shirley’s age for any age of Jeffrey.

When Jeffrey was 15, Shirley was 18. This is not easy to find on the above graph, but having 
drawn yours on 2 mm graph paper you should be able to read off your answer fairly accurately.

Let’s now summarize the steps we have taken to draw a graph.

• From the formula complete a table of values.

• Draw up a Cartesian plane and label the axes (don’t forget the units if appropriate).

• Choose a suitable scale.

• Plot the ordered pairs from the table of values.

• Draw a trend line extending through and beyond the plotted points.

• Give your graph a title.

Let’s now look at another example, following the same steps as last time.

Example

Recall this question for which you wrote a formula earlier in this 
module.

A small company pays their salesperson Mae Ihelpyu $200 per week plus $50 for each item 
that she sells in the week. Write a formula to calculate Mae’s weekly income for any number 
of items sold.

You would have determined that the formula required was:

I  =  200 + 50n where I represents the total income in dollars,

and  n represents the number of items sold.
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Ages of Shirley and Jeffrey

Recall:
Activity 5.1
Question 5
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If you were to graph this formula you could find the total income for Mae selling any number 
of items in a given week. Or, given a set amount of money to be earned in one week, we could 
calculate the number of items to be sold.

Can you see that the amount of money Mae earns depends on the number of items she sells?

We call Mae’s income the dependent variable because it depends on the number of items she 
sells, and we call the number of items sold the independent variable because this can be any 
number of items.

It is usual to put the independent variable first in the table of values.

Complete the following table of values.

When n = 0 When n = 5 When n = 10

I  =  200 + 50n I  =  200 + 50n I  =  200 + 50n

    =  200 + 50 × 0     =  200 + 50 × 5     =  200 + 50 × 10

    =  200 + 0   =  200 + 250     =  200 + 500

    = 200   =  450     =  700

Completing the table of values we have:

Now draw up the Cartesian plane and label the axes. Again we only require the first quadrant 
as the number of items sold can only be positive and the total income must also be positive.

Number of Items sold (n) 0 5 10

Total Income in $ (I)

Number of Items sold (n) 0 5 10

Total Income in $ (I) 200 450 700

I

n
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)

Number of items sold
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Now choose a suitable scale. The horizontal axis (number of items sold) will need to start at 
zero, the minimum number of items that could be sold. The vertical axis though, could start at 
$100, a number just smaller than the least amount earned, which is $200. If we do not start the 
scale on an axis at zero, we should indicate that we have not started at zero.

Now plot the ordered pairs from the table of values 

(0,200) (5,450) (10,700)

Again the independent variable comes first and is the one plotted on the x-axis.

Before drawing a trend line through the points, we need to think about whether all values on 
the x-axis are possible. In this case we are talking about number of items sold. We can have 5 
items sold, 10 items sold and so on, as marked on the graph, but in this case we could not have 

 sold (who wants to buy, say  a TV?) so this time, all values are not possible on the x-

axis. Since all values are not possible we will draw a dotted or broken line when joining the 
plotted points.
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Finally give your graph a title.

Let’s now read off some values from your graph. These are not easy to find on the above 
graph, but having drawn yours on 2 mm graph paper you should be able to read off your 
answers fairly accurately.

What would Mae earn if she sold 7 items in one week? ..........................................

How many items would Mae have to sell to earn $600 in a week?    ........................

You should have found that Mae earned $550 for selling 7 items, and to earn $600 would need 
to sell 8 items.

You could check these answers by substituting them into the formula.

When n = 7 When n = 8

I  =  200 + 50n I  =  200 + 50n

    =  200 + 50 × 7     =  200 + 50 × 8

    =  200 + 350     =  200 + 400

    =  550     =  600

Example

Let’s finally look at a graph from a mathematical equation. An equation is just another name 
for a formula. It is looking at the relationship between two variables as before.

Sketch the graph of the formula   y = 2x – 1

We follow the same steps as before.

Total income for any given number of items sold
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The first thing to calculate is a table of values. You will need to decide what x values you will 
choose to put into your table. In the above two examples the values on the x-axis have been 
restricted to only positive numbers. There is no such restriction here, so we will choose a 
positive and a negative value for x.

When x = –2 When x = 0 When x = 2

Now complete the table of values.

The ordered pairs that we will plot are:

(–2,–5) (0,–1) (2,3)

When graphing an equation like this it is usual to graph over all four quadrants.

Plot the points, draw a line through and beyond the points. Finally label your graph. Note that 
this time our label or title looks slightly different.

x –2 0 2

y

x –2 0 2

y –5 –1 3

y 2x 1–=

2 2– 1–×=

4– 1–=

5–=

y 2x 1–=

2 0 1–×=

0 1–=

1–=

y 2x 1–=

2 2 1–×=

4 1–=

3=
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Activity 5.6

To complete this activity you will need graph paper.

1. Before the invention of mechanical clocks, candles were sometimes used to 
measure the passage of time. A formula for the height of such a candle related 
to time is given below.

h  =  10  – 2t

where h equals the height of the candle in centimetres, and t equals the time in 
hours that the candle has been burning.

(a) Use this formula to complete the following table.

(b) Graph this formula, letting the horizontal axis represent time.

(c) What was the height of the candle before it was lit?

(d) What does the 10 represent in the formula?

(e) For how many hours will the candle burn?

2. Suppose that you were planning a holiday in the United States. You wanted to 
know what clothes you should take so you looked up the expected 
temperatures in the newspaper. Problem is the temperatures were in degrees 
Fahrenheit and you never knew or have long forgotten what this means. A 
conversion graph will be useful to convert between degrees Fahrenheit and 
degrees Celsius.

t 0 1 2 3 4 5

h

y = 2x – 1

x

y

–3 –2 –1 1 2 3

6

4

2

–2

–4

–6

–8

0
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(a) Draw a graph for the following information. You will need a full page 
graph with careful choice of scales to be able to read off accurate 
answers.

(b) If you had found that the average temperature in the month you were 
planning to visit the USA was 59°F, what would this be in degrees 
Celsius?

(c) If it was 35°C in Australia, what would this be in degrees Fahrenheit?

3. The Leaky Boat Company hires out paddle boats for $7.50 an hour. 

(a) Develop a formula relating the time you have the boat to the total cost of 
the hire. Don’t forget to define your variables.

(b) Complete the following table of values.

(c) Draw a graph showing the time you have the boat against the cost of the 
hire.

(d) If a family decides to hire the boat for 4 hours in the morning, what will 
be the cost of the boat?

(e) If another family comes to hire the boat for the afternoon but only has 
$24, for how many hours will they be able to hire the boat?

4. A car rental company charges an initial fee of $50 per day plus 15 cents per 
kilometre. 

(a) Write a formula relating the kilometres travelled to the total cost for a 
days rental. Don’t forget to define the variables.

(b) Draw up a table of values and construct a graph to represent this 
relationship.

(c) From your graph, determine the cost of renting the car for one day and 
driving 260 kilometres.

(d) If you had $110 to spend, how many kilometres could you travel in one 
day?

5. The amount of time that you can spend in the sun without burning is related 
to the sun protection factor (SPF) of the sunscreen lotion you use. The table 
below is for a person who can stay in the sun without any lotion for only 15 
minutes without burning.

Degrees Celsius 0 10 20 40 80 100

Degrees Fahrenheit 32 50 68 104 176 212

Number of Hours 1 2 3 5 8

Total Cost ($)
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(a) How does the increasing of the sunscreen factor by 2 change the time 
that can be spent in the sun?

(b) Draw a graph of this relationship.

(c) If this person wanted to stay in the sun for 1 hour without burning, what 
is the minimum sunscreen factor that would be required?

6. The following table shows the weight fluctuations for Ima Bitheavy who was 
on a weight loss program. 

(a) If Ima started the program weighing 94.7 kilograms, draw a graph 
showing the weight fluctuations over the eight weeks. Think carefully 
about the scale you will use on the vertical axis.

(b) What was the lightest weight that Ima reached?

5.5 Describing relationships

So far in this module we have been given a relationship in words and then been asked to write 
a formula for this relationship, or we have been given a formula and been asked to represent 
that relationship as a graph. More often, in your future studies you are going to be given a 
formula or graph and asked to interpret its meaning. This part of the module will be giving you 
practise in recognising the relationship depicted.

5.5.1 Describing relationships from a formula

Given that P = F + 5 without any indication of what P and F represent, try to describe a 
situation that fits this formula.

........................................................................................................................................

You could have chosen many answers. Some possibilities include:

• Pauline is 5 years older than Frederick

• In the fridge there are 5 more pies than fish fingers

Sunscreen Factor 8 10 12 14

Time in minutes 120 150 180 210

Week 1 2 3 4 5 6 7 8

loss/gain (kg) –2.6 –1.2 +0.4 –0.9 +1.5 –2.7 –0.1 +0.4



5.32  TPP7181 – Mathematics tertiary preparation level A
• Peter gets $5 more pocket money than Freda

• The paint shop is 5 metres taller than the fruit shop

The possibilities are endless. Remember that P and F can represent anything. A formula is not 
complete until the variables are defined.

Activity 5.7

Describe in words what the following formulas are representing.

1. J  =  C  +  2 where J represents Joseph’s age in years, 
and C represents Chris’ age in years.

2. C  =  J – 2 where C represents Cathy’s age in years, 
and J represents Jenny’s age in years.

3.  A  =  L × W where A represents the area of a rectangle, 
L represents the length of the rectangle, 
and W represents the width of the rectangle.

4.  The following formula is Ohm’s law:

where I represents the current, 

E represents the electromotive force, 
mand R represents the resistance.

5. A  = r2 where A represents the area of a circle,
and r represents the radius of the circle.

5.5.2 Describing a relationship from a graph

This is a situation that you will come across in your everyday life, whether reading the 
newspaper or a magazine, looking at advertising material or studying a textbook in the future. 
Graphs are a very convenient way to display information and it is up to the individual to 
interpret what the graph is ‘saying’. A well presented graph will be clear and easy to follow. It 
will have many of the features that we have previously discussed:

• a heading describing what the graph is about;

• clearly labelled horizontal and vertical axes;

• scales on the axes; and

• lines or points plotted to indicate the relationship represented.

I
E
R
---=

π
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Example

Consider the following graph showing details of a Sunday drive.

When interpreting a graph we would firstly look at three items. 

• The title is the first step. This should clearly tell us what the graph is about.

• Next look at the horizontal axis. In this case the axis represents time, from 1:00 pm to 4:00 
pm.

• Finally look at the vertical axis. In this case the axis represents the distance from home in 
kilometres.

We should now have a clear picture on what the graph is about.

Next we look to the graph itself.

A series of questions might help you to clarify the meaning of this graph.

(a) At what time did the Sunday traveller leave home? ..............................................

Did you say 1:00 pm? The distance from home at 1:00 pm was zero, so this is the time the 
traveller left home.

(b) At what time did the traveller reach their destination? ...........................................

You should have said 4:00 pm.

(c) How far was the traveller from home when they reached their destination? ..............

They were 160 km from home.
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Time
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(d) How far did the traveller go in the first hour? ......................................................

The first hour went from 1:00 pm to 2:00 pm and the distance from home at these times 
was 0 kilometres at 1:00 pm and 60 km at 2:00 pm. The distance travelled in the first hour 
was 60 kilometres.

(e) How far did the traveller go in the last hour? ...................................................

Did you say 40 kilometres from 3:00 pm to 4:00 pm?

(f) What do you think happened between 1:30 and 1:45 pm? ..................................

What are your reasons for giving this answer? .....................................................

..............................................................................................................................

You should have indicated that the traveller was stopped over this time period (or the 
traveller was lost and travelling in circles) because there was no change in the distance 
from home, it remained at 40 km.

(g) Over what other time period was the traveller stopped? .......................................

The graph indicates that the traveller was stopped between 2:45 and 3:30 pm.

(h) What was the total time spent travelling? .............................................................

This question requires you to do some calculations. The Sunday drive lasted for 3 hours 
but some of this time was spent not travelling. The total time spent travelling was 2 hours.

As you can see, there is much information to be read from this graph. The following activity 
takes you through the interpretation of a number of different line graphs.
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Activity 5.8

1. The following graph shows the annual breeding numbers of loggerhead 
turtles at Mon Repos on the Bundaberg coast over about 20 years. 

(a) In what year did the most turtles nest at Mon Repos?

(b) In what year was there the least number of turtles?

(c) Between which two years was there the greatest increase in turtle 
numbers?

(d) Between which two years was there the greatest decrease in turtle 
numbers?

(e) Scientists working in the Mon Repos area have predicted that this nesting 
sight will only last another 10 years if action is not taken. How do you 
think they might have come to this conclusion?
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2. When observing a patient the temperature, pulse and respiration (breathing) 
rates are measured at regular intervals. The values are then plotted on a 
running chart which shows the patient’s progress over a period of days.

The chart below belongs to Mr Smith who is recovering from an 
appendectomy.

(a) At 2 pm on Thursday, 11th November, what was Mr Smith’s:

(i) temperature?

(ii) pulse rate?

(iii) respiration rate?

(b) The start of an infection is often signalled by a sudden rise in 
temperature. As a result, any rapid rise in temperature must be reported 
to a doctor for further investigation.

(i) On which day and over what time period, did Mr Smith’s temperature 
rise rapidly?

(ii) By how much did it rise?
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(c)

(i) At 6 pm on Saturday, Nurse Cameron finds that Mr Smith’s 
temperature is 37.6°C. Plot this value on his chart.

(ii) At the same time, Nurse Watts determines Mr Smith’s pulse and 
respiration rates by counting for a period of 15 seconds and obtains 
the following values:

Pulse: 19 counts/15 seconds

respiration: 5 counts/15 seconds

Convert these values to the appropriate unit/minute and plot them on 
the chart.

3. The following graph shows the age distribution of higher education students.

(Source: Selected Higher Education Student Statistics, DEET.)

(a) What percentage of students in higher education in 1991 were aged  
20 – 24 years?

(b) In which year did the 19 years and under group have the greatest 
representation in higher education? 

(c) Which age group has the lowest representation in the higher education 
sector?

Age distribution of Higher Education Students 1985 - 1995

Year
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4. Following are two graphs showing how a beetle travelled over a set distance.

The first graph shows the distance the beetle walked over a given time. The 
second graph shows the speed at which the beetle was travelling at any particular 
time.

(a) Between which times is the beetle not moving? Explain how this is 
reflected in both graphs.

(b) From the first graph determine how far the beetle travelled between 0 
and 1 minutes.

(c) From the second graph determine how fast the beetle travelled between 0 
and 1 minutes.

Can you see how this speed was calculated?

Recall from earlier in this module we gave the formula for speed as:

Speed  = 

From the first graph you found that the beetle covered 5 metres in the 
first minute.

That is: speed  =  =  5 m/minute, which is the 

speed you found from the second graph.

(d) From the first graph, calculate the speed at which the beetle travelled 
between 3.5 and 4 minutes. Mark this on the second graph.

Distance Travelled by Beetle (metres)

Time (minutes)
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5. The following graph shows the time it takes to run a race plotted against the 
distance over which the race was run.

Look at this graph carefully until you understand what relationship the graph 
is describing. Write a sentence explaining what is wrong with this graph.
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5.6 A taste of things to come

1. With some medications, especially for children, it is important to know a person’s body 
surface area (BSA). This is of particular importance in critical care, where loss of heat and 
moisture from the body needs to be monitored. 

There are two formulas that are used to calculate body surface area (in m2)

Formula 1 BSA  =  0.007 184 × W0.425 × H0.725

Formula 2 BSA  =      

where W  represent the weight in kilograms,

and H  represents the height in centimetres.

Complete the table rounding your answers to 3 decimal places for the following people:

(i)   Mr Tallzo height:  185 cm weight:  83 kg

(ii)  Ms Smallzo height:  155 cm weight:  65 kg

(iii) Miss Childers height:  130 cm weight:  24 kg

2. If you have an opportunity to study Australian history in your degree, you may use as a 
reference text Robert Hughes’ The Fatal Shore (Collins Harvill, Great Britain, 1987). An 
extract from the book follows:

A graph of transportation to Australia would run fairly flat (though uphill) 
from 1788 to 1816, then climb more steeply, shoot to a peak in the mid 
1830’s and then flatten again.

(a) Knowing that transportation went from 1788 through to 1853, draw a sketch of what you 
think this graph will look like from the description given above. A sketch is just a quick 
diagram, showing the main features of the graph. It is not necessary for this to be done on 
graph paper.

Body Surface Area

Patient Formula 1 Formula 2

Mr Tallzo

Ms Smallzo

Miss Childers

W H×
3600

----------------
This formula is used for the
calculation of pediatric doses of
chemotherapeutic drugs.
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(b) The exact figures for the number of people transported in various years are given below. 
Draw a graph, showing the number of convicts coming to Australia between 1787 and 
1853. Does this graph look like the one you sketched above?

(c) Hughes, in his book, goes on to describe four distinct phases of the transportation of 
convicts to Australia. Can you distinguish four phases from the graph you have drawn in 
part (b) above? Write a few sentences describing these four phases.

3. On a multiple choice test where the teacher thought that students might be guessing a lot of 
the answers, a correction for guessing formula might be used. One such formula is:

Adjusted Score  = 

where  R represents the number of correct responses,

W represents the number of incorrect responses,

and  n represents the number of alternatives on each question.

(a) Calculate the adjusted score for students with the following scores on a multiple choice 
test with 5 alternatives for each question. Round your answer to one decimal place if 
necessary.

Years Year to Plot Number of 
Convicts

1787 – 9 1787 1 010

1790 – 4 1792 4 417

1795 – 9 1797 1 662

1800 – 4 1802 2 603

1805 – 9 1807 1 734

1810 – 14 1812 4 222

1815 – 19 1817 10 672

1820 – 4 1822 13 347

1825 – 9 1827 18 331

1830 – 4 1832 27 697

1835 – 9 1837 24 433

1840 – 4 1842 18 757 

1845 – 9 1847 8 206

1850 – 3 1852 8 379

R
W

n 1–
------------–
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(b) Did adjusting the scores for guessing have any effect on the ranking of the students?

You should now be ready to attempt questions 1–4 of Assignment 3 A (see your 
Introductory Book for details). If you have any questions, please refer them to 
your course tutor.

Name Correct 
Responses

Incorrect 
Responses

Adjusted Score

T. Cruise 20 10

D. Moore 22 5

V. Kilmer 18 12

M. Griffiths 24 4
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5.7 Post-test

1. A familiar sound in the country on a warm summer evening is the chirping of crickets. The 
rate at which crickets chirp depends on the temperature: the warmer it is, the more they 
chirp in any given time. In fact the relationship can be represented by the following 
formula.

where n represents the number of chirps in 15 seconds,

and C represents the temperature in degrees Celsius.

Calculate the number of cricket chirps if the temperature is:

(a) 28°C

(b) 37°C

(c) 43°C

2. The following table gives the distances covered in certain times for a variety of travellers.

(a) Complete the table for the given values. Be very careful with units. Recall the work on 
rates if you need to.

(b) Convert each of the speeds you have calculated to km/h

(c) Rank the travellers in order from slowest to fastest.

Who’s Speeding? d t s = Speed
km/h

Brisk walk 30 kilometres 5 hours s =  

  = 6 km/h

Giant Tortoise 400 metres 2 hours

Fastest running speed of man 100 metres 8.4 seconds

Landspeed record 1 kilometre 3.6 seconds

Snail 10 metres 2 hours

n
C 4–
0.6

-------------=

d
t
---

30 km
5 h

---------------

Recall:

Module 4
Section 4.2.3
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3. The Feedumwell Catering Company caters for functions. It charges $180 for the use of the 
function room, and then $22 per person for the meal.

(a) Write a formula relating the cost of a function to the number of guests. Don’t forget to 
define the variables you use.

(b) Complete the following table of values for the costs of functions with the indicated 
numbers of guests.

(c) Plot these values on a graph and draw a trend line.

From your graph:

(d) Read off the cost of a function at which 48 guests were present.

(e) Find the greatest number of possible guests at a wedding if the budget was $1 500 for the 
reception.

4. The following questions refer to this graph.

(a) Give a suitable title to this graph.

(b) (i)   For what period are some enrolments decreasing?

Number of Guests 10 20 45 50 70 100

Cost of Function ($)
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Year
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  (ii)  In which courses are they decreasing in this period?

(c) Calculate the overall percentage increase in enrolments since 1956 for women in:

(i)   medicine.

(ii)  engineering.

(d) Write a short paragraph comparing the changes in enrolments for women in medicine and 
engineering.

5. For the following question, no data is given. You are to make up the data to suit your 
situation.

(a) You and your family or friends decide to spend a few days travelling around in the car. For 
one of these days, covering a 24 hour period, draw a graph showing the time spent 
travelling against the distance covered. (Do this on some graph paper).

(b) Write a paragraph to explain how your graph represents what has happened throughout 
your day travelling.



5.46  TPP7181 – Mathematics tertiary preparation level A
5.8 Solutions

Solutions to activities

Activity 5.1 

1.

(a) d  =  s × t where d represents the distance travelled,

d  =  s t           s represents the speed of the car,

and t represents the time of the journey.

(b) P  =  R  – C where P represents the profit,

          R represents the revenue,

and C represents the costs.

(c) V  = I × R where V represents the electrical voltage,

V  = IR           I represents the electrical current,

and R represents the electrical resistance.

2. You may have different letters to those given here, but the formula should look the same 
and you should have defined the variables clearly and fully.

(a) The grevillea was half the height of the palm tree.

G  =  P where G represents the height of the grevillea,

and P represents the height of the palm tree.

(b) The adult weighed three times as much as the child.

A  =  3 × C where A represents the weight of the adult,

A  =  3C and C represents the weight of the child.

(c) The perimeter of a square is four times the length of one side.

P  =  4 × s where P represents the perimeter,

P  =  4s and s represents the length of one side.

(d) The house was 15 metres longer than it was wide.

L  =  W + 15 where L represents the length of the house, in metres,

and W represents the width of the house, in metres.

1
2
---
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3.  C  =  4 × S where C represents the number of cola bottles,

C  =  4S and S represents the number of soda bottles.

4.  T  =  × (I – $9 500) + $9 500 where T represents the tax payable ($),

T  =  0.39 × (I – $9 500) + $9 500and I represents the taxable income ($)

5.  I  =  200 + 50 × n where I represents the total income in dollars,

and n represents the number of items sold.

Activity 5.2

1.

(a)   A  =  lw

=  7 cm × 5 cm

=  35 cm2

(b)  A  =  lw

=  34 cm × 21 cm

=  714 cm2

(c)  A  =  lw

=  3 m × 67 m

=  201 m2

(d)  A  =  lw

=  4 cm × 82 mm Convert to same unit.

=  4 cm × 8.2 cm

=  32.8 cm2

2.  

(a) P  =  4s where P represents the perimeter,

and s represents the side length.

39
100
---------
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(b)

(i)  P  =  4s 

=  4 × 4 cm

=  16 cm

(ii) P  =  4s 

=  4 × 7 m

=  28 m

(iii) P  =  4s 

=  4 × 2.6 mm

=  10.4 mm

(iv) P  =  4s 

=  4 ×  m

=  3 m

(c)  Perimeter of the chicken pen  =  4 × 3.2 m  =  12.8 m

Cost of the chicken wire       =  12.8 × $6.50  =  $83.20

The cost to fence the chicken pen will be $83.20

3.  

C  = d where C represents the circumference of the circle,

and d represents the diameter of the circle.

(i)  C = d

  =  × 3 cm

 9.4 cm

(ii) C = d

=  × 72 mm

 226.2 mm

3
4
---

π

(iii) C = d

=  × 6.5 m

 20.4 m

(iv) C = d

 =  ×  m

  1.9 m

π

π

≈

π

π 3
5
---

≈

π

π

≈

π

π

≈
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(c) Circumference of the garden  =  × 3.8 m  11.9 m

If log edging comes in rolls of 3 metres, then 4 of these will be sufficient to edge the 
garden.

Cost of edging  =  4 × $18.95  =  $75.80

4.  

(a) S = 4.9 t2

= 4.9 × 32

= 4.9 × 9

= 44.1 Cliff is 44.1 metres high.

(b) S  =   4.9 t2

= 4.9 × 82

= 4.9 × 64

= 313.6 Cliff is 313.6 metres high.

(c) S = 4.9 t2

= 4.9 × (1.4)2

= 4.9 × 1.96

= 9.604 Cliff is 9.604 metres high.

5.  

(a) D

(b) D

π ≈

D 8
h
5
---=

8
10
5
------=

8 2×=

11≈ From this tower you could see about 11 kilometres.

D 8
h
5
---=

8
25
5

------=

8 5×=

18≈ From this tower you could see about 18 kilometres.
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(c) D

6.  

(a) This formula only relies on height. It has not taken into account a person’s weight which 
could effect the amount of skin area.

(b)

(i)  A  =  h2

   =  × 1652

   =  × 27 225

   =  16 335 Area of skin is 16 335 cm2  (1.6335 m2)

(ii) A  =  h2

   =  × 175.52

   =  × 30 800.25

   =  18 480.15 Area of skin is 18 480.15 cm2  (1.848 015 m2)

(iii) A  =  h2

   =  × 1.682

   =  × 2.822 4

   =  1.693 44 Area of skin is 1.693 44 m2

8
h
5
---=

8
17.5

5
----------=

8 3.5×=

15≈ From this tower you could see about 15 kilometres.

3
5
---

3
5
---

3
5
---

3
5
---

3
5
---

3
5
---

3
5
---

3
5
---

3
5
---
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(c) (i)   24% × 16 335 cm2  =  0.24 × 16 335 ,cm2  =  3 920.4 cm2 was burnt.

(ii)  24% × 18 480.15 cm2  =  0.24 × 18 480.15 cm2  =  4 435.236 cm2 was burnt.

(iii) 24% × 1.693 44 m2  =  0.24 × 1.693 44 m2  =  0.406 4256 m2 was burnt.

7.  

(a) Body Mass Index  =  

=  

= 

 23.9 This is a healthy Body Mass Index.

(b) Body Mass Index = 

= 

= 

 26.8 This is not a healthy Body Mass Index.

(c) Body Mass Index  = 

= 

= 

 33.3 This is not a healthy Body Mass Index.

(d) Your answer will depend on your height and weight.

w

h
2

-----

65

1.65
2

-------------

65
2.7225
----------------

≈

w

h
2

-----

85

1.78
2

-------------

85
3.1684
----------------

≈

w

h
2

-----

75

1.5
2

----------

75
2.25
----------

≈
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Activity 5.3

1.

(a)  I6 G block, Education, Student Services, Sciences.

(b)  D5 F block, Indoor Recreation Centre.

(c)  N7 The Japanese Gardens.

2.

(a)  Steele Rudd Courts. F4

(b)  W Block  Sciences (nursing and psychology) and Shopping Complex.H5 or H6

(c)  Gymnasium N3

Activity 5.4

Activity 5.5

(a) (–1,2.5)

(b) (0,2)

(c) (3,4)

(d) (–3.5,0)

(j)
(e)

(b)

(d)(g)

(f) (h)

(a)

(i)

(c)

(e) (–2,–4)

(f) (1.5,–3)

(g) (4.8, –0.7)
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Activity 5.6

1.  (a)

(b)

(c) At time 0 hours (before the candle was lit) the height of the candle was 10 cm.

(d) The 10 in the formula represents the height of the candle before it was lit.

(e) After 5 hours the candle has a height of 0 cm so it will not burn further. The candle burns 
for 5 hours.

2. (a)

t 0 1 2 3 4 5

h 10 8 6 4 2 0
C

an
dl

e 
he

ig
ht

 (
cm

)

t

h Height of candle against time

Time (hours)

D
eg

re
es

 F
ah

re
nh

ei
t

Conversion chart from Celsuis to Fahrenheit

Degrees Celsuis
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(b) From your graph you should be able to read that 59°F is the same as 15°C. Warm clothing 
will be needed for this trip.

(c) 35°C is equivalent to 95°F.

3.  

(a) H  =  7.50t where H represents the cost of hire in dollars,
and t represents the time (in hours) that you have the boat.

(b)

(c)

(d) Cost for 4 hours hire will be $30.00

(e) For $24 you would be able to hire the boat for 3.2 hours. This is 3 hours and 12 minutes, 
since 0.2 of 1 hour is 12 minutes.

4. 

(a) C  =  50  +  0.15k where C represents the total daily cost of hire in dollars,

and k represents the number of kilometres travelled.

Note that since the 50 is in dollars the 15 cents must also be written in dollars.

(b)

Number of Hours 1 2 3 5 8

Total Cost ($) 7.50 15.00 22.50 37.5 60.00

Number of kilometres travelled 0 100 200 300

Total cost of hire ($) 50 65 80 95

H

t

T
ot

al
 H

ir
e 

co
st

 (
$)

Time for Boat Hire (Hours)

Leaky Boat Company Hire Cost
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(c) The cost for the day, having driven 260 kilometres is $89.

(d) If you had $110 you could travel 400 kilometres.

5. 

(a) For each increase of 2 in the sun protection factor, 30 extra minutes can be spent in the sun 
before burning.

(b)

(c) If the person wishes to stay in the sun for one hour they should use at least a SPF 4.

k

C
D

ai
ly

 r
en

ta
l c

os
t (

$)

Daily Car Rental Costs

Kilometres driven

T
im

e 
be

fo
re

 b
ur

ni
ng

 (
m

in
ut

es
)

Sun protection factor
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6. 

(a)

(b) The lightest weight that Ima reached was 89.1 kilograms.

Activity 5.7

1. This formula is representing the fact that Joseph’s age is equal to Chris’ age plus 2 years. 
In other words Joseph is two years older than Chris.

2. This formula is representing the fact that Cathy’s age is equal to Jenny’s age minus 2 
years. In other words Cathy is two years younger than Jenny.

3. The area of a rectangle is equal to the length of the rectangle multiplied by the width.

4. Ohm’s law states that the current is equal to the electromotive force divided by the 
resistance.

5. This formula allows us to find the area of a circle. It states that the area is equal to pi 
multiplied by the radius squared.

Activity 5.8

1. 

(a) 1973 had the greatest number of breeding turtles.

(b) The least number of turtles was in 1989.

(c) Between 1972 and 1973 there was the greatest increase in turtle numbers.

(d) Between 1973 and 1974 saw the greatest decrease in turtle numbers.

(e) If you were to continue the graph following the same path as from 1991 to 1993 this line 
would cut the horizontal axis at about the year 2005.

88

Chart showing Ima Bitheavy’s Weight Loss

Week of Diet
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2. 

(a) (i) Mr Smith’s temperature would be 38.5°C

(ii) Mr Smith’s pulse rate would be 98 beats per minute.

(iii) Mr Smith’s respiration rate would be 21 or 22 breaths per minute.

(b) (i) Wednesday the 10th November from 6 am to 10 am saw a rapid rise in temperature.

(ii) Mr Smith’s temperature rose by about 2°C

(c) (i) See chart below

(ii) Pulse rate:  19 counts/15 seconds gives 76 beats per minute.

(iii) Respiration rate:  5 counts/15 seconds gives 20 breaths per minute.

3. 

(a) 30% of students in higher education in 1991 were aged 20 – 24 years.

(b) 1989 saw the greatest representation of 19 years and under students.

(c) Students aged 25 – 29 are the least represented in the higher education sector for these 
years.
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4. 

(a) For the first graph, from 1 to 2 minutes and from 2.5 to 3.5 minutes, there is no change in 
distance so the beetle is not moving.

For the second graph, from 1 to 2 minutes and from 2.5 to 3.5 minutes, the speed of the 
beetle is 0 so the beetle is not moving.

(b) From 0 to 1 minute the beetle travelled 5 metres.

(c) From the second graph the beetle is travelling at 5 metres per minute from 0 to 1 minutes.

(d) Between 3.5 and 4 minutes the beetle travelled 2 metres.

 The speed will be 

5. This graph is showing time taken against distance travelled. The problem with the graph is 
that the longer the race, the less time it takes. A 1 km race will take about 4 minutes while 
a 3 km race takes no time at all.

2 metres
0.5 minutes
---------------------------- 4metres minute⁄=

Sp
ee

d 
(m

et
re

s 
pe

r 
m

in
ut

e)

Speed of Beetle (metres/minutes)

Time (minutes)
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Solutions to a taste of things to come

1.

2. 

(a) One possible graph might look like the following. After 1816 the graph was to rise then 
shoot to a peak in the mid 1830’s. I have taken mid 1830s to be about 1835 and the first 
rise to be about halfway between these two (about 1825)

Body Surface Area

Patient Formula 1 Formula 2

(i) Mr Tallzo 2.069 m2 2.065 m2

(ii) Ms Smallzo 1.640 m2 1.673 m2

(iii) Miss Childers 0.945 m2 0.931 m2
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(b) The graph drawn from the exact data is given below.

This graph does look a bit like the one drawn in part (a)

(c) Hughes identifies the first phase as going from 1788 to 1810. It started with Britain’s 
desire to clear its jails and have a presence in the Pacific. Over this period approximately  
11 800 people were transported. This was no more than 7% of the total numbers 
transported.

Sun screen protection

The second phase is identified as going from 1811 to 1830. The system of transportation 
had been well established and Britain wanted to continue to use it. During this period the 
Napoleonic wars finished and this combined with internal crises led to a dramatic increase 
in numbers transported. Over this time about 50 200 people, some 31% of the total number 
of transportees, came to Australia. (The graph we have drawn looks more like this phase 
began in 1822 or even 1828.)

The third phase, from 1831 to 1840, saw the system peak and begin its decline. In these 
years, 51 200 people sailed for Australia.

The final phase recognised by Hughes was from 1841 to 1853 when all transportation was 
abolished. From 1840 all transportation to NSW was abolished but about 26 000 convicts 
were poured into Van Diemen’s Land (now Tasmania).

Number of Convicts coming to Australia 1787 to 1853

Year of Transportation

N
um

be
r 

of
 C

on
vi

ct
s
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3. 

(a)

(b) After adjusting the scores, the students are still ranked in the same order as before the 
correction for guessing.

Name Correct 
Responses

Incorrect 
responses

Adjusted 
Score

T. Cruise 20 10 17.5

D. Moore 22 5 20.8

V. Kilmer 18 12 15

M. Griffiths 24 4 23
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Solutions to post-test

1. 

(a) 

(b) 

(c) 

2. 

(a)

(b) See table.

(c) From slowest to fastest: Snail, Giant Tortoise, Brisk walk, Fastest running speed of man 
and Landspeed record

Who’s 
Speeding? d t Speed

km/h

Brisk walk 30 kilometres 5 hours 6 km/h

Giant Tortoise 400 metres 2 hours 0.2 km/h

Fastest running 
speed of man 100 metres 8.4 seconds 42.84 km/h

Landspeed 
record 1 kilometre 3.6 seconds 1 000 km/h

Snail 10 metres 2 hours 0.005 km/h

n
C 4–
0.6

-------------=

28 4–
0.6

---------------=

40= At 28°C the cricket would make 40 chirps every 15 seconds.

n
C 4–
0.6

-------------=

37 4–
0.6

---------------=

55= At 37°C the cricket would make 55 chirps every 15 seconds.

n
C 4–
0.6

-------------=

43 4–
0.6

---------------=

65= At 43°C the cricket would make 65 chirps every 15 seconds.

S d
t
---=

S
30 km

5 h
--------------- 6 km/h= =

S
400 m

2 h
--------------- 200 m/h= =

S
100 m
8.4 s

--------------- 11.9 m/s≈=

S
1000 m

3.6 s
------------------ 277.8 m/s≈=

5
10m
2h

----------- 5m/h= =
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3. 

(a)  C  =  180  +  22n where C represents the cost of the function in dollars,

and n represents the number of guests.

(b)

(c) 

(d) From the graph the cost for 48 guests looks like about $1 250. 

Checking the exact value which is $1 236, this looks about right. You were asked to read 
the value from your graph so you must give the answer that you can read from your graph.

(e) If the budget for the wedding reception was $1 500 there could be up to 60 guests.

Number of Guests 10 20 45 50 70 100

Cost of Function ($) 400 620 1 170 1 280 1 720 2 380

Feedumwell Catering Company costs for varying
numbers of guests

Number of Guests

C
os

t o
f 

Fu
nc

tio
n 

($
)
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4. 

(a) The Number of Females in Pharmacy, Medicine and Engineering at University, between 
1956 and 1986.

(b) (i) Between 1976 and 1986

 (ii) In Pharmacy and Medicine the numbers are decreasing.

(c) (i) Numbers in medicine went from 18 to 36 an increase of 18

Percentage increase 

There has been a 100% increase in the number of women studying medicine.

(ii)  Numbers in engineering went from 2 to 12 an increase of 10

Percentage increase 

There has been a 500% increase in the number of women studying engineering.

(d) Overall both medicine and engineering have had increased enrolments although 
engineering increased at a much faster rate (from 2 to 12 compared to 18 to 36). Between 
1976 and 1986 medicine numbers have actually decreased by 2 while those in engineering 
have increased by 7.

amount of increase
original amount

--------------------------------------------- 100%×=

18
18
------ 100%×=

100%=

amount of increase
original amount

--------------------------------------------- 100%×=

10
2

------ 100%×=

500%=
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5. 

(a) 

(b) At 8:00 am we left home to begin our travels. We travelled until 10:00 am, covering a 
distance of 160 km. At 10:00 am we stopped for half an hour to have morning tea. There 
was nothing to look at at this spot so we continued with our journey. We travelled for a 
further 120 km until at 12 noon we stopped to get some petrol and use the facilities at the 
petrol station. This took us 15 minutes. The going was slow to our next stop, 45 minutes 
away. We only covered 20 kilometres in this time due to the poor condition of the road.

At 1:00 pm we finally arrived at the waterfall where we planned to have lunch. It was a 
beautiful day and we enjoyed swimming and eating. At 3:00 pm we left the waterfall so 
that we could move on to our accommodation for the night. We made good time and 
arrived at our destination 475 kilometres from home at 5:30 pm. We stayed here for the 
remaining time in this 24 hour period.

Details of Distance travelled over a given time on a Travelling
Holiday

Time over a 24 hour period
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Introduction

It is often said that today we live in an information society. We just have to look at a 
newspaper or watch the TV to see that that is the case. Reporters often use expressions like:

‘The statistics indicate.....’

‘The data show....’

‘Results of university tests show...’

We are surrounded with advertising trying to persuade us that one product is better than 
another. In our society today if we are to be informed citizens and not be taken advantage of 
we need to know how to interpret such information for ourselves. Also in your future tertiary 
studies you might be required to collect large amounts of information which has to be 
summarised and presented in a report or essay. Statistics is the science of gaining information 
from numerical facts. These numerical facts are called data. These words were first coined in 
the eighteenth century by political scientists in Germany.

In this module we aim to help you in the process of collecting, organising, presenting and 
analysing data. More formally, on successful completion of this module you should be able to:

• categorise data into different types;

• define and give examples of population, sample, variables and randomness;

• summarise and interpret data in bar charts;

• summarise and interpret data in frequency distributions and histograms;

• use and construct stem-and-leaf plots to help interpret data;

• demonstrate an understanding of the centre and dispersion of data;

• calculate and interpret mean, median, mode and range of a sample; and

• summarise and interpret data with two variables using scatterplots and lines of best 
fit.

(Reproduced with permission from G. Clark)
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6.1 Collecting data

We see data everywhere but where does it come from and what exactly is it? Data is collected 
for individuals.....how many people live in Australia, are these people male or female, how tall 
are most Australians. All these figures are data (data is the plural of datum from the Latin). 
However, data are not only collected about people we also might want to collect data from 
things or animals. Individuals are the objects described by a set of data. Variables are the 
characteristics of those individuals, for example, number of people, the gender or the height of 
the people. Note that a variable might thus take on different values for different individuals.

Data collected as variables can be of different types. For examples when we ask whether a 
person is male or female only a certain number of answers are possible (usually only male and 
female). The same goes for blood types, eye colour, country of birth. All these variables would 
be categorical variables. That is the values for the variables are just labels for the different 
categories. The categories should be non-overlapping and should cover all possibilities.

On the other hand the value of the variable could be found by counting or measuring a 
quantity. Such variables would be called quantitative variables. Some of these data would be 
continuous (taking any value) such as height, temperature, money, while other data would be 
discrete (able to take only whole number values) such as number of people or number of trees 
in a paddock.

In summary

Example

Classify the following variables as either categorical, discrete or continuous

Effect of new drug (successful or not successful)

• Rainfall in mm

• Number of words in a paragraph 

• Australian State

• Blood Pressure in mmHg

• Number of faults at tennis

Variables are 

Categorical 

Quantitative
Discrete

Continuous
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Now that we know what data we might want to collect, how do we go about collecting it? 
Let’s look at the following example.

Suppose an entertainment park wishes to provide a family pass to their attraction. They would 
like their family pass to cater for families with the ‘average’ number of children. How do they 
go about finding the ‘average’ number of children in a family?

They must firstly find the number of children in every family with children in Australia. What 
a task!

All the children in Australia would be called a statistical population. That is, all possible 
values that could be collected: in our case the number of children in every family with children 
in Australia. In this and many other statistical investigations it is not practical to survey the 
entire population. In this case we might investigate a sample of the population. If this sample 
is to be later used to make conclusions about the entire population then it is important to make 
it representative of the entire population. It could include different types of families; country 
families, city families, or families from different nationalities, blended families and families 
with only one parent.

We call a sample that represents the entire population a random sample. This means that 
every member of the population has an equal chance of being selected for the sample. We have 
not gone out on purpose and selected every city family (for example) to survey and thus 
obtained a sample biased towards that group. In the remainder of this module we will be 
dealing only with samples collected randomly from a larger population.

Variable Type Reason

Effect of new 
drug (successful 
or not 
successful)

categorical only two non-overlapping 
alternatives present

Rainfall in mm continuous an unlimited number of smaller and 
smaller measurements are possible

Number of 
words in a 
paragraph 

discrete can take only values which are 
whole numbers; this is a result of 
counting

Australian State categorical only six non-overlapping 
alternatives present

Blood Pressure 
in mmHg

continuous an unlimited number of smaller and 
smaller measurements are possible

Number of faults 
at tennis

discrete can take only values which are 
whole numbers; this is a result of 
counting
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Example

The following are some examples of populations, samples and variables that might have been 
of interest. 

Activity 6.1

1. Data from a study of local primary schools involving teachers, pupils and 
parents contained values for a range of different variables. Which of the 
variables were categorical, discrete or continuous?

(a) Gender (male or female)

(b) Age (years)

(c) Income of parents (dollars and cents)

(d) Siblings (number for each pupil)

(e) Temperature of classrooms in winter (degrees Celsius)

(f) Smoker (yes or no)

(g) Class size (number of children)

2. You are interested in the relationship between English proficiency and 1st 
year university results of students whose second language is English. Answer 
the following questions.

(a) Define the population.

(b) Define the sample(s) of the population you might decide to use.

(c) Define some variables which may be on some interest in this study.

Population Possible sample Possible variable of interest

All words in 
a book

20 words from each page length of words
function of word (verb, noun)
number of syllables in word

All trees in 
Australia

100 trees from each National 
Park

height of tree
species of tree
presence of flowers
presence of possums

All 
Australian 
women who 
smoke

2000 women who smoke age of women
weight of women
presence of cancer
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6.2 Organising and displaying data from tables

Previously in these modules we have examined vast amounts of data. These data were 
collected from a range of different samples for a multitude of reasons, and often were 
summarised into tables. Tables are useful so that we can see exactly the details of the data but 
to gain the attention of the reader or audience and to show the main points in a set of data then 
tables are often turned into pictures. These pictures can take the form of graphs. The following 
are some types of graphs we have seen before.

Line graphs

Line graphs are those 
where data have been 
plotted as a series of 
points that are joined by a 
line.

See module 5 for details 
on how to draw and 
interpret these graphs.

Pie Charts

Pie charts are pictures 
where data are 
represented as a circle in 
which each sector 
represents each category 
under study. They are 
used primarily for 
categorical data.

See module 3 for details 
on how to draw and 
interpret these graphs.

Annual Breeding Numbers of Loggerhead 
Turtles between 1967 and 1993

0
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Bar Charts

An alternative to the pie chart is a bar chart.

Let’s examine the data from the pie chart above. These data were originally represented in a 
table.

In a bar chart the data are shown as a series of rectangles which represent each of the 
categories of the data. The height of the rectangle gives the value of the variable.

To draw this graph you must first consider what will be put on each axis. On the horizontal 
axis each category is given a certain length which will depend on the number of categories you 
have to fit across the page. The vertical axis shows the variable of interest this time the 
percentage of total birds. The graph should be high enough to cater for the maximum 
percentage shown in the table. The bar chart then looks like this.

From this graph we can quickly interpret that finches are the most common bird in the bird 
fancier’s collection, with parrots being the least common.

Don’t forget the following when drawing bar charts:

• label both horizontal and vertical axes;

• scale is correct and appropriate;

• make sure the rectangles are of equal width;

• make sure that the rectangles are the same distance apart;

• give the chart a title which details what the chart is about.

Type of Bird % of Total Birds

Parrots 25

Finches 45

Pigeons 30

Types of Birds kept by a Bird Fancier

0

25

50

Parrots Finches Pigeons

Types of birds

%
 o

f 
to

ta
l b

ir
d

s



   Module A6 – Dealing With Data   6.7
Often data contain information that has been broken into many different categories.   This is 
where bar charts are more useful than pie charts. Consider the following set of data.

These data could be included in a paired bar chart as shown below. It is easy to see from this 
chart the differences between farmers and other workers.

Marital Status of Farmers Compared with All Workers, 1991

Never Married
%

Married
%

Separated or 
Divorced %

Widowed
%

Farmers 20.8 73.2 4.0 2.0

All workers 29.6 55.7 8.3 6.4

(Source: Australian Bureau of Statistics 1991.)
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Activity 6.2

1. A survey of 200 people asking what cereal they ate for breakfast found the 
following results:

You have completed this table in module 4, add the figures to the above table 
from your previous working (or recalculate for practice) and draw a bar chart 
representing the cereal preferences of this group of people.

2. The following table shows the different items that have been found around 
the necks of 75 seals in the wild. This is a very serious problem in the wild 
and often leads to the death of the seal. 

Complete the above table and present the data pictorially in a bar chart.

Cereal Number of 
people

Percentage of 
people

Corn Flakes 50

Rice Bubbles 42

Nutri Grain 39

Rolled Oats 23

Muesli 11

Coco Pops 10

Other Cereals 25

Item Number % of Total

Trawler nets 26

Packaging bands 15

Gillnet 8

Rope 5

Other 21

Total 75
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3. 500 females and 500 males in a city were asked which political party they 
would support if there was an election on the following day. The results are 
given below.

(a) Display these data as a paired bar chart from which you could compare 
male and female political preferences.

(b) Write a few sentences comparing the different preferences of males and 
females.

4. The following are the qualifications of a group of workers at a local company. 
The local newspaper collects these figures from the company census with the 
aim of writing an article on the educational background of a typical company 
in that town.

Political 
Party Males Females Total

National 140 100 240

Liberal 65 135 200

Labor 260 180 440

Democrats 20 60 80

Other 15 25 40

Qualification Number of Employees % of Total

Year 10 Secondary School 15 2.7

Year 12 Secondary School 200 36.4

University Degree 185 33.6

Master’s Degree 55 10.0

Doctorate Degree 70 12.7

Other 25 4.5

Total 550 99.9
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The newspaper is trying to decide how to best present these data pictorially. The 
reporter has suggested that they use one of the following graphs.

(a) Which graph would best describe the educational backgrounds for this set 
of workers. Explain the reason for your choice.

(b) Write a paragraph using one of the above graphs to describe the 
educational backgrounds of the workers. The paragraph should be 
suitable for use by the local newspaper.
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In this section of work we have looked at a three different types of graph. This is 
only the tip of the iceberg when it comes to graphs that you might see in the daily 
news. The way that different types of graphs can be presented is only limited by 
our creativity. However, beware many graphs that we see daily are designed to 
deceive the unwary. It is up to us to be cautious in our interpretation of statistics. 
Here are a couple of examples of things to look for....

Graphs similar to these were seen in a financial newspaper. Note the different scales on the 
vertical axes making them difficult to compare. Also the titles and axes are lacking in details 
making them difficult to interpret.

This graph was seen in an advertisement for a popular credit union. Note that there is no detail 
on either axis and that the percentage written on the columns do not correspond with the scale 
on the left.
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6.3 Organising and displaying raw data

So far we have looked at data that has already been collected and displayed in a table, but what 
if the data has just been collected and you are beginning with a large group of figures. For 
example:

You are a social worker who has just completed collecting data on the number of children in 
all the families within your jurisdiction. What you have as a result is a table which contains 
counts of the number of children in thirty families.

This type of table is very difficult to interpret, so we need a way to summarise these data into a 
form that is easier to read and interpret. The frequency distribution table is a way of doing this.

6.3.1 Frequency distribution table

The frequency distribution table is a common way of organising data so that it is very 
readable.

The first column of the table shows the variable being measured (in our case this is the number 
of children in the family). We often represent the variable as x. The second column is a tally 
column (if it is needed) and the third column is the frequency column. This column shows the 
number of times each score has been observed and is often represented by f. The table should 
always have a title. If we convert the table above into a frequency distribution table we get.

1 4 2 3 2 4 1 5 2 3

3 1 4 5 5 2 8 3 6 4

2 3 2 3 1 5 4 7 2 6
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Frequency distribution table showing the number of children in each of 30 families 
surveyed.

Don’t be put off by the use of Σf in the last column, it is just another way of saying the total or 
sum of the frequency column. It is the total frequency. Σ (sigma) is a Greek letter which means 
‘sum of’. It is always a good idea to find the sum of the frequency column as a check that you 
have not missed out any values when tallying. In our example the sum of the last column 
should be equal to 30 (because we started with 30 families).

It is much easier now to read off information from our survey. We can see that 7 families have 
2 children but only 1 family had 8 children. We could also say that 8 of the 30 families have 
more than 4 children in their families (this means 5, 6, 7 or 8 children).

We could express some of this information as a percentage. 

For example, what percentage of families have less than 4 children. Less than 4 children 
means 1, 2 or 3 children. From our table of values 17 families have less than 4 children. This 

represents    or 57% of the families surveyed.

We will return to our survey later. For now try to construct some frequency distribution tables 
for the following data.

Number of 
Children per 

family
(x)

Tally Frequency
(f)

1 |||| 4

2 |||| || 7

3 |||| | 6

4 |||| 5

5 |||| 4

6 || 2

7 | 1

8 | 1

Σf = 30

This column 
shows all the 
possible 
values of the 
variable from 
smallest to 
largest

This column is the tally in 
groups of five. It is not 
really part of the formal 
table but is a way of 
keeping count.

This column is the 
frequency column and 
represents how often each 
value of the variable 
occurs.

17
30
------
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Activity 6.3

1. A survey of weights (to the nearest kilogram) of students in a maths tutorial 
produced the following data.

56 70 58 62 59 61 70 58

64 64 62 68 63 64 61 60

60 66 63 67 65 58 66 63

68 63 69 63 67 67 63 66

(a) What was the lowest weight? What was the greatest weight?

(b) Construct a frequency distribution table for the above data.

(c) How many students weighed 70 kg?

(d) How many students weighed less than 62 kg?

2. A golfer returned the following scores on 20 successive games on the same 
course.

85 81 81 83 84 78 87 79 82 86

83 80 82 81 79 84 85 81 79 80

(a) Construct a frequency distribution table for the above data

(b) On how many rounds did the golfer score 84?

(c) On how many rounds did the golfer score less the 80?

3. When babies are born in hospital their blood group is determined as part of 
the routine testing performed on new-borns. Blood groups fall into one of 
four categories, A, B, AB or O.

In a particular hospital the 24 babies born in one week had the following 
blood groups.

O  O  A  O  AB  B O A B O O A

AOB O A A O O A O A A

(a) Construct a frequency distribution table for the above data.

(b) What was the most common blood group among these babies? 

(c) Did you know that approximately 49% of the Australian population has 
type O blood. What percentage of these babies had type O blood?
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4. The following figures represent readings taken by a radar trap on a section of 
road with a speed limit of 80 km/h

81 80 70 76 90 82 73 78 81 80

81 83 73 75 78 75 79 76 84 102

93 81 100 85 73 81 76 77 76 73

74 83 71 71 85 96 86 79 81 83

(a) Construct a frequency distribution table for the above data.

(b) What number of the motorists were travelling above the speed limit?

5. A health clinic is having a free health check stand at the local shopping 
centre. The heights to the nearest centimetre of the first 50 clients are 
recorded below.

150 185 92 155 165 178 150 92 155 176

95 115 150 165 135 160 180 95 116 158

88 106 182 156 143 180 115 155 176 92

94 125 128 136 116 148 122 164 165 178

145 148 122 164 182 160 128 132 176 158

(a) Construct a frequency distribution table for the above data.

(b) Do you think that there would be a better way to present this data?

Grouped frequency distribution table

Let’s consider the last question you did in the previous activity. These data ranged from the 
shortest person at 88 cm to the tallest at 185 cm. We would have had a very large table if we 
had included all the possible values for the heights between these two values.

A much more convenient way of representing these data is to use a grouped frequency 
distribution table. We could group the height measurements into classes. 

In our example on heights we could have classes from 80 cm to 90 cm and from 90 cm to 100 
cm and so on until we get to the class 180 cm to 190 cm. Looking at the first two of these 
classes you will see that 90 cm occurs in both. We must be very clear about which class 90 cm 
will fall into. In the case of this example we will put 90 cm into the class 80 to 90. It is very 
important to be clear about which class each observation falls into as you do not wish to count 
one observation twice.

Here is the grouped frequency distribution table for the data in activity 6.3, question 5.
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Grouped frequency distribution table showing the heights of 50 people in a health 
survey.

You should check that you get the same frequency as above for each of the classes.

Activity 6.4

1. Using the data displayed in activity 6.3 question 1, construct a grouped 
frequency distribution, using class widths starting at 55 up to and including 
57.

6.3.2 Frequency histograms

As before to gain a better understanding and to get a clearer picture of what is happening with 
the data it is often necessary to show the data pictorially. If the variable involved is 
quantitative (either discrete or continuous) then we can represent the frequency distribution as 
a histogram. Histograms are like bar charts. 

For histograms showing discrete data, we construct a series of rectangles, usually of width 1 
cm. Each rectangle is centred on an observed value of the variable and the height of each is 
equal to the frequency of that observed value. For example, to construct a histogram that 
displays the data on the number of children per family in the example in the section 6.3.1 
follow the steps below.

Heights
(cm)

Tally Frequency
(f)

80 up to and including 90 | 1

90 up to and including 100 |||| | 6

100 up to and including 110 | 1

110 up to and including 120 |||| 4

120 up to and including 130 |||| 5

130 up to and including 140 ||| 3

140 up to and including 150 |||| || 7

150 up to and including 160 |||| ||| 8

160 up to and including 170 |||| 5

170 up to and including 180 |||| || 7

180 up to and including 190 ||| 3

Σf = 50
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• The number of children ranged from 1 to 8. Place these numbers along the 
horizontal axis. These should be evenly spaced, not missing out any values even if 
they have a frequency of zero.

• The frequencies ranged from 1 to 7, so use this to select a suitable scale for the 
vertical axis. 

• Notice that all rectangles are of equal width and are centred on the number of 
children per family.

What can we say about these data when we have viewed the histogram. Firstly notice that the 
horizontal axis does not begin at zero so we have to be careful how we interpret the values on 
this axis. However bearing this in mind it still seems that the histogram is higher on the left 
than on the right, we say it is skewed to the right. That is, more families have less than 4 
children than have more than 4. Only 2 families have 7 or 8 children compared with 11 
families having 1 or 2.

To construct a histogram for continuous data we once again construct a series of rectangles of 
equal width. The height of each corresponds to the class frequency, as before. The width of 
each rectangle however will depend on the scale on the horizontal axis and classes that we 
decide to break the values of the variable up into. Refer back to the discussion of grouped 
frequency distributions. The principles developed there are used in constructing a histogram 
for continuous data. Consider the grouped frequency distribution we constructed from activity 
6.3 question 5.
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Grouped frequency distribution table showing the heights of 50 people in a health 
survey.

Using these data we could construct the following histogram.

What can we say about these data when we have viewed the histogram. It looks very different 
from the previous example with no definite patterns occurring either to the left or right. The 
peak at 90 to 100 cm is interesting and stands out from the other patterns. The researcher 
conducting this survey might go back to the original data and find out why this group occurred 
so frequently (e.g. were there a lot of children in the shopping centre on this day).

Heights
(cm)

Frequency
(f)

80 up to and including 90 1

90 up to and including 100 6

100 up to and including 110 1

110 up to and including 120 4

120 up to and including 130 5

130 up to and including 140 3

140 up to and including 150 7

150 up to and including 160 8

160 up to and including 170 5

170 up to and including 180 7

180 up to and including 190 3

Σf = 50
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Health Survey 

0
1
2
3
4
5
6
7
8

80 90 100 110 120 130 140 150 160 170 180

Height (cm)

N
u

m
b

er
 o

f 
P

eo
p

le

80 90 100 110 120 130 140 150 160 170 180 190



   Module A6 – Dealing With Data   6.19
In summary to draw a histogram you should complete the following steps.

• Find the range of the data, that is the smallest to largest measurement.

• Use the range as a guide for choosing a suitable class width. This is especially 
important for continuous data. There is no correct answer in selecting class width, 
we choose those values which best suit our needs. If too few classes are used then 
the histogram will look like a skyscraper with all the values squeezed into a few 
classes. If too many classes are chosen then the graph will look squashed with most 
classes having only one or no observations. Both of these extremes will not help us 
to interpret the data easily. If you are not sure where to start try to use between 5 
and 10 classes.

• Set up and complete a frequency distribution table with the chosen class widths if 
necessary.

• Use the values in the frequency distribution table to complete the histogram. If data 
are continuous use the end points of the class widths as labels on the horizontal 
axis as shown above.

• Give your graph a title and be sure to label the axes.
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Activity 6.5

1. A golfer returned the following scores on 20 successive games on the same 
course.

(a) Construct a frequency distribution table for the above data (see activity 
6.3 question 2)

(b) Use the above frequency distribution to construct a histogram 
representing the data.

2. Thirty 100 kg bags of sugar were selected at random at a sugar mill. Their 
weights (in kg) were:

(a) Construct a grouped frequency distribution table for these data. Choose 
the class widths that you think appropriate.

(b) Use the above frequency distribution table to construct a histogram to 
represent the data.

3. The following are the blood pressure reading in mmHg of a group outpatients 
at a local hospital.

(a) Construct a grouped frequency distribution table for the above data. 

85 81 81 83 84 78 87 79 82 86

83 80 82 81 79 84 85 81 79 80

98.2 102.7 96.1 105.3 95.1 97.5

92.5 96.4 98.3 101.2 97.3 96.3

105.0 100.5 93.8 96.1 98.9 95.3

102.0 105.0 102.0 96.8 97.2 95.6

93.4 99.9 93.9 103.7 96.5 102.1

94 94 82 100 112 110 84 78 92 112

94 92 86 84 90 72 88 92 88 84

98 98 84 90 90 70 80 90 80 106

74 95 100 94 84 70 102 92 84 80

84 86 98 82 80 88 80 84 100 86
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Choose the class widths that you think appropriate.

(b) Use the above frequency distribution table to construct a histogram which 
represents the data.

4. Examine the next two frequency distributions which display the frequency of 
words of different length in plays by two different playwrights.

(a) Describe in your own words the distribution of words of different length 
in Play A.

(b) In your own words compare the length of words in Play A with Play B

6.3.3 Stem-and-leaf plot

Histograms are not the only way to display frequency distributions so that they are easier to 
read. For small sets of data stem-and-leaf plots have also been found useful as they are often 
quicker to construct and present more detailed information than histograms. They are a cross 
between a table and a graph and are used to sort the data and display it at the same time. 
Consider the following set of data of the scores of 18 1st year students in a psychological test 
designed to measure the attitude of university students to study. Their scores were
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For the stem-and-leaf plot you need to rewrite the data so that part of each number is identified 
as the stem and the rest of the number will be the leaf. In the example above the stem of 124 
would be 12 and the leaf would be 4, the stem of 100 would be 10 and the leaf would be 0. 
Note that usually the leaf will consist of only one digit.

To construct the stem-and-leaf plot you need to:

• write the stem of each value vertically in increasing order from top to bottom. 
Draw a vertical line along side the list of stems.

124 100 121 115 153 167

103 165 167 129 200 148

140 152 137 141 101 126

10

11

12

13

14

15

16

17

18

19

20
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• go through the data writing each leaf to the right of the vertical line next to its 
matching stem

      

• write the stem again and rearrange the leaves in increasing order

      

Check that you have 18 scores, the number you first started with.

There are two further things to add to complete the plot:

• A title

10 0 3 1

11 5

12 4 1 9 6

13 7

14 8 0 1

15 3 2

16 7 5 7

17

18

19

20 0

10 0 1 3

11 5

12 1 4 6 9

13 7

14 0 1 8

15 2 3

16 5 7 7

17

18

19

20 0
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• An example of what the stem and leaf represent. For example, 11/6 represents 116. 
This is included as part of the heading and does not represent part of the data.

The completed stem-and-leaf plot is thus:

Stem-and-leaf plot of scores in attitude to study of 18 students

Notice that when you look more closely, the stem-and-leaf plot it is very similar to a histogram 
except that it is turned on its side. Stem-and-leaf plots are used in the same way as a histogram 
to help you see the pattern in the data or if there are any unusual points. The advantage of this 
type of graph over the histogram is that it preserves the actual values of each observation. 
However, for large data sets this type of plot is time consuming and we would not recommend 
it unless you were using a computer package to do all the work for you.

11 6 represents 116

10 0 1 3

11 5

12 1 4 6 9

13 7

14 0 1 8

15 2 3

16 5 7 7

17

18

19

20 0
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Activity 6.6

1. A manager of a ferry company records the following numbers of passengers 
on 25 runs of one of her ferries.

(a) Construct a stem-and-leaf plot to represent the frequency distribution of 
these data.

(b) From the stem-and-leaf plot determine what number of passengers the 
ferry most frequently carried.

2. A teacher of a small primary school gave a mathematics test to 20 Grade 7 
students. They scored the following percentages.

(a) Construct a stem-and-leaf plot of the data.

(b) Use the stem-and-leaf plot to help describe in your own words the 
distribution of marks in the class.

(c) If the passing mark was 50% how many students passed the test. Can you 
use the stem-and-leaf plot to find this out? Explain.

52 84 40 57 61

65 77 64 62 35

82 58 50 78 83

71 75 41 53 66

60 95 58 49 89

67 85 46 64 73 52 79 61 76 58

58 84 32 57 68 42 76 52 74 47
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3. The following stem-and-leaf plots represent the rate of heart disease per 
100 000 adults in different regions of the United Kingdom in 1990.

Heart disease in males Heart disease in females

per 100 000 per 100 000

(a) What was the highest and lowest rate of heart disease in males?

(b) What was the most frequent rate of heart disease in females?

(c) Use the stem-and-leaf plots above to make a comparison of the rate of 
heart disease of men and women in the UK.

6.4 Analysing data

So far we have collected, organised and displayed data.   However, this is often not enough. In 
many cases we need to abbreviate the data even further so that we have measures such as the 
‘average’ or the most typical value. These types of measures are referring to the centre of the 

35 6 represents 356 per 
100 000

35 6 represents 356 per 
100 000

32 0 3 27 9

33 28 3 6

34 0 29

35 30

36 1 31 4

37 32 7

38 3 33 1 1 9

39 8 34

40 35

41 1 8 8 36 2

42 37 6

43 38

44 2 39 0

45 2
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data and as such are called measures of central tendency. In the following section we will 
look at 3 measures of the centre of a distribution of data.

6.4.1 Where is the centre of these data?

The mean

The mean is the most commonly used measure of the centre of a group of data. You may have 
heard it referred to as the arithmetic average. In words we would say that the mean is equal to 
the sum of all the observations divided by the total number of observations.

Mean 

This is sometimes abbreviated to the formula

 where n is the total sample size and   is the sum of all the observations.

Don’t confuse mean with the English mean in the sense of ‘nasty’ although it might be 
considered mean to ask somebody all the things that mean can mean.

Example

If a nurse measured a patient’s temperature (in  °C) 4 times, what was the patient’s mean 
temperature?

37.2 37.5 37.1 37.3

Add all the numbers given to get 149.1 then divide this total by 4 to get 37.275.

or

Mean 

=  37.275

 37.3 (rounded to 1 decimal place)

The mean temperature would be approximately 37.3 °C.

This method, however, becomes very tedious if we are working from a very large data set. To 
overcome this for large sets of data it is better to firstly arrange the data into a frequency 
distribution table and then calculate the mean from that table.

sum of all observations
total number of all observations
----------------------------------------------------------------------------=

x

xi
i 1=

n

∑
n

--------------= xi
i 1=

n

∑

sum of all observations
total number of all observations
----------------------------------------------------------------------------=

37.2 37.5 37.1 37.3+ + +
4

-------------------------------------------------------------=

≈
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Recall this frequency distribution table from earlier. We can multiply the first two columns of 
this table together to produce a third column which we will call the fx.

Frequency distribution table showing the number of children in each of 30 families 
surveyed.

This means that if we have a large number of observations that have been represented in a 
frequency distribution table then we can use this table to help us find the mean of the data.

Mean 

This is sometimes abbreviated to the formula

       

where  is the sum of all the observations and   is the total number of 

observations.

Number of 
Children per 

family
(x)

Frequency
(f) f × x = fx

1 4 1×4=4

2 7 2×7=14

3 6 3×6=18

4 5 4×5=20

5 4 5×4=20

6 2 6×2=12

7 1 7×1=7

8 1 8×1=8

Σf = 30 Σfx=103

The total of this column is 
equal to the total number 
of observations

The total of this column is 
equivalent to the sum of 
all the observations.

sum of all observations
total number of all observations
----------------------------------------------------------------------------=

x

fxi
i 1=

n

∑

fi
i 1=

n

∑
----------------=

fxi
i 1=

n

∑ fi
i 1=

n

∑
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Example

Use the frequency distribution above to find the mean number of children per family.

Mean 

The mean number of children would be approximately 3.4

Using the calculator to find the mean

Calculators can be a very useful tool in the calculation of statistics especially where data sets 
are large. It is important that if you are going to use your calculator to find the mean that you 
put your calculator in the statistics mode. As there are many different calculators it is 
impossible to list all the steps for each calculator. Check your calculator manual to find out the 
steps for your calculator. Alternatively, if you are having difficulties contact your tutor.

Example

Use your calculator find the mean  if a nurse measured a patient’s temperature (in °C) 4 
times what was the patient’s mean temperature?

37.2 37.5 37.1 37.3

 Now try this on your calculator.   

Using your calculator the display should read 37.275.

sum of all observations
total number of all observations
----------------------------------------------------------------------------=

fx∑
f∑

------------=

103
30

---------=

3.433≈

x( )

Write down your calculator steps in the 
space below.
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Example

Use the frequency distribution table to find the mean number of children per family.

Frequency distribution table showing the number of children
in each of 30 families surveyed.

Note that when we enter these values into the calculator it is not necessary to enter each 
individually. The calculator is programmed so that it will allow you to enter multiples of the 
one value.

Write your calculator steps in the space below.

 Now try this on your calculator.   

The display should read 3.43333333 (as before).

Number of 
Children per 

family
(x)

Frequency
(f) f × x = fx

1 4 1×4=4

2 7 2×7=14

3 6 3×6=18

4 5 4×5=20

5 4 5×4=20

6 2 6×2=12

7 1 7×1=7

8 1 8×1=8

Σf = 30 Σfx=103

Write down your calculator steps in the 
space below.
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Activity 6.7

1. What is the mean rainfall for an 8 day period if the daily rainfall was

7.2, 13.5, 2.1, 25, 4.6, 0, 7.2, 15.7 (rainfall is measured in mm).

2. Find the mean daily temperature if the temperature measured over a 21 day 
period are presented below.

3. In a fishing competition there were 40 competitors. If the number of fish 
caught by each competitor was

What was the mean number of fish caught?

The mode

The mode is another measure of the centre of a set of data. It is the most common observation 
made in a set of observations derived from the French word for fashionable. For example if we 
have a set of examination scores   55  55  65  62  55  78  99  55, then 55 would be the mode of 
these scores as it is the most common score.

When sets of data are summarised into frequency distributions it is easy to read off the mode 
by looking for the observation with the highest frequency. Look again at the distribution of 
number of children per family. In that distribution the mode was 2. This means that 7 families 
had 2 children each and that this was the most common number of children to have. In this 
case there was only one mode but in other examples there may be more than one, or the mode 
may not exist as all scores had the same frequency.

Temperature in 
degrees Celsius

(x)

Frequency of each 
temperature

(f)

25 5

27 7

29 3

31 4

33 2

8 7 7 4 7 3 7 7 6 7

3 2 7 9 7 3 8 2 6 7

5 10 8 7 8 9 7 7 8 10

7 6 5 7 3 7 7 5 4 10



6.32  TPP7181 – Mathematics tertiary preparation level A
Activity 6.8

Return to activity 6.7 and calculate the mode for each of the distributions 
presented.

The median

The third measure of central tendency we shall discuss is the median. The median is the 
middle value in a set of observations, after they have been ranked in order (usually from 
smallest to largest). The median observation should therefore have the same number of 
observations on either side of it. If there are an odd number of observations the median is the 
middle observation but if there is an even number of observations the median will be the 
average of the two middle scores.

To find the median of a distribution.

• Arrange all observation in order of size, usually from smallest to largest.

• If the number of observations is odd, the median will be at the centre of the ordered 
list. You can find the middle score by adding one to the total number of 
observations and dividing by two. Then count up through the ordered set until you 
reach that observation.

• If the number of observations is even, the median will be midway between the two 
centre observations.

Example

The amount 5 people earned per hour is shown below.

$12, $18, $14, $11, $15

Find the median amount earned.

Note that there are the same number of observations below 14 as there are above 14.

11  12  14  15  18 Rearrange data into ascending order

As there are 5 observations the median position will be 

If we count along the data set the 3rd value is $14

The median is therefore $14.

5 1+
2

------------ 3=
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Example

Find the median of this maximum temperature data collected over 6 days during winter.

6.5  7.1  3.2  5.3  9.2  4.5  (all temperatures are in degrees Celsius)

Example

In a previous activity we looked at the distribution table which displayed daily temperature 
over a 21 day period. What would be the median of these data?

The data are already arranged in ascending order, so the first step is to find the position of the 

median. The median will be the  term, i.e. the 11th term.

To find the 11th term count down the 11 terms in the frequency distribution table. For example 
the first 5 terms are all 25, the next 7 are all 27 so that means that the 11th term is 27.

The median is 27 degrees Celsius.

Activity 6.9

Find the median observation in the distributions detailed in activity 6.7.

3.2  4.5  5.3  6.5  7.1  9.2  Rearrange data into ascending order

As there are 6 observations the median position will be    = 3.5

This means that the median lies between the 3rd and 4th observation.  To find the exact 
value of the median we take the midpoint between the 3rd and 4th value.

The median is thus 5.9 degrees Celsius

Temperature in 
degrees Celsius

Frequency of each 
temperature

25 5

27 7

29 3

31 4

33 2

6 1+
2

------------

5.3 6.5+
2

--------------------- 5.9=

21 1+
2

---------------
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A comparison of mean, median and mode

Now that we know how to calculate the mean, median and mode it is important to see when 
each of these measures is most useful. Let’s look at the following three histograms of 
frequency distributions. The distributions represent the number of people attending three small 
cinemas around country Queensland.
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Notice that although the histograms for these three distribution are about the same thing they 
have some distinct differences. Their general shapes are different. The first histogram is 
symmetrical (when it is cut in half both sides are the same). In the second histogram the 
rectangles are higher on the left hand side while on the third histogram the rectangles are 
higher on the right hand side. Also compare the values of the mean, median and mode for the 
three distributions. In the symmetrical histogram the mean, median and mode are the same, 
while in the unbalanced (or skewed) histograms the mean is different from the median and 
mode. This type of result will occur in many other distributions that are skewed to one side. In 
some cases the median and mode will also be different. It is often said that the mean is more 
liable to be influenced by extreme values in a distribution. However, it should not be 
concluded that because of this the mean is not useful. All three measures of central tendency 
measure slightly different aspects of a distribution and as such all are useful. In particular,

The mode is most useful when:

• categorical variables are being considered; and

• qualities like sizes of products are being considered e.g. a manager of a 
supermarket will always be interested in the most frequently bought size rather 
than the mean size.

The median is most useful when:

• the distribution has values which are either very small or very large (outliers) e.g. 
reports about incomes, house prices or other very skewed distributions usually use 
the median rather than the mean.

The mean is most useful because:

• it uses all the numbers in the calculation and is sensitive to small changes;

• many people intuitively understand the meaning of this measure; and

• many rigorous statistical theories have been developed around this measure.

In conclusion all three measures of central tendency have their advantages and disadvantages. 
When selecting the measure to summarise data it is always necessary to first consider what the 
statistics will be used for.

Activity 6.10

1. Below is the number of people in the same family undergoing counselling 
after a bus crash.

4   2 2  4 6 3  2  3

As the psychologist in charge you have to present a report on this event.  
Calculate the mean, median and mode for these data and comment on the 
most appropriate measure to use.

2. Levels of a drug in the blood of ten patients admitted to the outpatients clinic 
of a major hospital were

75 103 66 61 91 61 74 103 99 93  (microunits per mL).
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When reporting back to your superior about the group of admissions you 
would use either the mean, mean or mode to summarise these data. Calculate 
all three measures and give reasons for your decision to use the measure of 
your choice.

3. Eight houses all in the same street of a Toowoomba suburb had the following 
values

$85 000 $115 000 $66 000 $77 000 $82 000 $89 000

$79 000 $91 000

Which measure of central tendency would best summarise these data. Explain 
your answer showing calculations for mean, median and mode.

6.4.2 How spread out are these data?

You will have noticed by now that when data is collected there is a considerable amount of 
variation. For example you would not expect every man of the same age to have the same 
weight. Take another look at the many histograms and frequency distributions we have 
constructed in this module so far. Many of them show considerable variation. As a 
consequence of this we have to be very cautious when using the mean, median or mode. We 
need to know something about the variation of the original data set before these measures are 
really useful. Consider the following. 

You apply for two jobs where the amount of money you earn depends on how much you sell. 
You are told by both employers that the average weekly income of the other employees is 
$600. It sounds good so far, until you find out that at one place many of the employees earn 
just $50 while a few high fliers are earning $1200. Luckily you find out that at the second 
place salaries are more balanced with the weekly earnings always being between $400 and 
$700.

In this example the means for each set of data were the same but the variation in the data set 
was not.

It is always useful to have at least one measure of spread to accompany a measure of the centre 
of the data.

One simple way to measure spread is called the range, which is the difference between the 
smallest and largest values. For example in the situation above it would have been good to 
know that the range of weekly income for one group was $1150 ($1200 – $50) while the other 
was $300 ($700 – $400).

Remember that drawing a frequency distribution as a histogram or a stem-and-leaf plot would 
give you a good idea of how spread out the data were.

There are many other measures of spread that you will come across in other books or in your 
future studies but they are beyond the scope of this unit.
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Activity 6.11

1. Calculate the range of the data given in activity 6.10. For each question write 
a sentence summarising the data including a measure of central tendency and 
the range.

2. The following are the marks out of 100 for two students (Joe and Chris) who 
sat for their final examination in 6 subject areas:

Joe: 66 65 45 66 65 90

Chris: 66 66 65 68 64 67

(a) Calculate the mean and range of these data for each child.

(b) Use this information to compare the average mark of the two students.

6.5 Data with two variables

So far we have looked at data sets where only one variable has been measured, for example 
height of men or temperature of water. But what about the situation that often occurs where we 
measure two variables and want to know something about the relationship that occurs between 
them.

Consider the situation of four men:

Adam is tall and light. He is 180 cm tall and weighs 60 kg.

Bill is the same height as Adam (180 cm) but weighs 110 kg. He is the heaviest of the four 
men.

Charles is short and heavy. He is 140 cm tall and weighs 80 kg.

Don is the shortest and the lightest of the four men, he is only 120 cm tall and weighs 50 kg.

Two variables are presented in these data, height and weight. We could summarise this type of 
data by representing the two variables together on a graph. It may well be that there is some 
relationship between the height and weight of a man.

The best way to begin the investigation involving the relationship between these two variables 
is to draw a scatterplot. A scatterplot is a graph in which the values of one variable appear on 
the horizontal axis while those of the other variable appear on the vertical axis. The points 
drawn on the graph represent the values of each variable for that individual. From the data 
above we could construct a table that would help us plot the points on our scatterplot.
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To construct the scatterplot for these data you should:

• Draw a Cartesian plane, using only the necessary quadrant (best to use graph 
paper).

• Label the horizontal axis as height (cm) and the vertical axis as weight (kg). It 
normally doesn’t matter which variable goes on which axis.

• Mark a scale on each axis that is appropriate for the range of each variable. In this 
case height could go from 50 to 200 and weight from 0 to 120.

• Plot a point on the graph for each pair of observations.

• Give the graph a title.

The scatterplot from the above data could look like this:

Let’s consider another example.

Name Height (cm) Weight (kg)

Adam 180 60

Bill 180 110

Charles 140 80

Don 120 50

Scatterplot of the height and weight of four 
men
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Example

Ten people of different ages had their hearing checked to determine the relationship between 
age and hearing loss. Hearing was measured as the maximum frequency of the sound they 
could hear in 1000 cycles per second.

Important note: only the data for age and frequency are included in the plot. Do not include 
the person number. This is only included as a label for each observation and should not be a 
part of the scatterplot.

Person Age 
(years)

Frequency (1000 cycles per 
second)

1 10 18.5

2 15 19.3

3 25 17.5

4 30 16.3

5 37 15.7

6 46 16.4

7 52 16.9

8 61 14.2

9 64 13.9

10 75 13.9

Scatterplot showing the relationship between age and level 
of hearing
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Before we go any further and draw some scatterplots, let’s have a look at what these graphs 
tell us about the relationship between the two variables graphed.

In the first graph it looks like there is a relationship between the height and weight of a man. In 
particular as the height increases so does the weight. We can also see a relationship in the 
second graph. In this case as the age of the person increases their ability to hear decreases. Is it 
possible to make predictions about weight or hearing from these graphs?

One thing that will help us understand what is happening in the graph is to draw a line through 
the points. This line is called the line of best fit and will give us a good idea of the trend the 
data follow. Ideally the line should be drawn through the middle of the points, dividing them 
into two balanced groups (one group each side of the line). This should be done by ‘sighting’ a 
line – taking your ruler and drawing a line that appears balanced. This method is only an 
estimation of where the line could be and different people will produced slightly different 
lines. If you study statistics further the guess work is taken out of this method by a more 
mathematical approach to fitting a line called ‘Regression Analysis’. However, for our 
purposes a line of best fit, fitted by eye will give us a good idea of the trend in the data.

Let’s fit some lines to the two examples above.

When we examine the trend in this scatterplot it appears that there is a relationship between 
height and weight of men, that is, the taller a man is then the heavier he might be predicted to 
be. We say that this is a positive relationship between these two variables.

We could now use the line of best fit to make some predictions about the weight of men of 
heights that we did not measure. For example reading from the line of best fit when a man is 
160 cm tall he might weigh about 75 kg. We could also predict that if a man was 200 cm tall (a 
basket ball player?) then from the line of best fit we would predict that he would weight  
90 kg.

Scatterplot of the height and weight of four 
men
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Similarly for the scatterplot of age versus level of hearing we could draw a line of best fit. 
Notice that this line is sloping downwards indicating that as people age the frequency of sound 
that they can hear is reduced (the older you are the worse your hearing is). As we did before 
we could use this graph to predict some values of level of hearing for people we did not 
measure. For example using the line of best fit we could say that if you were 42 years old you 
would be able to hear 17 000 cycles per second while if you were 90 years old you would be 
able to hear only 12 000 cycles per second.

The process of guessing values based on a known trend in some data is called:

interpolation if it is within the known range of values, and

extrapolation if it is outside the known range of values.

Watch out, however, for unrealistic predictions. For example could we predict the weight of a 
man who is 300 cm tall or the level of hearing of somebody 150 years old?

Scatterplot showing the relationship between age and level 
of hearing
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Activity 6.12

Draw scatterplots for the following data. Draw a line of best fit through the data 
points to illustrate the trend and then answer the questions.

1. The temperatures in a dam were measured at different depths producing the 
following data.

(a) Is there a trend? If so describe it.

(b) What do you predict that the temperature would be at:

(i) 2.5 m

(ii) 6.0 m

2. Two students A and B sat for 5 tests in different subject areas. The teacher 
suspected these students of cheating so wanted to see if there was a 
relationship between the two results. The teacher examined the following 
data.

(a) Is there a trend? If so describe it.

(b) Would this confirm the teacher’s suspicions?

Depth (m) Temperature (degrees)

0 24

1 20

2 18

3 15

4 10

5 9

Subject Person A’s 
Results (%)

Person B’s 
Results (%)

English 85 85

Mathematics 90 45

Art 40 95

History 55 80

Chemistry 80 50
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3. The percentage of the day that was sunshine was measured in winter and 
summer in a number of different towns to see if there was a relationship 
between percentage of sunshine in summer and winter. The following data 
resulted.

(a) Is there a trend? If so describe it.

(b) Predict the percentage summer sunshine in a town, if the percentage 
winter sunshine is

(i) 70

(ii) 78

4. In 1965 the NSW State Government began monitoring the annual average 
daily usage of the Sydney Harbour Bridge. The results of the survey are 
presented in the scatterplot below. The first year of the survey has been called 
Year 1 of the survey with the last year of the survey called Year 16.

(a) Describe in your own words the relationship between average daily usage 
and years.

Percentage Sunshine

Town Summer (%) Winter (%)

A 56 62

B 61 74

C 59 68

D 58 67

E 73 79

Relationship between average daily usage of Sydney 
Harbour Bridge and year of use.
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(b) What year would be 35 years from the beginning of the survey?

(c) What would the average annual number of cars be predicted to be in this 
year?

(d) Will the prediction in part (c) be realistic? Explain your answer.

6.6 A taste of things to come

1.  In a recent book about Queensland families it states:

Home ownership is one of the traditional goals of many Australians. The majority of 
Queensland families and households in 1991 owned their home or were paying off a 
mortgage. However, home ownership varies by family type, income level and life cycle 
stage.

Below are figures that display home ownership by family type:

In your own words summarise what you see as the type of home ownership patterns 
displayed in the figures below.

(Source: Australian Bureau of Statistics 1996, Queensland Families: Facts and Figures.)
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2. An advertisement in a popular newspaper announced that great deals were to be made 
from purchasing a house with a view to increasing your income. You could own your own 
property in Brisbane and be earning substantial rents by spending as little as $100 000. 
The following are some examples they presented for our evaluation.

Are the claims of this advertiser backed up by the statistics they present? Answer the 
following questions to see what you think.

(a) What is the true relationship between house price and rent received per week? (Hint: 
Draw a scatterplot of the data presented with a line of best fit)

(b) If a house was worth $100 000 what rent would you receive for this property?

(c) What is wrong with the advertiser’s claims based on the data they presented in the 
advertisement?

(d) What else would you do before you rushed to be a part of this deal?

Some Examples of Market Value of House and Income 
per Week from Rental in Brisbane in 1997

Suburb Price ($) Rent per Week ($)

Albany Creek 186 000 215

Bald Hills 149 000 180

Carindale 170 000 200

Carindale 179 900 210

Carrara 192 000 230

Ferny Grove 245 000 270

Forest Lake 153 000 180

Middle Park 156 000 190

Nerang 195 000 230

Newmarket 199 000 210

Riverhills 155 000 185

Wynnum 
West

148 500 180
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3. In the study of communication different text books discuss the subject of communication 
in different ways. Here is an example from one such book.

The telephone is extremely important in business. Workers in a research and development 
laboratory spend 35% of the work day talking on the telephone. Data collected on 4 086 
communication episodes in a single Canadian manufacturing plant indicate the following: 
526 (12.87%) of the episodes were conducted by telephone rather than face-to-face (2700; 
66.08%) or in writing (860; 21.05%) .............................................

The telephone is also an important part of everyday life. The average household initiates 
about 4 calls per day (the median is less than three calls) and between 40 and 50 percent 
of these calls go to other households within a 2 mile radius. The average length of a phone 
call is just over 4.5 minutes (the median is slightly over 1 minute). The most important 
single factor in boosting the number of calls in a household is the presence of a woman 
between the ages of 19 and 64.  

(Source: Lewis, P.V. 1987, Organisational Communication, Willey & Sons, New York.)

(a)  Considering the first paragraph. Can you understand what this author is saying? What 
would be a simple pictorial way of presenting these data for students that preferred 
visual learning?

(b)  Consider the second paragraph. In this section the author gives us some statistics on 
the mean and median number of calls and length of calls. Recall the differences 
between the mean and median and explain why these measures give different values.

You should now be ready to attempt questions 5–7 of Assignment 3A (see your 
Introductory Book for details). If you have any questions, please refer them to 
your course tutor.
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6.7 Post-test

1. One hundred students, surveyed about their methods of reaching school in Brisbane, gave 
the following results:

(a) What type of variable are you working with in this study?

(b)  In this study there is no information on how the students were sampled. Do you think 
that this group of students represented a random sample? Give your reasons.

(c)  You need to represent these data graphically for a report on how students travel to 
school. Represent the data using a bar chart.

2. The following represents the number of accidents that 50 drivers had been involved in 
over a 5 year period.

(a)  Organise the data above into a frequency distribution table.

(b)  Construct a histogram to represent these data.

(c)  Find the mean, median and mode of these data

(d)  Using any of the information above do you think this sample is skewed in any way? 
Which measure of central tendency would tell you the most about these data?

Method Number of 
students

Bus 40

Car 10

Cycle 30

Train 5

Walking 15

1 2 4 1 6 2 1 1 1 2

0 2 0 4 1 3 2 4 0 0

2 1 3 1 5 2 3 2 0 2

0 3 4 2 2 0 4 3 2 3

2 1 0 5 1 2 2 5 6 1
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3. Twenty nurses were asked to measure out 250 mL of a solution. The measuring was then 
checked and results recorded (in mL):

(a)  Using classes 246 up to and including 248 organise the data into a grouped frequency 
distribution table.

(b)  Use that table to draw a histogram.

(c)  Find the range of these data.

(d)  The amount of solution to be measured was 250 mL, use the histogram above and the 
range to comment on the accuracy of the measurements made by this group of nurses.

4. The following represent the Home Loan Mortgage Interest Rates in several countries in 
1988 and 1989.

(a) Construct a scatterplot of these data to show the relationship between Mortgage 
Interest Rates in 1988 and 1989.

(b) Draw a trend line through the data points to illustrate the trend.

(c) If the interest rate was 9% in August 1988, in a certain country, what do you predict 
that it was for August 1989?

(d) Can you think of another way to present these data graphically that would not involve 
a scatterplot?

248.5 250.6 252.0 248.3 251.2

246.9 248.0 250.0 252.4 250.7

254.2 249.1 250.1 253.9 248.7

253.4 249.0 246.5 250.6 249.1

Country Interest Rate (%)

August 1988 August 1989

Australia 14.5 17.0

Great Britain 12.0 14.0

United States 10.6 10.5

West Germany 6.6 7.6

Japan 5.7 6.0

Switzerland 4.9 4.9



   Module A6 – Dealing With Data   6.49
6.8 Solutions

Solutions to activities

Activity 6.1

1.

(a) Gender is categorical.

(b) Age (years). If we consider whole years i.e. 1, 2 or 3 years then the variable could be   
discrete. If on the other hand we consider years as being able to take all parts of a year i.e. 
1.27 years or 102.638 years then it will be continuous. In most instances age is considered 
to be a continuous variable.

(c) Income is continuous variable.

(d) Number of siblings for each pupil is a discrete variable.

(e) Temperature is a continuous variable.

(f) Smoker (yes or no) is a categorical variable.

(g) Class size is discrete because it is considering numbers of students.

2.

(a) Population could be all second language students

(b) Sample is all 1st year university second language students

(c) Variables of interest could be:

• number of words in vocabulary;

• number of complex sentences in written expression;

• number of questions correct in a test.

There are numerous other variables that could be considered. These will depend on the 
interests of the researcher.
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Activity 6.2

1.   

Cereal Number of 
people

Percentage 
of people

Corn Flakes 50 25

Rice Bubbles 42 21

Nutri Grain 39 19.5

Rolled Oats 23 11.5

Muesli 11 5.5

Coco Pops 10 5

Other Cereals 25 12.5

Percentage of People Eating Different Cereals.
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2. 

Item Number % of Total

Trawler nets 26 34.7

Packaging 
bands

15 20.0

Gillnet 8 10.7

Rope 5 6.7

Other 21 28.0

Total 75 100.1

Percentage of seals with different neck entanglements
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3. (a)

(b)The most popular party in this city was the Labor party. More males than females voted 
for this group. The National and the Liberal parties were the next most popular. The 
National party was the most popular with men while the Liberal party was the most 
popular with women. The remaining parties (Democrat and others) were the least 
popular, with more women voting for these in both cases.

4. (a) Both graphs present the same data but in different ways. The bar chart presents the raw 
data. Many find these types of figures hard to compare but the bar chart which has 
rectangles next to each other makes this type of comparison easier. The pie chart does 
not present the raw data it uses percentages. The problem with this type of graph is that 
we do not know how many workers the graph is based on. For example if the chart was 
only based on 6 workers then it is not based on a very good sample. We cannot tell this 
from the graph as it is presented here. Note that some readers will prefer different 
types of graphs depending on their past experiences e.g. it could depend on whether 
they like to read from rectangles or circles?

(b) There are a range of answers you could provide to this question. To be acceptable your 
answer should cover the following points:

• educational backgrounds divided into 6 categories;

• most workers had either year 12 or a university degree (385 out of 550) with year 
12 being the most common;

• the least number of workers had year 10 (15 out of 550);

• postgraduate qualifications achieved by 125 out of 550 workers with doctorate 
being more common than master’s degree;

• the educational backgrounds of one group of workers could not be classified (25 
out of 550).

Poltical Preferences of 500 Male and 500 Female Voters
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Activity 6.3

1. (a) Lowest weight 56 kg, greatest weight 70 kg.

(b)

(c) 2 students weighed 70 kg.

(d) Totalling the frequencies of categories less than 62 kg we get, 1+0+3+1+2+2=9,  
9 students weighed less than 62 kg.

Frequency distribution table of weights (kg) of students in a 
mathematics tutorial

Weight (kg) Frequency

56 1

57 0

58 3

59 1

60 2

61 2

62 2

63 6

64 3

65 1

66 3

67 3

68 2

69 1

70 2

∑f = 32
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2. (a)

(b) 2 rounds

(c) Totalling the frequencies in groups less than 80 we get 1 + 3 = 4.

Golfer scored less than 80 on 4 rounds.

3. (a)

(b) Most common blood group was O, with 11 babies.

(c) Percentage of O group in this sample was 

Frequency distribution table of golf scores in 20 games

Golf score Frequency

78 1

79 3

80 2

81 4

82 2

83 2

84 2

85 2

86 1

87 1

∑f=20

Frequency distribution table of blood groups of 24 babies.

Blood groups Frequency

A 9

B 3

AB 1

O 11

∑f=24

11
24
------ 100×  % 45.8 %=
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4. (a)  

Note: To save space this frequency distribution table has columns placed side by side.

(b) 19 motorists travelled above the speed limit of 80 km/h.

Frequency distribution table of speed of cars caught by radar trap

Speed (km/h) Frequency Speed (km/h) Frequency Speed (km/h) Frequency

70 1 81 6 92

71 2 82 1 93 1

72 83 3 94

73 4 84 1 95

74 1 85 2 96 1

75 2 86 1 97

76 4 87 98

77 1 88 99

78 2 89 100 1

79 2 90 1 101

80 2 91 102 1

Σf=40
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5. (a)

Frequency distribution table of heights of 50 clients at a shopping centre

Height 
(cm)

f Height 
(cm)

f Height 
(cm)

f Height 
(cm)

f

88 1 111 135 1 159

89 112 136 1 160 2

90 113 137 161

91 114 138 162

92 3 115 2 139 163

93 116 2 140 164 2

94 1 117 141 165 3

95 2 118 142 166

96 119 143 1 167

97 120 144 168

98 121 145 1 169

99 122 2 146 170

100 123 147 171

101 124 148 2 172

102 125 1 149 173

103 126 150 3 174

104 127 151 175

105 128 2 152 176 3

106 1 129 153 177

107 130 154 178 2

108 131 155 3 179

109 132 1 156 1 180 2

110 133 157 181

158 2 182 2

183

184

185 1

Σf=50
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Note: To save space this frequency distribution table has columns placed side by side.

(b) Definitely, we could either use a computer to do this time consuming activity or 
present the data in a grouped distribution. See the next section of work.

Activity 6.4

1.  

Frequency distribution table of weights (kg) of students in a 
mathematics tutorial

Weight (kg) Frequency

55 up to and including 57 1

57 up to and including 59 4

59 up to and including 61 4

61 up to and including 63 8

63 up to and including 65 4

65 up to and including 67 6

67 up to and including 69 3

69 up to and including 71 2

∑f=32
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Activity 6.5

1. (a)

(b)

Frequency distribution table golf scores in 20 games

Golf score Frequency

78 1

79 3

80 2

81 4

82 2

83 2

84 2

85 2

86 1

87 1

∑f=20

Histogram of Golf Scores in 20 Games
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2. (a)

(b)

  

Frequency distribution table of weights of sugar

Weight of sugar (kg) Frequency

92 up to and including 94 4

94 up to and including 96 3

96 up to and including 98 9

98 up to and including 100 4

100 up to and including 102 4

102 up to and including 104 3

104 up to and including 106 3

∑f=30

Histogram of Number of Different Weights of Sugar
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3. (a)

(b)

4. (a) This answer could be expressed in a number of different ways but each should include:

• most frequent number of letters per word is 4 (approximately 2400 words);

• majority of words are less than 5 letters long;

• long words (greater than 10 letters) are rare;

• most of the distribution lies to the left of the graph;

• sample only includes words between 2 and 12 letters long.

Frequency distribution table for blood pressures (mmhg) for  outpa-
tients at a local hospital

Blood Pressure (mmHg) Frequency

60 up to and including 70 2

70 up to and including 80 8

80 up to and including 90 20

90 up to and including 100 15

100 up to and including110 3

110 up to and including120 2

∑f=50
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(b) A number of different answers are possible but should all include the following points:

• both plays contain words between 2 and 12 letters;

• in Play A most common word length is 4 letters (approx. 2400 words);

• in Play B most common word length is 7 letters (approx. 2400 words);

• In Play A majority of words are between 2 and 5 letters long;

• in Play B the majority of the words are between 5 and 7 letters long;

• distribution from Play A lies to the left of the graph and in Play B lies to the middle 
of the graph.

Activity 6.6

1. (a)

(b) Most frequently carried is 58 passengers.

Stem-and-leaf plot of number of 
passengers on 25 ferry runs

6 3 represents 63 people

3 5

4 0 1 9

5 0 2 3 7 8 8

6 0 1 2 4 5 6

7 1 5 7 8

8 2 3 4 9

9 5
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2. (a)

(b) A number of different answers are possible but all should included the following 
points

• most frequent scores were 76 and 52 and 58, all occurring twice

• most scores occurred between 50 and 60 and between 70 and 80 (5 each)

• scores ranged from 32 to 85

(c) 16 students passed the test. Stem-and-leaf plots make this easy to see as we can just 
count the scores above 50 from the plot.

3. (a) Lowest rate of heart disease is 320 men per 100 000; highest rate of heart disease is 
452 men per 100 000.

(b) Most frequent rate of heart disease in females is 331 per 100 000.

(c) A number of answers are possible here but all should include:

• male rates extend between 320 and 452 while females are between 279 and 390 per 
100 000 (i.e. lower than the males);

• three regions had male rates between 410 and 420 while 3 regions had female rates 
between 330 and 340.

Stem-and-leaf plot of percentage scores in maths 
test of 20 students

2 5 represents 25 students

3 2

4 2 6 7

5 2 2 7 8 8

6 1 4 7 8

7 3 4 6 6 9

8 4 5
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Activity 6.7

1. Mean = 

Mean is approximately 9.4 mm.

2. To calculate the mean use this frequency distribution table and construct a further column 
for fx. Note you could also use the calculator to do all of this if you desired.

Mean temperature is approximately 28.14 degrees Celsius.

3. Mean is the sum of all the observations divided by the total number of observations. In this 
case it is 257 divided by 40. The mean is thus approximately 6.425 fish. You may have 
found this answer by constructing a frequency distribution table.

Activity 6.8

1. Mode is 7.2 mm

2. Mode is 27 degrees Celsius

Temperature 
in degrees 
Celsius (x)

Frequency of each 
temperature (f)

fx

25 5 125

27 7 189

29 3 87

31 4 124

33 2 66

Σf=21 Σfx=591

7.2 13.5 2.1 25 4.6 0 7.2 15.7+ + + + + + +
8

-------------------------------------------------------------------------------------------------------- 9.4≈

Mean
fx∑
f∑

------------
591
21
--------- 28.14≈= =
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3. First it is best to construct a frequency distribution table.

Mode is 7 fish.

Activity 6.9

1. Place the measurements in order   0   2.1   4.6   7.2   7.2   13.5   15.7    25

Median position will be . 

The median lies between 4th and 5th value 

The median is the 7.2 mm.

2. These readings are already in order, so we can read straight from the frequency 

distribution table. Median position will be . The 11th reading is 27.

Median is 27 degrees Celsius.

3. Using the frequency distribution we constructed for the previous question we can again 
read straight from the frequency distribution table. Median position will be 

. Median lies between the 20 th and 21 st number. The 20 th number is 7 

and the 21 st number is also 7. Median is thus 7 fish.

Frequency distribution table of number of fish caught at 
a fishing competition

No. of fish Frequency

1 0

2 2

3 4

4 2

5 3

6 3

7 16

8 5

9 2

10 3

Total Σf = 40

8 1+
2

------------ 4.5=

7.2 7.2+
2

--------------------- 7.2=

21 1+
2

--------------- 11=

40 1+
2

--------------- 20.5=
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Activity 6.10

1. First arrange these data in order.2   2   2   3   3   4   4   6

Mean = 

Mode is 2 people.

Median: median position will be , the median will lie between the 4th and 5th 

terms. By counting along the row of numbers we can see that the median is 3.

Median is 3 people.

Mean, median and mode are all different. In this instance it may be that the median is the 
best measure of central tendancy because of the effect of the 6.

2. First arrange these data in order. 61   61   66   74   75   91   93   99   103   103

Mean will be 82.6 microunits per mL.

Modes are 61 and 103 microunits per mL (note that in this instance there are two modes, it 
is bimodal)

Median lies between 5th and 6th terms i.e. between 75 and 91. We can find the midway 

point between these two numbers by adding them and then dividing by 2, .

The median is 83 microunits per mL.

In this instance either the mean or median would have been useful. Because the 
distribution has two modes at either end of the distribution the mode is not useful as a 
measure of central tendancy.

3. First put these data into order

66 000  77 000  79 000  82 000  85 000  89 000  91 000  115 000

Mean is $85 500.

Mode: there is no distinct mode as there are no repeated values.

Median: the position of the median will be the  term. That is, the median will 

be between the 4th and 5th terms. The values of these terms are 82 000 and 85 000. 

Midway between these terms is .

The median is $83 500.

In this instance because of the extreme value of $115 000 the median would be the best 
measure of central tendancy. Note that this is often the case with house and property prices.

2 2 2 3 3 4 4 6+ + + + + + +
8

-------------------------------------------------------------------- 3.25 people=

8 1+
2

------------ 4.5=

75 91+
2

------------------ 83=

8 1+
2

------------ 4.5=

82 000 85 000+
2

---------------------------------------- 83 500=
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Activity 6.11

1. From data in activity 6.10.

(i) mean = 3.25, range = 2 to 6.

The mean number of people in a family undergoing counselling is 3.25, while between 
2 and 6 in each family underwent counselling.

(ii) mean = 82.6, range = 61 to 103

The levels of drug in the blood ranged between 61 and 103 microunits per mL, with 
the mean value being 82.6 microunits per mL.

(iii)median = $83 5000, range = $66 000 to $115 000

House prices ranged between $66 000 and $115 000 with the median being $83 500.

2. (a) Joe:  mean  range = 45 to 90

     Chris:  mean = 66.0 range = 64 to 68

Although the mean scores for Chris and Joe are similar, the ranges are quite different. Joe 
scored between 45 and 90 while Chris scored between 64 and 68. It appears that Chris’s 
exam scores are very consistent, while Joe has scored very high and very low in two 
subjects. In this instance it may not be desirable to compare the means alone, without 
taking into account the ranges from which they were developed.

Activity 6.12

1.  

(a) Yes there is a trend. From the trend line we can see that as the depth of water in the 
dam increased the water temperature decreased.

(b) (i) When depth is 2.5 m, temperature would be approximately 15 degrees C.

(ii) When depth is 6.0 m, temperature would be approximately 6 degrees C.

66.2≈

Relationship Between Depth of Dam and Water Temperature
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2. 

(a) Yes there is a trend. As the marks for person A increased the marks for person B 
decreased.

(b) The above trend would suggest that cheating was unlikely.

3.  

(a) Yes there is a trend. Percentage sunshine in summer and winter is related if the 
percentage sunshine in summer increases then the percentage sunshine in winter will 
also increase.

(b) (i) If winter percentage is 70 then the summer percentage should be approximately 
60.

(ii) If the winter percentage is 78 then the summer percentage should be approximately 
70.

Relationship Between Results of Person A and Person B

0

20

40

60

80

100

120

0 20 40 60 80 100

Percentage score of A

P
er

ce
n

ta
g

e 
sc

o
re

 o
f 

B

Relationship Between Summer and Winter 
Percentange Sunshine in 5 Towns

50

55

60

65

70

75

80

85

50 55 60 65 70 75

Percentage Sunshine in summer

P
er

ce
n

ta
g

e 
su

n
sh

in
e 

in
 

w
in

te
r



6.68  TPP7181 – Mathematics tertiary preparation level A
4. (a) A number of answers would be possible, here is an example.

The relationship between years of survey and average annual usage indicates that as 
years increased the number of cars surveyed increased steadily. When the survey 
commenced cars totalled 110 000 while 16 years later they totalled 150 000 cars per 
day.

(b) 2 000

(c) Using the trend line, when year 2 000 the number of cars would be 222 000 cars per 
day (approximately).

(d) One should be cautious when making predictions well into the future away from that 
last available data point. The early data suggests that the relationship increases steadily 
however, with a gap of 17 years between the last measurement and the prediction, one 
doesn’t know what other variable could have now come into play. For example an 
unexpected surge in population could cause car number to rise greatly, or changes in 
public transport or availability of parking could cause car numbers to stagnate or drop.
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Solutions to a taste of things to come

1. A number of answers are possible for this question. Your answer should be something like 
the following.

In 1991 the majority of Queensland families owned their own home (36%). Single parent 
families were the least likely to own a home (5%) with other types of family being more 
likely. Families who were buying their own home made up 33% of the sample and this 
group was made up predominately by two parent families. The third most frequent type of 
home ownership was renting. This group was made up predominately by two parent and 
other families (35% and 36% respectively). Single parent families represented a higher 
percentage in this type of occupation than in the other categories (20% compared with 
10% and 5%). To summarise the patterns of home occupation and ownership were very 
different between different family types. Two parent families were mainly buying their 
dwelling, single parent families were renting and other family types owned their own 
homes.

2. (a) The relationship is represented by the scatter plot. The line of best fit indicates that as 
market value of the house increased so did the rent per week.

(b) Approximately $135 per week.

(c) Advertiser claims that you would be earning substantial rents. You might look quickly 
at the figures and think that you could be earning rents equivalent to those in the table. 
This may not be the case. Also the $135 per week figure is based on a prediction well 
outside the extent of the available data. Caution should always be used in such cases as 
other assumptions should be considered.

(d) There are a number of questions that you might care to ask. For example:

• are there any hidden costs apart from the cost of the house;

• what are other rents in the area; and

• where is the house, perhaps rent is affected if it is located next to the local garbage 
dump;

 Market Value of House and Income per Week from 
Rents in Brisbane in 1997
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The trend line only represents two variables, other factors not measured could come into 
play when predictions are made outside the extent of the measurements.

3. (a) Here are a couple of suggestions

OR

Types of Communication Conducted in a Canadian 
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(b) When number of calls are considered the mean and median are similar indicating that 
there are no extreme values in the number of calls i.e. in the average household nobody 
is making 50 or 100 calls per day.

On the other hand when you consider length of call the mean and median are quite 
different indicating that there are some instances when calls of very long length are made 
pushing the mean up to 4.5 minutes but leaving the median at 1 minute.

(Remember that the mean is said to be affected by extreme values while the median is not.)

Mean Median

Number of 
calls per day

4 3

Length of 
calls (min)

4.5 1
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Solutions to post-test

1. (a) Discrete

(b) One would hope that the sample was randommly selected from all the schools in 
Brisbane otherwise it would be very biased towards certain locality. Questions should 
be put to the researcher to confirm this.

(c)

2. (a)

Frequency distribution for number of accidents in a 
group of fifty people

Number of 
Accidents

f fx

0 8 0

1 11 11

2 15 30

3 6 18

4 5 20

5 3 15

6 2 12

Σf=50 Σfx=106
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(b)

(c) Mean is 2.12, Mode is 2 and Median is 2. 

(d) All three measures of central tendancy tells us about the centre of the data and all three 
measures are similar. The only differences is the mean which is slightly different from 
the median reflecting the slightly skewed nature of the data to the right.

3. (a)

Frequency distribution of the results of nurses 
measuring out 250 ml of solution

Class f

246 up to and including 248 3

248 up to and including 250 7

250 up to and including 252 6

252 up to and including 254 3

254 up to and including 256 1

Σf=20

N
um

be
r 

of
 p

eo
pl

e



6.74  TPP7181 – Mathematics tertiary preparation level A
(b)

(c) Range is 254.2 – 246.5 = 7.7 mL

(d) The extent of the range of the data and the patterns in the histogram suggest that a 
number of nurses were quite inaccurate in their measurements of the sample. Seven of 
the 20 students made measurements over 2 mL outside the required standard.

4. (a) and (b)

(c) Approximately 10%

(d) Another way to present these data would be in a paired bar chart.
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Introduction

Consider the following sentences.

Gary once gave Gary’s wife a gift which Gary’s wife found so awful that Gary’s wife threw 
this gift in the bin.  No matter how many times Gary asked Gary’s wife about the gift, Gary’s 
wife never mentioned the gift again.

They are very difficult to read as they stand. In English we replace many of these repeated 
words with pronouns (words that replace nouns). We are very familiar and comfortable with 
these words in everyday life. Using pronouns, the above sentences become much easier to 
read.

Gary once gave his wife a gift which she found so awful that she threw it in the bin.  No 
matter how many times Gary asked his wife about it, she never mentioned it again.

Whenever we see she in the above text, we know that this refers to Gary’s wife, and whenever 
we see the word it we know it refers to the gift.

Let’s look at a sentence that we have studied in module 5.

Shirley is always 3 years older than Jeffrey.

We can say that if Jeffrey is 4 years old then Shirley will be three years older than Jeffrey, 
meaning that Shirley is 7 years old.  Or when Jeffrey is nineteen years old, Shirley will be 
three years older than Jeffrey, meaning that Shirley is twenty-two years old.

These sentences become hard to understand as were the sentences above.  So in mathematics 
we introduce pronumerals to make the sentences easier to understand.  We have already done 
this in module 5 where we introduced variables.  Pronumerals and variables are the same 
thing.  We will use the word variable throughout this module.

If we let S represent Shirley’s age in years and J represent Jeffrey’s age in years we know that 
the relationship between Jeffrey and Shirley is  S  =  J  +  3.

We can now rewrite the above sentences using variables (pronumerals) just as we re-wrote the 
original sentences using pronouns.

If J = 4, then S = J + 3, so S = 7.  Or when J = 19,  S = J + 3, so S = 22.

As long as we know what is meant by J and S we will understand these new sentences.

When you have successfully completed this module you should be able to:

• rearrange algebraic equations;

• solve algebraic equations involving only one variable;

• solve simultaneous equations involving two variables; and

• develop and solve equations relating to practical situations.
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7.1 Simplifying expressions

This process of using letters to represent numbers is called algebra.  You have already been 
using algebra throughout this unit.  We used ‘a’ in module 3 to represent ‘any number’ and 
when we talked about formulas in module 5 we were again using algebra.  See, using algebra 
is really not a problem for you at all!

The word algebra comes from the name of a book Al-jabr wa’l Muqabalah written by an 
Arabic mathematician, Al-Khowarizmi, in the early ninth century. The title of the book means 
something like ‘restoration and balancing’ and this will become an important part of solving 
and rearranging equations in this module.

Let’s look back to module 5 where we represented relationships using formulas.

• The perimeter of a square is four times the length of one side.

P  =  4 × s where P represents the perimeter,

P  =  4s  and s represents the length of one side.

• The bank charges 8% interest on my loan.

I = 8% × A Where I represents the interest charged on the loan in dollars,

I =  × A   and  A represents the amount of the loan in dollars.

I = 0.08 × A

• The adult weighed three times as much as the child.

A  =  3 × C where A represents the weight of the adult,

A  =  3C  and C represents the weight of the child.

• The grevillea was half the height of the palm tree.

G  =  P where G represents the height of the grevillea,

   and P represents the height of the palm tree.

• The house was 15 metres longer than it was wide.

L = W + 15 where L represents the length of the house,

   and W represents the width of the house.

Recall:
Module 5
Section 5.3

8
100
---------

1
2
---
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Remember that the letters we have used are called variables because they can vary to take on 
any value that we give them.

We can also call these formulas equations, because the expression on the left hand side (LHS) 
is equal to the expression on the right hand side (RHS).

Let’s look at some different examples.

Example

Write an equation to represent the following situation.  Simplify the equation.

I think of a number and add 5.  The result is 23.

Just as we define the variables when we write a formula, we must define the variables when 
we write an equation.

In this case we could say let N be the number I thought of.

Then, N  +  5  =  23

Example

If Toby weighs three times as much as Harold, write an equation to represent the situation.

T  =  3 × H where T represents Toby’s weight,

T  =  3H    and H represents Harold’s weight.

Here are some questions for you to do.

Activity 7.1

1. Write an equation to represent each of the following situations.

(a) A number plus 5 gives 35.

(b) A number minus 9 is equal to 2 times the same number.

(c) 6.5 times a number equals –3.4

(d) Five times a number plus 7 is 22.

2. Write an equation to represent each of the following situations.

(a) Ben is five times older than John.

(b) The length of the rectangle was 7 metres more than the width.

(c) Katie is five years younger than Jack.

(d) Barry earns one third the amount of money that Harry earns.
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In the previous activity you were required to write some equations. This was the same type of 
exercise as writing formulas that you tackled in module 5. We have also talked about 
expressions in past modules. Just to remind you of the difference between expressions and 

equations. An expression might involve variables, numbers and symbols (+, −, ×, ÷, , .....) 
but no equals sign. An equation on the other hand has an equals sign and indicates that two 
expressions are equal.

Example

Write an expression to represent the following situation and then simplify the expression.

Two times a number plus five times the same number.

We must define the variable.  Let the unknown number be x

Then, 2 × x  +  5 × x becomes the required expression.

Recall that it is not necessary to include the multiplication sign, so we could rewrite this 
expression as:

2x  +  5x

We call 2x and 5x like terms because they contain the same power of the same variable.  
Similarly, 3x2 and 9x2 are like terms because they contain the same power of the same 
variable.  The number in front of the variable, the coefficient, does not influence whether 
terms are like or not.

When we have like terms, we can apply the distributive law to simplify the expressions.

That is, 2x  +  5x

=  2 × x  +  5 × x

= (2 + 5)x Applying the distributive law.

=  7x

We could rewrite our expression as    7x

Let’s look a little more closely at like terms.

Examples

6a and 2a are like terms.

5x3 and –7x3 are also like terms because they have the same power of x, that is, x3.  The 
coefficients, 5 and –7 do not influence our decision on like terms.

6x4 and 3y4 are not like terms because they contain different variables.

2x2 and 8x3 are not like terms because they have different powers of the same variable.

Recall:
Module 2
Section 2.4.1
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Example

Sort the following expressions into groups of like terms. 7x2, 5x, 3x2, 6x

We would group 7x2 and 3x2 together as like terms 

and 5x and 6x are like terms.

Example

Simplify 3x + 2x

Are 3x + 2x  like terms? Yes, because they have the same power of the same variable.

Then 3x + 2x

= (3 + 2)x

= 5x 

Example

Write an expression to represent the following situation, then simplify the expression.

Three times a number squared plus nine times the same number squared.

Let the number be x.

Then, 3 × x2  +  9 × x2 

=  3x2  +  9x2

=  (3 + 9)x2 Applying the distributive law.

=  12x2

Example

A rectangle has its length 5 cm longer than its width.  If the perimeter is 62 cm, write an 
equation to represent the situation.  Simplify the equation.

For questions like this a diagram is very helpful. Let the width of the rectangle be w cm, then 
the length must be w + 5 cm, since the length is 5 cm more than the width.

w + 5 cm

w + 5 cm

w cm w cm
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Now, the perimeter as you will recall, is the distance around an object.  In this case the 
distance around the rectangle is 62 cm.  We represent this as the equation:

w + 5  +  w  + w + 5  +  w  =  62

To simplify the expression on the left hand side (LHS) we must look for like terms.  Yes, there 
are like terms, because the w’s are the same power of the same variable.

Now look at the coefficients. If there is no number in front of the variable, then the coefficient 
is understood to be 1.  That is, if we have w it is understood that we have 1 lot of w, or 1w.

Let’s write our equation out with this new information.

1w + 5  +  1w  + 1w + 5  +  1w  =  62

On the LHS we can now group like terms.

1w + 1w + 1w + 1w + 5 + 5  =  62

  (1 + 1 + 1 + 1)w + (5 + 5)  =  62 Using the distributive law

 4w + 10  =  62 Simplifying.

Remember:

• You can only add or subtract like terms. 

• If a term is just x, x2 , etc., then the coefficient is one (that is, 1x and 1x2).

• Take care when regrouping terms with negatives.
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Activity 7.2

1. Sort the following expressions 3x, 5a, 7a2, 6x2, 7x, 9a, 17x, 5x2, 6a2, 8x, 9x2, 
12a, –4x, –11x2, –3a, –2x, 2a2 into groups of like terms.

2. Simplify the following expressions where possible.

(a) 5x + 6x

(b) 6x2 + 11x2

(c) x + 3x

(d) 7x – 3x

(e) 9x – 14x

(f) –8x – 4x 

(g) –3.1x + –2.4x 

(h) 4x + 32x – 7x 

3. The length of a house is twice the width. If the perimeter of the house is 72 m 
write an equation to represent the situation. Simplify the equation.

4. A 75 metre long piece of rope is to be cut into two pieces. One piece is to be 
15 metres longer than the other. Write an equation to represent the situation. 
Simplify the equation.
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7.2 Rearranging equations

Let’s return to Shirley and Jeffrey.

We know that Shirley is three years older than Jeffrey and that this relationship is represented 
by the following formula or equation.

 S  =  J  +  3 where S represents Shirley’s age in years,

    and J represents Jeffrey’s age in years.

By replacing the symbol for Jeffrey’s age with a numerical value we are able to find Shirley’s 
age.

When Jeffrey was 14 years old, how old was Shirley?

That is, when J  =  14, what does S equal?  We will substitute 14 for the J.

S  =  14  +  3

    =  17

So, when Jeffrey was 14 years old, Shirley was 17 years old. (Shirley is still 3 years older than 
Jeffrey as she always will be.)

We call S the subject of this formula, since it is the variable on its own.  It is also common for 
the subject of the formula or equation to be written on the left hand side.

What if we wanted to find Jeffrey’s age for any given age for Shirley. We need a formula that 
has J as the subject.

Remember we said earlier that the title of the book Al-jabr wa’l Muqabalah meant ‘restoration 
and balancing’.  It is this principle that we will apply now.  

Let’s look at a simpler example to begin with.

Example

If Adam’s age plus 4 equals 7, how old is Adam.  (Pretend that you can’t work it out!)

Representing this as an equation we get:

A  +  4  =  7 where A represents Adam’s age in years.

To find Adam’s age we must make A the subject of the equation. That is, we must get the A on 
its own.



   Module A7 – Generalising Numbers - Algebra   7.9
Now remembering that we must ‘restore and balance’, if we add or take something from one 
side of the scale we must do the same to the other or we will upset the balance.

If we want to leave the A on its own we must remove the 4 that is with it. If we take the 4 from 
one side we must do the same to the other.

We are now left with:

We can now say that Adam must have been 3 years old.

Let’s just check that this is true.

We started by saying that:

A  +  4 = 7 where A represents Adam’s age in years.

and we rearranged the equation:

A  +  4 = 7

A  +  4 – 4 = 7 – 4 When working with equations, try to keep the equals

Visual Representation Algebraic Representation

A + 4 = 7A

A + 4 − 4 = 7 − 4
A

A = 3

A



7.10  TPP7181 – Mathematics tertiary preparation level A
A = 3 signs under each other.

to find that A = 3, or we found that Adam is 3 years old.

To check this answer we can substitute our answer into the original equation.  We should look 
at the left and right hand sides of the equation separately.

The left hand side (LHS) of the equation becomes  3  +  4.  We write this 

LHS = 3 + 4

= 7

= RHS Therefore our answer must be correct.

So, if A  +  4 = 7

then         A = 3

We have rearranged the equation to make A the subject.

Let’s return to our original equation.

Example

Shirley is three years older than Jeffrey.

   S  =  J  +  3 where S represents Shirley’s age in years,

    and J represents Jeffrey’s age in years.

To make J the subject we must get the J on its own.  To do this we must remove the 3, but we 
must keep the balance by removing 3 from the other side of the equation as well.  Since the 3 
is added we must undo the addition be subtracting 3 from both sides.

S = J  +  3

    S – 3 = J  +  3 – 3 Keep the equals signs under each other.

    S – 3 = J

J = S – 3 Writing the J on the left hand side of the equation.

Now if Shirley is 24 years old then:

J = S – 3

J = 24 – 3

J = 21

Therefore Jeffrey is 21 years old, three years younger than Shirley as we would expect.

So far we have only looked at rearranging equations that involved addition or subtraction.  
Let’s look at some equations involving multiplication and division.
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Example

The adult weighed three times as much as the child.

A = 3 × C where A represents the weight of the adult,

A = 3C    and C represents the weight of the child.

Now, what if we wanted to find the weight of the child given the weight of the adult?  We will 
need to make C the subject of the equation.  This time, the C is multiplied by the 3 so to 
remove the 3 we must do the opposite of multiplication, that is, division.  

We must divide each side by 3.

That is, A = 3C

= Cancel the 3’s on the top and bottom.

= C

C = Writing the subject on the LHS.

To find the age of the child we must divide the adult’s age by 3.

Example

The grevillea was half the height of the palm tree.

G  = P where G represents the height of the grevillea,

   and P represents the height of the palm tree.

We can write this formula as:

G  = 

The height of the palm tree divided by 2 gives the height of the grevillea.  If we wanted to find 
the height of the palm tree, given the height of the grevillea we need to rearrange the equation 
to make P the subject.

This time the right hand side has been divided, so we need to do the opposite of this, which is 
multiplication.  We must multiply both sides by 2 in this case.

G × 2  = Cancel the 2’s on the top and bottom.

      2G  =  P

P  =  2G Writing the subject on the LHS.

A
3
--- 3C

3
-------

A
3
---

A
3
---

1
2
---

P
2
---

P
2
--- 2×
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To find the height of the palm tree, we must multiply the height of the grevillea by 2.

Let’s do an example that involves using two of these steps.

Example

Consider the following equation:

y  =  3x  +  5

To make x the subject, we need to rearrange the equation to leave x on its own.

In this example we have a multiplication (3 × x) and an addition (+ 5) on the RHS.  

Which do we attend to first?

Let’s think about what you would do if you knew a value for x.

If you were to substitute this value for x into the equation, you would firstly have to multiply 
by 3 and then add 5 to get a value for y.  

When rearranging equations we must do the opposite of these steps in the reverse order.  We 
can think of this in terms of the following everyday occurrence.

Think of getting dressed.  The first item/s of clothing you put on will be your underclothes 
(unless of course you are superman).  This is followed by your outer clothing for the day, and 
finally a coat if necessary.

To undress at a later stage, instead of adding clothes you are taking them off. You also need to 
take off your clothes in the opposite order to that in which you put them on. That is, you 
remove the coat, then the outer clothes and finally your underclothes.

Recall the opposite of each operation.

So for our example above,  y  =  3x  +  5,  to rearrange the equation we must subtract 5 and then 
divide by 3.

Let’s look at this diagramatically.

If you were to substitute a value for x into the equation, you would firstly have to multiply by 
3 and then add 5 to get a value for y. 

Operation Opposite

+ –

– +

× ÷

÷ ×
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To rearrange the equation we must do the opposite of the above steps in the opposite order. 
Reading from right to left we have:

Let’s look at this algebraically,

y = 3x + 5 Subtract 5 from each side.

y – 5 = 3x + 5 – 5 = 0.

y – 5 = 3x Divide everything on each side by 3, the y and the –5 on the LHS.

= Cancel the 3’s on the RHS.

= x

 x = Writing the subject on the LHS.

Example

Make x the subject of the following equation.

y = 4x – 9

Firstly we must think about what steps we would take if we knew a value for x and were trying 
to find a value for y.

In words, we have to multiply by 4 and then subtract 9.  So to rearrange we would add 9 and 
then divide by 4.

Diagramatically,

Multiply by 3 Add 5
x 3 × x 3x + 5

Divide by 3 Subtract 5
x 3 × x 3x + 5

y 5–
3

-----------
3x
3

------

y 5–
3

-----------

y 5–
3

-----------

Multiply by 4 Subtract 9
x 4 × x 4x – 9
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To rearrange the equation we must do the opposite of the above steps in the opposite order. 
Reading from right to left we have:

And algebraically,

Example

Make x the subject of the following equation.

y = 8 – 4x

You should note that when looking at equations or expressions, the sign in front of a number 
is the one attached to the number.

In the above example there is no sign in front of the 8 so it understood that this is positive 8.  
The sign in front of the 4x is negative so this is – 4x.  

Firstly we must think about what steps we would take if we knew a value for x and were trying 
to find a value for y.

In words, we have to multiply by –4 and then add 8. So to rearrange we would subtract 8 and 
then divide by – 4.

Diagramatically,

To rearrange the equation we must do the opposite of the above steps in the opposite order. 
Reading from right to left we have:

Divide by 4 Add 9
x 4 × x 4x – 9

y 4x 9–=

y 9+ 4x 9– 9+=

y 9+ 4x=

y 9+
4

------------
4x
4

------=

x
y 9+

4
------------=

Add 9 to both sides.
− 9 + 9 = 0

Divide everything on each side by 4.

Cancel the 4’s on the RHS.

Writing the subject on the LHS.

Multiply by –4 Add 8
x –4 × x –4x +8

Divide by –4 Subtract 8
x –4 × x –4x +8
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And algebraically,

Check out the resource CD. It has some extra materials to help make sense of 
this algebra. Commence by doing the ‘Getting to the answer’ program, this will 
show you how to use backtracking to solve equations. Then view the 
‘Rearranging formula 1’ and ‘Rearranging formula 2’ presentations, which 
both give more explanation on how to rearrange formulas.

Activity 7.3

1. Rearrange the following equations to make the variable in the bracket the 
subject.

(a) R = 4a (a)

(b) x + 2 = y (x)

(c)  = k (b)

(d) y = 5x + 2 (x)

(e) 7x – 8 = y (x)

(f)  + 7 = s (t)

(g)  = y (x)

2. The perimeter of a square is four times the length of one side.

P  =  4 × s  where P represents the perimeter,

P  =  4s  and s represents the length of one side.

Rewrite this formula to make s the subject.

3. Before the invention of mechanical clocks, candles were sometimes used to 
measure the passage of time. A formula for the height of such a candle related 
to time is given below.

h  =  10 – 2t where h equals the height of the candle in 
centimetres,

and t equals the time in hours that the candle has been 
burning.

Rewrite this equation to make t the subject.

y 8 4x–=

y 8– 8 4x– 8–=

y 8– 4– x=

y 8–
4–

-----------
4– x
4–

---------=

x
y 8–

4–
-----------=

Subtract 8 from both sides.
8 – 8 = 0

Divide everything on each side by –4.

Cancel the –4’s on the RHS.

Writing the subject on the LHS.

5
b
---

6
t
---

x 8+
3

------------
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4. Economists have come up with the following formula relating the 
consumption of milk to the number of children in the family.

m  =  3.5  +  2.5x where m is the number of litres of milk consumed 
per week,

 and x is the number of children in the family.

Rewrite this formula to make x the subject.

5. We know that the circumference of a circle is equal to times the diameter.

C  = πd where C represents the circumference of the circle,

 and d represents the diameter of the circle.

Express this formula with d as the subject.

Now that you are familiar with rearranging some types of equations, let’s look at solving 
equations.

7.3 Solving equations

We have already looked at skills involved in rearranging equation to give a different subject.  
We will use these same skills to solve equations.

Example

In the previous activity we looked at a formula relating the consumption of milk to the number 
of children in the family.

m  =  3.5  +  2.5x where m is the number of litres of milk consumed per week,

    and x is the number of children in the family.

The milkman knows that the Cowper family buys 11 litres of milk each week.  He is thus able 
to work out the number of children in the Cowper family.

The number of litres used in one week is 11, so this gives us m = 11 which we substitute into 
the equation.

11  =  3.5  +  2.5x

Using our reasoning from before, if we knew a value for x we would follow these steps:

To rearrange the equation we must do the opposite of the above steps in the opposite order.

π

Multiply by 2.5 Add 3.5
x 2.5 × x 3.5 + 2.5 × x

Divide by 2.5 Subtract 3.5
x 2.5 × x 3.5 + 2.5 × x
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Remember also that we must keep the balance.  Whatever we do to one side, we must do to the 
other.

 

The great thing about solving equations is that you can check that your answer is correct.

We think the answer to the above question is x = 3 so we should check that this satisfies the 
above equation.

To do this we look at the left hand side (LHS) and the right hand side (RHS) of the equation 
separately.

Now, 11  =  3.5  +  2.5x

When x = 3, LHS  =  11  RHS  =  3.5  +  2.5x

=  3.5  +  2.5 × 3

=  3.5  +  7.5

=  11

=  LHS

Since the LHS is equal to the RHS the answer must be correct.

So if the milkman delivers 11 litres of milk, he can assume there are 3 children in the 
household.

Look carefully at the format of the above solution.  It is in correct and logical form.  Just like 
in English you are encouraged to write correct and logical sentences.  Be sure to practice the 
correct format in mathematics.

Example

Solve x – 2 = –7

x – 2 = –7 Add 2 to both sides.

     x – 2 + 2 = –7 + 2

      x = –5

11 3.5 2.5x+=

11 3.5– 3.5 2.5x 3.5–+=

7.5 2.5x=

7.5
2.5
-------

2.5x
2.5

----------=

3 x=

x 3=

Remember to keep the equals signs under each other.
Subtract 3.5 from both sides.

Divide both sides by 2.5

Write the variable on the left.
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Check:  LHS = x – 2

= –5 – 2

= –7

= RHS

Example

Solve  2x + 8 + 3x = 3

Check: LHS  =  2x + 8 + 3x

         =  2 × –1 + 8 + 3 × –1 Must do multiplication before addition.

         = –2 + 8 – 3

         =  3

         =  RHS

Example

Solve 3(x + 1)  =  12

If you know a value for x, you would add 1 and then multiply by 3.  So we do the opposite of 
these in the opposite order.  That is, divide by 3 and then subtract 1.

2x 8 3x+ + 3=

2x 3x 8+ + 3=

2 3+( )x 8+ 3=

5x 8+ 3=

5x 8 8–+ 3 8–=

5x 5–=

5x
5

------
5–

5
------=

x 1–=

Group together like terms.

Subtract 8 from each side.

Divide both sides by 5

3 x 1+( ) 12=

3 x 1+( )
3

--------------------
12
3

------=

x 1+ 4=

x 1 1–+ 4 1–=

x 3=

Divide everything on each side by 3

Take 1 from each side.
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Check:   LHS =  3(x + 1)

=  3 × (3 + 1)

=  3 × 4

=  12

=  RHS

Example

Solve 3x + 2 = 5x + 4

In this question, the first step will be to get all the terms involving x together on one side.

3x + 2 = 5x + 4  Remove the 5x from the RHS.

    3x + 2 – 5x = 5x + 4 – 5x Group the like terms.

3x – 5x + 2 = 4

    (3 – 5)x + 2 = 4

–2x + 2 = 4 Subtract 2 from each side.

–2x + 2 – 2 = 4– 2

 –2x = 2 Divide both sides by −2

 =

        x  = –1

Check:  LHS = 3x + 2  RHS = 5x + 4

= 3 × –1 + 2 = 5 × –1 + 4

= –3 + 2 = –5 + 4

= –1 = –1

Since RHS is equal to LHS the solution is correct.

Check out the resource CD and in particular the ‘Getting to the answer section’, 
which provides more explanation on how to solve equations.

2x–
2–

---------
2
2–

------
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Activity 7.4

1. Solve the following equations.  Verify your answer each time by 
substituting it into the original equation.

(a) x + 3 = 9

(b) x – 2 = 5

(c) 5x = 15

(d)  = 6

(e) –3 + x = 7

(f) 2.4 – x = 3.6

(g) 2x + 1 = –8

(h)  – 2 = 7

(i) 5 + 2x = 1

(j) 10 – 3x = 1

(k)  + 2 = 12

(l) 2.5x + 3.5 = 7

(m) 4(3x – ) = 3

(n) 2x + 3 + 5x = 17

(o) 5x + 3 – 2x = 21

(p) 2x + 1 = 3x – 5

(q) 0.5x – 4.1 = 3.9 – 0.7x

2. You are now in a position to solve this equation you formed in Activity 7.2.  
The length of a house is twice the width.  If the perimeter of the house is 72 m 
write an equation to represent the situation.  Solve the equation to find the 
length of the house.

3. A 63 metre long piece of rope is to be cut into two pieces.  One piece is to be 
17 metres longer than the other. Write an equation to represent the situation.  
Solve the equation to find the length of the two pieces of rope.

4. A rectangle is 4 cm longer than it is wide.  If the perimeter is 52 cm, write an 
equation to represent this situation.  Solve the equation to find the length of 
the rectangle.

x
2
---

x
5
---

6
t
---

4
9
---
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5. I think of a number, double it and add 7.  The result is 59.  What number did I 
think of?

6. One third of a number added to 23, gives a total of 34.  What is the number?

7. If I double Rebecca’s age, subtract three and divide the result by five, the 
answer is 5.  How old is Rebecca?

8. Samantha went to the Exhibition with $50 from her mother, which was to buy 
one sample bag for each of her brothers.

(a) After buying x sample bags at $7.75 each, Samantha has P dollars 
left.  Write a formula connecting P and x.

(b) How many brothers did Samantha buy bags for if she has $19 left?

9. Mrs Manykids went to buy sweets and chips for her youngest’s birthday 
party. The packets of sweets cost 2.5 times as much as the packets of chips, 
and Mrs Manykids spent $42 in buying equal numbers of each item. If the 
chips cost $1.20 a packet, and each child received one packet of sweets and 
one packet of chips, how many children did Mrs Manykids buy for?

10.Solve the following equations. Verify your answer each time by substituting 
it into the original equation.

(a)

(b)

(c)

2
5
---

7
3
---t+ 5=

2
3
---x 7+

1
2
---x 3–=

7
8
---

3
8
---x– 4+

3
4
--- 2x+=
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7.4 Equations involving powers and roots

So far we have not looked at equations that involved powers and roots.  We will not look at 
these in great detail in this unit but it is worthwhile having a brief look at this type of equation.

Recall the following example from module 5.

Example

The formula for the area of a square is 

A = s2 where A represents the area of the square,

   and  s represents the side length of the square.

This formula allows us to find the area of a square of any given side length.  But what if we are 
given an area and we need to know the side length?

We need to rearrange the formula  A  = s2 to make s the subject.

So far the equations we have rearranged have only involved the four basic operations, 
addition, subtraction, multiplication and division.  We now have an equation that involves a 
squared term.  In module 2 we looked at the idea that squares and square roots are the 
opposites of each other.

So to remove the square from the s 

we need to take the square root of each side.

Let’s look at this type of question a little more closely.

Example

Solve for x, x2 = 4

Let’s think about this question for a while.  

Can you think of a number that you could square and get the answer 4? ....................

Think a little harder and see if you can come up with another number  ........................

Recall:
Module 2
Section 2.2.3

A s
2

=

A s
2

=

A s=

s A=
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You should have thought of the numbers 2 and –2.  There are actually two solutions to this 
question and we need to reflect this in our answers to questions where we take square roots.

x2 = 4 To get x on its own we need to take the square root of each side.

We place the symbol  in front of the square root sign to indicate that there 

           are two possible answers, one positive and one negative.

Check: LHS = x2 LHS = x2

when x = 2 = 22 when x = –2 = (–2)2

= 4 = 4

= RHS = RHS

Example

Make n the subject of this formula

K = (4n+1)2 Take the square root of both sides.

 = 4n + 1 Both the positive and negative root must be given.

 – 1 = 4n + 1 – 1

 – 1 = 4n

= Divide everything on each side by 4.

=

=

You could also see this written as 

The two terms on the top of the fraction have been placed in the opposite order. It is quite 
acceptable to rearrange terms like this as long as you remember to keep the sign that is in front 
of a term with the term. In this example the negative sign belongs to the 1 and should 

accompany it wherever it goes. Similarly the ± belongs to the  and moves with it.

x
2

4±=

x 2±= ±

K±

K±

K±

K 1–±
4

---------------------
4n
4

------

K 1–±
4

--------------------- n

n
K 1–±
4

---------------------

n
1– K±

4
----------------------=

K
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Example

Make n the subject of this formula.

y = Square both sides remembering to square all of the RHS.

y2 = 4n + 3

y2 – 3 = 4n + 3 – 3

y2 – 3 = 4n

=

= n

n =

7.4.1 Pythagoras’ Theorem

A formula that relies on your knowledge of manipulating equations with powers and roots is 
Pythagoras’ Theorem.  Pythagoras was a Greek mathematician who lived about 540 B.C.  He 
was one of the first true mathematicians who saw mathematics in a theoretical sense rather 
than just a practical means of calculating taxes and interest or areas of fields.  He travelled 
widely and established the mystical Pythagorean society which prohibited the eating of beans 
(one can only speculate as to why this might have been so) and whose motto was All in 
number.

Pythagoras’ Theorem states that the length of the hypotenuse squared equals the sum of the 
squares on the other two sides. Recall from a previous module that the hypotenuse is the side 
opposite the right angle. It is always the longest side on the triangle.

4n 3+

y
2

3–
4

--------------
4n
4

------

y
2

3–
4

--------------

y
2

3–
4

--------------

Recall:
Module 4
Section 4.2.2

b

a

h (the hypotenuse)

h (the hypotenuse)
b

a
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If we represent the other two sides by a  and b  we could write Pythagoras’ theorem in 
symbols.

h2 = a2 + b2 

To be able to use this formula, all the lengths of the sides must be measured in the same units.

Example

What is the length of the hypotenuse of the following triangle?

From Pythagoras’ Theorem

h2 =  a2 +  b2

a  =  2,  b  =  9,  h  =  ?

It wouldn’t matter which side we let be a and 

which side we let be b. 

So, h2 =  22 +  92

h2 =  4  +  81

h2 =  85

So,  h  = 

The length of the hypotenuse is approximately 9.22 cm

It is also possible to use this rule to find the lengths of sides other than the hypotenuse.

Example

Find the length of the unknown side

Pythagoras’ Theorem states

h2 =  a2 +  b2

a  =  3,  b  =  x,  h  =  6.5

So, (6.5)2 =  32 +  x2

42.25  =  9  +  x2 Take 9 from both sides.

42.25 – 9  =  x2

x2 =  33.25

So,    x  = Again we disregard the negative square root.

So the length of the unknown side is approximately 5.8 m

9 cm

2 cm

h cm

85 9.22≈ Note that the negative square root in this 
case has no meaning so we disregard it

x m

3 m
6.5 m

33.25 5.8≈
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Example

A carpenter is making the top of a table from a piece of timber. The length of the piece of 
timber is 69 cm and the width is 45 cm. How can the carpenter check to see if it is a rectangle 
(that he has made the angles 90°)?

The carpenter should measure the diagonal 

length of the timber.  

Let the length of the diagonal be x cm

Using Pythagoras’ theorem

x2 =  452 + 692

x2 =  2 025 + 4 761

x2 =  6 786

x  = 

If the diagonal is approximately 82.4 cm long then the table top will be rectangular.

69 cm

45 cm

6 786

x 82.4≈
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Activity 7.5

1. Make a the subject of the following equations.

(a) b  =  2a2 + 1

(b) c  =  2(3a – 7)2

(c) T  = 

(d) m  =

(e) B  = 

2. If I stand on top of a cliff  S  metres high and drop a stone, it will take t 
seconds to reach the ground. The height of the cliff can be found using the 
following formula.

S  =  4.9 t2

(a) Rearrange this formula to make t the subject.

(b) Use this new formula to find the time to reach the ground for a cliff of 
height 650 metres. Round your answer to the nearest tenth of a 
second.

3. Observation towers are often built in forests to allow bushfires to be spotted 
quickly. The distance (D) in kilometres that can be seen from a tower of 
height h metres is given by:

D  = 

(a) Rearrange this formula to make h the subject.

(b) Find the height of the tower to the nearest metre if a distance of 15 
kilometres can be seen from the tower.

4. Form an equation for the following relationship and solve the equation.

I think of a number, square it and multiply the result by 4.  The answer is 
36.  What was the number I thought of?

5. For the following right angled triangles, find the unknown length (to two 
decimal places if necessary).

1.5 2.6a–

a
2

2+
5

-------------------

6 3a 7+

8
h
5
---

(b) (c)

C

D E

J K

L

R T

S

(a)

x cm
4 cm

3 cm

3.7 m
10.6 m 96 mm

x mm

57 mmx m
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6. A fence builder needs to brace a 2 m by 3 m rectangular gate with a piece of 
timber  placed diagonally.  How long should the timber be cut (to the nearest 
mm)?

7. A 15 metre wire is used to support a flag pole.  If the wire is attached to the 
ground 9 m from the base of the flag pole, how high up the pole is the wire 
attached?

8. Each day Joe walks home past a rectangular sporting field.  If the field is 
being used, Joe walks along two sides of the field.  If the field is not being 
used he cuts across from corner to corner.  If he takes 300 steps along one 
edge of the field and 500 steps along the other edge, approximately how 
many steps does Joe save by cutting across the field?

9. A ten metre ladder is resting against a house, with the foot of the ladder 2.4 
metres from the house. If the foot of the ladder is pulled 2.1 more metres from 
the house, how far down the side of the house will the ladder move? (Answer 
to the nearest tenth of a metre)

10. Make p the subject of the following equations.

(a)

(b)

(c)

l
2
3
---p2 4+=

l
6

3p
3
4
---–

4
-----------------------=

l 6
5
3
---p2 8+⎝ ⎠
⎛ ⎞–=
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7.5 Simultaneous equations

Have you ever looked at the scores in Australian Football and wondered what they all meant?  
Of course, if you are into AFL then you will be very familiar with these sorts of scores.  For 
the purposes of this exercise you will need to pretend this is all new to you.

Brisbane Lions: 17   1 103

Collingwood:  9 14   68

I did work out that there were two ways to score in Australian Rules: a goal and a behind.

Now I also worked out when listening to the TV reporter announce the results that the first 
score represented the goals, the second score represented the behinds and the final score 
represented the total score for the team.  Since these two numbers didn’t add up to give the 
total it set me to wondering what score a goal was worth and what score a behind was worth.  

Brisbane Lions: 17 × the score for goals + 1 × the score for behinds = 103

Collingwood:   9 × the score for goals + 14 × the score for behinds = 68

Let the score for goals be represented by G and the score for behinds be represented by B.

I can now rewrite the equations for each team’s scores.

Brisbane Lions: 17 × G + 1 × B = 103

Collingwood: 9 × G + 14 × B = 68

Omitting the multiplication signs we have:

17G + 1B = 103 (1) It is normal to give each of the equations a number.

9G + 14B = 68 (2)

I am trying to find a solution that gives me a value for B and G that satisfies both equations.  
What I am looking for is the simultaneous solution to these equations. 

We have two equations involving two variables (G and B).  This is enough to allow me to find 
the simultaneous solution.

There are a number of ways of finding the simultaneous solution and we will present only one 
of these in this module.  The method we will use is called the substitution method.

Goal

Behind Behind
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The steps involved in finding a simultaneous solution using the substitution method are:

1. Using either of the equations, express one variable in terms of the other.

2. This expression is then substituted into the other equation to form an equation in one 
variable only. 

3. Solve this equation to find the value of one of the variables.

4. Substitute the value of this variable into the equation formed in the first step to find the 
value of the other variable.

5. Finally, check your answer in both the original equations.

Let’s follow these steps through for our Australian Rules dilemma.

17G + 1B = 103 (1)

9G + 14B = 68 (2)

Step 1.  Using either of the equations, express one variable in terms of the other.

Since equation (1) has a variable on its own (with a coefficient of 1), that is the easiest 
equation to rearrange.

From (1) 17G + 1B = 103

1B = 103 – 17G

 B = 103 – 17G Remember 1B is the same as B.

Step 2.  Substitute this expression into the other equation to form an equation in one variable 
only.  

The other equation is 9G + 14B = 68 (2)

So, everywhere we see a B we must substitute 103 – 17G

That is, 9G + 14 (103 – 17G) = 68

Step 3.  Solve this equation to find the value of one of the variables.

9G + 14 (103 – 17G) = 68

9G + 14×103 – 14 × 17G = 68 Using the distributive law.

 9G + 1 442 – 238G = 68

9G – 238G + 1 442 = 68 Group like terms.

(9 – 238)G + 1 442 = 68

 –229G + 1 442 = 68

 –229G + 1 442 – 1 442 = 68 – 1 442
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 –229G = –1 374

=  

G = 6

Step 4.  Substitute the value of this variable into the equation formed in the first step   to find 
the value of the other variable.

Substitute G = 6  into  B = 103 – 17G

B = 103 – 17 × 6

B = 103 – 102

B = 1

From our answers a goal scores 6 points and a behind scores 1 point.

Step 5.  Check the answer in both the original equations.

Equation 1: LHS = 17 × 6 + 1 × 1

        = 102 + 1

        = 103

        = RHS

The answer must be correct.

Example

At a local school production, adults were charged $5 entry and children $2. A total of 400 
people attended for total receipts of $1 100. The school wishes to know how many of the 
people attending were adults, and how many children.

Before we are ready to solve the equations, following the steps set out before, we must firstly 
form the equations. As before, we must define the variables we are going to use.

Let A be the number of adults attending the production.

Let C be the number of children attending the production.

Note that we must be very specific about our variables.  It is the number of adults and the 
number of children that we are interested in.  We are not interested in their age or their sex.

We form the equations just as we have done in module 5 and earlier in this module.

If a total of 400 people attended the performance, then the number of adults plus the number of 
children equals 400.

A + C = 400 (1)

229G–
229–

----------------
1 374–
229–

-----------------

Equation 2: LHS = 9 × 6 + 14 × 1

        = 54 + 14

        = 68

        = RHS
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If each adult paid $5 and each child $2 then the total cost was $1 100.  The total cost paid by 
adults will be $5 multiplied by the number of adults, and the total cost paid by children will be 
$2 multiplied by the number of children.

5A + 2C =1 100 (2)

Now we have the two equations we can go ahead and solve them as before.

From equation (1) A + C = 400 Subtract C from both sides.

       A = 400 – C

Substitute into equation (2)  5A + 2C = 1 100

 5(400 – C) + 2C = 1 100

2 000 – 5C + 2C = 1 100

2 000 + –5C + 2C = 1 100

2 000 + (–5 + 2)C = 1 100

2 000 + –3C = 1 100

 –3C = 1 100 – 2 000

 –3C = –900

=

C = 300

Substitute C = 300 into A = 400 – C

A = 400 – 300

A = 100

Therefore 300 children and 100 adults attended.

Checking these answers in the original equations.

Equation 1: LHS = A + C

        = 100 + 300

        = 400

        = RHS

The answer must be correct.

3C–
3–

----------
900–

3–
------------

Equation 2: LHS = 5A + 2C 

 = 5 × 100 + 2 × 300

 = 500 + 600

 = 1 100

 = RHS
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Activity 7.6

1. Solve the following sets of simultaneous equations.

(a)  y – x = 0

x + 2y = 12

(b) 3x + y = 7

  2x + y = 5

(c) 5x + y = 15

  3x – y = 1

(d) y + 4x = 7

  x – 2y = 4

(e) 5x + 2y = 3

  2x + 3y = –1

2. The second hand music shop, Loud and Lousy, sells all of its cassettes for one 
fixed price and all of its compact discs (CD’s) for another fixed price. A 
cassette and compact disc together cost $17. However, two cassettes and 
three CD’s cost $46. How much does each cassette and each CD cost?

3. Suzy Speedy finds that if she walks for three hours and cycles for two hours, 
she can cover 51 km. If on the other hand she cycles three hours and walks 
two hours, she can cover 69 km. What are Suzy Speedy’s walking and 
cycling speeds?

4. Living on Anklebiter Avenue are 26 children. There are two more boys than 
there are girls. How many girls and how many boys live on Anklebiter 
Avenue?

5. Allan and Pei-shu have a combined income of $52 000 a year. If Allan earns 
$2 800 less than Pei-shu, how much does each person earn?

6. After a successful car wash the Black Stump Scout troupe had raised $115 all 
in one and two dollar coins. There are fourteen more $2 coins than $1 coins. 
How many of each did they have?

7. Solve the following sets of simultaneous equation in (a) and (b).

(a)

(b)

(c) A shoe company sells all styles of handmade leather men’s and ladies 
shoes for a set price. Last month they sold 50 pairs of men’s shoes and 
300 pairs of ladies shoes for a total of $47 500. This month sales have 
peaked and reached a high of $58 510 selling 61 pairs of men’s and 
370 pairs of ladies shoes. Determine the cost of a pair of ladies shoes 
and a pair of men’s shoes.

4x y– 6=

2x 3y+ 17=

3x 4y+ 6=

5x 3y+ 1=
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7.6 A taste of things to come

1. Ask a person to write the number of the month of his or her birth and perform the 
following operations in order. Multiply by 5, add 6, multiply this answer by 4 and add 9 to 
the result. Now multiply the result by 5 and add the number of the day of birth. When 165 
is subtracted from this number, the result is a number that represents the person’s month 
and day of birth. Try it!

(a)  Now try to write out the above steps as an expression.  You will need to use lots of 
brackets.  Be sure to define your variables.

(b)  Simplify this expression and show that it equals 100m +d 

2. Equations are often used by many people to determine costs, revenue, profits and losses. 
Consider the following small company making silver bracelets. The daily costs, excluding 
labour, are the fixed costs (rent, electricity, etc.) of $100 and the cost of purchasing parts at 
$3 per bracelet.

(a)  What is the formula used to calculate the daily cost of producing bracelets? Define all 
variables.

(b)  Calculate the cost of producing the following bracelets per day.

(i) 120

(ii) 800

(iii) 1 000

(d)  Rearrange the formula to derive a formula which gives the number of bracelets that 
can be produced in a day from a given expenditure.  (That is, make the number of 
bracelets the subject of the formula.)

(e)  Use your formula from (c) to determine the number of bracelets that can be produced 
if the total daily costs are to be $1 600.

3. The amazing Emperor Penguins have the ability to dive to depths in excess of 450 metres 
to feed.

Using the formula speed = , calculate the following:

(a) If the rate of ascent and descent of a penguin’s dive is 2.2 metres per second, express 
this speed in metres per minute.

(b) The duration of the dive is approximately 10 minutes, with the penguin taking 3 
minutes to feed in the ocean depths.  How long does it take the penguin to reach the 
lowest point?

(c) Find the depth of the dive to the nearest metre.

distance
time

-------------------
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4. If you go on to study subjects in economics you will no doubt come across the concepts of 
supply and demand. Supply and demand for an item is based on price. The greater the 
price of an item the less it is in demand because people cannot afford to buy it. The greater 
the price though, the more of the item the manufacturer wants to supply, because they are 
getting a good price.

At some point there has to be a compromise between the amount supplied and the amount 
demanded. This is called the point of equilibrium.

Consider a small company making pottery bowls. They find that the equation for the 
quantity of bowls supplied is given by:

Q  =  10P – 10 where Q represents the quantity supplied.

    and P represents the price of each bowl in dollars.

They also find that the equation for the quantity of bowls demanded is given by:

Q  = – 20P + 65 where Q represents the quantity demanded.

    and P represents the price of each bowl in dollars.

By solving these two equations simultaneously you will find the price of a bowl that will 
give the point of equilibrium between supply and demand.

Go ahead now and solve these two equations simultaneously.

You should now be ready to attempt all questions of Assignment 4A (see your 
Introductory Book for details). If you have any questions, please refer them to 
your course tutor. 
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7.7 Post-test

1. Rearrange the following equations to make a the subject.

(a) T  =  

(b) y  = 

2. Solve the following equations, checking your solutions.

(a) 4x + 3  = –2x – 9

(b) x2 – 9  =  0

3. A rectangle has its width 3 cm shorter than its length. If the perimeter is 42 cm, find the 
width of the rectangle.

4. A ladder 2 metres long is placed with its top resting against a wall and its foot on the 
ground 80 centimetres from the wall. How high up the wall does the ladder reach? (Round 
your answer to two decimal places.)

5. Henry and Alice, trying to relive the 70’s, went into a second hand record shop.  Henry 
bought three records and two tapes for $25.50 and Alice bought two records and four tapes 
for $29.00.  If each paid the same price for records and tapes, how much was one record 
and one tape.

ab
2

------

3.1a 2.4+
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7.8 Solutions

Solutions to activities

Activity 7.1

(a) Let the number be N.N + 5=  35

(b) Let the number be N N – 9 = 2N

(c) Let the number be N6.5N = –3.4

(d) Let the number be N5N + 7=  22

6.

(a) B  =  5J where B represents Ben’s age in years,

    and J represents John’s age in years. 

(b) L =  W + 7 where L represents the length of the rectangle in metres,

    and W represents the width of the rectangle in metres.

(c) K  =  J – 5 where K represents Katie’s age in years,

    and J represents Jack’s age in years. 

(d) B  = H where B represents the amount of money that Barry earns,

    and H represents the amount of money that Harry earns.

Activity 7.2

1. 3x, 7x, 17x, 8x, –4x and –2x are like terms

5a, 9a, 12a and –3a are like terms

7a2, 6a2 and 2a2 are like terms

6x2, 5x2, 9x2 and –11x2 

2.

(a) 5x + 6x  =  (5 + 6)x  =  11x

(b) 6x2 + 11x2 =  (6 + 11)x2 =  17x2

(c) x + 3x  =  (1 + 3)x  =  4x

1
3
---
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(d) 7x – 3x  =  (7 – 3)x  =  4x

(e) 9x – 14x  =  (9 – 14)x  = –5x

(f) –8x – 4x  = –8x + –4x  =  (–8 + –4)x  = –12x

(g) –3.1x + –2.4x  =  (–3.1 + –2.4)x  = –5.5x

(h) 4x + 32x – 7x  =  (4 + 32 – 7)x  =  29x

3. Firstly draw a diagram to represent the situation.

If the perimeter of the house is 72 metres, then the equation becomes:

 w + 2w + w + 2w = 72

   (1 + 2 + 1 + 2)w = 72

6w = 72

4. Again a diagram will help clarify the situation.

Let the length of the shorter piece of rope be L metres.

Together the pieces of rope must be 75 metres, so the equation becomes:

    L + L + 15 = 75

(1 + 1)L + 15 = 75

         2L + 15 = 75

2w m

w mw m

2w m

L m L + 15 m
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Activity 7.3

1.

(a)   R = 4a

=

= a

a =

(c) = k

= k × b

 5 = kb

=

= b

b =

(e)  7x – 8 = y 

7x – 8 + 8 = y + 8

 7x = y + 8

=

x =

(b) x + 2 = y

     x + 2 – 2 = y – 2

x = y – 2

R
4
---

4a
4

------

R
4
---

R
4
---

5
b
--- (d)  y = 5x + 2

y – 2 = 5x + 2 – 2

      y – 2 = 5x

=

= x

x =

y 2–
5

-----------
5x
5

------

y 2–
5

-----------

y 2–
5

-----------

5 b×
b

------------

5
k
---

kb
k

------

5
k
---

5
k
---

(f) = s

= s – 7

= s – 7

= (s – 7)t

6 = (s – 7)t

=

= t

t =

6
t
--- 7+

6
t
--- 7 7–+

6
t
---

6
t
--- t×

6
s 7–( )

----------------
s 7–( )t
s 7–( )

------------------

6
s 7–( )

----------------

6
s 7–( )

----------------

7x
7

------
y 8+

7
------------

y 8+
7

------------
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(g) = y

=

x + 8 = y × 3

x + 8 = 3y

x + 8 – 8 = 3y – 8

x = 3y – 8

2. P = 4s where P represents the perimeter,

= and s represents the length of one side.

= s

s =

3.  h = 10 – 2t

   h – 10 = 10 – 2t – 10

   h – 10 = –2t

 =

= t

t =

5. C = πd

=

= d

d =

x 8+
3

------------

x 8+
3

------------ 3× y 3×

P
4
---

4s
4
-----

P
4
---

P
4
---

4. m = 3.5  +  2.5x

 m – 3.5 = 3.5 + 2.5x – 3.5

   m – 3.5 = 2.5x

 =

= x 

x =

m 3.5–
2.5

-----------------
2.5x
2.5

----------

m 3.5–
2.5

-----------------

m 3.5–
2.5

-----------------

h 10–
2–

---------------
2t–
2–

--------

h 10–
2–

---------------

h 10–
2–

---------------

C
π
----

πd
π

------

C
π
----

C
π
----
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Activity 7.4

1.

(a) x + 3 = 9

x + 3 – 3 = 9 – 3 Isolate x by taking 3 from both sides.

      x = 6 

Check: LHS = 6 + 3

= 9

= RHS

(b) x – 2 = 5

     x – 2 + 2 = 5 + 2 Isolate x by adding 2 to both sides.

x = 7 

Check: LHS = 7 – 2

 = 5

= RHS

(c) 5x = 15 Isolate x by dividing both sides by 5.

=

 x = 3 

Check: LHS = 5 × 3

= 15

= RHS

(d) = 6 Isolate x by multiplying both sides by 2.

 = 6 × 2

   x = 12 

Check: LHS =

= 6

 = RHS

5x
5

------
15
5

------

x
2
---

x
2
--- 2×

12
2

------
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(e) –3 + x = 7 Isolate x by adding 3 to both sides.

  –3 + x + 3 = 7 + 3

x = 10 

Check: LHS = –3 + 10

= 7

= RHS

(f) 2.4 – x = 3.6 Isolate x by taking 2.4 from both sides.

   2.4 – x – 2.4 = 3.6 – 2.4

–x = 1.2 Multiply both sides by –1 to make coefficient of the x a 1.

         x = –1.2

Check: LHS = 2.4 – (–1.2)

= 2.4 + 1.2

 = 3.6

= RHS

(g) 2x + 1 = –8 Isolate x by taking 1 from both sides.

    2x + 1 – 1 = –8 – 1

      2x = –9 Divide both sides by 2 to make coefficient of x a one.

        x =

Check: LHS = 2x + 1

=  + 1

 = –9 + 1

= –8

= RHS

9–
2

------

2
9–

2
------×
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(h)  – 2 = 7 Isolate x by adding 2 to both sides.

 – 2 + 2 = 7 + 2

  = 9 Multiply both sides by 5.

         x = 45 

Check: LHS =  – 2

= 9 – 2

 = 7

 = RHS

(i) 5 + 2x = 1 Take 5 from both sides to isolate the x.

 5 + 2x – 5 = 1 – 5

      2x = –4 Divide both sides by 2 to make coefficient of x a one.

        x = –2 

Check: LHS = 5 + 2 × –2

= 5 – 4

= 1

= RHS

(j) 10 – 3x = 1 Take 10 from both sides to isolate the x.

  10 – 3x – 10 = 1 – 10

      –3x = –9 Divide both sides by –3 to make coefficient of x a one.

          x = 3

Check: LHS = 10 – 3 × 3

= 10 – 9

= 1

 = RHS

x
5
---

x
5
---

x
5
---

45
5

------
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(k)  + 2 = 12

 + 2 – 2 = 12 – 2

= 10

 = 10 × t

   6 = 10t

 =

 = t

 t =

 t = 0.6

Check: LHS =

 =

= 10 + 2

= 12

= RHS

(l) 2.5x + 3.5 = 7 Subtract 3.5 from both sides.

2.5x + 3.5 – 3.5 = 7 – 3.5

         2.5x = 3.5 Divide both sides by 2.5.

 x = 1.4 

Check: LHS = 2.5 × 1.4 + 3.5

      = 3.5 + 3.5

 = 7

= RHS

6
t
---

6
t
---

6
t
---

6 t×
t

----------

6
10
------

10t
10
--------

6
10
------

6
10
------

6
t
--- 2+

6
0.6
------- 2+
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(m) 4(3x – ) = 3

=

    3x – =

3x –  + =  + 

 3x =  + 

3x =

 3x =

      3x ÷ 3 =

              x =

              x =

Check: LHS = 4(3x – )

=

 =

 =  

 = 4 × 

 = 3

 = RHS

4
9
---

4 3x
4
9
---–⎝ ⎠

⎛ ⎞

4
------------------------

3
4
---

4
9
---

3
4
---

4
9
---

4
9
---

3
4
---

4
9
---

3
4
---

4
9
---

27
36
------

16
36
------+

43
36
------

43
36
------ 3÷

43
36
------

1
3
---×

43
108
---------

4
9
---

4 3
43

108
---------

4
9
---–×⎝ ⎠

⎛ ⎞

4
43
36
------

4
9
---–⎝ ⎠

⎛ ⎞

44
43
36
------

16
36
------–⎝ ⎠

⎛ ⎞

27
36
------
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(n) 2x + 3 + 5x = 17  Group like terms

2x + 5x + 3 = 17

(2 + 5)x + 3 = 17

        7x + 3 = 17

 7x + 3 – 3 = 17 – 3

 7x = 14

 x = 2 

Check: LHS = 2 × 2 + 3 + 5 × 2

= 4 + 3 + 10

= 17

= RHS

(o) 5x + 3 – 2x = 21

5x – 2x + 3 = 21

        3x + 3 = 21

 3x + 3 – 3 = 21 – 3

 3x = 18

 x = 6 

Check: LHS = 5 × 6 + 3 – 2 × 6

 = 30 + 3 – 12

 = 21

= RHS

(p) 2x + 1 = 3x – 5

    2x + 1 – 3x = 3x – 5 – 3x

    2x – 3x + 1 = –5

–x + 1 = –5

      –x + 1 – 1 = –5 – 1

      –x = –6

        x = 6 

Check: LHS = 2 × 6 + 1 RHS = 3 × 6 – 5

= 12 + 1 = 18 – 5

 = 13  = 13

 = LHS
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(q) 0.5x – 4.1 = 3.9 – 0.7x

 0.5x – 4.1 + 0.7x = 3.9 – 0.7x + 0.7x

 0.5x + 0.7x – 4.1 = 3.9

            1.2x – 4.1 = 3.9

   1.2x – 4.1 + 4.1 = 3.9 + 4.1

         1.2x = 8

=

 x = = = 6 

Check: LHS = 0.5 ×  – 4.1 RHS = 3.9 – 0.7 × 

= 3.333... – 4.1 = 3.9 – 4.666...

–0.7667 –0.7667

= LHS

2. If the perimeter of the house is 72 metres, then the equation becomes:

 w + 2w + w + 2w = 72

   (1 + 2 + 1 + 2)w = 72

6w = 72

=

 w = 12

The width of the house is 12 metres so the length of the house must be 24 metres.

Check: the perimeter of the house 12 m by 24 m is  12 + 24 + 12 + 24 = 72 which is what we 
started with.

1.2x
1.2

----------
8

1.2
-------

80
12
------

20
3

------
2
3
---

20
3

------
20
3

------

≈ ≈

6w
6

-------
72
6

------
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3.  Let the length of the shorter piece of rope be L metres.

Together the pieces of rope must be 63 metres, so the equation becomes:

    L + L + 17 = 63

(1 + 1)L + 17 = 63

         2L + 17 = 63

 2L + 17 – 17 = 63 – 17

                  2L = 46

 =

                   L = 23

The two pieces of rope are 23 metres and 40 metres.

Check: 23 m + 40 m = 63 m which is the length of rope we started with.

4.  Let the width of the rectangle be w cm. The length will be w + 4 cm.

The perimeter is given by the equation:

 w + 4  +  w  + w + 4  +  w = 52

1w + 1w + 1w + 1w + 4 + 4 = 52

 (1 + 1 + 1 + 1)w + (4 + 4) = 52 Using the distributive law

4w + 8 = 52 Simplifying.

4w + 8 – 8 = 52 – 8

4w = 44

L m L + 17 m

2L
2

------
46
2

------

w + 4 cm

w cm
w cm

w + 4 cm
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=

w = 11

The width of the rectangle is 11 cm and the length is 15 cm.

Check: The perimeter of this rectangle is  11 + 15 + 11 + 15 = 52 cm which is the perimeter 
we started with.

5.  Let the number thought of be N.  The equation becomes:

      2N + 7 = 59

2N + 7– 7 = 59 – 7

2N = 52

=

 N = 26

The number thought of was 26.

Check:  think of a number, 26, double it, 52, add 7, 59.  The result is 59 as it should have been.

6.  Let the number be N.  The equation becomes:

 × N  + 23 = 34

 + 23 = 34

 + 23 – 23 = 34 – 23

= 11

 × 3 = 11 × 3

N = 33

The number was 33.

Check:  One third of a number, 11, added to 23, gives 34, which is the required answer.

4w
4

-------
44
4

------

2N
2

-------
52
2

------

1
3
---

N
3
----

N
3
----

N
3
----

N
3
----
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7.  Let Rebecca’s age be R years. The equation becomes:

= 5

 = 5 × 5

           2R – 3 = 25

     2R – 3 + 3 = 25 + 3

                 2R = 28

 =

                  R = 14

Therefore, Rebecca is 14 years old.

Check: Double Rebecca’s age, 28, subtract three, 25, and divide the result by 5, giving 5 as 
expected.

8. (a) P = 50 – 7.75x

(b) If P = 19, solve the equation for x.

19 = 50 – 7.75x

    19 – 50 = 50 – 7.75x – 50

 –31 = –7.75x

=

 4 = x

Samantha bought 4 sample bags with the money.

Check: RHS = 50 – 7.75x

= 50 – 7.75 × 4

= 50 – 31

= 19

= LHS

2R 3–
5

----------------

2R 3–
5

---------------- 5×

2R
2

-------
28
2

------

where P represents the amount of money (in dollars) left,
and x represents the number of sample bags bought.

31–
7.75–

-------------
7.75x–
7.75–

----------------
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9.  Let the number of children bought for be x.  

    The cost of the chips is 1.2x and the sweets 2.5 times this at 2.5 × 1.2x = 3x

     The equation to represent Mrs Manykids’ purchases is:

 1.2x + 3x = 42

(1.2 + 3)x = 42

         4.2x = 42

 =

              x = 10

Mrs Manykids bought for 10 children.

Check: LHS = 1.2x + 3x

= 1.2 × 10 + 3 × 10

= 12 + 30

= 42

= RHS

10. (a)

4.2x
4.2

----------
42
4 2,
---------

2
5
---

7
3
---t+ 5=

7
3
---t 5

2
5
---–

25
5

------
2
5
---–= =

7
3
---t

23
5

------=

7t
23
5

------ 3×=

7t
69
5

------=

t
69

5 7×
------------=

t
69
35
------=
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(b)

(c)

Activity 7.5

1.

(a) b = 2a2 + 1

b – 1 = 2a2 

=  

= a2 

a2 =

a =

2
3
---x 7+

1
2
---x 3–=

2
3
---x

1
2
---x– 3– 7–=

4
6
---x

3
6
---x– 10–=

1
6
---x 10–=

x 10 6×–=

x 60–=

7
8
---

3
8
---x– 4+

3
4
--- 2x+=

7
8
---

3
4
---– 4+ 2x

3
8
---x+=

7
8
---

6
8
---–

32
8

------+
16
8

------x
3
8
---x+=

33
8

------
19
8

------x=

33 19x=

x
33
19
------=

b 1–
2

------------
2a2

2
---------

b 1–
2

------------

b 1–
2

------------

b 1–
2

------------±
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(b) c = 2(3a – 7)2

=

= (3a – 7)2

± =

± = 3a – 7

±  + 7 = 3a

= a

(c) T =

T2 =        

T2 = 1.5 – 2.6a

T2 – 1.5 =

 =

= a

a =

c
2
---

2 3a 7–( )2

2
--------------------------

c
2
---

c
2
--- 3a 7–( )2

c
2
---

c
2
---

c
2
--- 7+

3
--------------------
±

1.5 2.6a–

1.5 2.6a–( )
2

2.6a–

T
2

1.5–
2.6–

-------------------
2.6a–
2.6–

--------------

T
2

1.5–
2.6–

-------------------

T
2

1.5–
2.6–

-------------------
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(d) m =

5m =

(5m)2 =

(5m)2 = a2 + 2

(5m)2 – 2 = a2

a2 = (5m)2 – 2

a =

(e)

2.

(a) S = 4.9 t2 

= t2 

t2 =  

t = We can ignore the negative sign this time as a negative 

time has no meaning.

a
2

2+
5

-------------------

a
2

2+

a
2

2+⎝ ⎠
⎛ ⎞

2

5m( )2
2–±

B 6 3a 7+=

B
6
---- 3a 7+=

B
6
----⎝ ⎠
⎛ ⎞ 2

3a 7+=

B
6
----⎝ ⎠
⎛ ⎞ 2

7– 3a=

B
6
----⎝ ⎠
⎛ ⎞ 2

7–

3
--------------------- a=

S
4.9
-------

S
4.9
-------

S
4.9
-------
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(b) When S = 650 m then:

t =

t =

t =

t 11.5

When the cliff is 650 metres high, it would take about 11.5 seconds for a stone to reach 
the ground.

3. 

(a)

(b)  

If a distance of fifteen kilometres can be seen from the tower, it must be about 18 metres 
tall.

S
4.9
-------

650
4.9
---------

132.65306....

≈

D 8
h
5
---⎝ ⎠
⎛ ⎞=

D
8
----

h
5
---⎝ ⎠
⎛ ⎞=

D
8
----⎝ ⎠
⎛ ⎞ 2 h

5
---⎝ ⎠
⎛ ⎞=

5
D
8
----⎝ ⎠
⎛ ⎞ 2

h=

h 5
D
8
----⎝ ⎠
⎛ ⎞ 2

=

h 5
D
8
----⎝ ⎠
⎛ ⎞ 2

=

h 5
15
8

------⎝ ⎠
⎛ ⎞ 2

=

h 5 3.515625×=

h 17.578125=

h 18≈
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4.

Let the number I thought of be N.

Then, 4N 2 = 36

=

 N 2 = 9

 N = 3

In fact there are two numbers that satisfy this question. The number could have been 3 
or –3.

For all of the following questions the negative square root is ignored as it has no 
meaning in the context of these questions.

5.

(a) (b) (c)

x2 = 42 + 32  (10.6)2 = (3.7)2 + x2 962 = 572 + x2 

x2 = 16 + 9  112.36 = 13.69 + x2       9 216 = 3 249 + x2 

x2 = 25 x2 = 112.36 – 13.69        x2 = 9 216 – 3 249

x = x2 = 98.67 x2 = 5 967

x = 5 x =        x =

Unknown length = 5 cm x  9.93 x  77.25

Unknown length  9.93 m Unknown length  77.25 mm

6.  

    Using Pythagoras’ theorem

x2 = 22 + 32

x2 = 4 + 9

x2 = 13

x =

x 3.606

The brace should be 3.606 m to the nearest millimetre (3 606 mm).

4N2

4
----------

36
4

------

±

25

98.67 5 967

≈ ≈

≈ ≈

x m

2 m

3 m13

≈
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7. Using Pythagoras’ Theorem

 152 = 92 + x2

225 = 81 + x2

  x2 = 225 – 81

   x2 = 144

   x =

  x = 12

The wire reaches 12 metres up the pole.

8. Firstly calculate the number of steps across the field from corner to corner.

x2 = 3002 +  5002

x2 = 90 000  +  250 000

x2 = 340 000

x =

x 583

The distance across the field from corner to corner is approximately 583 steps.

To walk all the way round the field Joe takes 500 + 300 = 800 steps.

By cutting across the field he saves 800 – 583 = 217 steps.

9. A diagram will help clarify the question.

We can find the height up the wall of the ladder with the foot at 2.4 metres from the wall, 
and then find the height of the ladder after moving the foot out further from the wall. If 
we subtract these heights we will find the distance the ladder has moved down the wall. 
That is, height 1 – height 2 will give us the change in height of the ladder.

To find height 1:

102 = (2.4)2 + (height 1)2

100 = 5.76 + (height 1)2

(height 1)2 = 100 – 5.76

(height 1)2 = 94.24

height 1 =

height 1 = 9.70772888…

15 m

x m

9 m144

300 steps x steps

500 steps
340 000

≈

10 m

10 m

2.1 m2.4 m

he
ig

ht
 1

he
ig

ht
 2

94.24
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To find height 2:

102 = (4.5)2 + (height 2)2

100 = 20.25 + (height 2)2

(height 2)2 = 100 – 20.25

(height 2)2 = 79.75

height 2 =

height 2 = 8.93028555…

The change in distance up the wall  = height 1 – height 2

= 9.70772888 – 8.93028555

0.8

Therefore the ladder moves 0.8 m down the side of the house.

10. (a)

79.75

≈

l
2
3
---p2 4+=

l 4–
2
3
---p2=

3 l 4–( ) 2p2=

3
2
--- l 4–( ) p2'me=

p∴ 3
2
--- l 4–( )±=
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(b)

(c)

Activity 7.6

1. There are many variations on these answers. As long as your answer is correct and you 
have shown all the working you are probably correct.

(a)  y – x = 0 (1)

x + 2y = 12 (2)

From equation (1)  y = x (3)

Substitute this value for y into equation (2)

x + 2x = 12

3x = 12

x = 4

l
3p

3
4
---–6

4
--------------------=

4l 3p
3
4
---–6=

4l
6
----- 3p

3
4
---–=

2l
3
-----⎝ ⎠
⎛ ⎞ 2

3p
3
4
---–=

2l
3
-----⎝ ⎠
⎛ ⎞ 2 3

4
---+ 3p=

p∴ 2l
3
-----⎝ ⎠
⎛ ⎞ 2 3

4
---+=

p
4l2

27
-------

3
12
------+=

p
4l2

27
-------

1
4
---+=

l 6
5
3
---p2 8+⎝ ⎠
⎛ ⎞–=

l
6–

------
5
3
---p2 8+=

l
6–

------ 8–
5
3
---p2=

3
5
---

l
6–

------ 8–⎝ ⎠
⎛ ⎞ p2=

p
3
5
---

l
6–

------ 8–⎝ ⎠
⎛ ⎞±=
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Substituting into equation (3)

y = x

y = 4

Therefore the solution is x = 4 and y = 4

Check: Equation (1) LHS = y – x 

 = 4 – 4

 = 0

= RHS

(b) 3x + y = 7 (1)

2x + y = 5 (2)

From equation (1)  y = 7 – 3x (3)

Substitute this value for y into equation (2)

2x + y = 5

2x + 7 – 3x = 5

2x – 3x + 7 = 5

 –x = –2 Multiply both sides by –1

x = 2

Substituting into equation (3)

y = 7 – 3x

y = 7– 3 × 2

y = 7 – 6

y = 1

Therefore the solution is x = 2 and y = 1

Equation (2) LHS = x + 2y

= 4 + 2 × 4

= 4 + 8

= 12

= RHS
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Check: Equation (1) LHS = 3x + y 

= 3 × 2 + 1

= 6 + 1

= 7

= RHS

(c) 5x + y = 15 (1)

 3x – y = 1 (2)

From equation (1)  y = 15 – 5x (3)

Substitute this value for y into equation (2)

3x – y = 1

3x –(15 – 5x) = 1 Take great care with negatives and the distributive law.

3x – 1 (15 – 5x) = 1

3x – 1× 15 – –1 × 5x = 1

3x –15 + 5x = 1

8x –15 = 1

8x = 16

x = 2

Substituting into equation (3)

y = 15 – 5x

y = 15 – 5 × 2

y = 15 – 10

y = 5

Therefore the solution is x = 2 and y = 5

Equation (2) LHS = 2x + y

= 2 × 2 + 1

= 4 + 1

= 5

= RHS
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Check: Equation (1) LHS = 5x + y 

 = 5 × 2 + 5

= 10 + 5

= 15

= RHS

(d) y + 4x = 7 (1)

 x – 2y = 4 (2)

From equation (2)  x = 4 + 2y (3)

Substitute this value for y into equation (1)

 y + 4x = 7

 y + 4(4 + 2y) = 7

 y + 16 + 8y = 7

9y + 16 = 7

9y = –9

y = –1

Substituting into equation (3)

x = 4 + 2y

x = 4 + 2 × –1

x = 4 – 2

x = 2

Therefore the solution is x = 2 and y = –1

Check: Equation (1) LHS = y + 4x 

      = –1 + 4 ×2

= –1 + 8

      = 7

 = RHS

Equation (2) LHS = 3x – y

= 3 × 2 – 5

= 6– 5

= 1

Equation (2)   LHS = x – 2y

= 2– 2 × –1

= 2 + 2

= 4

= RHS
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(e) 5x + 2y = 3 (1)

2x + 3y = –1 (2)

From equation (1)  2y = 3 – 5x

y = (3)

Substitute this value for y into equation (2)

2x + 3y = –1

 2x + 3 = –1

   2x +  = –1 Removing the bracket using the distributive law.

 = –1 – 2x

= (–1 – 2x) × 2 Multiply both sides by 2.

9 – 15x = –2 – 4x

9 = –2 – 4x + 15x

9 = –2 + 11x

9 + 2 = 11x

11 = 11x

1 = x

Substituting into equation (3)

 y =

y =

y =

 y =

 y = –1

Therefore the solution is x = 1 and y = –1

3 5x–
2

---------------

3 5x–( )
2

-------------------

9 15x–
2

------------------

9 15x–
2

------------------

9 15x–( )
2

---------------------- 2×

3 5x–
2

---------------

3 5 1×–
2

---------------------

3 5–
2

------------

2–
2

------
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Equation (1) LHS = 5x + 2y

= 5 × 1 + 2 × −1

 = 5 – 2

= 3

= RHS

2. Let cassettes cost C dollars and let CD’s cost D dollars.

   C + D = 17 (1)

2C + 3D = 46 (2)

From (1)  C = 17 – D (3)

Substitute this value for C into equation (2)

2C + 3D = 46

2 × (17 – D) + 3D = 46

34 – 2D + 3D = 46

34 + 1D = 46

D = 46 – 34

D = 12

Substituting this value for D into equation (3)

C = 17 – D

C = 17 – 12

C = 5

The cost of a cassette is $5 and the cost of a CD is $12

Check:

Equation (1) LHS = C + D

= 5 + 12

 = 17

 = RHS

Equation (2) LHS= 2x + 3y

= 2 × 1 + 3 × –1

= 2 – 3

= –1

= RHS

Equation (2)   LHS = 2C + 3D

= 2 × 5 + 3 × 12

= 10 + 36

= 46

= RHS
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3. The question is what gives you the clue about what to let the variables be. The question in 
this case is ‘What are Suzy Speedy’s walking and cycling speeds?’

We will let Suzy’s walking speed be W km/h

and Suzy’s cycling speed be C km/h.

3W + 2C = 51 (1)

3C + 2W = 69 (2)

From (1) 2C = 51– 3W 

 C = (3)

Substitute this value for C into equation (2).

 3C + 2W = 69

 + 2W = 69

 + 2W = 69

= 69 – 2W

 = (69– 2W)× 2

153 – 9W = 138 – 4W

153 – 9W + 4W = 138 – 4W + 4W

153 – 5W = 138

153 – 5W – 153 = 138 – 153

 – 5W = –15

W = 3

Substitute this value for W into equation (3)

 C =

C =

51 3W–
2

--------------------

3 51 3W–( )
2

----------------------------

153 9W–
2

-----------------------

153 9W–
2

-----------------------

153 9W–( )
2

---------------------------- 2×

51 3W–
2

--------------------

51 3 3×–
2

------------------------



7.66  TPP7181 – Mathematics tertiary preparation level A
C =

C =

C = 21

Suzy’s cycling speed is 21 km/hour and Suzy’s walking speed is 3 km/hour.

Check:

Equation (1)  LHS = 3W + 2C

 = 3 × 3 + 2 × 21

 = 9 + 42

 = 51

 = RHS

4. Let the number of boys be B and the number of girls be G.

B + G = 26 (1)

B = G + 2 (2)

Substitute the value of B from equation (2) into equation (1).

G + 2 + G = 26

 2G + 2 = 26

2G = 26 – 2

2G = 24

G = 12

Substitute this value for G into equation (2)

B = G + 2

B = 12 + 2

B = 14

There are 12 girls and 14 boys living on Anklebiter Avenue.

51 9–
2

---------------

42
2

------

Equation (2)   LHS = 3C + 2W

= 3 × 21 + 2 × 3

= 63 + 6

= 69

= RHS
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Check: Since we have found the value for boys in equation (2) we need only check in 
equation (1).

Equation (1) LHS = B + G

 = 12 + 14

 = 26

 = RHS

5. Let Allan’s income be A dollars and let Pei-shu’s income be P dollars.

A + P = 52 000 (1)

A = P – 2 800 (2)

Substitute the value of A from equation (2) into (1).

A + P = 52 000

P – 2 800 + P = 52 000

2P – 2 800 = 52 000

    2P = 52 000 + 2 800

    2P = 54 800

      P = 27 400

Substitute this value for P into equation (2)

A = P – 2 800

A = 27 400 – 2 800

A = 27 400 – 2 800

A = 24 600

Therefore Allan earns $24 600 and Pei-shu earns $27 400.

Check: Since we have found the value for Allan’s income from equation (2) we need only 
check in equation (1).

Equation (1) LHS = A + P

 = 24 600 + 27 400

= 52 000

 = RHS
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6. Let x be the number of $1 coins and let y be the number of $2 coins.

If we have x $1 coins then we have 1x dollars.

If we have y $2 coins then we have 2y dollars.

x + 2y = 115 (1)

y = x + 14 (2)

Substitute the value of y from equation (2) into (1).

 x + 2y = 115

 x + 2(x + 14) = 115

 x + 2x + 28 = 115

 3x + 28 = 115

 3x = 115 – 28

 3x = 87

 x = 29

Substitute this value for x into equation (2)

y = x + 14

y = 29 + 14

y = 43

Therefore there are 29 $1 coins and 43 $2 coins.

Check:  Since we have found the number of $2 coins from equation (2) we need only 
check in equation (1).

Equation (1) LHS = x + 2y

 = 29 + 2 × 43

 = 29 + 86

 = 115

 = RHS
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7. (a) 4x – y = 6 (1)

2x + 3y = 17 (2)

From equation (1) y = 4x – 6 (3)

Substitute this value for y into equation (2)

Substituting into equation (3)

Therefore the solution is .

Check equation (1)  Equation (2)  

2x 3 4x 6–( )+ 17=

2x 12x 18–+ 17=

14x 17 18+=

14x 35=

x
35
14
------

5
2
--- 2

1
2
---= = =

y 4
5
2
--- 6–×=

y
20
2

------
12
2

------–
8
2
--- 4= = =

x
5
2
---=    and   y 4=

LHS 4x y–=

4
5
2
--- 4–×=

6=

RHS=

LHS 2x 3y+=

2
5
2
--- 3 4×+×=

10
2

------ 12+=

17=

RHS=
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(b) 3x + 4y = 6 (1)

5x + 3y = 1 (2)

From equation (1) 

Substitute this value into equation (2)

Substituting into equation (3)

Therefore the solution is 

check equation (1)   

check equation (2)  

y
6 3x–

4
---------------=

5x 3
6 3x–

4
---------------⎝ ⎠
⎛ ⎞+ 1=

4 5x 4 3
6 3x–

4
---------------⎝ ⎠
⎛ ⎞×+× 1 4×=

20x 3 6 3x–( )+ 4=

20x 18 9x–+ 4=

11x 4 18–=

11x 14–=

x
14–

11
---------=

y

6 3
14–

11
---------×⎝ ⎠

⎛ ⎞–

4
---------------------------------=

y
6

42
11
------+

4
---------------

27
11
------= =

x
14–

11
---------   and   y

27
11
------= =

LHS 3x 4y+=

3=
14–

11
--------- 4

27
11
------×+×

6=

RHS=

LHS 5x 3y+=

5x
14–

11
--------- 3

27
11
------×+=

1=

RHS=
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(c) Let m be the cost of a pair of men’s shoes in dollars and l be the cost of a pair of 
ladies shoes in dollars.

50 m + 300 l = $47 500 (1)

61 m + 370 l = $58 510 (2)

From (1)  (3)

Substitute this value for l into (2)

Substituting into equation (3)

Therefore men’s shoes cost $110 and ladies shoes cost $140 check your 
solution. Since we have found the value for men’s shoes from equation (2) we 
need only check in equation (1).

Equation (1)  

m
47500 300l–

50
--------------------------------=

61
47500 300l–

50
--------------------------------⎝ ⎠
⎛ ⎞ 370l+ 58510=

50 61
47500 300l–

50
--------------------------------⎝ ⎠
⎛ ⎞ 50 370l×+× 50 58510×=

61 47500 300l–( ) 18500l+ 2925500=

2897500 18300l– 18500l+ 2925500=

2897500 200l+ 2925500=

200l 2925500 2897500–=

200l 28000=

l
28000
200

--------------- 140= =

m
47500 300 140×–

50
---------------------------------------------=

110=

LHS 50m 300l+=

50 110 300 140×+×=

47500=

RHS=
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Solutions to a taste of things to come

1.

(a) 5[4(5m + 6) + 9] + d – 165

where m represents the number of the month in which the person was born,

and d represents the number of the day on which the person was born.

(b) 5[4(5m + 6) + 9] + d – 165

= 5[20m + 24 + 9] + d – 165

= 100m + 120 + 45 + d – 165

= 100m + d + 120 + 45 – 165

= 100m + d

2. (a) C = 100 + 3n where C represents the daily costs,

   and n represents the number of bracelets made.

(b) (i) n = 120 C = 100 + 3n

C = 100 + 3 × 120

C = 100 + 360

C = 460

To make 120 bracelets in a day will cost $460.

(ii) n = 800 C = 100 + 3n

C = 100 + 3 × 800

C = 100 + 2 400

C = 2 500

To make 800 bracelets in a day will cost $2 500.

(iii) n = 1 000 C = 100 + 3n

C = 100 + 3 × 1 000

C = 100 + 3 000

C = 3 100

To make 1 000 bracelets in a day will cost $3 100.
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(c)  C = 100 + 3n

  C – 100 = 3n

 = n

n =

(d) If C = 1 600 then n =

n =

n =

n = 500

Therefore, 500 bracelets can be made for a cost of $1 600.

3. (a) 2.2 metres per second

= 2.2 × 60 metres per minute.

= 132 metres per minute.

(b) If a dive lasts 10 minutes, with 3 minutes spent on the bottom, there are seven minutes 
left to dive and ascend. That is, the penguin takes 3.5 minutes to reach the bottom.

(c)  speed =

By rearranging the formula, the depth or distance is equal to :

distance = speed × time

=  × 3.5 minutes

 = 462 metres

The penguin dives to 462 metres.

4.  The two equations were:

Q = 10P – 10 (1) where Q represents the quantity supplied.

and P represents the price of each bowl in dollars.

and

Q = –20P + 65 (2) where Q represents the quantity demanded.

C 100–
3

-------------------

C 100–
3

-------------------

C 100–
3

-------------------

1600 100–
3

---------------------------

1500
3

------------

distance
time

-------------------

132 metres
minute

--------------------------
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and P represents the price of each bowl in dollars.

By substituting equation (1) into equation (2) we will have one equation involving one 
variable.

 10P – 10 = –20P + 65

10P – 10 + 20P = –20P + 65 + 20P

        30P – 10 = 65

30P – 10 + 10 = 65 + 10

30P = 75

=

P = 2.5

Substituting this value for P into equation (1) gives

Q = 10P – 10

Q = 10 × 2.5 – 10

Q = 25 – 10

Q = 15

So, at a price of $2.50, 15 bowls will be demanded and supplied.

Check:

Equation (1) LHS = Q  RHS = 10P –10

=  15        = 10 × 2.5 – 10

  = 25 –10

 = 15

 = LHS

Equation (2) LHS = Q  RHS = –20P + 65

=  15        = –20 × 2.5 + 65

        = –50 + 65

 = 15

= LHS

30P
30

----------
75
30
------
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Solutions to post-test

1.

(a)  T =

2T = ab

=

= a

 a =

(b) y =  + 2.4

y – 2.4 =

(y – 2.4)2 = ( )2

(y – 2.4)2 = 3.1a

=

= a

a =

2.

(a) 4x + 3 = –2x – 9

4x + 3 + 2x = –2x – 9 + 2x

6x + 3 = –9

6x = –9 – 3

6x = –12

x = –2

ab
2

------

2T
b

------
ab
b

------

2T
b

------

2T
b

------

3.1a

3.1a

3.1a

y 2.4–( )2

3.1
-----------------------

3.1a
3.1

----------

y 2.4–( )2

3.1
-----------------------

y 2.4–( )2

3.1
-----------------------
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Check: LHS = 4x + 3 RHS = –2x – 9

= 4 × –2 + 3  = –2 × –2 – 9

= –8 + 3  = 4 – 9

= –5  = –5

= LHS

(b) x2 – 9 = 0

 x2 = 9

x =

Check: x = 3 LHS = x2 – 9 x = –3 LHS = x2 – 9

=  32 – 9      = (–3)2 – 9

= 9 – 9       = 9 – 9

= 0     = 0

= RHS        = RHS

3. A diagram will help with the solution.

Let L cm represent the length of the rectangle, then L − 3 cm will be the width.

The perimeter is 42 and the equation to represent this is:

L + L – 3 + L + L – 3 = 42

4L – 6 = 42

3±

L  – 3 cm

L cm

L  – 3 cm

L cm
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      4L = 48

        L = 12

Since the length of the rectangle is 12 cm the width must be 9 cm.

Check: the perimeter is 9 + 12 + 9 + 12 = 42 which is what we would expect.

4.  Using Pythagoras’ Theorem

22 = (0.8)2 +  x2

 4 = 0.64 + x2

x2 = 4 – 0.64

x2 = 3.36

x =

x 1.83

The ladder reaches approximately 1.83 metres up the wall.

5.  Let R represent the cost of a record in dollars and let T be the cost of a tape in dollars.

3R + 2T = 25.50 (1)

2R + 4T = 29 (2)

From (1) 2T = 25.50 – 3R 

 T = (3)

Substitute this value for T into equation (2).

2R + 4T = 29

2R + 4 = 29

 2R + = 29

= 29 – 2R

102 – 12R = 2(29 – 2R)

102 – 12R = 58 – 4R

– 8R = –44

R = 5.50

2 m
x m

80 cm = 0.8 m

3.36

≈

25.50 3R–
2

--------------------------

25.50 3R–( )
2

-------------------------------

102 12R–
2

-------------------------

102 12R–
2

-------------------------
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Substitute this value for R into equation (3)

T =

T =

T =

T =

T = 4.50

Therefore records cost $5.50 and tapes cost $4.50

Check:

Equation (1)   LHS = 3R + 2T

= 3 × 5.50 + 2 × 4.50

= 16.50 + 9

= 25.50

= RHS

25.50 3R–
2

--------------------------

25.50 3 5.50×–
2

---------------------------------------

25.50 16.5–
2

------------------------------

9
2
---

Equation (2)   LHS = 2R + 4T

= 2 × 5.50 + 4 × 4.50

= 11 + 18

= 29

= RHS
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Introduction

We have already looked at many aspects of graphing.  In module 4 we looked at pie charts and 
in module 5 line graphs and how to construct graphs.  In module 6 we looked at bar graphs and 
histograms.  In this module we will investigate graphs similar to those in module 5, but this 
time from yet another perspective.

We will attempt to analyse these graphs more carefully.  Why do graphs look the way they do?  
You should even be able to look at equations and be able to describe what the picture of that 
equation will look like.

In much of the mathematics you have studied so far, you have looked at the relationships 
between variables – how one thing changes in relation to another. This module will extend this 
concept. 

On successful completion of this module you should be able to:

• identify, draw and interpret the graphs of linear, parabolic and exponential equations;

• predict the effects on the above graphs of changes to coefficients and constants in their 
equations; and

• use graphs to solve simultaneous equations.

8.1 Gradients of line graphs

Consider the following graph, that we have looked at in a previous module, showing the 
annual breeding numbers of loggerhead turtles at Mon Repos on the Bundaberg coast over 
about 20 years. 
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Part of this graph, from 1967 up to 1974 is enlarged and reproduced below.

What was the increase in breeding numbers between 1969 and 1970?  .....................

What was the increase in breeding numbers between 1972 and 1973?  .....................

Between 1969 and 1970 turtle numbers increased by about 60, while between 1972 and 1973 
numbers increased by about 220.

What do you notice about the steepness of the graph between 1969 and 1970 and between 
1972 and 1973?  .................................................................................

Did you say that the graph is steeper over the second period?

Let’s look more closely at these two results.  We will look at an even smaller part of the graph 
this time.

Over the 1 year period between 1969 and 1970 the number of turtles rose by 60.

Between 1972 and 1973, again a 1 year period, the number of turtles rose by 220.

Annual Breeding Numbers of Loggerhead Turtles
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Imagine walking up these two ‘hills’.  It would be hard work climbing up the second much 
steeper ‘hill’.  We say that the second of our diagrams has a much greater slope than the first 
diagram.  Another word for the steepness or slope of a line is to talk of its gradient.

In fact we can put a value on the steepness or gradient of the line, by putting the value for the 
change in height over the change in horizontal distance.

That is, gradient = 

You might also see this written as:

gradient = 

This formula means exactly the same thing as the formula above.

Let’s find the gradients of the two lines taken from our graph above.

Over the 1 year period between 1969 and 1970 the number of turtles rose by 60.

gradient = 

gradient =  = 60

We can say that the rate of change in turtle numbers over this period was 60 turtles per year.

Between 1972 and 1973, again a 1 year period, the number of turtles rose by 220.

increase of 220
breeding turtles

1 year

change in height
change in horizontal distance
----------------------------------------------------------------------

rise
run
--------

increase of 60
breeding turtles

1 year

change in height
change in horizontal distance
----------------------------------------------------------------------

60
1

------
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gradient = 

gradient =  = 220

Similarly we can say that the rate of change in turtle numbers over this period was 220 turtles 
per year.

So, the gradient of the graph between 1969 and 1970 is 60 while the gradient of the graph 
between 1972 and 1973 is 220.  It can be seen from these figures that the gradient of the 
second part of the graph is much steeper than the gradient of the first part of the graph.

Let’s now look at some other examples of gradients.

Example

Find the gradient of the following line segment.  

A line segment is just a part of a line.

gradient = 

gradient = 

What the gradient is telling us is that for every 8 metres we move along in a horizontal 
distance, the vertical distance rises by 2 metres. We could also say that for every 4 metres in a 
horizontal direction we rise 1 metre. You may see engineers refer to this as a gradient of 1 : 4 
using ratios as we have done in a previous module. If this was your block of land with this 
slope, the builder, the surveyor and the engineer would all be interested in the gradient of the 
block of land. If the land is too steep then slippage of the land could occur once the soil is 
disturbed. If the land is too steep there would need to be a deep cut in the land to make a level 
piece of ground on which to situate a concrete slab based house. This might mean that 
alternative methods of construction need to be considered.

In fact the building code prevents anyone building on land with a gradient greater than 1 : 4 
due to the danger of land slippage.

increase of 220
breeding turtles

1 year

change in height
change in horizontal distance
----------------------------------------------------------------------

220
1

---------

8 m

2 m

change in height
change in horizontal distance
----------------------------------------------------------------------

2
8
--- 1

4
---=
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Let’s return to our turtles at Mon Repos. This time we are only going to look at that part of the 
graph from 1987 to 1993.

What was happening to the turtle numbers for the periods 1988 to 1989 and from 1991 to 
1992?  .....................................................................................................................

You should have said that the turtle numbers were decreasing.  

Have a look at the two sections of graph for the above periods.  How do they differ from the 
two periods that we looked at previously?

.................................................................................................................................

This time the two segments of graph are falling as we move along the graph from left to right.
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To distinguish a graph that is rising as we move from left to right from a graph that is falling as 
we move from left to right we give the falling graph a negative gradient.  We use the same 
formula as before but we must always check for rising or falling lines.

Let’s find the gradients for the two periods of falling turtle numbers.

For the period 1988 to 1989:

gradient = 

gradient  =  

For the period 1991 to 1992:

gradient = 

gradient  =  

Notice again that the bigger the size of the number (ignoring the negative), the steeper the line.

Ski slopes are given ratings according to their gradients.  A green run is a gentle slope suitable 
for beginners.  A blue run is a steeper run suitable for the intermediate skier.  The black run is 
steepest of all and is suitable only for the advanced skier.

decrease of 70
breeding turtles

1 year

1988 - 1989

decrease of 10
breeding turtles

1 year

1991 - 1992

decrease of 70
breeding turtles

1 year

1988 - 1989

change in height
change in horizontal distance
----------------------------------------------------------------------

70–
1

--------- 70–=

decrease of 10
breeding turtles

1 year

1991 - 1992change in height
change in horizontal distance
----------------------------------------------------------------------

10–
1

--------- 10–=
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Activity 8.1

1. Find the gradient of the following line segments.

(a) (b)

(

(c) (d)

For the following questions, a diagram may help to clarify the situation.

2. Interest rates rise from 3% to 5% in 2 years, what is the gradient?  (Hint: think 
of the interest rate as the ‘rise’ and the years as the ‘run’.)

3. If you were skiing down a hill that fell 3 metres for every 2 metres of 
horizontal distance that you covered, what is the gradient of this hill?

4. Suppose you were riding the mine train down a tunnel to an underground 
mine.  For every 10 metres of horizontal distance covered, you went 20 
metres under the ground.  What is the gradient of the mine train tunnel?

5. Suppose that you knew the gradient of a block of land you were looking at 
purchasing was 2.  If you were to walk up the slope until you were 6 metres 
higher than your starting position, how many metres of horizontal distance 
would you have covered?  A diagram might help you with your calculation.

4 m

2 m

50 cm

30 cm

10.5 m

8 m
350 cm

3.1 m
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6. The following graph is again one that you have seen before.  This time I have 
removed the scale on the vertical axis, but you still know that it represents the 
number of females in each of the given disciplines.

(a) Between 1956 and 1966, which course showed the greatest increase in 
numbers of females enrolled?  How can you tell this from the graph?

(b) Over what periods and for what courses was there a decline in the number 
of females?

(c) Which course showed the greatest decline in numbers of females?

7. The following graph shows the distance covered by a tortoise over a given 
time.

(a) If we look at the gradient of this graph over any particular period, we 
would again put the change in height over the change in horizontal 
distance.  Let’s look at what this is telling us about this graph.
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University, between 1956 and 1986

Year

N
u

m
b

e
r 

o
f 

Fe
m

al
e

1956 1966 1976 1986 1996

Pharmacy

Medicine

Engineering

N
um

be
r 

of
 F

em
al

es



   Module A8 – Generalising Numbers – Graphs   8.9
gradient = 

gradient = 

Do you recognise the formula?  What is the gradient telling us about this 
tortoise?

(b) Looking at the graph above, over which period of time is the tortoise 
travelling at the greatest speed?  Calculate the gradient of the graph over 
this period.

(c) Over which period of time is the tortoise travelling at the least speed? 
Calculate the gradient of the graph over this period.

(d) Find the gradient of the graph from 2.5 to 3.5 minutes.

(e) Using your answer from part (d) complete the following sentence.

A horizontal line has a gradient of ..................

8.1.1 Finding the gradient of a given line

In many situations the relationship between 2 variables can be represented by a formula or 
equation as we have seen already.  It is often possible to tell a lot about the graph of this 
relationship without actually drawing the graph.

Example

Consider the following graph of the line y = 2x – 1 that we looked at in module 5.

To find the gradient of this line we use the following procedure.

• Choose any two points on the line.

• Draw a triangle that shows the change in height over the change in horizontal distance 
between the two points.

• Calculate the gradient by putting the change in height over the change in horizontal 
distance. Don’t forget to check for a rising or falling line.

change in height
change in horizontal distance
----------------------------------------------------------------------

distance
time

-------------------

-4

-3

-2

-1

0

1

2

3

4

-3 -2 -1 0 1 2 3

y = 2x – 1
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Let’s look at this for the above line.

Step 1. Choose any two points on the line.

Step 2. Draw a triangle that shows the change in height over the change in horizontal distance 
between the two points.

Step 3.  Calculate the gradient by putting the change in height over the change in horizontal 
distance.  Check to see if the line is rising or falling.   This line is rising as we move from left 
to right and will thus have a positive gradient.

gradient = 

gradient  =  

-4

-3

-2

-1

0

1

2

3

4

-3 -2 -1 0 1 2 3

-4

-3

-2

-1

0

1

2

3

4

-3 -2 -1 0 1 2 3

6 units

3 units

change in height
change in horizontal distance
----------------------------------------------------------------------

6
3
--- 2=
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Example

Find the gradient of the following line with equation y  =  –3x – 2

Two convenient points to choose this time might be (–2,4) and (0,–2)

Consider this time that the line is falling as we move from left to right so the gradient will be 
negative.

Therefore the gradient is:

gradient = 

gradient = 

Check out the resource CD and in particular ‘Worksheet 1: Gradients’. This 
worksheet is interactive, in that it allows you to interact with the graph; you 
might find it useful for understanding the concept of gradient.
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8.1.2 Drawing a line given the gradient

Using the skills we have just learnt, it is now possible to draw a line given its gradient and one 
point it passes through.

The steps that we will follow to do this are:

• plot the given point;

• move horizontally and vertically according to the ‘instructions’ given by the gradient, and 
mark another point onto the Cartesian plane;

• finally draw a line through and beyond these two plotted points.

Example

Let’s follow through these steps and draw a line passing through the point (1,–2) with a 
gradient of 3.

Step 1 Plot the point (1,–2)

Step 2  Look at the gradient to determine the ‘instructions’ it is providing.

Now, gradient = 

We know that the gradient for this question is 3, and we can express this as , so we can write:

gradient  =  

We take particular note that the gradient in this case is positive.  This means that from our 
plotted point (1,–2), we will move 1 unit horizontally to the right and 3 units vertically 
upwards.  This is the position of the second point. 

Step 3  Now draw a line through and beyond the plotted points.
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Example

This time we will look at an example where the gradient is negative.

Consider a line that passes through the point (–1,4) with a gradient of 

Step 1 Plot the point (–1,4)

Step 2  Look at the gradient to determine the ‘instructions’ it is providing.

Now, gradient = 

We know that the gradient for this question is , that is, the line falls 3 units for every 2 that 

it moves horizontally.

We take particular note that the gradient in this case is negative.  This means that from our 
plotted point (–1,4), we will move 2 unit horizontally to the right and 3 units vertically 
downwards to show that it is a falling line.  This is the position of the second point. 

Step 3  Now draw a line through and beyond the plotted points.
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Activity 8.2

1. For each of the following lines, calculate the gradient. Don’t forget to 
consider the scale on the axes and the rising or falling of the line.

2. Draw a line with a gradient of 2 passing through (3,1)

3. Draw a line with a gradient of  passing through the point (–1,–2)

4. Before the invention of mechanical clocks, candles were sometimes used to 
measure the passage of time.  A formula for the height of such a candle 
related to time is given below.

h  =  10 – 2t where h equals the height of the candle in centimetres,

    and t equals the time in hours that the candle has been burning.

The graph of this relationship as you discovered in module 5 looked like this.
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(a) Find the gradient of this line.

(b) What is this graph ‘telling’ us about the rate at which the candle is 
burning?

We are now going to move on and look at a variety of equations and their graphical 
representation.  You should be able to look at an equation and tell a lot about what the graph 
will look like before you draw it.  This is an extension of the process of estimation that you are 
following with numerical calculations.  This is a very valuable skill as it allows you to check 
that your calculating and plotting of values has been correct.  

8.2 Linear equations

We call equations that produce straight line graphs, linear equations.  

Here are some examples of linear equations that we have looked at in previous modules.

C =  2D where C represents the amount of money that Chris earns in dollars,
and D represents the amount of money that David earns in dollars.

J  =  C  +  2 where J represents Joseph’s age in years,
   and C represents Chris’ age in years.

I  =  200 + 50n where I represents the total income in dollars,
   and  n represents the number of items sold.

y  =  3x – 2 where x and y were not defined.

h  =  10  – 2t where h equals the height of the candle in centimetres,
    and t equals the time in hours that the candle has been burning.

Notice that in each case the variables are of power one and no two variables are multiplied 
together.  This is the case for all linear equations.

Linear equations have both variables of power one and no variables multiplied together.
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Activity 8.3

Which of the following are linear equations.

1. y  =  4x

2. y  =  5x2

3. 3y + 2x = 6

4. xy = 4

5. 3x = 7 – 2y

6. y = –2x

7. y = x2 – 3x + 4

8. x = 3 – y

Let’s look more closely at linear equations and how we can draw a graph of them on the 
Cartesian plane.

Firstly let’s recall how to graph a line.

Example

Sketch the graph of the equation   y = 2x – 1

Before we begin to draw the graph, look at the equation and recognise it as a linear equation, 
because it has variables of power one and no variables multiplied together.  By doing this we 
know that the graph we draw should be a straight line.  

To draw the graph we need to plot a series of points then connect them together with a straight 
line.  To get these points we need to calculate a table of values.

You will need to decide what x values you will choose to put into your table. (It is always best 
to choose values that are easy to calculate.)

When x = –2 When x = 0 When x = 2

y =  2x – 1 y = 2x – 1 y = 2x – 1

y =  2 × –2 – 1  y =  2 × 0 – 1  y =  2 × 2 – 1

y =  –4 – 1 y =  0 – 1 y =  4 – 1

y =  –5 y =  – 1 y =  3

x –2 0 2

y
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Now complete the table of values.

The ordered pairs that we will plot are:

(–2,–5) (0,–1) (2,3)

When graphing an equation like this it is usual to graph over all four quadrants.

Plot the points, draw a line through and beyond the points. Finally label your graph.

Activity 8.4

1. Calculate a table of values for each of the following lines and graph on the 
one set of axes on your graph paper.

(a) y = x

(b) y = 2x

(c) y = 0.5x

(d) y = 3x

2. Calculate a table of values for each of the following lines and graph on 
another set of axes on your graph paper.

(a) y = –x

(b) y = –2x

(c) y = –0.5x

(d) y = –3x

x –2 0 2

y –5 –1 3

-8

-6

-4

-2

0

2

4

6

-3 -2 -1 0 1 2 3

y = 2x – 1
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You should be able to see some patterns in these graphs.

Firstly, they all pass through the origin (0,0).  We will discuss this point in a moment.

Look at the lines you have drawn in question 1 in the above activity. The coefficient of x in 
each case is positive and the slope or gradient of the line is also positive (rising as we move 
from left to right). What do you notice about the value of the coefficient of x in the equation 
and the gradient of the line? 

.............................................................................................................

You should have said something about the greater the coefficient of x the steeper the line.

Let’s now look at the equations and lines you drew in question 2 of the above activity.

This time the coefficients of x are negative and the gradients of the lines are negative (they fall 
as we move from left to right).  

You should also note that y = –3x is a much steeper line than y = –1x (which may be written as 
y = –x)

We can summarise this information gained from the last activity as follows:

The coefficient of x in a linear equation, is given the name gradient or slope (when the 
equation is in the form y = ......, for example y = 5x).  We will use the letter m to represent 
the gradient.  

Therefore in:

y = 7x m = 7

y = –3x m = –3

y = 0.5x m = 0.5

 

Looking again at the solution to question 1 above, if we were to continue to increase the 
gradient the line will eventually be running vertical as is the y-axis. Such lines have infinite 
slope. Conversely, if we continue to decrease the slope, eventually the line will be horizontal 
and have a gradient of zero as we have discovered earlier in the module.

y
x
5
---= m

1
5
---=
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Activity 8.5

Graph the following lines on the one set of axes on your graph paper.

(a) y = 2x

(b) y = 2x + 1

(c) y = 2x + 2

(d) y = 2x – 1

(e) y = 2x – 2

Once again look for patterns in this set of graphs.  

Notice that all the lines are parallel to each other - that is, if you extend them infinitely in 
either direction, they will never meet.  Now look at the value of m in each equation.  It is 
always 2 for these examples.  This tells us that lines with the same gradient are parallel.

Can you see a relationship between the point where each line crosses the y-axis and the 
number on its own in each equation?

.....................................................................................................................................

In fact this number on its own tells you the point at which the graph will cut the y-axis.  We use 
the letter c to represent the y-intercept (the point where the line cuts the y-axis)

Therefore in:

y = 7x + 3 c = 3

y = –3x + 7 c = 7

y = 0.5x – 1 c = –1

m = 0

m = ∞

m = 1

m = 3

m = 1
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In general one way to write a linear equation is in the form:

y = mx + c where m = gradient or slope of the line

c = the y-intercept

Let’s summarise what we have learnt so far about linear equations.

• If m is positive, the gradient is positive and the line rises as we move from left to right.

• If m is negative, the gradient is negative and the line falls as we move from left to right.

• The greater the size of m the steeper the line.

• Parallel lines have the same gradient.

• The point where the line cuts the y-axis is called the y-intercept and is represented by the 
letter c.

• Lines parallel to the y-axis have infinite slope while lines parallel to the x-axis have zero 
slope.

This information now gives us a very powerful tool for estimating what a linear graph will 
look like given its equation.

Example

Find the slope and y-intercept of the following equation.

y = –3x + 2

Firstly, it is a linear equation.  We should next check that it is in the form y = mx + c

In this case it is in the correct form, therefore we can read off the values for m and c.

Gradient = –3

y-intercept = 2

Example

Find the slope and y-intercept of the following equation.

3x + y = 5

Firstly, it is a linear equation.  We should next check that it is in the form y = mx + c

In this case it is not in the correct form, therefore we must rearrange the equation using the 
techniques from module 7 before we can read off the values for m and c.

       3x + y = 5 We want to make y the subject of the equation.

3x + y –3x = 5 – 3x

 y = 5 – 3x

y = –3x + 5
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It is now in the form y = mx + c  and we can read off the required values.

Gradient = –3

y-intercept = 5

Example

Find the slope and y-intercept of the following equation.

3x + 2y = 7

Firstly, it is a linear equation.  We should next check that it is in the form y = mx + c

Again we must rearrange the equation before we can read off the values for m and c.

3x + 2y = 7 We want to make y the subject of the equation.

3x + 2y – 3x = 7 – 3x

2y = 7 – 3x

=

y =

y =

It is now in the form y = mx + c  and we can read off the required values.

Gradient =

y-intercept =

Example

Find the slope and y-intercept of the following equation.

5x –3y = –7

Firstly, it is a linear equation.  We should next check that it is in the form y = mx + c

Again we must rearrange the equation before we can read off the values for m and c.

 5x – 3y = –7 We want to make y the subject of the equation.

 5x – 3y – 5x = –7 – 5x

 –3y = –7 – 5x Divide everything on both sides by –3

Divide everything on both sides by 2. Note that we have 
done this slightly differently to module 7, but it has exactly 
the same result.

2y
2

------ 7
2
--- 3x

2
------–

7
2
--- 3x

2
------–

3– x
2

--------- 7
2
---+

3–
2

------

7
2
---
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=

y =

y =

y =

It is now in the form y = mx + c  and we can read off the required values.

Gradient =

y-intercept =

Example

Just as we can find the gradient and y-intercept, given the equation of a line, it is also possible 
to form the equation, given the gradient and y-intercept.

Form an equation for a line with gradient 3 and y-intercept 

We have, m = 3

c =

So the equation becomes:

y = mx + c

y = 3x – 

3y–
3–

--------- 7–
3–

------ 5x
3–

------–

Notice that top and bottom of these fractions are negative. Di-
viding two negative numbers gives a positive number.

7–
3–

------ 5x
3–

------–

7
3
--- 5x

3
------+

5x
3

------ 7
3
---+

5
3
---

7
3
---

4–
5

------

4–
5

------

4
5
---
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Activity 8.6

1. State the gradient and y-intercept of the graphs of the following linear 
equations.

(a) y = –2x + 3

(b) y = 5 + 3x

(c) y = 2 – 4x

(d) y = x – 3

(e) y = 5x

(f) y + 4 = 6x

(g) 3x – y = 6

(h) 4y + 6 = –12x

(i) 2x + 2y – 7 = 0 

2. Write equations for lines with the following gradients and y-intercepts.

(a) m = 5, c = 2

(b) m= 3, c = –1

(c) m= 1, c = 0

(d) m = , c = –5

(e) m= , c = 

3. Write a few sentences comparing the graphs of the following pairs of 
equations.

(a) y = 3x + 1

y = 3x + 4

(b) y = 2x + 2

y = 3x + 2

(c) y = 3x + 2

y = –3x + 2

4. Sketch the above pairs of graphs to check your comparisons.

1
2
---

3–
4

------ 7
2
---
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5. A car rental company charges an initial fee of $50 per day plus 15 cents per 
kilometre. Following is the graph representing this situation. (We looked at 
this in module 5)

(a) Calculate the gradient and y-intercept from the above graph.

(b) Can you interpret the meaning of the gradient and y-intercept for this 
question?

(c) Now form the equation for this relationship.

Check out your resource CD and in particular ‘Worksheet 2: Straight line’. This 
is another interactive worksheet that will help you understand the relationship 
between the gradient, intercept and equation of a straight line.
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8.2.1 Special lines

There are two other graphs that you will need to recognise that do not use the above form.

Horizontal lines

We have already talked about the gradient of a horizontal line. The gradient of a line parallel to 
the x-axis is zero.

You will notice that the value for y is 2 no matter what x value we choose.  We say that the 
equation of this line is y = 2

Any line parallel to the x-axis will have an equation in the form y = a

Vertical lines

We have already talked about the gradient of a vertical line. The gradient of a line parallel to 
the y-axis is infinity.

You will notice that the value for x is 1 no matter what y value we choose.  We say that the 
equation of this line is x = 1

Any line parallel to the y-axis will have an equation in the form x = b
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8.2.2 What if two lines cross? 

In module 7 we examined how to solve simultaneous linear equations using algebra.  We can 
now interpret these results graphically.  The simultaneous solution for a pair of equations is 
the point of intersection of the two graphs.

Consider the following question from an activity in module 7.

Example

Living on Anklebiter Avenue are 26 children.  There are two more boys than there are girls.  
How many girls and how many boys live on Anklebiter Avenue?

Let the number of boys be B and the number of girls be G.

B + G  =  26 (1)

B  =  G + 2 (2)

If we graph these two equations we will find the point of intersection.  To draw our graphs, 
firstly construct a table of values for each line.  Since we don’t have any x’s and y’s this time 
we will need to plot the B and the G on the axes.  But which will go on which axis?  The 
simple answer is that it doesn’t really matter in this case, so we will plot the number of girls on 
the x-axis.

For  B + G  =  26

Many people find it easier to calculate values for the table of values if the equation has one of 
the variables as the subject, as in equation (2).

We will thus rewrite the above equation as:

B =  26 – G

Before choosing values for G we need to think about our answers. We can only have positive 
numbers of girls and boys so we will only put positive numbers in our table.

For  B = G + 2

Graphing both lines on the one set of axes gives us

G 0 10 20

B 26 16 6

G 0 10 20

B 2 12 22
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The point of intersection is (12,14)

We must interpret this to mean that there are 12 girls and 14 boys living on Anklebiter Avenue.

We should check this answer in each of the original equations as we have done in the past.

Equation (1) LHS = B + G Equation (2) LHS = B RHS = G + 2

        = 14 + 12 = 14 = 12 + 2

 = 26 = 14

 = RHS = LHS
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Activity 8.7

1. By graphing the following sets of equations, find the simultaneous solution.  
Check your answer in both original equations.

(a) y = x

y = –4x + 5

(b) y = x + 1

y = 4x – 2

(c) y = –x – 3

y = –2x – 4

2. Two sales assistants are paid under different systems.  Alf is paid $120 as a 
wage and $40 for each item sold while Sally is paid $80 for each item sold.  
Using a graphical technique, determine how many items they must sell to 
earn the same income?

(a) Form two equations from the given information.  Don’t forget to define 
your variables.

(b) Graph the two lines to find the point of intersection.

8.3 Introduction to curves

So far we have looked in detail at straight lines. You should now be able to see the relationship 
between straight lines and their graphs and be able to ‘read’ straight line graphs by describing 
the relationship between the two variables involved. But what happens when the graphs are 
curved? For example in nursing you may look at graphs showing drug levels in the body over 
time as in the two figures below. In the first figure it is a single dose, in the second it is a 
Intravenous (IV) infusion.
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Would you be able to explain these two graphs clearly and would you be able to draw similar 
graphs if more of the drug were administered?  We will return to these graphs at a later stage.

Before you attempt to do that let’s look at some simpler curves.
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Example

Consider the following graph showing the different ways in which a birthday candle might 
burn.

Which of the above graphs do you think best represents a birthday candle burning?

First look at the labels on the axes. They are height and time. There is no scale so we can use 
our imagination – let’s say the height ranges from 5 cm to 0 cm, and the time from 0 to 30 
seconds.

Next try and tell a story as you look at the lines reading from left to right.

For example:

Graph (a): You could say, as time goes on the height of the candle is steadily decreasing. Then 
suddenly there is no change in height. This could be true – the candle is burning and then 
someone blows it out.

Graph (b): As time goes on there is no change in height in the candle then suddenly the height 
goes down to zero. This could be true - maybe someone stole the candle!

Graph (c): As time goes on the candle’s height goes down slowly at first then more quickly, 
then stops and starts growing again! Could this be true?

There is no right answer but perhaps (a) is the most probable.

Before going on to some more examples, look at some of the language used in the above 
descriptions.  Why did I use the word steadily in answer to (a)?

If you said something like because it was a straight line you would be right. There is a steady 
rate of decrease. If you knew the rate - maybe it was 10 mm per minute, that would be the 
gradient  i.e. –10 (remember a negative gradient means the line is falling as we move from left 
to right).

In answer to (c) I said the candle’s height goes down slowly then more quickly, then stops. 
How can you see that on the graph? It has something to do with the gradient but this time there 
is a curve. Let’s look at this in a bit more detail, using your knowledge from the earlier 
sections of this module.
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Example

Suppose I have just built a pool in my back yard. I am now ready to fill the pool. The pool has 
straight sides and I put the hose on at a steady rate. It works out that the water goes up at a rate 
of 10 cm per hour. The graph looks like this

Now after 3 hours, I decided to turn the tap a bit more and it is now filling at 30 cm per hour. 
After two hours the graph would now look like this

I then get really impatient and get the neighbour’s hose (I promised them a swim). The pool 
now fills twice as fast (60 cm per hour). The graph now looks like this
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.

Notice what is happening as the slope of the line changes. The steeper the slope the bigger the 
rate of change. Imagine what would happen (theoretically) if I stood there next to the hose and 
gradually turned the hose on more and more. The graph would now be a smooth curve.

At the end of the summer the pool is drained. The graph may look like this.
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You could say that as time went on the water drained at a slower rate. How can you see this? 
Let’s take different two hour time slots and compare gradients.

Over period A two hours have passed and about 90 cm has drained. You could say the rate was 
about 45 cm per hour (this is not quite true - it’s just an average).

Over period B the rate was 30 cm per hour (about 60 cm in 2 hours).

Over period C the rate was 15 cm per hour (about 30 cm in 2 hours).

Over section A of the graph the pool is draining at a much greater rate (45 cm/h) than period B 
(30 cm/h).  Both of these in turn are draining at a much greater rate than over section C (15 
cm/h).  You might also have noticed that the curve was steeper over period A than over the 
other two periods.
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Activity 8.8

1. Match the given phrase with its correct graph. Then write a few sentences 
explaining your solution.  

(a) Running a long distance race

(b) Height of a ferris wheel

Time 

D
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(b)

(c)
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(c) A skier going up in a chairlift then skiing down (note the labels on the 
axes).

(d) The price of bananas as the quantity demanded changes

2. Sketch the following and justify your answer.

(a) a person raising a flag

(b) grass height in your back yard

(c) you riding a bicycle up a hill

(d) blowing up a balloon

(e) the profit that could be taken charging different admission prices to the 
theatre

Time

S
p

ee
d

(a)

(b)

(c)

0

5

10

15

20

25

0 1 2 3 4

Quantity

P
ri

ce

(a)

(b)

(c)



8.36  TPP7181 – Mathematics tertiary preparation level A
Many of the curves in this section so far could be drawn using formulas. But these formulas 
are more complex than the straight line ones you have met so far. We can, however, look at 
some simpler curves, that are easier to draw, and that we see around us and in texts. In this 
next section we will look at parabolas and exponentials.

8.4 Parabolic equations

Suppose that you and your friend find an abandoned well. You wonder how deep it is and 
decide to drop something down the well and listen for the splash. You find a light stone nearby 
and your friend a heavy stone. You both drop the stones at the same time into the well. Whose 
stone will hit the water first?

If you think that the heavy stone will hit the bottom first, you are not on your own.  The early 
Greek scientists thought that the heavy stone would hit the bottom first.  They believed that 
objects fell because they were attracted to the earth, and that the heavier stone would fall more 
quickly because it was more strongly attracted to the earth.  They were in fact wrong!

In the seventeenth century, the Great Italian scientist Galileo discovered that the speed of an 
object does not depend on its weight.  In fact the small and large stones will hit the bottom of 
the well at the same time.

The relationship between the distance the stone falls and the time it takes is represented in the 
table below.

The formula for this relationship is:

d  =  t2 

If we plot these points on a graph it will look like the graph below.  Unlike the graphs we have 
drawn in the past, the points do not lie in a straight line.  They can be connected instead with a 
smooth curve.

Time in quarter-seconds t 0 1 2 3 4 5

Distance in feet, d 0 1 4 9 16 25
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In this example we have restricted the time values to positive numbers.  Let’s look at this 
equation in a more general form without such restrictions.

Example

Draw the graph of y = x2 

Firstly set up a table of values.

Now plot these points and join them up with a smooth curve.

We call this curve a parabola (pronounced par/ab/ol/a).

x –2 –1 0 1 2

y = x2 4 1 0 1 4
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The word parabola comes from the Greek word meaning thrown, because that shape was 
recognized as the path followed by an object in flight. Imagine our parabola turned upside-
down

The nature of a parabolic curve makes it ideal for use in head-light protectors and satellite 
receiving dishes.

You will notice that the equation of the relationship we graphed had one of the variables raised 
to the power 2.  Just as we could recognise a linear equation because the variables had powers 
of one and no variables multiplied together, we can now recognise a parabolic equation 
because is has one variable to the power 2 and no variables multiplied together.

Example

Draw the graph of   y = – x2

You will need to recall here work that we did in module 3.

Problems often arise when students are not sure of the difference between the following two 
types of expressions.

(–2)2 and  –22

In the first expression, (–2)2, the base is –2 and (–2)2 = –2 × –2 = 4

The difference with the second expression, –22,  is that the base is 2.  We could rewrite this 
expression as –(22).  We could even think of this expression as –1 × 22.  The answer in this 
case is –4.  Your answer depends on your being very clear about what number is the base.

Back to our graph 

y = –x2

Firstly a table of values.

Now plot these points and join them up with a smooth curve.

x –2 –1 0 1 2

y = –x2 –4 –1 0 –1 –4

Recall:
Module 3
Section 3.1
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Look carefully at the graphs in the previous two examples.  The only difference in the 
equations was a negative sign in front of the x2 (that is, y = –x2 instead of y = x2).

The sign in front of the x2 term (that is, the coefficient of x2) tells us whether the parabola is 

going to have a maximum (i.e. of the shape  ) or a minimum (i.e. of the shape  ).  

If the coefficient of x2 is positive the parabola will open upwards (  ) and will have a 
minimum.

If the coefficient of x2 is negative the parabola will open downwards ( ) and will have a 
maximum.

Examples

The graph of y = 2x2 will be a parabola because one of the variables has a power of 2.  The 
parabola will open upwards because the coefficient of x2 is positive (2). 

The graph of y = 5x2 + 3x + 4 will be a parabola because one of the variables has a power of 2.  
The parabola will open upwards because the coefficient of x2 is positive (5).

The graph of y = –3x2 will be a parabola because one of the variables has a power of 2.  The 
parabola will open downwards because the coefficient of x2 is negative (–3).

The graph of y = 2 + 3x – 6x2 will be a parabola because one of the variables has a power of 2.  
The parabola will open downwards because the coefficient of x2 is negative (–6).

Let’s now look at graphing some more involved parabolas and the effects on the graph of 
various changes in its equation.  Before we move on to do this we will practice drawing some 
parabolas.
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Example

Graph  y = 5x2 + 3x + 4

To draw this we will firstly need to construct a table of values as we have done before.

When x = –2 When x = –1 When x = 0

y = 5x2 + 3x + 4 y = 5x2 + 3x + 4 y = 5x2 + 3x + 4

y = 5 × (–2)2 + 3 × –2 + 4 y = 5 × (–1)2 + 3 × –1 + 4 y = 5 × (0)2 + 3 × 0 + 4

y = 5 × 4 + –6 + 4 y = 5 × 1 + –3 + 4 y = 5 × 0 + 0 + 4

y = 20 + –6 + 4 y = 5 + –3 + 4 y = 0 + 0 + 4

y = 18 y = 6 y = 4

When x = 1 When x = 2

y = 5x2 + 3x + 4 y = 5x2 + 3x + 4

y = 5 × (1)2 + 3 × 1 + 4 y = 5 × (2)2 + 3 × 2 + 4

y = 5 ×1 + 3 + 4 y = 5 × 4 + 6 + 4

y = 5 + 3 + 4 y = 20 + 6 + 4

y = 12 y = 30

Now you are ready to plot the points on the Cartesian plane and join them up with a smooth 
curve.

x –2 –1 0 1 2

y = 5x2 + 3x + 4

x –2 –1 0 1 2

y = 5x2 + 3x + 4 18 6 4 12 30
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y = 5x2 + 3x + 4
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Example

Graph y = 2 + 3x – 6x2

To draw this we will firstly need to construct a table of values as we have done before.

When x = –2 When x = –1 When x = 0

y = 2 + 3x – 6x2 y = 2 + 3x – 6x2 y = 2 + 3x – 6x2

y = 2 + 3 × (–2) – 6 × (–2)2 y = 2 + 3 × (–1) – 6 × (–1)2 y = 2 + 3 × (0) – 6 × (0)2

y = 2 + –6 – 6 × 4 y = 2 + –3 – 6 × 1 y = 2 + 0 – 6 × 0

y = 2 + –6 – 24 y = 2 + –3 – 6 y = 2 + 0 – 0

y = –28 y = –7 y = 2

When x = 1 When x = 2

y = 2 + 3x – 6x2 y = 2 + 3x – 6x2

y = 2 + 3 × (1) – 6 × (1)2 y = 2 + 3 × (2) – 6 × (2)2

y = 2 + 3 – 6 × 1 y = 2 + 6 – 6 × 4

y = 2 + 3 – 6 y = 2 + 6 – 24

y = –1 y = –16

Now you are ready to plot the points on the Cartesian plane and join them up with a smooth 
curve.

x –2 –1 0 1 2

y = 2 + 3x – 6x2

x –2 –1 0 1 2

y = 2 + 3x – 6x2 –28 –7 2 –1 –16
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y = 2 + 3x – 6x2
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Activity 8.9

Draw the graphs of the following parabolic equations on the same set of axes.

(a) y = x2

(b) y = x2 + 1

(c) y = x2 + 2

Did you notice that in each case the number on its own is the y-intercept.  We call this the 
constant term in the equation because is stays the same (it does not vary as x does).

Let’s summarise what we have learnt so far.

• If one of the variables in a two variable equation, is raised to power 2 and no variables are 
multiplied, the graph will be a parabola.

• Assuming the graph is a parabola, then

• if the coefficient of the x2 term is positive, the graph will open upwards and have a 
minimum.

• If the coefficient of the x2 term is negative, the graph will open downwards and have a 
maximum.

• The parabola will have a y-intercept equal to the value of the constant term.
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Activity 8.10

1. For the following, state which graphs will be lines and which will be 
parabolas.

(a) y  =  3x

(b) y  =  2x2

(c) y  =  –4x + 1

(d) y  =  2 – 3x2

(e) y  =  2x2 + x + 1

2. Describe the graphs associated with the following equations, giving as much 
detail as possible.

(a) y = 4x2 – 3x + 7

(b) y = –3x2 – 4

(c) y = 5x + 6

(d) y = 5 + 4x – 3x2

(e) y = 7 – 5x

(f) y = 4 – 5x + 2x2 

3. Sketch the following parabolas.  Be sure to think about what the graph will 
look like before you graph it.

(a) y = x2 + 2x – 3

(b) y = 2 + x – x2
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8.4.1 The axis of symmetry

Look back to any of the parabolas that you have already drawn.  Imagine there is a line drawn 
down the centre of the parabola.  Fold the parabola in half along this line.

You should find that the two sides of the parabola 
lie exactly on top of each other.  

This line that you folded on is called the axis of 
symmetry. 

You may also have noticed that the axis of 
symmetry passes through the maximum or 
minimum turning point of the parabola.

Since this axis is a vertical line, it will have an 
equation in the form x = a.

In this unit, we want you to be able to estimate 
where that axis of symmetry would lie. If you do 
more maths in the future you will study other 
methods for finding this equation exactly.

Example

For the parabola y = x2 + 2x – 3, the graph will look like this:

The graph goes down to a minimum of y = –4 when x = –1. The axis of symmetry is x = –1 

Being able to find the axis of symmetry also allows us to find the exact turning point.  The axis 
of symmetry has given us the x-value of the turning point and by substituting this into the 
equation we can find the y-value. For this curve, when x = –1, y = –4.  therefore the minimum 
turning point will be (–1,–4) as you can see on the above graph.

Notice that the points on the right hand side are the same distance from  the axis of symmetry 
as the points on the left hand side. For example the point (1,0) and (–3,0) are both 2 units away 
from the axis of symmetry.
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Activity 8.11

1. Draw the graph of each of the following parabolas.  Label the axis of 
symmetry and the maximum or minimum turning point.

(a) y = 2x2 

(b) y = 2 – 3x2 

(c) y = 2x2 + x + 1

2. Use the graphs drawn in question 1 to predict the y-values when x = –1.5 
and x = 3

3. The height H metres reached by a bullet after t seconds when projected 
upwards at 200 ms–1 is obtained from the formula H = 200t – 10t2

(a) Draw up a table of values of H and t for t = 0, 5, 8, 10, 12, and 15.

(b) Draw a graph of H against t.

From your graph

(c) Find the maximum height reached by the bullet.

(d) At what times does it reach 800 metres above the ground?

4. A stone is thrown vertically upwards from the ground.  The height (in metres) 
above the ground at any time, t (in seconds) is given by:

H = 3t – 0.3t2  

Using graphical techniques find:

(a) the greatest height reached.

(b) the time at which this height is reached

(c) the height of the stone after 2.5 seconds.

5. The area of a certain rectangle is given by the formula 

A = – 3w2 + 12w where w is the width in metres and A is the area.

Using graphical techniques find:

(a) the maximum area of the rectangle.

(b) the width that gives this maximum area.



8.46  TPP7181 – Mathematics tertiary preparation level A
8.5 Exponential equations

Megan Sue Austin, born on 16th May 1982, is listed in the Guinness Book of Records because 
she was born with the greatest number of living ancestors.  Still living were a full set of 
grandparents, a full set of great-grandparents and five of her great-great-grandparents, making 
19 direct ascendants (the opposite of descendant).

Let’s look at the number of ancestors a person has.

Firstly at no generations back there is you, one person.

At one generation back there are two people, your mother and your father.

At two generations back there will be 4 people, your grandparents.

We could continue this indefinitely, but instead let’s look at this information in a table.

Let’s now plot these points on a Cartesian plane, plotting the generations back on the 
horizontal axis and the number of ancestors on the vertical axis. Go ahead and do this on some 
graph paper.

It is a little difficult to plot because of the large variation in the values to be plotted on the 
vertical axis.

Your graph should look something like the one below.

Generations back (x) 0 1 2 3 4 5 6 7 8

Number of ancestors (y) 1 2 4 8 16 32 64 12
8

25
6

Parent Parent

You

Grand-Parent Grand-Parent Grand-Parent Grand-Parent

Parent Parent

You
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The equation to this curve is y  =  2x.  This type of graph is called an exponential growth 
curve (pronounced ex/po/nen/shal) and is often used in population growth studies. The name 
refers to the position of the x in the exponent of the equation.  As the number of generations 
back (x) increases, the number of ancestors (y) gets greater and greater.  The curve is getting 
steeper and steeper.

In the above question we have only looked at positive values for the x variable.  In other 
examples we will need to include the negative x values as well.

Example

Use your calculator to complete the following table of values and then draw the graph of y = 3x 
Round your answers to one decimal place.

x = –3 x = –2 x = –1 x = 0 x = 1 x = 2 x = 3

y = 3x y = 3x y = 3x y = 3x y = 3x y = 3x y = 3x

y = 3–3 y = 3–2 y = 3–1 y = 30 y = 31 y = 32 y = 33

y ≈ 0.04 y ≈ 0.1 y ≈ 0.3 y = 1 y = 3 y = 9 y = 27

Reminder:  To evaluate 3–3 on your calculator press:

x –3 –2 –1 0 1 2 3

y = 3x
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 Now try this on your calculator.   

As x takes on more negative values, the curve comes closer and closer to the x-axis (the y 
values get closer to zero) but never touches it.

No matter what the value for x, no matter how large or how small, the value for y is always 
going to be positive.

x –3 –2 –1 0 1 2 3

y = 3x 0.04 0.1 0.3 1 3 9 27

Write down your calculator steps in the 
space below.
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Activity 8.12

Draw the following graphs. Use your calculator to find the values for y.

1. y  =  2x

2. y = 4x

3. y = 2–x

4. y = 3–x

Let’s look more closely at the last two graphs that you drew.

What did you notice about the exponent in these two questions?  .................................

Did this effect the look of your graph?  ........................................................................

For these two questions the exponent was negative and this meant that the graph fell as you 
moved from left to right.

We call this type of graph an exponential decay curve.  This time as x takes on more positive 
values, the curve comes closer and closer to the x-axis but never touches it.  Exponential 
decay curves occur in such areas as science when we are talking about radio active decay and 
in business when we are talking about depreciation.

Now that you have drawn several exponential curves, try to answer this question.

What point is common to all the exponential curves that you have drawn so far?

.....................................................................

In fact, every graph that you draw in the form  y = ax  and  y = a−x  where a is a positive real 
number, will pass through the point (0,1)

However there are some exponential graphs that do not pass through this point.
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Look at the graph of  y = 3x that we looked at before.  We will now graph  y = 4 × 3x

on these same axes.

Notice that this time the graph y = 4 × 3x cuts the y-axis at 4 while the graph y = 3x cuts the  
y-axis at 1 as in the past. This coefficient at the front of the expression has given us the  
y-intercept. 

Let’s now look at a change in the exponent.

Again look at the graph of y = 3x Let’s compare it to y = 32x and you can see the effect of 
doubling the exponent.

x –3 –2 –1 0 1 2 3

y = 4×3x 0.16 0.4 1.2 4 12 36 108
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This time the values of y have risen very quickly as the x-values increased.  The curve is much 
steeper for positive values of x.  Doubling the exponent has meant a marked increase in the 
steepness of the graph.

Even in the previous graph where we were comparing the y-intercepts there was an increase in 
the steepness of the curve at any particular x-value.

Finally let’s compare all the three graphs y = 3x ,  y= 4 × 3x  and   y = 32x

Let’s look at all the values set out in the following table.

Have a look at the graph when x = 1.  Here the value of y (y = 9) in y = 32x is smaller than the 
value of y  (y = 12) in y = 4 × 3x.  When x = 3, the value of y in y = 32x is 729 compared with 
108 in y = 4 × 3x .  The values of y have increased more rapidly in y = 32x than in y = 4 × 3x 

x –3 –2 –1 0 1 2 3

y = 3x 0.04 0.1 0.3 1 3 9 27

y = 32x 0.001 0.01 0.11 1 9 81 729

y = 4×3x 0.15 0.44 1.33 4 12 36 108
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Activity 8.13

1. The graph of  y = 4x is given below.

Remembering that the coefficient of the right hand term gives the y-intercept, 
sketch the following graphs onto the above diagram.  Do not plot points.

(a) y = 0.5 × 4x 

(b) y = 2 × 4x 

2. The graph of y = 2x is given below.

Sketch the following graphs onto the above diagram.  Do not plot points.

(a) y = 20.5x

(b) y = 22x
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8.5.1 A special number

There is one more example that you need to look at. That is using the base 2.718281..... This 
may look a little strange but there is a name for this number. It is an irrational number  e. 
(remember π was another irrational number)

The main thing to remember is that e is just another number.  It is a number lying between 2 
and 3 on the number line.  We can use e in formulas and equations and we can in turn graph 
these on the Cartesian plane.

Let’s firstly look at evaluating some powers of e

Example

Evaluate e3 to 4 decimal places.

On your calculator press

.

The display should read 20.08553692

Rounded to 4 decimal places e3 ≈ 20.0855

Example

Evaluate e−2.1 to 4 decimal places.

 Now try this on your calculator.   

 

The display should read 0.122456428

Rounded to 4 decimal places e−2.1 ≈ 0.1225

We will now look at graphing two exponential equations involving e.

Write down your calculator steps in the 
space below.
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Activity 8.14

1. Complete the following table of values for y = ex (round your answers to 2 
decimal places).

2. Complete the following table of values for y = e–x  (round your answers to 2 
decimal places).

3. Now draw the above two graphs on the one set of axes on 2 mm graph paper.

You should have found that y = ex has the same shape as the other exponential growth curves 
and that y = e−x has the same shape as the exponential decay curves.

Let’s look at an exponential equation involving e in a practical example.

When we drink alcohol the body eliminates it slowly but this varies from person to person. It 
can, however, be expressed as an equation involving e.

Example

At a pub, Chris has drunk quite a bit of alcohol. Her blood alcohol concentration may be 0.1 
(remember the legal limit in Australia is 0.05). To look at the elimination of the alcohol from 
her body, the formula could be:

y = 0.1e−0.4t

where y represents the blood alcohol concentration in grams per 100 millilitres of blood and t 
represents the time in hours.

Calculating a table of values gives us:

Now plot these values on some 2 mm graph paper.

x –2 –1.5 –1 –0.5 0 0.5 1 1.5 2

y = ex

x –2 –1.5 –1 –0.5 0 0.5 1 1.5 2

y = e−x

t 0 0.5 1 1.5 2 2.5 3 3.5 4

y = 0.1e–0.4t 0.1 0.08 0.07 0.05 0.04 0.04 0.03 0.02 0.02
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Your graph should look something like this:

Let’s continue this example in the following activity.

Elimination of Alcohol from the Body over 
Time
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Activity 8.15

1. If Chris had drunk a lot more alcohol, her BAC may be 0.2 (she would be 
very drunk and quite ill). 

Now plot the graph of  y = 0.2e–0.4t  on the graph you drew in the previous 
example.

2. Since the elimination of alcohol varies from person to person, the graphs 
above may not be suitable for everyone. 

(a) If Frank had a slower metabolic rate (i.e. the body gets rid of the alcohol 
more slowly), how would the graph above change for someone who had a 
BAC of 0.2? 

(b) Sketch this on your graph.

(c) The graph of the curve you just drew could look something like

y= 0.2e–0.3t Draw this on your graph.

Note the differences between the graph you drew in 2(c) and the graph you drew in 1.  After 3 
hours, Chris has a BAC of 0.04, but Frank still has a BAC of 0.08.  He is still not sober enough 
to drive home.

Summarising what we have learnt about exponential equations and their graphs.

• Graphs of equations in the form  y = ax  with a positive exponent are called exponential 
growth curves.

• Graphs of equations in the form y = a−x with a negative exponent are called exponential 
decay curves.

• Changing parts of the equation can effect the curves in two ways.

•A change in the coefficient of  ax changes the y-intercept. e.g. 4ax and 3ax

•A change in the coefficient of the exponent changes the steepness of the graph. e.g. a2x 
and a6x 

You should now be able to describe the graphs shown at the beginning of section 8.3. Here is a 
sample paragraph explaining the drug Theophylline levels in the body with oral dose.

For the first 5 hours the amount of drug in the body was increasing fairly steadily (about 9 
µmol/L per hour). In the next two hours it was still increasing, but at a slower rate. After 7 
hours, the drug levels in the body started to decrease, quickly at first, then more slowly. About 
50% of the drug (25 µmol/L) had gone after 15 hours, and another 25% had gone after about 
20 hours After 50 hours almost all of the drug had gone from the body. 

See if you can write a similar paragraph for the IV infusion.

You might have said something like the following.

Theophylline levels with IV infusion.



   Module A8 – Generalising Numbers – Graphs   8.57
For the first 2 hours the drug levels increased steadily at about 35 µmol/L per hour. For the 
next two hours the drug increased to 85 µmol/L (about 7.5 µmol/L per hour). After 4 hours the 
drug levels started to decrease, quickly at first then more slowly. After about 11.5 hours there 
was 50% of the drug left (43 µmol/L) and after  a further 19 hours there was only 25% of the 
drug left.

You have practiced your graphing skills throughout the previous activities, but what happens 
when graphs intersect (meet)?  We can use our knowledge of graphing to help us find the 
point/s of intersection of two graphs.  That is, we can solve these different types of equations 
simultaneously.

8.6 When two graphs meet

We looked at solving simultaneous equations involving straight lines, earlier in this module.  
We will now look at an example where we can graphically find the simultaneous solution of a 
line and a curve.

Example

Solve the following pair of simultaneous equations.  That is, find the point/s of intersection of 
the two graphs.

y = x2 + 4

y = 2x + 4

You will notice that the first equation represents a parabolic graph.  It will be an upward 
opening graph which cuts the y-axis and 4.

The second graph is a straight line which has a gradient of 2 and cuts the y-axis at 4.

To get the graphs for these two equations we must firstly construct a table of values.

Let’s do the line first. Remember that for a line we only need two points but that we choose 
three as a check.

Now for the parabola.

x –2 0 2

y = 2x + 4 0 4 8

x –2 –1 0 1 2

y = x2 + 4 8 5 4 5 8
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Now on the same piece of graph paper draw the two graphs.

As you can see from the above diagram, the points of intersection are (0,4) and (2,8).

We should check these two results by substituting them into the original equations.

When x = 0 y = x2 + 4 y = 2x + 4

y = 02 + 4 y = 2 × 0 + 4

y = 0 + 4 y = 0 + 4

y = 4 y = 4

When x = 2 y = x2 + 4 y = 2x + 4

y = 22 + 4 y = 2 × 2 + 4

y = 4 + 4 y = 4 + 4

y = 8 y = 8

Sometimes you will get small errors in the answers when checking due to inaccuracies when 
graphing and reading the points of intersection.

-2

0

2

4

6

8

10

-2 -1 0 1 2 3

y = 2x + 4

y = x2 + 4
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Activity 8.16

Solve the following pairs of simultaneous equations using a graphical technique.  
Check your solutions in the original equations.

1. y = x + 1 y = x2 – x – 2

2. y = x2 y = –2x2 + 12

3. y = 2x 2y = 3x + 2

4. y = e–x y = –3x Hint: plot values of x between –2 and 0.5

You have now completed all the modules that make up this unit.  You have been following a 
pathway that has taken you through many different environments, each of which has 
contributed to your overall understanding of mathematics.  

We hope that you have found your journey fruitful and are now ready to tackle any 
mathematics that you will encounter in the future, be that in a degree, in everyday life or in 
further levels of mathematics.

You should now be ready to attempt all questions of Assignment 5A (see your 
Introductory Book for details). If you have any questions, please refer them to 
your course tutor.
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8.7 A taste of things to come

1. In studying chemistry which may be associated with nursing, scientists are interested in 
bacterial cultures and how quickly they are reproducing.

In a certain bacterial culture the number (N) of bacteria present is given by the formula:

N = 10e3t where t is the time in hours that the bacterial culture has been growing.

(a)  By substituting into the formula, find the number of bacteria present at the start.  To do 
this you should substitute t = 0.

(b)  By substituting again, find the number of bacteria present after 4 hours.

(c)  Draw the graph for this equation.

2. In the last module we looked at the algebraic solution of these two simultaneous equations.  
Often in Economics they will also use the graphs of these relationships to determine other 
information.

Consider a small company making pottery bowls.  They find that the equation for the 
quantity of bowls supplied is given by:

Q  =  10P – 10 where Q represents the quantity supplied.

    and P represents the price of each bowl in dollars.

They also find that the equation for the quantity of bowls demanded is given by:

Q  = –20P + 65 where Q represents the quantity demanded.

    and P represents the price of each bowl in dollars.

By graphing the above two equations, find the point of equilibrium between supply and 
demand.  Check that your answer agrees with the result you obtained in module 7.
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8.8 Post-test

1. Find the equations of the following lines.

 (a)  (b)  

2. Which of the following equations will give linear graphs and which will give parabolic 
graphs.  For those that will be lines state the gradient and y-intercept and for those that will 
be parabolas, describe what the parabola will look like.

(a)  y = 3x – 2

(b)  y = 5x2 – 9x + 3

(c)  y = –6x2 –2x + 5

(d)  y = 5x

3. An arrow is fired by an archer at a target.  If the arrow was projected upwards the height 
obtained (in metres) after t seconds is given by:

H = –3t2 + 18t 

Using graphical techniques find:

(a)  the maximum height of the arrow.

(b)  the time taken to reach this height.

4. Find the points of intersection of the following two graphs.

y = ex 

y = 3x + 4
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8.9 Solutions

Solutions to activities

Activity 8.1

1.

(a) gradient = =

(b) gradient = =

(c) gradient = =

(d) gradient = =

Did you remember to change the measurements so that they are in the same units?

2. The rise is 2% and the run is 2 years so the gradient is  = 1

3. The gradient of the hill would be 

4. The gradient of the tunnel would be 

5. A diagram should help with this situation.

To have a gradient of 2, the horizontal distance covered 
must have been 3 metres.

6. (a) Between 1956 and 1966, Pharmacy showed the 
greatest increase in numbers. This can be seen 
because the Pharmacy line is steeper than the other two lines.

(b) Between 1976 and 1986 there was a decline in the number of women in Pharmacy and 
Medicine

(c) Pharmacy has shown the greatest decline in numbers of women, because it is a steeper 
line than the Medicine line over the same period.

change in height
change in horizontal distance
---------------------------------------------------------------------- 2

4
--- 1

2
---=

change in height
change in horizontal distance
---------------------------------------------------------------------- 30–

50
--------- 3–

5
------=

change in height
change in horizontal distance
---------------------------------------------------------------------- 8–

10.5
---------- 80–

105
--------- 16–

21
---------= =

change in height
change in horizontal distance
---------------------------------------------------------------------- 350

310
--------- 35

31
------=

2
2
---

3–
2

------

20–
10

--------- 2–=

6 m

? m
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7. (a) This formula is the formula for speed that we have looked at previously. The gradient 
is telling us the speed of the tortoise in metres/minute.

(b) Between 2 and 2.5 minutes the tortoise is travelling at the greatest speed.

gradient = =

  

(c) The least speed (apart from when stopped) was over the period 3.5 to 6 minutes.

gradient = =

You can see from this result that the tortoise is indeed much slower over this period.

(d) gradient =  =

(e) A horizontal line has a gradient of zero.

Activity 8.2

1. For these questions you might have chosen a variety of different point with which to work.  
With this in mind only the final gradient is given.

(a)  gradient = 2

(b)  gradient =  

(c)  gradient = –2

(d)  gradient = –1

2. A gradient of 2 can be written 

change in height
change in horizontal distance
---------------------------------------------------------------------- 5

0.5
------- 10=

change in height
change in horizontal distance
---------------------------------------------------------------------- 2

2.5
------- 0.8=

change in height
change in horizontal distance
---------------------------------------------------------------------- 0

1
--- 0=

1
2
---

2
1
---

-5

-4

-3

-2

-1

0

1

2

3

4

5

-1 0 1 2 3 4 5

2 units

1 unit
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3. 

4. (a) The gradient of this line between any two points that you might have chosen is –2.

(b) This gradient ‘tells’ us that the candle burns (decreases in height) at a rate of 2 cm for 
every hour.

Activity 8.3

1. y  =  4x Linear

2. y  =  5x2 Not linear – power greater than one.

3. 3y + 2x = 6 Linear

4. xy = 4 Not linear – two variables multiplied together.

5. 3x = 7 – 2y Linear

6. y = –2x Linear

7. y = x2 – 3x + 4 Not linear – power greater than one.

8. x = 3 – y Linear

-5

-4

-3

-2

-1

0

1

2

3

4

5

-3 -2 -1 0 1 2 3 2 units

3 units
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Activity 8.4

1.

2.

Activity 8.5

-10
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-6
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-2
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4
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10

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

y  = x y  = 0.5x

y  = 3x

y  = 2x
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y  = -xy  = -0.5x

y  = -3x

y  = -2x

-5

-4

-3

-2

-1

0

1

2

3

4

5
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y  = 2x

y  = 2x + 2

y  = 2x + 1

y  = 2x - 2

y  = 2x - 1
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Activity 8.6

1.

(a) y = –2x + 3 gradient = –2 y-intercept = 3

(b) y= 5 + 3x gradient = 3 y-intercept = 5

(c) y = 2 – 4x gradient = –4 y-intercept = 2

(d) y = x – 3 gradient = 1 y-intercept = –3

(e) y= 5x gradient = 5 y-intercept = 0

(f) y + 4 = 6x

y = 6x – 4 gradient = 6 y-intercept = –4

(g) 3x – y = 6

–y = –3x + 6

y = 3x – 6 gradient = 3 y-intercept = –6

(h) 4y + 6 = –12x

4y = –12x – 6

y = –3x – gradient = –3 y-intercept = –

(i) 2x + 2y – 7 = 0 

2y = –2x + 7

y= –x + gradient = –1 y-intercept = 

2.

(a) m = 5, c = 2 y = 5x + 2

(b) m = 3, c = –1 y = 3x – 1

(c) m= 1, c = 0 y = x + 0 or  y = x

(d) m = , c = –5 y = x – 5

(e) m = – , c = y = – x + 

3
2
--- 3

2
---

7
2
--- 7

2
---

1
2
--- 1

2
---

3
4
--- 7

2
--- 3

4
--- 7

2
---
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3.

(a) y = 3x + 1

y = 3x + 4

These two lines have the same gradient and are therefore parallel. The first graph will cut 
the y-axis at 1 and the second graph will cut the y-axis at 4.

(b) y = 2x + 2

y = 3x + 2

These two lines cut the y-axis at the same point, y = 2. The second graph will be slightly 
steeper than the first graph owing to the fact that it has a larger gradient.

(c) y = 3x + 2

y = –3x + 2

These two lines again cut the y-axis at the same place, y = 2. This time though, the first 
line has a positive gradient and the line rises as we move from left to right, while the 
second line has a negative gradient and falls as we move from left to right.

4.

(c)

-2

-1
0

1
2

3

4
5

6

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

-3 -2 -1 0 1 2 3

(a) (b)

y = 3x + 4

y = 3x + 1

y = 2x + 2

y = 3x + 2

-2
-1
0
1
2
3
4
5
6

-3 -2 -1 0 1 2 3

y = –3x + 2 y = 3x + 2
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5. (a) gradient = 0.15

y-intercept = 50

(b) The gradient of 0.15 tells us that for every 1 kilometre we travel the cost will be $0.15. 

The y-intercept tells us that distance zero or at the starting position the cost is $50. It is 
usual in questions like this for the y-intercept to tell us what is happening at the start 
of a certain event.

(c) The equation is the same as you have found in the past. That is:

C  =  50  +  0.15k where C represents the total daily cost of hire in dollars,

    and k represents the number of kilometres travelled.

Activity 8.7

1.  (a) 

The point of intersection of these two lines is (1,1)

Check: y = x LHS = y RHS = x

 = 1         = 1

 = LHS

y = –4x + 5 LHS = y RHS = –4x + 5

 = 1         = –4 × 1 + 5

        = 1

        = LHS

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

-3 -2 -1 0 1 2 3

y = x

y = –4x + 5
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(b) 

The point of intersection of these two lines is (1,2)

Check: y = x + 1 LHS = y RHS = x + 1

        = 2         = 1 + 1

        = 2

        = LHS

y = 4x – 2 LHS = y RHS = 4x – 2

        = 2         = 4 × 1 – 2

        = 2

        = LHS

(c)  

The point of intersection of these two lines is (–1,–2)

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

-3 -2 -1 0 1 2 3

y = x + 1

y = 4x – 2

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

-3 -2 -1 0 1 2 3

y = 2x – 4

y = –x – 3
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Check: y = –x – 3 LHS = y RHS = –x – 3

 = –2         = –(–1) – 3

        = 1 – 3

        = –2

        = LHS

y = –2x – 4 LHS = y RHS = –2x – 4

        = –2         = –2 × – 1 – 4

        = 2 – 4

        = –2

        = LHS

2.  (a)  For Alf: I = 120 + 40n where I represents the income in dollars,

For Sally: I = 80n     and n represents the number of items sold.

Alf and Sally must sell three items to earn the same amount of money which is $240

check: If Sally sells 3 items, she earns 3 × $80 = $240

If Alf sells three items he earns $120 + $40 × 3  =  $240

I = 120 + 400

I = 80n
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Activity 8.8

1. (a) Graph (b) would be the most probable. At the beginning of the race the person is fast 
(the gradient is steep), at the end the person is slower. Graph (a) is possible but the 
person is running at a constant speed. Graph (c) is possible if the y axis is the distance 
from the start; so half way through the person turns around and is going home.

(b) Graph (b) would be most probable since you are going up and down although it would 
probably be a curve.

(c) Graph (c) might be appropriate. The chairlift has a constant speed for the first part of 
the graph. When a skier is going down a hill the speed could be increasing all the time. 
I presume she would have to stop at some stage but graph (c) does not show this. 
Graph (b) is possible as well, assuming the chairlift’s speed is increasing and she 
comes to a very sudden stop maybe a tree?

(d) People usually demand more bananas when the price is lower - as the price decreases 
the quantity increases - so the answer will be (b).

2. The following are only a sample of the solutions you could give.

(a)

(b) 

height of a flag over time

time (secs)

height
(metres

0

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7 8

The flag is raised at a constant rate for two 
seconds then there is a rest for one second; 
the flag is again raised at the same speed for 
another two seconds followed by another 
one second rest. Finally the flag is raised one 
more metre in one second.

height of a grass over time

time (months)

height
(cms0

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7 8

The grass grows quickly at first then more 
slowly in the second month. It is then cut to 
3cm. The grass grows slowly in the third 
month but very quickly in the fourth month. 
When it reaches 5 cm it is again cut. In the fifth 
month the height appears not to change.
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(c)

(d)

(e) 

Time (minutes)

H
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h

t 
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s)
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I start going up the hill quickly at first, then I 
slow down as I get closer to the top. In the 
first minute I have travelled 10 metres up, 
but in the second minute I have only 
travelled another 6 metres and in the third, I 
managed only 2 metres.

The balloon is blown one breath 
at a time. After each breath a 
little volume is lost. The second 
breath inflates the balloon at a 
slower rate.

 

Admission price($)

P
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($
'0

0)
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If you don’t charge enough you 
will make a loss. The maximum 
profit will be about $1800 if you 
charge $3.50. If you charge too 
much the profits will again 
decrease.
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Activity 8.9

Activity 8.10

1.

(a)  y  =  3x line

(b)  y  =  2x2 parabola

(c)  y  = – 4x + 1 line

(d)  y  =  2 – 3x2 parabola

(e)  y  =  2x2 + x + 1 parabola

2.  

(a) The graph of y = 4x2 – 3x + 7 will be a parabola because the highest power of x is two. The 
parabola will open upwards since the coefficient of x2 is positive. The parabola will cut the 
y-axis at 7 because this is the constant term in the equation.

(b) The graph of y = –3x2 – 4 will be a parabola because the highest power of x is two. The 
parabola will open downwards since the coefficient of x2 is negative. The parabola will cut 
the y-axis at –4 because this is the constant term in the equation.

(c) The graph of y = 5x + 6 will be a straight line since both variables are to power one. The 
gradient of this line will be 5 and the line will cut the y-axis at 6.

(d) The graph of y = 5 + 4x – 3x2 will be a parabola because the highest power of x is two. The 
parabola will open downwards since the coefficient of x2 is negative. The parabola will cut 
the y-axis at 5 because this is the constant term in the equation.

(e) The graph of y = 7 – 5x will be a straight line since both variables are to power one. The 
gradient of this line will be –5 and the line will cut the y-axis at 7.

(f) The graph of y = 4 – 5x + 2x2 will be a parabola because the highest power of x is two. The 
parabola will open upwards since the coefficient of x2 is positive. The parabola will cut the 
y-axis at 4 because this is the constant term in the equation.
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y = x2

y = x2 + 1

y = x2 + 2
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y =

 x2
3.  

(a) (b) 

Activity 8.11

1 (a)
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(b)

  (c)

Note that these values should be read from your graph.  With this in mind your answers could 
be slightly different to those given.

2. (a) When x = –1.5,  y = 4; when x = 3,  y = 18

    (b) When x = –1.5, y = –3; when x =  3,  y = –25 

    (c)  when x = –1.5 y = 4; when x = 3, y = 22

3.(a)  

t 0 5 8 10 12 15

H 0 750 960 1000 960 750
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Minimum point (-0.25,0.9)



8.76  TPP7181 – Mathematics tertiary preparation level A
(b) 

(c) Maximum height = 1 000 metres

(d) Time: about 6 seconds and again at about 14 seconds

4.

(a) the greatest height reached = 7.5 metres

(b) the time is 5 seconds

(c) after 2.5 seconds the stone is about 6 metres from the ground

t 0 1 2 3 4 5 6 10

H 0 2.7 4.8 6.3 7.2 7.5 7.2 0
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5. 

(a) maximum area = 12 m2

(b) A width of 2 gives a maximum area of 12.

Activity 8.12

1. 

w 0 1 2 3 4

A 0 9 12 9 0

Area of Rectangle against Width
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2.

3.

4.
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Activity 8.13

1.

2.

Activity 8.14

1.

2.

x –2 –1.5 –1 –0.5 0 0.5 1 1.5 2

y=ex 0.14 0.22 0.37 0.61 1 1.65 2.72 4.48 7.39

x –2 –1.5 –1 –0.5 0 0.5 1 1.5 2

y=e-x 7.39 4.48 2.72 1.65 1 0.61 0.37 0.22 0.14

y = 2 × 4x
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6
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y  = 2x

y  = 20.5x

y  = 22x
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3. 

Activity 8.15

1. Your graph should look something like this.

2. (a) If they got rid of it more slowly, the curve would start at 0.1 but would go down much 
slower.

(b) This answer will depend on you. It should end up looking something like the graph 
you will draw in part (c)

(c) 

x 0 0.5 1 1.5 2 2.5 3 3.5 4
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As the value of the coefficient of the exponent gets smaller the curve is less steep.

Activity 8. 16

1.

The points of intersection are (–1,0) and (3,4)

We should check these two results by substituting them into the original equations.

When x = –1 y = x2 –x –2 y = x + 1

y = (–1)2 – (–1) – 2 y = –1 + 1

y = 1 + 1 – 2 y = 0 

y = 0

When x = 3 y = x2 – x – 2 y = x + 1

Blood alcohol concentration over a
4 hour period
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y = 32 – 3 – 2 y = 3 + 1

y = 9 – 3 – 2 y = 4 

y = 4

2. 

The points of intersection are (–2,4) and (2,4)

We should check these two results by substituting them into the original equations.

When x = –2  y = x2 y = – 2x2+ 12

y = (– 2)2 y = –2 × (–2)2 + 12

y = 4 y = –2 × 4 + 12 

y = – 8 + 12

y = 4

When x = 2 y = x2 y = – 2x2+ 12

y = 22 y = – 2 × 22 + 12

y = 4 y = – 2 × 4 + 12 

y = – 8 + 12

y = 4
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3.

The points of intersection are (0,1) and (2,4)

We should check these two results by substituting them into the original equations.

When x = 0 y = 2x 2y = 3x+ 2

y = 20 y = 1.5x + 1

y = 1 y = 1.5 × 0 + 1 

y = 0 + 1

y = 1

When x = 2 y = 2x 2y = 3x+ 2

y = 22 y = 1.5x + 1

y = 4 y = 1.5 × 2 + 1 

y = 3 + 1

y = 4
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4.

It is hard to get an accurate picture of the points of intersection from this graph, but on your 
grid paper you should have obtained a good approximation.

The points of intersection are approximately (–1.5,4.5) and (–0.6,1.8)

We should check these two results by substituting them into the original equations.

When x = –1.5 y = ex y = – 3x

y = e–1.5. y = – 3 × – 1.5

y  4.5 y = 4.5

When x = –0.6 y = ex y = – 3x

y = e–0.6 y = – 3 × – 0.6

y  1.8 y = 1.8
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Solutions to a taste of things to come

1.  (a) N = 10e3×0

            = 10e0

         = 10                So there are 10 bacteria to start.

    (b) N = 10e3×4

         = 10e12

         ≈ 1 627 548

(c)

2. 

You should have found the point of equilibrium to be $2.50 and 15 bowls.  You should of 
course check this in the original equations as you did in module 7.
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Solutions to post-test

1 (a) intercept = – 1; gradient =  = 2. Equation is y = 2x – 1

   (b) intercept = 200; gradient =  = –100. Equation is y = – 100x + 200

2. (a) linear graph; gradient = 3; y  intercept = –2

    (b) parabolic graph; opening upwards with y-intercept of 3

    (c) parabolic graph; opening downwards with y-intercept of 5

    (d) linear graph; gradient = 5; y-intercept = 0

3. (a) maximum height is about 27 metres.

    (b) It takes about 3 seconds to reach this height.
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4. 

The points of intersection will be about (2.4,11) and (–1.25,0.3) These answers will be very 
difficult to read from your graph, so these are just approximations.
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