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Introduction 










This book has been written to provide complete coverage of the Higher Tier 








Pearson Edexcel International GCSE Mathematics Specification A (9–1) for 








first teaching from September 2016. 








The International GCSE written examination consists of two papers, each 








worth 50% of the overall grade. Candidates may earn a wide range of grades 








(from 4 through to 9 in the new numbered grading scale), and the papers reflect 








this with approximately 40% of the marks spread across grades 4 and 5, and the 








remaining 60% spread evenly across grades 6, 7, 8 and 9. 








Students following the Higher International GCSE course may have differing 








individual target grades, and this is reflected in the ordering of the content. 








There are two chapters that reach well back into earlier work, forming a bridge 








with Key Stage 3 material; these are: 








Chapter 4 (Working with algebra) 








Chapter 11 (Working with shape and space) 








Some of the early work covered in these chapters may be skipped, or used as 








revision material, as appropriate. 








Many of the worked examples in the text are available as multimedia 








presentations at www.hoddereducation.co.uk/EdexcelIGCSEMaths. 








Examination candidates will require a good quality scientific calculator for 








both papers, but are reminded to show all relevant working too: the examiners 








may penalise candidates who omit working even though the final answer is 








correct. 








There are many differences between calculators, so make sure that you are 








fully familiar with your own particular model – do not buy a new calculator (or 








borrow one) just before the examination is due! 








Each chapter begins with a Starter; this is an exercise, activity or puzzle 








designed to stimulate thinking and discussion about some of the ideas that 








underpin the content of the chapter. The main chapter contains explanations 








of each topic, with numerous worked examples, followed by a corresponding 








exercise of questions. At the end of each chapter there is a Review Exercise, 








containing questions on the content for the whole chapter, followed by a set 








of Key Points. Many of the Review questions are from past Edexcel GCSE or 








International GCSE examination papers; this is indicated in the margin. 








Each chapter concludes with an Internet Challenge, intended to be done 








(either at school or at home) in conjunction with an internet search engine. 








The Internet Challenge material frequently goes beyond the strict boundaries 








of the International GCSE specification, providing enrichment and leading 








to a deeper understanding of mainstream topics. The Challenges may look at 








the history of mathematics and mathematicians, or the role of mathematics in 








the real world. When doing these, it is hoped that you will not just answer the 








written questions, but also take the time to explore the subject a little deeper 








– the internet contains a vast reservoir of very well-written information about 
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Introduction 










mathematics. The reliability of internet information can be variable, however, 








so it is best to check your answers by referring to more than one site if possible. 








The exercises in this book are colour coded to indicate their approximate level 








of difficulty. 








The colour coding used is: 








Low 








Medium 








Higher 








Highest 








All of the content has been checked very carefully against the new International 








GCSE specification, to ensure that all examination topics are suitably covered. 








If you have mastered all the relevant topics covered in this book then you 








should be able to approach the examinations confident in the knowledge that 








you are fully prepared. 








Finally, it is hoped that you may consider studying mathematics as a sixth 








form subject. Many of the topics encountered in the early months of a post- 








16 Mathematics course are natural developments of the content of the later 








chapters in this book, and if you are able to handle these confidently then you 








should feel well-prepared for A-level or IB should you choose to study it. 








Good luck on exam day! 








Alan Smith and Sophie Goldie 








Go to 



www.hoddereducation.co.uk/EdexcelIGCSEMaths 



to access the 








multimedia presentations and the answers. 





















1 












Here are some puzzles on the theme of a half. 








1 



A climbing plant grows 50 cm in week 1. Each following week it grows 








half as much as it grew the week before. How tall will the plant become if it 








grows for ever? 








2 



What fraction is a 








half of a half of a half? 








3 



Shade half the squares to divide the 








shape into two symmetrical halves. 








4 



Two people wish to share a cake equally. 








They have a knife with which to cut it. 








How can they divide the cake so that each 








person is happy that he has at least half? 













Fractions, decimals and rounding 








CHAPTER 1 








In this chapter you will 



revise earlier work on: 








• 



equivalent fractions 








• 



adding and subtracting fractions and decimals 








• 



changing fractions to decimals and vice versa 








• 



rounding and approximation. 








You will 



learn how to: 








• 



multiply and divide using fractions 








• 



order a list of fractions and decimals 








• 



change recurring decimals into exact fractions 








• 



use your calculator efficiently 








• 



calculate upper and lower bounds. 








You will also be 



challenged to: 








• 



investigate Egyptian fractions. 








Starter: 



Half and half 
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1.1 Equivalent fractions 










You should already have met fraction diagrams like these: 








The diagram on the left shows 3 shaded parts out of 4, and the one on the 








right shows 9 shaded parts out of 12. Clearly, both diagrams indicate the same 










shaded proportion of the large rectangle. Thus you can conclude that 



} 








3 








4 








} 



and 



} 








1 








9 








2 








} 



are 








identical in value. 








Fractions with identical values are called 



equivalent fractions. 








It is easy to create a pair of equivalent fractions – you simply multiply (or 








divide) the top (numerator) and bottom (denominator) of a given fraction by the 








same number: 










3 








4 








9 








12 








ϫ3 








ϫ3 










It is often helpful to apply this procedure in reverse: 










3 








4 








9 








12 








Ϭ3 








Ϭ3 










This process is known as 



cancelling down. 



When a fraction has been cancelled 








as fully as possible, it is said to be written in its 



simplest terms. 










3 








4 








9 








12 





















3 








1.1 Equivalent fractions 








EXAMPLE 












Cancel down the following fractions into their simplest terms. 










a) 



} 








1 








6 








0 








} 








b) 



} 








1 








5 








8 








4 








} 








c) 



} 








1 








3 








4 








6 








4 








0 








} 












SOLUTION 













a) 



} 








1 








6 








0 








} 5 } 








3 








5 








} 








b) 



} 








1 








5 








8 








4 








} 5 } 








1 








5 








8 








4 








} 








5 } 








2 








9 








7 








} 








5 } 








1 








3 








} 








c) 



} 








1 








3 








4 








6 








4 








0 








} 5 } 








1 








3 








4 








6 








4 








0 








} 








5 } 








1 








3 








2 








0 








} 








5 } 








1 








6 








2 








} 








5 } 








2 








5 








} 










Equivalent fractions are a helpful tool when wanting to compare the sizes of 








fractions written with different denominators, as in the next example. 










EXAMPLE 











Arrange these fractions in order of size, smallest first. 










} 








3 








5 








}, } 








1 








4 








}, } 








1 








7 








0 








}, } 








1 








2 








} 












SOLUTION 











Rewriting the fractions with denominator 20, we have: 










} 








1 








2 








2 








0 








}, } 








2 








5 








0 








}, } 








1 








2 








4 








0 








}, } 








1 








2 








0 








0 








} 










So, in increasing order, the fractions are: 










} 








2 








5 








0 








}, } 








1 








2 








0 








0 








}, } 








1 








2 








2 








0 








}, } 








1 








2 








4 








0 








} 










Restoring them to fractions in their lowest terms, the required order is: 










} 








1 








4 








}, } 








1 








2 








}, } 








3 








5 








}, } 








1 








7 








0 








} 










Examine the denominators. 








5, 4, 10 and 2 all divide into 20. 








6 and 10 are both even, so divide each of them by 2. 








You can cancel 18 and 54 by dividing by 2… 








…but 9 and 27 are still both divisible by 9… 








…so cancel again. 








Always continue the cancelling procedure until 








there are no common factors remaining. 










9 








27 








1 








3 








6 








15 








2 








5 








12 








30 
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Equivalent fractions are also used when adding (or subtracting) fractions with 








different denominators. The fractions must be rewritten to have the same 








denominator before starting the addition. 










EXAMPLE 













Work out 



} 








2 








7 








} 1 } 








1 








4 








}. 












SOLUTION 











7 and 4 both divide into 28, so: 










} 








2 








7 








} 1 } 








1 








4 








}5 








2 



3 



4 








7 



3 



4 








1 








1 



3 



7 








4 



3 



7 








5 } 








2 








8 








8 








} 1 } 








2 








7 








8 








} 








5 








8 



1 



7 








28 








5 } 








1 








2 








5 








8 








} 










The same principle is used for subtraction. 










EXAMPLE 













Work out 



} 








1 








7 








0 








} 2 } 








1 








4 








}. 












SOLUTION 











10 and 4 both divide into 20, so: 










} 








1 








7 








0 








} 2 } 








1 








4 








} 5 








7 



3 



2 








10 



3 



2 








2 








1 



3 



5 








4 



3 



5 








5 } 








1 








2 








4 








0 








} 2 } 








2 








5 








0 








} 








5 








14 



2 



5 








20 








5 } 








2 








9 








0 








} 










Some fraction problems may require the use of mixed numbers, made up of 








part whole number and part fraction. For addition and subtraction you can often 








process the whole number parts separately from the fraction parts, and then 








combine everything at the end. 








Add 8 and 7 to give 15. 








Do not 



try to add 28 and 28! 





















5 








1.1 Equivalent fractions 








EXAMPLE 












Work out 1 



} 








3 








5 








} 



1 



2 



} 








3 








4 








}. 












SOLUTION 













Add the whole numbers first: 1 



1 



2 



5 



3 








Now add the fractions: 








} 








3 








5 








} 



1 



} 








3 








4 








} 



5 



} 








1 








2 








2 








0 








} 



1 



} 








1 








2 








5 








0 








} 








5 



} 








2 








2 








7 








0 








} 








5 



1 



} 



2 








7 








0 








} 








So the total is 3 



1 



1 



} 



2 








7 








0 








} 



5 



4 



} 



2 








7 








0 








} 












EXAMPLE 













Work out 7 



} 



1 








3 








0 








} 



2 



3 



} 








4 








5 








}. 












SOLUTION 













7 



} 



1 








3 








0 








} 



2 



3 



} 








4 








5 








} 



5 



4 



1 



} 



1 








3 








0 








} 



2 



} 








4 








5 








} 








5 



3 



1 



1 



} 



1 








3 








0 








} 



2 



} 








4 








5 








} 








5 



3 



1 



} 








1 








1 








3 








0 








} 



2 



} 








4 








5 








} 








5 



3 



1 



} 








1 








1 








3 








0 








} 



2 



} 



1 








8 








0 








} 








5 



3 



1 








13 



2 



8 








10 








5 



3 



1 



} 



1 








5 








0 








} 








5 



3 



} 








1 








2 








} 










Your IGCSE examination will test your ability to manipulate fractions 



without 








a calculator, so it is important to learn the methods thoroughly. (Even though a 








calculator is allowed in the exam, marks may be withheld unless you show all 








the relevant manual steps in full.) 










Your calculator should be equipped with a fraction key, probably labelled 



a 



b 



/ 



c 



. 








You should practise entering simple fractions like 








2 








3 



and mixed fractions like 4 








2 








3 










using this key. Many calculators will allow you to enter a fraction, and then, 








by pressing the fraction key agian, will show you the decimal equivalent. 








Most calculators will also automatically convert mixed fractions into 








top-heavy (improper) fractions, and back again. Try your calculator to see how 








to do this. 










} 








2 








2 








7 








0 








} 



5 



} 








2 








2 








0 








0 








} 



1 



} 



2 








7 








0 








} 



to give 1 



} 



2 








7 








0 








} 








Here 



} 



1 








3 








0 








} 



is not large enough to allow 



} 








4 








5 








} 



to be subtracted… 








…so you exchange 1 unit from the whole 








number part to make 



} 








1 








1 








3 








0 








} 



as shown. 








Always check for cancelling opportunities 








at the end. Here 



} 



1 








5 








0 








} 



cancels down to 



} 








1 








2 








}. 
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You can also use the fraction key to cancel a fraction into its simplest form. For 








example, 



144 








180 








would be entered as 144 



a 



b 



/ 



c 



180 



5 



to obtain 



4 








5 








. 












EXAMPLE 













Work out 1 








3 








4 



+ 2 








5 








6 








, giving your answer as 










a) 



a mixed fraction and 








b) 



a top-heavy (improper) fraction. 












SOLUTION 













a) 



Using the fraction key, 1 








3 








4 



+ 2 








5 








6 



= 4 








7 








12 








b) 



Using the fraction key, 4 








7 








12 



= 








55 








12 










EXERCISE 



1.1 








Write these fractions in their simplest terms. 










1 



} 



3 








9 








6 








} 








2 



} 








1 








3 








5 








5 








} 








3 



} 



8 








8 








2 








} 








4 



} 








1 








5 








3 








2 








} 








5 



} 








1 








5 








1 








5 








} 








6 



} 








4 








5 








2 








6 








} 








7 



} 








2 








4 








4 








0 








} 








8 



} 








1 








2 








2 








0 








} 








9 



} 



1 








8 








4 








} 








10 



} 



1 








9 








5 








} 








11 



} 








4 








9 








9 








1 








} 








12 



} 








3 








4 








5 








5 








} 










Arrange these fractions in order of size, smallest first. 










13 



} 








1 








2 








1 








0 








}, } 








1 








2 








}, } 








3 








5 








}, } 








5 








8 








} 








14 



} 








2 








3 








}, } 








7 








8 








}, } 








5 








6 








}, } 








3 








4 








} 








15 



} 








1 








1 








3 








5 








}, } 








5 








6 








}, } 








2 








3 








}, } 








4 








5 








} 










Work out the answers to these without using a calculator. 










16 



} 








4 








9 








} 



1 



} 








1 








3 








} 








17 



} 



1 








5 








6 








} 



1 



} 








1 








4 








} 








18 



} 








1 








3 








} 



1 



} 








1 








2 








} 








19 



} 








3 








8 








} 



1 



} 








1 








6 








} 








20 



} 








5 








8 








} 



2 



} 








1 








4 








} 










21 



Show that: 










a) 








] 








3 








4 








1 








10 








13 








20 








= 








b) 








] 



5 








4 








7 








1 








4 








9 








28 








c) 








1 



5 








3 








2 








6 








2 








3 








1 








2 








1 








6 








d) 








] 



5 








5 








2 3 








7 








9 








1 








3 








4 








9 










Use pencil and paper to work out the answer to each of these. Then use your calculator fraction key to check 








your answers. 










22 



} 



1 








7 








2 








} 



1 



} 



1 








3 








6 








} 








23 



} 








1 








3 








1 








6 








} 



1 



} 








1 








4 








3 








2 








} 








24 



4 



} 








1 








2 








9 








0 








} 



1 



} 








3 








8 








} 








25 



10 



} 








5 








9 








} 



1 



} 








3 








8 








} 








26 



5 



} 








1 








8 








} 



2 



2 



} 








6 








7 








} 








27 



5 



} 








3 








4 








} 



2 



2 



} 








1 








8 








} 








28 



8 



} 








1 








2 








} 



2 



5 



} 



1 








9 








0 








} 








29 



6 



} 








1 








4 








} 



2 



3 



} 








1 








2 








} 








30 



4 



} 








2 








3 








} 



1 



3 



} 








5 








6 








} 








31 



8 



} 








1 








4 








} 



2 



5 



} 



1 








1 








0 








} 








On some calculators, you press 



SHIFT 



and 



a 



b 



/ 



c 



to 








change a mixed fraction to a top-heavy fraction. 
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1.2 Multiplying and dividing with fractions 










1.2 Multiplying and dividing with fractions 








It is often easier to multiply two fractions than to add them! There is no need 








to worry about establishing the same denominator before you start. Simply 








multiply the two top numbers (numerators), and multiply the two bottom ones 








(denominators). 










Note: Multiplying by 



1 








n 



is the same as dividing by 



n. 












EXAMPLE 













Work out 



a) 



18 × 








1 








6 








b) 



} 








3 








5 








} 3 } 








2 








7 








} 












SOLUTION 













a) 



18 × 








1 








6 








= 18 ÷ 6 








b) 



} 








3 








5 








} 3 } 








2 








7 








} 5 








3 



3 



2 








5 



3 



7 








= 3 








5 } 








3 








6 








5 








} 










In many cases there will be an opportunity for cancelling. The cancelling may 








be done either before or after the multiplication – but it is much more efficient 








to do this beforehand, since the numbers you work with are then much smaller. 








The next example shows how this is done. 








EXAMPLE 











Work out 



} 








4 








9 








} 3 } 








1 








2 








5 








2 








} 










SOLUTION 











} 








4 








9 








} 3 } 








1 








2 








5 








2 








} 5 } 








4 








9 








} 3 } 








1 








2 








5 








2 








} 








5 } 








4 








9 








} 3 } 








1 








2 








5 








2 








} 








5 } 








2 








3 








} 3 } 








1 








5 








1 








} 5 








2 



3 



5 








3 



3 



11 








5 } 








1 








3 








0 








3 








} 










Division works in a very similar way, with just one extra stage: to divide one 








fraction by another, turn the second fraction upside down and then multiply them. 








2 








11 








2 








5 








3 








11 








4 on the top cancels with 22 on the bottom. 








They do not have to be 



directly 



above/below each other. 








Similarly for 15 on the top and 9 on the bottom. 
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EXAMPLE 











Work out 



} 








5 








8 








} 4 } 








1 








1 








0 








3 








} 










SOLUTION 











} 








5 








8 








} 4 } 








1 








1 








0 








3 








} 5 } 








5 








8 








} 3 } 








1 








1 








3 








0 








} 








5 } 








5 








8 








} 3 } 








1 








1 








3 








0 








} 








5 } 








1 








1 








3 








6 








} 










To multiply or divide by a whole number, just use the result that the integer 



n 








may be written as the fraction 








n 








1 



. Note: Dividing by 



1 








n 



is the same as multiplying by 



n. 










EXAMPLE 











Work out 



} 



2 








5 








4 








} 



3 



4. 










SOLUTION 











} 








2 








5 








4 








} 3 



4 



5 } 








2 








5 








4 








} 3 } 








4 








1 








} 








5 } 








2 








5 








4 








} 3 } 








4 








1 








} 5 








5 



3 



1 








6 



3 



1 








5 } 








5 








6 








} 










You need to be careful when multiplying or dividing mixed numbers. Unlike 








addition or subtraction, you cannot process the whole numbers separately from 








the fractional parts. Instead, you need to use ‘top-heavy’ or 



improper 



fractions. 








EXAMPLE 











Work out 1 



} 








3 








4 








} 



3 



2 



} 








2 








3 








}. 










SOLUTION 











1 



} 








3 








4 








} 



5 








(1 



3 



4) + 3 








4 








5 } 








7 








4 








} 








and 2 



} 








2 








3 








} 



5 








(2 



3 



3) + 2 








3 








5 } 








8 








3 








} 








Then: 








1 



} 








3 








4 








} 



3 



2 



} 








2 








3 








} 



5 } 








7 








4 








} 3 } 








8 








3 








} 








5 } 








7 








4 








} 3 } 








8 








3 








} 








5 








7 



3 



2 








1 



3 



3 








5 } 








1 








3 








4 








} 








5 



4 



} 








2 








3 








} 










Cancelling may take place only once the division 








has been converted into a multiplication. 








Do not try to cancel the 8 with the 2 – they are 








both on the bottom (denominator) of the fraction. 










1 








2 










Write the 4 as 



} 








4 








1 








} 



and then proceed as before. 
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1 








First, convert the mixed fractions to top-heavy fractions. 








1 








2 








Here the answer is a top-heavy fraction, so you convert 








it back into mixed fraction form: 










} 








1 








3 








4 








} 5 








12 



1 



2 








3 








5 } 








1 








3 








2 








} 1 } 








2 








3 








} 5 



4 



} 








2 








3 








} 










This is the same as finding 



} 



2 








5 








4 








} 



of 



4. 
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1.3 Decimals and fractions 












EXERCISE 



1.2 











Work out these multiplications and divisions. Show all your working clearly. 










1 



} 








1 








2 








} 



3 



} 








4 








5 








} 








2 



} 








5 








6 








} 



3 



} 








2 








3 








} 








3 



} 








3 








4 








} 



3 



} 








1 








1 








1 








5 








} 








4 



} 








1 








2 








0 








1 








} 



3 



} 








1 








1 








4 








5 








} 








5 



} 








3 








4 








} 



of 20 








6 



} 








1 








3 








} 



3 



} 








1 








5 








} 








7 



} 








2 








7 








} 



3 



} 








5 








8 








} 








8 



} 








2 








3 








} 



of 180 








9 



} 








4 








9 








} 



4 



} 








5 








6 








} 








10 



} 








3 








8 








} 



4 



} 








3 








4 








} 








11 



} 








5 








6 








} 



4 



} 








8 








9 








} 








12 



} 








2 








3 








} 



4 



12 








13 



} 








3 








8 








} 



4 



} 








6 








7 








} 








14 



} 








4 








9 








} 



4 



8 








15 



} 



1 








1 








2 








} 



4 



} 








1 








9 








} 








16 



} 








3 








5 








} 



4 



} 








3 








5 








} 








17 



} 








1 








1 








5 








6 








} 



3 



} 








1 








3 








} 








18 



} 



1 








1 








0 








} 



4 



} 



2 








1 








0 








} 








19 



} 



1 








7 








2 








} 



3 



} 








2 








2 








7 








8 








} 








20 



} 








5 








7 








} 



4 



} 








1 








2 








0 








1 








} 










21 



Show that: 










a) 



1 








1 








3 








2 








7 








8 








21 








× = 








b) 



3 1 








4 








1 








3 








2 








5 








2 








3 








× = 








c) 



3 








1 








4 








2 








7 








13 








14 








× = 








d) 



1 








2 








3 








1 








5 








1 








2 








× = 








e) 



÷ = 








1 








4 








5 








3 








5 








1 








2 








f ) 








÷ 



=5 








4 








1 








2 








7 








8 








1 








7 








g) 








÷ 



= 








1 








3 








1 








5 








2 








5 








h) 








÷ 








= 








2 2 








1 








4 








7 








10 








5 








6 










Use pencil and paper to work out the answer to each of these. Then use your 








calculator fraction key to check your answers. 










22 



3 



} 








3 








4 








} 



3 



5 



} 








1 








2 








} 








23 



5 



} 








3 








7 








} 



3 



1 



} 



1 








2 








9 








} 








24 



4 



} 








3 








8 








} 



3 



7 



} 








1 








5 








} 








25 



18 



4 



1 



} 








1 








2 








} 








26 



66 



} 








2 








3 








} 



3 



1 



} 








1 








2 








} 








27 



3 



} 



1 








5 








4 








} 



4 



6 



} 








5 








7 








} 










1.3 Decimals and fractions 








You need to know how to use the following types of decimal numbers. 








Terminating Decimals 



stop after a finite number of decimal places. 0.32 is an 








example of a terminating decimal. Terminating decimals can be written as exact 








fractions. 








Recurring decimals 



do not stop after a finite number of decimal places, but 








they do settle into a pattern of digits that repeats indefinitely. 










0.316 316 316 316 316 316… is an example of a recurring decimal. It would 








normally be written as 0.3~ 16~ , with a dot over the start and finish of the repeating 








pattern. Recurring decimals can be written as exact fractions. 










EXAMPLE 









Express the following as exact fractions. Give your answers as a fraction in its lowest terms. 








a) 



0.4 








b) 



0.32 








c) 



0.875 








SOLUTION 











a) 



0.4 means 



= 








4 








10 








2 








5 








b) 



0.32 means 








= = 








32 








100 








16 








50 








8 








25 








c) 



0.875 means 








= 








= = 








875 








1000 








175 








200 








35 








40 








7 








8 
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EXAMPLE 











Express 0.4 








 








as an exact fraction. 










SOLUTION 











Let 



x 



5 



0.4 










Multiply both sides by 10: 










10x 



5 



4.4 








 










Write these results one below the other, and subtract: 










10x 



5 



4.4 








 








x 



5 



0.4 








 








9x 



5 



4 










Divide both sides by 9, 










x 



5 } 








4 








9 








} 










You may need to multiply both sides by 100, or 1000, if the pattern of repeating 








digits is of length 2, or 3. Choose the right multiplier so that the digits move left 








by one full pattern. 








EXAMPLE 











Express 2.3 








. 96 








. as an exact mixed number. Give your answer in its lowest terms. 










SOLUTION 









First, detach the whole number, 2, and consider the 








decimal part, 396 










Let 



x 



5 



0.3 








. 96 








. 










Multiply by a power of 10 large enough to move all the digits along by one 








pattern, which in this case would be 



3 



1000. 










Then 1000 



x 



5 



3 








. 96 








. 










Writing these results one below the other, and subtracting: 










1000x 



5 



396.3 








. 96 








. 








x 



5 



0.3 








. 96 








. 








999x 



5 



396 










Thus 










x 



5 } 








3 








9 








9 








9 








6 








9 








} 








5 } 








1 








3 








3 








3 








2 








3 








} 








5 } 








1 








4 








1 








4 








1 








} 








Finally, restore the whole number part, of 2, so 2.3 








. 96 








. 








5 



2 



} 



1 








4 








1 








4 








1 








} 










Make sure you line up the decimal points. When you do 








the subtraction, the recurring decimals should disappear. 








Since there are three figures in the recurring 








pattern, use a multiplier of 10 



3 



10 



3 



10 



5 



1000 
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When you convert a fraction into a decimal, the answer will be either a 








terminating decimal or a recurring decimal. 








EXAMPLE 











Write 



} 








1 








8 








} 



as an exact decimal. 










SOLUTION 











} 








1 








8 








} 



5 



1 



 



8 = 0.125 










EXAMPLE 











Write 



} 








1 








7 








} 



as a recurring decimal. 










SOLUTION 











1 








7 








5 



1 



 



7 



5 



0.1 42857 












EXERCISE 



1.3 











Write these terminating decimals as exact fractions. Give each answer in its 








lowest terms. 










1 



0.24 








2 



0.72 








3 



0.3 








4 



0.625 








5 



0.91 








6 



0.025 








7 



1.94 








8 



0.38 








9 



2.125 








10 



0.303 








Write these recurring decimals as exact fractions, in their lowest terms. 








Show your method clearly. 










11 



0.7 








12 



0.2 9 








13 



1.3 








14 



0.5 204 








15 



0.4 3 








16 



0.5 4 








17 



0.3 21 








18 



1.3 



 








42 










Write these fractions as decimals. 










19 



} 








5 








8 








} 








20 



} 








3 








7 








} 








21 



} 








4 








9 








} 








22 



} 



2 








9 








0 








} 








23 



Which is larger: 0.2 7 or 0.28? 








24 



Andy says, ‘0.7 is exactly twice as big as 0.3 5 .’ Is Andy right or is he wrong? 








Explain your answer carefully. 












1.3 Decimals and fractions 
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1.4 Rounding and approximation 








When quantities are written using decimals, it is often sensible to round them to 








a certain number of figures. Rounding may be described using either 



decimal 








places 



(d.p.) or 



significant figures 



(s.f.). 








EXAMPLE 









Round these numbers to 3 decimal places: 








a) 



14.2573 








b) 



0.0258 








c) 



0.14962 








SOLUTION 











a) 



14.2573 



5 



14.257 



u 



3 



5 



14.257 (3 d.p.) 








b) 



0.0258 



5 



0.025 



u 



8 



5 



0.026 (3 d.p.) 








c) 



0.149 62 



5 



0.149 



u 



62 



5 



0.150 (3 d.p.) 










Rounding to a certain number of significant figures can be confusing. The best 








way is to look at the number from the left-hand direction, and pick out the first 








non-zero digit – this is the first significant figure. Then count the significant 








figures across to the right. 








The confusing thing is whether 0s should be counted as ‘significant’. These 








illustrations show some different cases you might encounter: 








Make the cut after three decimal places. The first digit 








after the cut, 3, is 



less than 5, 



so round 



down. 








When the first digit after the cut is 



5 or more, 



then round 








up. 



Here it is 8, so the 0.025 rounds up to 0.026 








Number 








Comment 








Significant figures 








24 000 








The 2 and the 4 are significant figures, telling you that the 








24 



000 








number contains 2 lots of 10 000 and 4 lots of 1000. The 








three zeros are not significant figures; they merely act as 








placeholders. This number has 2 significant figures. 








305 000 








The first zero is a significant figure, because it is between 








305 



000 








the 3 and 5. The other zeroes are placeholders only. This 








number has 3 significant figures. 








0.000 27 








The first significant figure is the 2. The previous zeroes merely 








0.000 



27 








show you which decimal column the 2 goes in to (they are 








placeholders). So this number has 2 significant figures. 








0.014 03 








Plainly the 1, 4 and 3 are significant figures. The 0 between 








0.014 



03 








them also is, but the other zeroes are not. This number 








contains 4 significant figures. 








0.250 








Watch out! You might think only the 2 and the 5 are 








0.250 








significant. The final zero, however, has no role as a 








placeholder – instead, it tells you that this number contains 








0 thousandths. This means it is a significant figure, so this 








one has 3 significant figures. 
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1.4 Rounding and approximation 










EXAMPLE 









Round these numbers to the indicated number of significant figures. 








a) 



156 230 (2 s.f.) 








b) 



0.0896 (2 s.f.) 








c) 



10.09 (3 s.f.) 








SOLUTION 











a) 



156 230 



5 



15u 6230 



5 



160 000 (2 s.f.) 








b) 



0.0896 



5 



0.089 



u 



6 



5 



0.090 (2 s.f.) 








c) 



10.09 



5 



10.0 



u 



9 



5 



10.1 (3 s.f.) 










You can use rounding to 1 significant figure to get an estimate to a calculation 








without having to find an exact answer. 








EXAMPLE 











Estimate the value of 








54 (7.6 2.3) 








63.1 37.98 








× 








+ 








− 








. 










SOLUTION 











54 (7.6 2.3) 








63.1 37.98 








50 (8 2) 








60 40 








× 








+ 








− 








≈ 








× + 








− 








25 








50 (8 2) 








60 40 








50 10 








20 








500 








20 








× + 








− 








= 








× 








= 








= 








So 








54 (7.6 2.3) 








63.1 37.98 








25 








× 








+ 








− 








≈ 










Rounding is also used in a slightly different way to establish 



upper 



and 



lower 








bounds 



for calculations. The next example illustrates a straightforward case. 








EXAMPLE 









A rectangular sports field measures 21 metres wide by 83 metres long; each 








dimension is measured correct to the nearest metre. 








a) 



Write down the smallest value that the width of the sports field could be. 








b) 



Work out the smallest possible perimeter for the field. 








c) 



Calculate the maximum possible value for the area of the field. 








State your answer correct to 3 significant figures. 








SOLUTION 









a) 



21 metres to the nearest metre means the width lies between 20.5 and 








21.5 metres. 








Thus the smallest possible width is 20.5 metres. 








b) 



Smallest perimeter 



5 



20.5 



1 



82.5 



1 



20.5 



1 



82.5 










5 



206 metres 
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c) 



The maximum possible area is computed using a rectangle 21.5 metres by 








83.5 metres. 








Area 



5 



21.5 



3 



83.5 












5 



1795.25 square metres 








5 



1800 square metres (3 s.f.) 













Note that it would not be right to use, say, 21.49 



3 



83.49, because these 








numbers are too low, so you have no choice but to use 21.5 



3 



83.5, even 








though these numbers would not round to 21 and 83. In effect you are 








establishing a kind of upper limit, called an upper bound, which the true area of 








the field cannot actually quite attain. This is quite an advanced concept, and is 








addressed again on page 16. 










EXERCISE 



1.4 











Round the following decimal numbers to the indicated number of decimal 








places. 








1 



3.141 59 (3 d.p.) 








2 



3.141 59 (4 d.p.) 








3 



16.237 (1 d.p.) 








4 



0.2357 (2 d.p.) 








5 



14.08 (1 d.p.) 








6 



14.80 (1 d.p.) 








7 



6.224 02 (4 d.p.) 








8 



1.895 (2 d.p.) 








Round the following to the specified number of significant figures. 








9 



15.42 (3 s.f.) 








10 



15.42 (1 s.f.) 








11 



14.257 (3 s.f.) 








12 



359 262 (4 s.f.) 








13 



365.249 (2 s.f.) 








14 



9.8 (1 s.f.) 








15 



0.002 07 (2 s.f.) 








16 



10.99 (3 s.f.) 








17 



By rounding to 1 significant figure, work out an approximate answer to: 










a) 



129.1 × 9.99 








b) 



128.72 + 879 








c) 








802.31 








38.9 








d) 








31.9 17 








95 








× 








e) 








38.9 107 








816 298 








× 








− 








f) 








28 176 








873 588 








× 








− 








g) 








1.8 6.1 








3.14 








× 








h) 








3.8 (2.93 7.1) 








8.2 








× 








+ 








i) 








7.5 (9.81 7.18) 








6.3 2.1 








× − 








− 










18 



A cinema has 33 rows of 38 seats. 








A cinema ticket costs $8.50. 








Estimate how much money the theatre takes when it is fully booked. 








19 



An equilateral triangle measures 12 cm along each side, to the nearest cm. Work out the smallest possible 








perimeter it could have. 








20 



A square measures 146 mm along each side, to the nearest mm. Work out the largest possible area it could 








have, giving your answer correct to 3 significant figures. 








21 



Last week, the number attending City’s home soccer game was 25 000, correct to the nearest thousand. 








The week before it was 24 400, correct to the nearest hundred. Is it possible that the same number of 








people attended both weeks? Explain your answer. 





















15 










22 



In a museum there is a dinosaur bone. This notice is attached: 










This bone came from a dinosaur that was born 75000000 years ago. 








The dinosaur lived for 20 years. 











Charlie says, ‘That means the dinosaur died 74 999 980 years ago.’ Is Charlie right? 








1.5 Rounding calculator answers 








For the IGCSE examination, a calculator should have bracket keys. Bracket 








keys allow you to type in the value of a bracketed expression directly, exactly 








as it is written. Practise the next example on your calculator to make sure you 








know how the bracket keys on your calculator work. 








As a check, you should also work out the values of some intermediate steps in 








the calculation and write them down in the exam. This allows the examiner to 








award marks for the method you have used if your final answer is not correct. 








EXAMPLE 











Work out the value of 2.4 



3 



(3.8 



2 



1.1 



3 



1.2) 








2 








, correct to 3 significant figures. 










SOLUTION 











2.4 



3 



(3.8 



2 



1.1 



3 



1.2) 








2 



5 



2.4 



3 



2.48 








2 








5 



2.4 



3 



6.1504 








5 



14.760 96 








5 



14.8 (3 s.f.) 










Sometimes the brackets are implied rather than written down, for example in 








a square root problem, or when dividing one expression by another. It is good 








practice to write the implied brackets into the expression before working out its 








value. Remember to show some of the intermediate steps to secure marks for 








the method you have used. 








EXAMPLE 









Use your calculator to find the values of: 










a) 



œ2.2 



1 



3.5 



3 



4.2 








b) 








+ 








− 








3.6 2.2 








4.8 1.2 








3 








2 










Give each answer correct to 3 significant figures. 








SOLUTION 











a) 



œ2.2 



1 



3.5 



3 



4.2 



5 



(2.2 3.5 4.2) 








+ × 








5 



œ16.9 








5 



4.110 960 958 








5 



4.11 (3 s.f.) 












1.5 Rounding calculator answers 
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b) 








3.6 2.2 








4.8 1.2 








3 








2 








+ 








− 








5 








(3.6 2.2 ) 








(4.8 1.2 ) 








3 








2 








+ 








− 








5 








14.248 








3.36 








5 



4.240 476 19 








5 



4.24 (3 s.f.) 












EXERCISE 



1.5 











Use your calculator to work out the values of the following expressions. Write down all the figures on your 








calculator display, then round the answer to 3 significant figures, where appropriate. 










1 



(16.2 



2 



2.8 



3 



2.05) 



3 



2.3 








2 



(2.8 



3 



3.5 



2 



4.9) 








2 








3 



œ22.3 



1 



2.4 



3 



1.5 








4 








5 








5 








. 








. 








4 








4 








1 








2 








4 








4 








. 








. 








5 








5 








5 








2 








3 








. 








. 








8 








4 








2 








3 








1 








1 








. 








. 








1 








6 








2 








6 



œ5.4 



3 



4.5 








7 








6.5 



2 



2 








1 








. 








. 








3 








4 








3 



1.4 








8 








2.4 








10 








1 








2 








3 








1 








3 








.5 








2 








2 








.2 








9 



2.6 



3 



(8.45 



2 



1.3 








2 








) 








10 



(6.5 



2 



2.3) 



3 



1.4 








11 



œ2.5 








2 



1 



3.5 








2 








12 








2 








3 








2 








2 








1 








1 








5 








4 








2 








2 








13 








4 








3 








. 








. 








2 








5 








2 








1 








2 








3 








4 








.5 








.6 








2 








14 



œ10.8 








2 



2 



9.1 








2 








15 








2.4 



3 



1.4 



1 



1.8 



3 



2.3 








}}} 








4.5 












1.6 Upper and lower bounds 











Suppose you are asked to find the perimeter of a rectangle that measures 








12 cm by 15 cm, both measurements being correct to the nearest centimetre. 








A reasonable calculation for finding the perimeter is: 










12 



1 



15 



1 



12 



1 



15 



5 



54 cm 










The true perimeter is unlikely to be 



exactly 



54 cm, however, as the dimensions 








are probably not exactly 12 cm and 15 cm, since they are only correct to the 








nearest centimetre. 








It can be helpful to establish an 



upper bound 



and a 



lower bound 



for the 








perimeter. These are the limits between which the true perimeter must lie. 








The length of the rectangle is 15 cm to the nearest centimetre, which means it could 








lie anywhere between 14.5 cm and 15.5 cm. Similarly, the width given as 12 cm to 








the nearest centimetre could actually lie anywhere between 11.5 cm and 12.5 cm. 








The upper bound for the perimeter is therefore 










12.5 



1 



15.5 



1 



12.5 



1 



15.5 



5 



56 cm, and the lower bound is 








11.5 



1 



14.5 



1 



11.5 



1 



14.5 



5 



52 cm. This could be written as: 








52 cm 



< 



true perimeter 



, 



56 cm 










Note the different inequality signs at each end of the above statement. The 








length of the perimeter cannot actually be as high as 56 cm, since the rectangle 








is smaller than 12.5 by 15.5 cm – those numbers would be 13 and 16 cm correct 








to the nearest centimetre. You cannot, however, use a smaller limit like 12.4 or 








12.49, because such values are inevitably too small. If this sounds confusing, 








remember that the upper bound is the same as finding the boundary for the 








number, even though it can never quite equal it. 








You can use the fraction button on your 








calculator to work this out more efficiently. 








Check you know how to do this. 
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EXAMPLE 









A rectangle measures 18 cm by 12 cm. Find the upper and lower bound for 








a) 



its perimeter and 



b) 



its area. 








SOLUTION 









a) 



Upper bounds for the dimensions are 18.5 cm and 12.5 cm, so the upper 










bound for the perimeter is 18.5 



1 



12.5 



1 



18.5 



1 



12.5 



5 



62 cm 










Lower bounds for the dimensions are 17.5 cm and 11.5 cm, so the lower 










bound for the perimeter is 17.5 



1 



11.5 



1 



17.5 



1 



11.5 



5 



58 cm 










b) 



Upper bounds for the dimensions are 18.5 cm and 12.5 cm, so the upper 










bound for the area is 18.5 



3 



12.5 



5 



231.25 cm 








2 










Lower bounds for the dimensions are 17.5 cm and 11.5 cm, so the lower 










bound for the area is 17.5 



3 



11.5 



5 



201.25 cm 








2 










In the examination you may be asked for the least value and the greatest value: 










least value 



5 



lower bound 








greatest value 



5 



upper bound 










If your calculator has a replay function, you can edit the first calculation rather 








than keying the expression in again. 








In the previous example you simply performed the calculation once, using all 








the upper bounds for the measurements involved, and then a second time, using 








all the lower bounds. Sometimes the procedure is less straightforward, as, for 








example, when working with compound measures involving division. 








EXAMPLE 









Anita sprints along an athletics track. 








The track is 100 metres long, correct to the nearest 1 metre. 








Her time is measured as 12.5 seconds, to the nearest half second. 








a) 



Treating these as exact values, work out her average speed for the sprint. 








b) 



Calculate the upper and lower bounds for her average speed. 








SOLUTION 











a) 



Average speed 



5 








di 








t 








s 








i 








t 








m 








an 








e 








ce 








5 } 








1 








1 








2 








0 








. 








0 








5 








} 








5 



8 metres per second 








b) 



Upper bound 



5 








1 








1 








0 








2 








0 








.2 








.5 








5 








5 



8.204 metres per second (4 s.f.) 








Lower bound 



5 } 








1 








9 








2 








9 








. 








. 








7 








5 








5 








} 








5 



7.804 metres per second (4 s.f.) 










For the 



highest 



answer, divide the 



highest 








top by the 



lowest 



bottom… 








…and for the 



lowest 



answer, divide the 








lowest 



top by the 



highest 



bottom. 










1.6 Upper and lower bounds 
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EXERCISE 



1.6 











1 



A square has sides of length 12 cm, correct to the nearest centimetre. 








a) 



Calculate the upper and lower bounds for the perimeter of the square. 








b) 



Calculate the upper and lower bounds for the area of the square. 








2 



A rectangle has a length of 10 cm and a width of 6 cm. Both these measurements are correct to the 








nearest centimetre. 








a) 



Calculate an upper bound for the perimeter of the rectangle. 








b) 



Calculate a lower bound for the area of the rectangle. 










3 



To the nearest centimetre, 



x 



5 



4 cm and 



y 



5 



6 cm. 








a) 



Calculate the upper bound for the value of 



xy. 








b) 



Calculate the lower bound for the value of 



} 








x 








y 








}. 










Give your answer correct to 3 significant figures. 








[Edexcel] 








4 



A car travels a distance of 150 miles in 2.5 hours. 








a) 



Taking these as exact values, work out its average speed, in miles per hour. 








In fact, the distance is correct to the nearest 10 miles and the time is correct to the nearest 0.1 hour. 








b) 



Work out a lower bound for the speed of the car. 








c) 



Work out an upper bound for the speed of the car. 








5 



Bill has a rectangular sheet of metal. 








The length of the rectangle is 



exactly 



12.5 cm. 








The width of the rectangle is 



exactly 



10 cm. 








Bill cuts out a trapezium. Its dimensions, shown in the diagram, are correct to the nearest millimetre. 








He throws away the rest of the metal sheet. 








Calculate the greatest possible area of the rectangular sheet that he throws away. 








[Edexcel] 










REVIEW EXERCISE 



1 











Work out the following, without using a calculator. Show all your working. 










1 



} 








2 








5 








} 



1 



} 








1 








4 








} 








2 



} 








3 








5 








} 



1 



} 








2 








3 








} 








3 



4 



} 








5 








8 








} 



2 



1 



} 








1 








6 








} 








4 



8 



} 



1 








3 








0 








} 



2 



3 



} 








3 








4 








} 








5 



1 



} 








1 








2 








} 



3 



3 



} 








1 








3 








} 








6 



4 



} 








2 








3 








} 



3 



5 








7 



4 



} 








1 








2 








} 



4 



1 



} 








1 








5 








} 








8 



3 



} 








1 








2 








} 



4 



} 








1 








4 








} 










9 



Arrange these fractions in order of size, smallest first. 










} 








5 








8 








}, } 








3 








4 








}, } 








5 








6 








}, } 



1 








7 








2 








} 








8.7cm 








11.4 cm 








9.7cm 








Diagram 



not 








accurately drawn 























19 










10 



Arrange these fractions in order of size, smallest first. 










} 








1 








1 








1 








5 








}, } 



1 








7 








0 








}, } 








2 








3 








}, } 








3 








5 








} 










11 



Work out an estimate for the value of: 










a) 








27 3.14 








0.29 








× 








b) 








789 187 








9.98 








+ 








c) 








4.2 (3.17 5.21) 








11.15 6.2 








× 








+ 








− 










12 



Arrange these numbers in order of size, smallest first. 










3 








4 








, 0.65, 



5 








8 








, 0. 6 










13 a) 



Write the decimal 0.875 as a fraction in its lowest terms. 










b) 



Convert the recurring decimal 0. 4 5 to a fraction in its simplest terms. 










14 



Write these numbers in order of size. Start with the smallest number. 










a) 



0.56, 0.067, 0.6, 0.65, 0.605 








b) 



5, 



26, 210, 



2, 



24 








c) 



} 








1 








2 








}, } 








2 








3 








}, } 








2 








5 








}, } 








3 








4 








} 








[Edexcel] 








15 



Simon spent 



} 








1 








3 








} 



of his pocket money on a computer game. He spent 



} 








1 








4 








} 



of his pocket money on 








a ticket for a football match. Work out the fraction of his pocket money that he had left. 








[Edexcel] 








16 



Ann wins £160. She gives 



} 








1 








4 








} 



of £160 to Pat, 



} 








3 








8 








} 



of £160 to John and £28 to Peter. 








What fraction of the £160 does Ann keep? 








Give your answer as a fraction in its simplest form. 








[Edexcel] 








17 



Write down two different fractions that lie between 



} 








1 








4 








} 



and 



} 








1 








2 








}. 








[Edexcel] 










18 



Nick takes 26 boxes out of his van. The weight of each box is 32.9 kg. 








Work out the 



total 



weight of the 26 boxes. 








[Edexcel] 










19 a) 



Work out 



} 








2 








5 








} 



1 



} 








3 








8 








} 








b) 



Work out 5 



} 








2 








3 








} 



2 



2 



} 








3 








4 








} 










[Edexcel] 










20 



1.54 



3 



450 



5 



693 










Use this information to write down the answer to: 








a) 



1.54 



3 



45 








b) 



1.54 



3 



4.5 








c) 



0.154 



3 



0.45 








[Edexcel] 
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Each side of a regular pentagon has a length of 101 mm, correct to the nearest millimetre. 








a) 



Write down the 



least 



possible length of each side. 








b) 



Write down the 



greatest 



possible length of each side. 








[Edexcel] 
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Using the information that: 97 



3 



123 



5 



11 931 








write down the value of: 








a) 



9.7 



3 



12.3 








b) 



0.97 



3 



123 000 








c) 



11.931 



4 



9.7 








[Edexcel] 
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Convert the recurring decimal 0.2 9 to a fraction. 








[Edexcel] 










Review Exercise 1 
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Use your calculator to work out the value of: 










+ 








× 








12.3 7.9 








1.8 0.17 








2 










Give your answer correct to 1 decimal place. 








[Edexcel] 








25 a) 



Use your calculator to find the value of: 










− 








(47.3 








9.1 ) 








2 








2 










Write down all of the figures on your calculator display. 








b) 



Write your answer to part 



a) 



correct to 2 significant figures. 








[Edexcel] 








26 a) 



Use your calculator to work out the value of: 










(1.3 4.2) 








5.1 2.02 








2 








+ 








− 










Write down all of the figures on your calculator display. 








b) 



Give your answer to part 



a) 



to an appropriate degree of accuracy. 








27 a) 



Use your calculator to work out: 










+ 








× 








(2.3 1.8) 








1.07 








2 










Write down all of the figures on your calculator display. 








b) 



Copy out the expression and then insert brackets so that its value is 45.024. 










+ 








× 








× 








1.6 3.8 2.4 4.2 










[Edexcel] 
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Work out the value of: 










× 








+ 








8.35 978 








1025 222 










Give your answer correct to 3 significant figures. 








[Edexcel] 
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Change to a single fraction: 










a) 



the recurring decimal 0.1 3 








b) 



the recurring decimal 0. 51 3 








[Edexcel] 








30 a) 



Convert the recurring decimal 0.3 








 








6 








 








to a fraction. 








b) 



Convert the recurring decimal 2.13 








 








6 








 








to a mixed number. 










Give your answer in its simplest form. 








[Edexcel] 
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Express the recurring decimal 2.06 as a fraction. 








Write your answer as a fraction in its simplest form. 








[Edexcel] 








32 a) 



Express 0.2 7 as a fraction in its simplest form. 








b) 



x 



is an integer such that 1 



< 



x 



< 



9. Prove that 0.0 



x 








 5 } 








9 








x 








9 








} 










[Edexcel] 








Check you can use your fraction button 








to work this out in one step. 
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Review exercise 1 










33 



x 



= 3, correct to 1 significant figure. 



y 



= 0.06, correct to 1 significant figure. 








Calculate the greatest possible value of: 










y 








x 








x 








7 








− 








− 










[Edexcel] 
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Peter transports metal bars in his van. The van has a safety notice 



Maximum Load 1200 kg. 








Each metal bar has a label 



Weight 60 kg. 








Weight 60kg 










MAXIMUM LOAD 








1200 kg 










For safety reasons Peter assumes that: 








1200 is rounded correct to 2 significant figures 








60 is rounded correct to 1 significant figure. 








Calculate the greatest number of bars that Peter can 



safely 



put into the van if his assumptions 








are correct. 








[Edexcel] 
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The time period, 



T 



seconds, of a pendulum is calculated using the formula: 










= 








× 








T 








L 








g 








6.283 








where 



L 



metres is the length of the pendulum, and 



g 



m/s 








2 








is the acceleration due to gravity. 










L 



= 1.36 correct to 2 decimal places 








g 



= 9.8 correct to 1 decimal place. 








Find the difference between the lower bound of 



T 



and the upper bound of 



T. 








[Edexcel] 
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Key points 










1 



Fractions such as 



} 








2 








3 








} 



and 



} 








4 








6 








} 



are called equivalent fractions, because they have the 










same values. If you have to sort a list of fractions into numerical order it can be 








helpful to re-write them as equivalent fractions with a common denominator. 








2 



Common denominators must also be used for adding or subtracting fractions. 








3 



To multiply two fractions, simply multiply the two top numbers (numerators) and 








multiply the two bottom numbers (denominators). You can make this method 








more efficient if you look for opportunities to cancel first. 








4 



To divide one fraction by another, turn the second fraction upside down and then 








multiply them. 










Remember, dividing by 1 








n 



is the same as multiplying by 



n. 










5 



When multiplying or dividing mixed numbers, you must convert them to top-heavy 








(improper) fractions first. 








6 



Upper and lower bounds may be computed for quantities that have been rounded 








to a given level of accuracy: 








Lower bound = stated value minus half a ‘step’ 








Upper bound = stated value plus half a ‘step’. 








7 



In the examination, lower bound may be referred to as least (or minimum) value, 








and upper bound may be referred to as greatest (or maximum) value. 








There is a subtle difference between the concepts of 



maximum 



and 



upper bound, 








but the examiner will expect you to treat them identically. Thus, if a length has 








been recorded as 18 cm to the nearest centimetre, and the examiner asks for the 








greatest possible value, you should write 18.5 cm, not 18.4 cm or 18.49 cm. 








8 



You will often need to convert terminating or recurring decimals into fraction form. 








9 



Terminating decimals may easily be expressed as fractions with denominator 10, 








100, 1000, etc., and are then cancelled down where possible. 








10 



Recurring decimals are more awkward. Make sure you have studied the multiply/ 








subtract method that reduces them to fractions with denominator 9, 99, 999, etc. 








Once again, cancel down at the end where possible. 








11 



Calculations involving decimals often require rounding to a sensible number of 








decimal places or significant figures. Make sure you understand how to do this. 








Significant figures, in particular, can sometimes be a little awkward to count. 
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Internet Challenge 1 








Egyptian fractions 












It is thought that the ancient Egyptians only used unit fractions such as 



} 








1 








2 








}, } 








1 








3 








}, } 








1 








4 








}, 



etc., that is, of the form 



} 








1 








n}. 








They wrote other fractions as sums of (different) unit fractions. For example, the quantity we write as 








} 








5 








6 








} 



would have been written as 



} 








1 








2 








} 



1 



} 








1 








3 








} 



in Egyptian fractions. 










Answer the following questions about Egyptian fractions. Use the internet where appropriate. 










1 



Work out the value of 



} 








1 








8 








} 



1 



} 



2 








1 








4 








}. 








2 



Work out the value of 



} 








1 








4 








} 



1 



} 








1 








5 








} 



1 



} 



1 








1 








0 








}. 








3 



Find two different Egyptian fractions that add up to 



} 








1 








3 








}. 








4 



Find three different Egyptian fractions that add up to 1. 








5 



Find three different Egyptian fractions that add up to 



} 








7 








9 








}. 










6 



Can 



every 



ordinary fraction be expressed as the sum of a set of different Egyptian fractions in this way? 








7 



Jim and Emily have 5 sacks of corn, and they want to share them out between 8 chicken coops, so 








that each coop gets (about) the same amount of corn. They do not have any weighing or measuring 








equipment available. 








Jim says ‘Well just have to judge five-eights of a sack as best we can.’ 








Emily says ‘I know a better way, using Egyption fractions.’ 








What method might Emily be planning to use? 
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Look at the hexagonal honeycomb shape below. 








How many different paths can you find that spell PERCENT? 








The paths must be continuous. 








You could use a counting method, but a calculating method is more likely to be accurate. 













Ratios and percentages 








P 








R 








C 








N 








T 








N 








C 








R 








E 








R 








E 








N 








N 








E 








R 








P 








R 








C 








E 








C 








R 








E 








R 








R 








R 








R 








P 








E 








P 








E 








P 








E 








P 








E 








E 








R 








E 








N 








N 








E 








R 








P 








R 








C 








E 








C 








R 








E 








R 








R 








R 








R 








P 








E 








P 








E 








P 








E 








P 








E 








P 








CHAPTER 2 








In this chapter you will 



revise earlier work on how to: 








• 



simplify and solve problems using simple ratios 








• 



convert fractions to percentages and vice versa. 








You will 



learn how to: 








• 



use non-calculator methods to find simple percentage increases 








and decreases 








• 



use multiplying factors to solve harder percentage problems 








• 



solve reverse percentage problems efficiently 








• 



work with compound interest and depreciation. 








You will also be 



challenged to: 








• 



investigate monetary inflation. 








Starter: 



How many per cent? 


















2.1 Working with ratios 
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2.1 Working with ratios 








Many problems on ratios are best thought of as scaling exercises. For example, 








suppose you have a recipe for 4 people, and you need to adapt the quantities to 








cater for 10 people. The method is to compute 10 



4 



4 



5 



2.5. This provides a 








multiplying 



scale factor 



that you can use to calculate the required amounts. 








EXAMPLE 









Here is a recipe for Scotch pancakes: 








Plain flour 








100 g 








Baking power 








1 teaspoon 








Milk 








150 ml 








Eggs 








3 








Serves 4 people 








Roz wishes to cook Scotch pancakes for 6 people. Calculate the amount of each 








ingredient she requires. 








SOLUTION 











The scale factor is: 6 



4 



4 



5 



1.5 








Plain flour 








100 



3 



1.5 



5 



150 g 








Baking powder 








1 



3 



1.5 



5 



1.5 teaspoons 








Milk 








150 



3 



1.5 



5 



225 ml 








Eggs 








3 



3 



1.5 



5 



4.5, so 5 eggs are needed. 










EXAMPLE 











Concrete mix is made by combining 1 part of cement with 2 parts sand and 4 parts 








gravel (by volume). A builder has 0.6 m 








3 








of sand to use in a concrete mix. 










a) 



Calculate the amount of the other ingredients he uses. 








b) 



Calculate the total volume of the concrete mix. 








SOLUTION 











a) 



First, compute the multiplier: 0.6 



4 



2 



5 



0.3 








So the parts of 1, 2, 4 can each be multiplied by 0.3, as follows: 








Cement 1 



3 



0.3 



5 



0.3 m 








3 








Sand 








2 



3 



0.3 



5 



0.6 m 








3 








Gravel 4 



3 



0.3 



5 



1.2 m 








3 








b) 



The total is 0.3 



1 



0.6 



1 



1.2 



5 



2.1 m 








3 










In the example above, concrete was made by combining 1 part of cement with 








2 parts sand and 4 parts gravel. We say that cement, sand and gravel are used 



in 








the ratio 



1 : 2 : 4. Like fractions, ratios can sometimes be cancelled down into 








simpler equivalent forms. 








Take two matching known amounts: 6 people 








and 4 people. Divide one by the other to get the 








scale factor, or multiplier. 








You need a whole number of eggs. 
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EXAMPLE 









Express these ratios in their simplest terms. 










a) 



14 : 21 








b) 



72 : 108 








c) 



15 : 25 : 45 










SOLUTION 











a) 



14 : 21 



5 



2 : 3 








b) 



72 : 108 



5 



6 : 9 








5 



2 : 3 








c) 



15 : 25 : 45 



5 



3 : 5 : 9 










EXAMPLE 









Three brothers are aged 6, 9 and 15 years old. They inherit £630 between them, 








to be shared in the ratio of their ages. Work out the share that each brother 








receives. 








SOLUTION 









The ratio 6 : 9 : 15 may be simplified to 2 : 3 : 5. 








2 



1 



3 



1 



5 



5 



10 shares 








£630 



4 



10 



5 



63, so one share is worth £63. 








The brothers receive 2 



3 



£63, 3 



3 



£63, 5 



3 



£63 respectively, 








that is £126, £189 and £315 










EXERCISE 



2.1 











Express each of these ratios in its simplest form. 








1 



4 : 10 








2 



18 : 27 








3 



77 : 121 








4 



21 : 91 








5 



16 : 20 : 28 








6 



30 : 40 : 60 








7 



27 : 36 : 63 








8 



144 : 360 








9 



25 : 35 : 40 








10 



Share £60 in the ratio 3 : 4 : 5. 



11 



Share 300 in the ratio 3 : 5 : 7. 








12 



Share £450 in the ratio 1 : 3 : 5. 



13 



Share $144 in the ratio 2 : 3 : 7. 








14 



Share 132 in the ratio 2 : 4 : 5. 



15 



Share £350 in the ratio 2 : 5 : 7. 








16 



Christie has £216 to spend on a birthday party. She wants to spend this on food, drinks and entertainment 








in the ratio 4 : 5 : 9. Work out the actual amount she will spend on each of these three things. 








14 and 21 are each divisible by 7. 








Triple ratios simplify in exactly the same way. 








Check that these final amounts add 








up correctly: 








126 



1 



189 



1 



315 



5 



630 



3 








Divide 72 and 108 by 12, to give 6 and 9. 








6 and 9 can then be cancelled again, by dividing by 3. 
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2.2 Simple percentages 










17 



A map has a scale of 1 : 50 000. 








a) 



The distance between two towns on the map is 10 cm. 








How far apart are the towns in real life? Give your answer in kilometres. 








b) 



Bridgetown is 16.7 km away from Littleton. 








What is the distance between these towns on the map? 








18 



A school’s mathematics department spends money on books, photocopying and computer software 








in the ratio 3 : 5 : 6. The department spends £1200 on photocopying. 








a) 



Work out how much the department spends on books. 








b) 



Find the total expenditure on all three things. 








19 



Food for a wedding reception would cost £640 for 40 guests. Work out the cost of the food for: 








a) 



60 guests 








b) 



100 guests. 








20 



Here are the ingredients to make dumplings to accompany a stew. 










100 grams of self-raising flour 








} 








1 








4 








} 



teaspoon salt 








50 grams of suet 








} 








1 








3 








} 



teaspoon dried mixed herbs 








Serves 4 people 










Ginny wants to make dumplings for 6 people. Work out the amounts of each ingredient she needs. 
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Write the scale for each of the following maps in the form 1 : 



n 








a) 



2 cm on the map represents 5 km on the ground. 








b) 



4 cm on the map represents 500 m on the ground. 








c) 



5 cm on the map represents 2 m on the ground. 








d) 



5 cm on the map represents 4 km on the ground. 








22 



Carly is planning to go travelling in her gap year. 








She converts some pounds (£) to euros (€) and dollars ($) before she travels. 








The exchange rate is €1 = £0.86 and $1 = €0.48 








a) 



Convert £1400 into euros. 








b) 



How many dollars are worth one pound? 








2.2 Simple percentages 








You should already be familiar with percentages. You can think of a percentage 








as a simple ratio out of one hundred. 








EXAMPLE 









Write 45% as a fraction in its lowest terms. 








SOLUTION 









45% means 45 out of 100, so, as a fraction: 










45% 



5 } 








1 








4 








0 








5 








0 








} 5 } 








2 








9 








0 








} 








9 








20 
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This example reminds you how to find a percentage of an amount. 








EXAMPLE 









Find 24% of 350. 








SOLUTION 











Method 1 








24% of 350 = 








350 








24 








100 








× 








= 84 








Method 2 








24% of 350 = 0.24 × 350 = 84 










Sometimes you need to convert fractions into percentages. 








EXAMPLE 









A local factory employs 1200 people. 720 of these are women. 








a) 



What fraction are women? Give your answer in its simplest terms. 








b) 



Write your answer to part 



a) 



as a percentage. 








SOLUTION 









a) 



As a fraction: 










} 








1 








7 








2 








2 








0 








0 








0 








} 5 } 








1 








7 








2 








2 








0 








} 








5 } 








1 








6 








0 








} 








5 } 








3 








5 








} 








So 



} 








3 








5 








} 



of the employees are women. 










b) 



Write the fraction as a decimal: 










3 5 0.6 








3 








5 








= ÷ = 










Then write the decimal as a percentage: 










0.6 × 100 = 60% 










You can check this by entering 



} 



1 








7 








2 








2 








0 








0 








0 








} 



into your calculator, 








using the fraction key. 










The calculator will automatically cancel the fraction 








down. 








Multiply by 100 








Per cent means ‘out of 100’. 








To write a percentage as a decimal you divide by 100. 
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2.3 Percentage increase and decrease 








EXERCISE 



2.2 










Write these percentages as fractions, in their lowest terms. 










1 



40% 








2 



36% 








3 



5% 








4 



30% 








5 



33% 








6 



33 



} 








1 








3 








} 



% 








7 



12 



} 








1 








2 








} 



% 








8 



} 








1 








2 








} 



% 










Express these fractions as percentages. You should do them by hand at first. Then use the fraction key on your 








calculator to check each one. 










9 



} 








3 








4 








} 








10 



} 








2 








5 








} 








11 



} 



1 








3 








0 








} 








12 



} 








1 








2 








7 








0 








} 








13 



} 








2 








2 








1 








5 








} 








14 



} 








1 








2 








9 








0 








} 








15 



} 








7 








8 








} 








16 



} 



4 








3 








0 








} 










17 



Arrange these quantities in order of size, smallest first. 










0.7, 66%, 



} 








2 








3 








}, 



0.67, 



} 








5 








7 








}, 



69% 










18 



An examination is out of 250 marks. 








a) 



Sonja scores 210 marks. What percentage is this? 








b) 



Peter scores 62%. How many marks out of 250 did he receive? 








The marks are then converted to a UMS (uniform mark system) score. The UMS marks are out of a 








total of 600. 








c) 



Callum scores 426 UMS marks. What percentage of 600 is this? 








19 



Ashley has just taken two mathematics test papers. In Arithmetic he scored 56 out of 80, 








while in Algebra he scored 64 out of 90. His friends are talking about the results. 








Ami says ‘You did 



much better 



in the Algebra test.’ 








Marcus says ‘You did 



about the same 



in both tests.’ 








Use percentage calculations to explain who is right. 








20 



Naomi buys 8 bracelets at a car boot sale. She pays £2.50 for each one. She sells them on the internet 








for a total of £24. Work out Naomi’s percentage profit. 








2.3 Percentage increase and decrease 








There are two standard ways of increasing an amount by a given percentage. 








The first method is simply to find the size of the increase, and add it on to the 








original amount. 








EXAMPLE 









Seamus buys £600 of shares in a new company. One week later, the value of 








the shares has increased by 15%. Find the value of the shares one week after 








Seamus bought them. 
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SOLUTION 











15% of £600 is 0.15 × £600 = £90 








So the value of the shares is £600 + £90 = £690 










It is quicker to use the 



multiplying factor 



method. Not only is this quick but it 








is also applicable to a wider variety of other kinds of percentage problems. 








The multiplying factor method will underpin most of the ideas encountered in 








the remainder of this chapter. 








EXAMPLE 









Martin wins an internet auction. He pays £35 for the goods, but has to add fees 








of 3% to this. Work out the total amount that Martin has to pay. 








SOLUTION 









100% 



1 



3% 



5 



103%, so use a multiplying factor of 1.03. 










Total amount to pay 



5 



£35 



3 



1.03 








5 



£36.05 










The multiplying factor method can be used for percentage decrease problems too. 








EXAMPLE 









Jeremy pays £35 000 for a new car. One year later it has lost 28% of its initial 








value. (This is called depreciation.) Find the value of the car one year after 








Jeremy bought it. 








SOLUTION 









100% 



2 



28% 



5 



72%, so use a multiplying factor of 0.72. 










Value after one year 



5 



£35 000 



3 



0.72 








5 



£25 200 












EXERCISE 



2.3 











1 



Increase 240 by 13%. 








2 



Decrease 420 by 9%. 








3 



Increase 1200 by 15%, then by a further 8% of its new value. 








4 



A kettle costs £29.99 plus VAT at 20%. Find the total cost of the kettle. 








5 



Last year the local dance club had 64 members. This year it has 73 members. Calculate the percentage 








increase in the membership. 








A multiplying factor 



larger 



than 1 








will 



increase 



the amount to pay. 








VAT stands for Value Added 








Tax. It is a tax that is added on 








to some goods and services. 








Multiplying factors 



smaller 








than 1 will give a 



decrease, 



not 








an increase. 
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2.4 Reverse percentage problems 










6 



Lance bought a new car. He paid £14 000. Each year the value of the car depreciated by 18% of its value 








at the beginning of that year. Work out the value of Lance’s car: 








a) 



after one year 








b) 



after five years. 










7 



Sarah travels by train to visit her grandmother. The train journey used to take 2 



} 








1 








2 








} 



hours, but the track has now 








been improved, reducing the journey time by 6%. How long does Sarah’s journey to her grandmother take now? 










8 



My salary this year, before tax, is £38 000. Next year I am getting a 4% rise, but 1% of my new salary will 








be contributed to a savings scheme. 








a) 



Work out my new salary for next year. 








b) 



Work out how much I will receive next year after deducting the savings contribution. 








c) 



The answer to part 



b) 



could have been found by multiplying £38 000 by a single number. Find the 








value of that single number. 








9 



A magazine sold 17 000 copies in June, 23 000 copies in July and 21 000 copies in August. 








a) 



Calculate the percentage increase in sales between June and July. 








b) 



Calculate the percentage decrease in sales between July and August. 








10 



Alan imports a camera from the USA. He has to pay Import Duty and VAT to the UK Customs and Excise 








authorities. Import Duty at 4.9% is charged on the cost of the camera. VAT at 20% is applied to the cost 








of the camera (including the Import Duty), and to the freight charges. The courier company also charges a 








non-taxable handling charge. 








The cost of the camera (before any taxes) is $1799 and the cost of freight (before any taxes) is $95. The 








company’s handling charge is $15. 








a) 



Work out the total cost, in $, that Alan has to pay. 








b) 



Using an exchange rate of $1 



5 



£0.58, work out the total cost in £. 








2.4 Reverse percentage problems 








Suppose a quantity increases by 10%, and you want to restore it to its original value. 








If you take off 10% of the new value, you would obtain the wrong answer! This is 








because you should be taking off 10% of the original value, not 10% of the new value. 








An excellent way of solving this type of reverse percentage problem is to turn to 








multiplying factors. Identify the factor you would have 



multiplied 



by to make the 








increase from the original, and then just 



divide 



by the same factor to reverse the process. 








EXAMPLE 









The bill in a restaurant comes to £70.20 including a service charge of 8%. 








Work out the size of the bill before the service charge is included. 








SOLUTION 









An 8% increase corresponds to a multiplying factor of 1.08. 








Original bill 



3 



1.08 



5 



70.20 








So original bill 



5 



70.20 



4 



1.08 










5 



65 











The size of the bill before service charge was £65 
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The same method works for percentage decrease problems, too. 








EXAMPLE 









In a sale, a shop reduces all its prices by 15%. Sarah buys a jacket in the sale. 








She pays £68. Work out how much she saves by buying it in the sale. 








SOLUTION 









A 15% reduction corresponds to a multiplying factor of 0.85. 








Original price 



3 



0.85 



5 



68 








So original price 



5 



68 



4 



0.85 










5 



80 











Sarah paid £68, so she saves £80 



2 



£68 



5 



£12 










EXERCISE 



2.4 











This exercise contains a mixture of forwards and reverse percentage problems 








– so you can train yourself to spot the difference! You should use multiplying 








factor methods as much as possible. 








1 



An electrical goods shop reduces all of its prices by 20% in a sale. 








a) 



Find the sale price of a television originally priced at £350. 








b) 



Find the original price of a radio that is £68 in the sale. 








2 



In a board game you can mortgage properties. To redeem them from mortgage you have to pay the 








mortgage value plus 10%. 








a) 



Work out the cost of redeeming a property that was mortgaged for £60. 








b) 



Ed redeems a set of properties, at a total cost of £715. What was the mortgage value of this set of 








properties? 








3 



A meal costs £91.20 inclusive of VAT at 20%. Work out the cost of the meal before VAT was applied. 








4 



A bookshop is having a sale. The prices of all books are reduced by 15%. 








a) 



Work out the sale price of a book that would normally cost £24. 








b) 



The shop assistant mistakenly reduces the prices by 25% instead. She charges a customer £13.50 for a 








book in the sale. Work out how much she should have charged if the sale reduction had been applied 








correctly. 








5 



I have upgraded my ageing computer, and it can now do tasks in only 70% of the time it used to take. 








A particular task now takes 630 milliseconds. How long did this take before the upgrade? 








6 



A year ago I bought a new car. It depreciates at 22% per year. My car is presently worth £7176. 








a) 



Work out the value of my car when I bought it. 








b) 



Work out how much my car will be worth three years from now. 
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7 



Joan’s diet has been successful, and she has managed to lose 15% of her body weight. She now weighs 








136 pounds. 








a) 



Work out her weight, in pounds, before she began the diet. 








b) 



Rewrite your answer in stones and pounds. (1 stone 



5 



14 pounds) 








8 



A galaxy was once thought to be 2.2 million light years away from Earth, but astronomers now believe its 








actual distance to be 30% greater than this. Calculate the distance at which it is now thought to be. 








9 



The average attendance at City’s soccer ground has fallen by 12% from last year. This year’s average is 








13 552. What was the average attendance last year? 








10 



A graphic designer has drawn a rectangle on her computer screen. She resizes the rectangle by making it 20% 








smaller than it was in both length and width. After resizing, the rectangle measures 960 pixels by 620 pixels. 








a) 



Work out the dimensions of the rectangle before it was resized. 








b) 



By what percentage has the area of the rectangle been reduced when resized in this way? 








2.5 Compound interest 








When money is placed in a savings bank it may earn interest at a given 








percentage rate per year. 








EXAMPLE 









£1200 is invested at 4.5% interest per year. Calculate the interest earned after 1 year. 








SOLUTION 











4.5% of 1200 = 0.045 × 1200 








= £54 










In reality, interest calculations are usually more complicated than this. The rate 








of interest might change over time, for example. Perhaps even more importantly, 








interest is generated on the previous interest as well as the original capital. So, if 








£100 were invested at 10% per annum, you would earn £10 in the first year. This 








is added to the principal amount, so in the second year you earn interest on £110, 








which would be £11. This type of interest is called 



compound interest. 








Compound interest problems are best solved using multiplying factors. 








EXAMPLE 









£1200 is invested at 4.5% per annum. Calculate the compound interest earned over 5 years. 








SOLUTION 









The multiplying factor for a 4.5% increase is 1.045. 








At the end of 5 years, the money invested will have grown to: 










1200 



3 



1.045 



3 



1.045 



3 



1.045 



3 



1.045 



3 



1.045 



5 



1200 



3 



1.045 








5 








5 



1495.42 








So the compound interest earned is £1495.42 



2 



£1200 



5 



£295.42 
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EXAMPLE 









£800 is invested at 



r 



% per annum. After 6 years it has grown to £955.24. 








Use a trial and improvement method to find the value of 



r. 








SOLUTION 











After 6 years the investment has a value of 800 



3 



1 



1 



1 } 



10 








r 








0 








}2 








6 








. 








Try 



r 



5 



10: 800 



3 



1.10 








6 



5 



1417.25 








too big 








Try 



r 



5 



5: 800 



3 



1.05 








6 



5 



1072.08 








too big 








Try 



r 



5 



2: 800 



3 



1.02 








6 



5 



900.23 








too small 








Try 



r 



5 



3: 800 



3 



1.03 








6 



5 



955.24 








correct 








Hence 



r 



5 



3 












EXERCISE 



2.5 











1 



Work out the compound interest on £450 invested at 3% per annum for 4 years. 








2 



Work out the compound interest on £3000 invested at 5.5% per annum for 8 years. 








3 



Bill invests some money at a compound interest rate of 3.5% per annum. After 6 years his investment is 








worth £921.94. How much did Bill invest? 








4 



On his 16th birthday Anu puts £160 in a savings account. The account pays compound interest at 3% per 








annum. How old will Anu be when his savings have increased to over £200? 








5 



A ten-year savings bond pays 4% interest for the first year, then 5% per annum compound interest after 








that. Work out the total final value after ten years of an initial investment of £500. 








6 



Michelle invests some money in a savings account. It pays compound interest at a rate of 4% per annum. 








Michelle says, ‘My money will double in 25 years.’ Michelle is wrong. 
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