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Introduction 








Working through this course will help pupils to develop: 










● 



reasoning and logic skills 








● 



secure foundations 








● 



inter-curricular connections 








● 



empathy 








● 



cultural and environmental awareness 











● 



an appreciation of the beauty of mathematics. 








This book is for pupils in Key Stage 3, at a preparatory school where 








pupils sit ISEB Common Entrance at the end of Year 8, or at a mainstream 








secondary school. 








Pupils sitting ISEB Common Entrance at the end of Year 8 will all sit the same 








Core Mathematics papers and a Mental Arithmetic paper. This reflects ISEB’s aim 








to promote the idea that everyone can be successful in mathematics. 








While all pupils will be taught the same Core Mathematics course, some will also 








be taught the Additional Mathematics course, which contains further topics from 








the National Curriculum for Mathematics at Key Stage 3. 








This book briefly revises and then extends much of the Core Syllabus content 








and covers the additional topics in the 2022 ISEB 13+ Additional Mathematics 








specification. This is intended to be the principal textbook for more able pupils in 








Year 8 but could also provide extension material for pupils in Year 7. This book 








would also be suitable for pupils in Year 9 as it includes some topics that are not 








to be examined by ISEB but do complete the Key Stage 3 National Curriculum 








for Mathematics. 








The two books, 



Core Mathematics 



and 



Additional Mathematics, 



fulfil the aims of 








the ISEB Common Entrance specification and, in turn, meet the Department for 








Education (DfE) requirements. 








The books focus on pupils acquiring a secure foundation of mathematical 








knowledge, concepts and skills, and giving them opportunities to apply what 








they know through investigative thinking, problem solving and reasoning. 








Following Galore Park tradition, the books are full of careful explanations that 








encourage pupils to work logically and express mathematical ideas clearly, 








correctly and succinctly. 








In line with the revised ISEB specification, there is an emphasis on questions 








with fewer words and less scaffolding in order that pupils develop their own 








strategies leading towards structured answers. 








The books contain additional activities, investigations and projects that 








encompass the applications of mathematics in other disciplines (i.e. cross- 








curricular projects). Reflecting DfE requirements, such activities are intended 








to encourage cultural and environmental awareness and empathy as well as 








the study of the contribution to mathematics from other cultures and the use 








of mathematics in the current world. There are also opportunities to consider 








profound and interconnected ideas through mathematics. 

















viivii 








The ability profile of schools, including those that prepare pupils for Common 








Entrance, is very diverse. Non-selective schools may have few pupils who 








will be sitting Additional Mathematics or scholarship papers. Schools that 








are selective may have the majority of the pupils sitting the Additional 








Mathematics paper and many sitting either the Common Academic Scholarship 








Examination (CASE) or other scholarship papers set by individual schools. 








Therefore, schools must determine for themselves how they wish to group and 








teach their pupils, either teaching them together with differentiated work or in 








different teaching groups. 








Every pupil group is different, with pupils coming from different backgrounds 








and experiences, and with different interests and enthusiasms. Similarly, 








every teacher is different. Some will want all pupils to work through each 








exercise, while others will happily allow pupils to follow their own path 








through the curriculum; most will use a variety of approaches. Although the 








early chapters revise material from Key Stage 2 before moving on, it may be 








that some pupils do not need to cover every exercise while others may need 








some supplementary material. Teachers will therefore decide on what is most 








appropriate for their pupils. 








This book is not intended to be exclusive. It is intended, and expected, that 








teachers will supplement the course in the textbook with other material, bearing 








in mind the ISEB aims that pupils will: 










●  



have the confidence to think, weigh up evidence and make up their own 










minds, and the resilience to learn from their mistakes 











●  



have the skills to work independently and collaboratively 








●  



understand how subjects connect with each other 








●  



demonstrate cultural and environmental awareness and empathy, 











developing an understanding of their place in the world. 








Specifically, in mathematics the ISEB aim is to set a programme of work that will: 










●  



develop pupils’ analytical skills, enabling them to select appropriate methods 








●  



encourage pupils to work logically and express mathematical ideas clearly, 











correctly and succinctly 










●  



instil in pupils the importance of the subject and its associated skills, 











including the applications of mathematics in other disciplines 










●  



enable pupils to recognise the beauty of mathematics through an 











appreciation of the simplicity and elegance with which mathematics 








expresses profound and interconnected ideas 










●  



provide a solid foundation for future progress. 











How to use the books 








Core Mathematics 



is intended to be the principal textbook for all pupils in Years 








7 and 8, with 



Additional Mathematics 



providing the necessary extension material 








for pupils who will be sitting the additional ISEB Common Entrance Examination 








paper at the end of Year 8. More able pupils may prefer to use 



Core Mathematics 








in Year 7 and 



Additional Mathematics 



in Year 8. 








When new topics are introduced, there are frequently ‘skill building’ exercises 








with plenty of short practice questions that get progressively more difficult. The 
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Key terms (defined in the Glossary) are in 



blue bold 



the first time they are 








mentioned, and 



black bold 



subsequently. 








Throughout the book there are additional tips and 








explanations to assist pupils in their reasoning. 








Example 








These are worked examples illustrating how to 








solve mathematical problems using the skills in 








the book. 








Cross-curricular 








Cross-curricular links are made to put 








mathematics into the context of subjects such 








as English, science, geography, history, ICT and 








PSHEE. They also suggest other activities. 








Social, cultural, environmental 








and empathy 








Thought-provoking links are given to encourage 








cultural and environmental awareness and 








empathy through the study of the contribution to 








mathematics from other cultures and the use of 








mathematics in the current world. 








Beauty of mathematics 








This feature helps pupils to recognise the beauty 








of mathematics through an appreciation of the 








simplicity and elegance with which mathematics 








expresses profound and interconnected ideas. 








Investigation 








Throughout the book there are many 








investigations that will help pupils to explore the 








depth of their mathematical understanding. 








Project 








Various projects are suggested. These can be used 








to explore cross-curricular links with mathematics, 








as well as providing suitable starting points for the 








ISEB Project Qualification (IPQ). 








Activity 








End-of-chapter activities are available throughout 








the book which provide an entertaining way to 








explore the topic further with your pupils. 








questions are arranged in boxes according to difficulty, with each being more 








challenging than the last: 








Exercise 1.7 








Estimate the answer to each calculation: 








 11 



125 



× 



734 








12 



1925 



÷ 



534 








13 



4200 



× 



499 








14 



4200 



÷ 



499 








15 



636 



× 



99 








 16 



3612 



÷ 



99 








 17 



48 



× 



863 








 18 



587 



÷ 



26 








 19 



8432 



÷ 



428 








20 



9999 



÷ 



475 








1 



32 



× 



218 








2 



399 



÷ 



24 








3 



79 



× 



450 








4 



729 



÷ 



17 








5 



43 



× 



623 








6 



4372 



÷ 



246 








7 



450 



× 



242 








8 



650 



÷ 



79 








9 



1432 



× 



628 








10 



6350 



÷ 



47 








Less confident pupils may need to work through every question; however others 








could be set or could elect to answer the most appropriate box of questions for 








their ability before moving on to apply their new skills to the problem-solving 








exercises. Other options to move more able pupils through exercises could be to 








answer only the questions in the left-hand column of each box (e.g. questions 1–5 








and 11–15) or the right-hand column in each box (e.g. questions 6–10 and 16–20, 








which are slightly more challenging). In this way, each pupil can be encouraged 








to work at the best pace and level for them. 
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Numbers are all around us. Think where you might commonly find numbers. 








There are numbers all around the school, in our shops, on your mobile 








telephone applications and in the news. 








Our number system is known as the decimal system, and is represented by ten 








symbols, 0 1 2 3 4 5 6 7 8 9 and a decimal point. It is sometimes called a base 








ten system. We write a number as a numeral. 








You already know a great deal about numbers. You should also know that there 








are many different ways of working with them, particularly when they are very 








large or very small. The number system continues infinitely, without end, in both 








the positive and negative directions. 








In this chapter you will look again at some basic information and calculations 








that will help you with later chapters. 








Number terminology 








Natural numbers are the numbers you 



use for counting: one, two, three, four, … . 








You can add, subtract, multiply and divide them. 








Ordinal numbers refer to numbers that indicate the position or order of things or 








objects, such as first, second, third, fourth, and so on. 








An 



integer 



is a whole number, so natural numbers are all integers. Integers, 








however, also include 0 (zero) and negative numbers such as 










− 



3, 



− 



2 and 



− 



1 








Place value 








The value of any 



digit 



in a number depends on its place or position within that 








number. 








This number is three hundred and seventy-two million, five hundred and six 








thousand and nine. 








HM TM M HTh TTh Th H T U 








3 








7 








2 








5 








0 








6 








0 0 9 








You would generally write this with a small space between the hundreds and the 








thousands and another small space between the thousands and the millions. 








You may also see a comma as a separator. 








372 506 009 or 372,506,009 








A proper fraction is a part of a whole. Decimal fractions are separated from 








whole numbers by the decimal point. 








This number is five thousand, four hundred and twelve and thirty-five 








thousandths. 








Th 








H 








T 








U 








t 








h th 








5 








4 








1 








2 








0 








3 








5 








Do not confuse 








the two symbols: 








– 2 represents 








subtract 2 








– 








2 represents 








the integer 








negative 2 








• 








• 
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Working with numbers 










Social 








The numeral 10 








is very important 








to understanding 








our decimal 








system. Could 








it be pure 








coincidence 








that the most 








important house 








in the country 








is known as 








‘Number 10’? 








Cultural 








The decimal 








separator is not 








the same in all 








countries. In 








the UK and all 








English speaking 








countries it is a 








full stop, but in 








other countries, 








particularly 








continental 








Europe, it is 








depicted as a 








comma: €4,90 








represents 








4 euros and 








90 cents. 

















2 








1 








You can show positive and 



negative numbers 



on the number line. 








− 100 








− 50 








0 








50 








100 








110 








20 








− 30 








− 75 








Before considering calculation strategies, let us remind ourselves of some other 








terms. 








Rounding 








You know that it can 



often be convenient to use approximate or 



rounded 








numbers in everyday situations. For example, when discussing attendance at 








a rock festival, it is generally acceptable to give an 



estimate 



of the number of 








people who attended by using a number written to the nearest thousand or 








ten thousand. 








It can also be useful to round 



decimal fractions 



by writing them to a limited 








number of 



decimal places. 



For example, when a carpenter is building furniture, 








it is unlikely that measurements will be accurate to more than one place of 








decimals. Money is almost always written to two decimal places (2 d.p.). 








Look at this number line. 








0.436 








0.65 








0.17 








0 








0.1 








0.2 








0.3 








0.4 








0.5 0.6 0.7 0.8 0.9 








You can see that 0.17 lies between 0.1 and 0.2 but is nearer to 0.2 








0.17 



= 



0.2 (to 1 d.p.) or 0.17 



≈ 



0.2 








Similarly, 0.436 lies between 0.4 and 0.5 but is nearer to 0.4 








0.436 



= 



0.4 (to 1 d.p.) 








Note that 0.65 lies exactly halfway between 0.6 and 0.7 so the rule is to round up. 








0.65 



= 



0.7 (to 1 d.p.) 








The steps are the same for both whole numbers and for numbers with decimals. 








1 



Find the 



digit 



in the place that you are rounding to. 








2 



Look at the digit to 



the right of it. 








3 



If it is 5, 6, 7, 8 or 9, round your digit up. 








4 



If it is 0, 1, 2, 3 or 4, leave your digit as it is. 








5 



Remove all the digits after the rounded digit. 








The symbol 








≈ means ‘is 








approximately 








equal to’. 








Examples 








a) 



Round 45 627 to the nearest: 








 i) 



ten thousand 








ii) 



hundred. 








  i) 



45 627 = 50 000 to the nearest ten thousand 








The digit to the right of forty thousand is 5 so 








round up. 








ii) 



45 627 = 45 600 to the nearest hundred 








The digit to the right of six hundred is 2 so 








round down. 








b) 



Round 3.5139 to: 








  i) 



3 decimal places 








ii) 



1 decimal place. 








  i) 



3.5139 = 3.514 (to 3 d.p.) 








The digit to the right of 3 thousandths is 9 so 








round up. 








ii) 



3.5139 = 3.5 (to 1 d.p.) 








The digit to the right of 5 tenths is 1 so round 








down. 
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Working with numbers 








Exercise 1.1 








3 



Round each number to the nearest: 








a) 



million 



b) 



thousand. 








i) 



14 653 412 








  ii) 



19 856 095 








iii) 



6 175 919 








 iv) 



17 500 055 








    v) 



9 599 900 








 vi) 



6 940 890 








4 



Round each number to: 








a) 



the nearest whole number 



b) 



2 d.p. 








i) 



5.1923 








  ii) 



0.945 








iii) 



13.7192 








 iv) 



1.7359 








    v) 



9.605 








 vi) 



2.1999 








1 



Round each number to the nearest: 








a) 



ten thousand 



b) 



hundred. 








i) 



13 569 








  ii) 



346 512 








iii) 



2 434 709 








 iv) 



95 035 








    v) 



29 003 








 vi) 



199 999 








2 



Round each number to: 








a) 



1 d.p. 



b) 



3 d.p. 








i) 



0.1754 








  ii) 



24.0255 








iii) 



5.0006 








 iv) 



25.9137 








    v) 



19.0919 








 vi) 



13.299 99 








5 



What is the smallest whole number that can be written as 3 million to the nearest million? 








6 



What is the largest whole number that can be written as 5000 to the nearest thousand? 








7 



What is the smallest whole number that can be written as 199 to the nearest whole number? 








8 



What is the largest number that can be written as 450 to the nearest 10? 








9 



What is the smallest number that can be written as 9.09 to two decimal places? 








10 



What is the largest number that can be written as 0.9 to one decimal place? 








Significant figures 








A carpenter buys a plank of wood 2 m long and cuts it into seven equal lengths. 








How long is each piece? 








Length of one piece 



= 



2 m 



÷ 



7 








= 



0.285 714 285 m 








= 



28.571 43 cm 








The carpenter only needs to give the length to an accuracy of three figures, 








either 0.286 m or 28.6 cm or 286 mm, because he cannot measure to any greater 








accuracy than that. 








Notice that, whatever the units (mm, cm or m), you have the same three digits. 








The lengths are all rounded to 3 



significant figures 



(s.f.). 








What exactly is a significant figure? A significant figure is a digit that is part of a number 








and that tells you how many units, tens, hundreds, etc. there are in the number. 








Zeros are special. In a number such as 0.0024, where zeros come before the 








first non-zero digit, they are not significant. They hold the places of units, tenths 








and hundredths, and tell you the values of the other digits. For numbers such as 








2056 or 0.205 the zeros that come after the first non-zero digit are significant. 








Look at 203 455 










● 



2 is the first significant figure – it shows that the number has 2 hundred thousands. 








● 



0 is the second significant figure – it shows that the number has no ten 











thousands. 










● 



3 is the third significant figure – it shows that the number has 3 thousands. 











Now look at 0.000 452 










● 



4 is the first significant figure: it shows that the number has 0.0004 or 











4 ten thousandths. 








English 








A person or thing 








is significant 








if they are 








important or 








worthy of 








attention, so 








significant 








figures are 








‛important 








numbers’. 








Sometimes you 








will be asked to 








write a number 








to a set number 








of significant 








figures and 








at other times 








you will decide 








for yourself. 








Thinking ‛which 








of these digits 








are important?’ 








can be a good 








way of making 








such a decision. 

















4 








1 








Significant figures versus decimal places 








It is important that you know the difference between significant figures and 








decimal places. Make sure you understand this difference before you move on. 








24.5 



is written correct to 



1 decimal place 



and to 



3 significant figures. 








0.005 



is written correct to 



3 decimal places 



but to 



1 significant figure. 








Exercise 1.2 








1 



Write down the value of the first significant figure 








in each of these numbers. 








a) 



542 








b) 



0.034 








c) 



34.052 








d) 



0.003 45 








2 



Write down the value of the second significant 








figure in each of these numbers. 








a) 



3456 








b) 



0.032 478 








c) 



34.052 








d) 



0.009 78 








3 



Write down the value of the third significant figure 








in each of these numbers. 








a) 



2354 








b) 



3.0045 








c) 



590 034 








d) 



0.098 876 








4 



Write down the value of the fourth significant 








figure in each of these numbers. 








a) 



23 876 








b) 



0.065 725 








c) 



340 405 








d) 



0.000 567 87 








5 



Round each of these numbers to 1 s.f. 








a) 



245 








b) 



304 567 








c) 



0.0465 








d) 



0.309 








6 



Round each of these numbers to 2 s.f. 








a) 



3065 








b) 



946 








c) 



0.0755 








d) 



0.309 








7 



Round each of these numbers to 3 s.f. 








a) 



25 099 








b) 



3494 








c) 



0.005 893 








d) 



0.460 27 








8 



Round each of these numbers to 4 s.f. 








a) 



34 599 








b) 



120 519 








c) 



0.035 465 








d) 



0.339 452 








9 



Round each of these numbers to 3 s.f. 








a) 



1.999 99 








b) 



24.999 








c) 



0.999 99 








d) 



99.999 








10 



Round each of these numbers to 3 s.f. 








a) 



0.050 906 








b) 



305 099 








c) 



0.100 490 5 








d) 



55.0709 








Examples 








a) 



Round 235 674 to 3 s.f. 








235674 



= 



236 000 (to 3 s.f.) 








The third significant figure is 5, the 








fourth significant figure is 6 so round up. 








b) 



Round 0.004 523 16 to 3 s.f. 








0.004 523 16 



= 



0.004 52 (to 3 s.f.) 








The third significant figure is 2, the 








fourth significant figure is 3, so the 








third significant figure is unchanged. 








When you round, you must describe how you have rounded, for example, ‘to 3 s.f.’ 








after your rounded numbers because 235 674 ≠ 236 000. 








≠ is the symbol 








for ‘not equal to’. 








When writing 








mathematical 








statements, be 








sure to use the 








three symbols 








equals 



=, 








approximately 








equal to ≈ and 








not equal to ≠ 








correctly. 










● 



5 is the second significant figure and 2 is the third. 








● 



None of the zeros before the 4 is significant as they are only there to keep 











the 4 in the correct place. 








The rules for rounding to a given number of significant figures are 



similar 



to 








those for rounding to the nearest ten or to the nearest 2 decimal places. 








Look at the number 235 674 in the next example. Imagine a line drawn after the 








required significant figure. If the number to the right of this imaginary line is 5 








or more, round the number to the left of the imaginary line up; if it is 4 or less, it 








stays the same. 

















5 








Working with numbers 








Exercise 1.3 








For each number in Questions 1–4, write down the number of: 








i) 



decimal places to which each is written 



ii) 



significant figures to which each is written. 








1 a) 



516 








b) 



3.9 








c) 



34.785 








d) 



6.16 








2 a) 



0.567 








b) 



0.38 








c) 



0.001 789 








d) 



0.000 156 








3 a) 



51 006 








b) 



3.0906 








c) 



34.005 








d) 



6.100 64 








4 a) 



51 000 








b) 



0.0720 








c) 



34.000 








d) 



7.000 040 








5 



The previous question included numbers with zeros as their last digits. 








a) 



Give an example of a number that could be rounded to 2.40 to 3 s.f. 








b) 



Give an example of a number that could be rounded to 2.070 to 3 d.p. 








Ordering numbers 








You know that the inequality symbol 



 



means less than and 



 



means more than. 








You need also to know that: 










● 



< 



is a combination of 



= 



and 



< 



and means 



less than or equal to 








● 



> 



is a combination of 



= 



and > 



and means 



greater than or equal to. 











You can use these symbols to describe ranges of values. 








Consider a whole number, 



n, 



such that 



n 



< 



8 








Then the value of 



n 



could be 7, 6, 5, 4, 3 … 








Consider another whole number, 



n, 



such that 



n 



< 



8 








Then the value of 



n 



could be 8, 7, 6, 5, 4, 3 … 








Consider another whole number, 



n, 



such that 



n 



 



− 



5 








Then the value of 



n 



could be 








− 








4, 








− 








3, 








− 








2, 








− 








1 … 








Consider another whole number, 



n, 



such that 



n 



> 



− 



5 








Then the value of 



n 



could be 








− 



5, 



− 



4, 



− 



3, 



− 



2, 



− 



1 … 








You can show the possible values on a number line. For example, this number 








line shows 5 



< 



n 



< 



8 








1 








2 








3 








4 








5 








6 








7 








8 








9 








Note that the solid circle means that the value is included, so the symbol 








is 



< 



or 



>. 








The open circle means that the value is not included, so the symbol is 



< 



or 



. 












Exercise 1.4 








1 



Write the range of whole numbers shown on each number line. 








a) 








1 








2 








3 








4 








5 








6 








7 








8 








9 








b) 








– 



4 








– 



3 








– 



2 








– 



1 








0 








1 








2 








3 








4 








c) 








6 








7 








8 








9 








10 








11 








12 








13 








14 








d) 








– 



4 








– 



3 








– 



5 








– 



2 








– 



1 








0 








1 








2 








3 








5 








4 








➜ 
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Factors and multiples 








Any 



natural (whole) number 



can be written 



as the 



product 



of other numbers. 








24 can be written as 1 



× 



24 or 2 



× 



12 or 3 



× 



8 or 4 



× 



6 








1, 2, 3, 4, 6, 8, 12 and 24 are all 



factors 



of 24 








24 is a 



multiple 



of 1, 2, 3, 4, 6, 8, 12 and 24 








If you had to write the multiples of 5 that were less than 30 you would write: 








5, 10, 15, 20, 25 








Prime numbers and composite numbers 








A 



prime number 



is a number that has exactly two factors: itself and 1 








The set of prime numbers starts: 








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








A 



composite number 



is any positive integer greater than 1 that is not a prime 








number. 








Prime factors 








A composite number can be broken down, by successive division, into factors 








that are prime numbers. These prime numbers are called the 



prime factors 



of 








the number. 








Note that the number 1 only has one factor (itself) and so does not qualify as 








a prime number. It is a very special number with other properties that mean it 








cannot be prime. 








Example 








Find the prime factors of 210 








2 2 1 0 








3 1 0 5 








5 








3 5 








7 








7 








1 








210 



= 



2  ×   3  ×   5  ×   7 








e) 








– 



4 








– 



3 








– 



5 








– 



2 








– 



1 








0 








1 








2 








3 








f) 








91 








92 








93 








94 








95 








96 








97 








98 








99 








In Questions 2–8, draw a suitable number line to show the range of values for a number, 



n. 








2 



n 



 



5 and 



n 



< 



8 








3 



n 



 



9 and 



n 



 



12 








4 



n 



 








− 








3 and 



n 



< 



2 








5 



n 



 



3 and 



n 



 



0 








6 



n 



 



15 and 



n 



 



18 








7 



n 



 



95 and 



n 



 



98 








8 



n 



 








− 








1 and 



n 



 








− 








5 








9 



Write down all the possible whole number values of 



n 



in Questions 1–8. 

















7 








Working with numbers 








Sums and products 








A 



sum 



is the result of an addition. The sum of 5 and 6 is 11 








A 



product 



is the result of a multiplication. If you are asked for the product of 5 








and 6 the answer is 30 








When you write 210 as 








210 



= 



2 



× 



3 



× 



5 



× 



7 








you have written 210 as the 



product of its prime factors. 








Unique factorisation property 








Every number that is not 0 or 1 or prime can be written as a product of prime 








factors, but every number has a different product of prime factors. This means 








that every number is unique. This is known as the 



unique factorisation property. 








Consider the number 1533 








You can write is as the product of its prime factors: 3 



× 



7 



× 



73 








Then 3, 7 and 73 are the prime factors of 1533 








No other number can have the same product of prime factors. 








Index numbers 








When the product of prime factors includes repeats of prime factors you can use 








index notation 



to record them. 








16 



= 



2 



× 



2 



× 



2 



× 



2 








So, 16 



= 



2 








4 








4 is the 



index number 



that indicates there are four 2s in the product. 








Empathy 








Unique means 








being the only 








one of its kind, 








unlike anything 








else. Just like 








numbers, every 








human being is 








unique. No one 








else is exactly 








the same as 








you, although 








some may have 








similarities. 








Is there a 








unique number 








that you 








empathise with? 








It could be a 








number with 








lots of factors 








as you have 








lots of friends. 








Exercise 1.5 








1 



Which of these numbers are prime numbers? 








5 








17 








25 








27 








32 








37 








48 








2 



Which of these numbers are factors of 36? 








1 








2 








3 








4 








5 








6 








7 








9 








10 








36 








72 








360 










3 a) 



Write down all the values of 



n 



when 



n 



is a 








multiple of 6 and 0 



 



n 



 



40 








b) 



Write down all the values of 



n 



when 



n 



is a 








multiple of 5 and 10 



 



n 



< 



40 








c) 



Write down all the values of 



n 



when 



n 



is a 








multiple of 8 and 16 



< 



n 



 



40 










4 a) 



Which of these numbers are prime factors of 42? 








1 








2 








3 








6 








7 








14 








21 








42 








b) 



Which of these numbers are prime factors of 20? 








1 








2 








4 








5 








10 








20 








5 



Which of these numbers are prime factors of 17? 








1 








2 








5 








17 








34 








6 a) 



What is the product of 12 and 7? 








b) 



What is the sum of 13 and 3? 








c) 



What is the product of 6 and 7? 








7 



Continue the list of prime numbers 2, 3, 5, 7, 11, 








13, 17, 19, 23, 29, ... as far as 50 








8 



List all the factors of: 








a) 



65 








b) 



101 








c) 



19 








d) 



72 








9 



Write each of these numbers as a product of its 








prime factors: 








a) 



504 








b) 



136 








c) 



1000 








d) 



945 








10 a) 



List all the factors of 24 and all the factors 








of 42 








b) 



Which factors do they have in common? 








c) 



Which is the highest? 








 11 



Find the highest common factor of each pair of 








numbers: 








a) 



8 and 10 



b) 



20 and 30 



c) 



100 and 360 








12 



List the first 10 multiples of 4 








13 



List the first 10 multiples of 6 








14 



List the first 10 multiples of 10 








15 



Look at the lists in Questions 12–14. What is the 








lowest number that is a multiple of: 








a) 



4 and 6 








b) 



4 and 10 








c) 



6 and 10? 








16 



Find the lowest common multiple of each pair of 








numbers: 








a) 



8 and 10 



b) 



20 and 30 



c) 



100 and 360 

















8 








1 








Highest common factors and lowest 








common multiples 








In the previous exercise, highest 



common factors 



(HCF) and lowest 



common 








multiples 



(LCM) were quite easy to find by inspecting the various factors and 








multiples. For larger numbers it is not always as simple. 








Example 








What is the HCF of 210 and 375? 








2 2 1 0 








3 1 0 5 








5 








3 5 








7 








7 








1 








210 



= 



2 



× 



3 



× 



5 



× 



7 








3 3 7 5 








5 1 2 5 








5 








2 5 








5 








5 








1 








375 



= 



3 



× 



5 



× 



5 



× 



5 








= 



3 



× 



53 








The common factors are 3 and 5 and so the HCF 








is 3 



× 



5 



= 



15 








Suppose you had been asked to find the 



LCM 



of 210 and 375 








For smaller numbers you could look at the first few multiples. For larger numbers 








you need to look at the prime factors. 








The LCM is the product of all the prime factors of one number and any extra 








prime factors in the other(s). 








Example 








Find the LCM of 210 and 375 








 210 



= 



2 



× 



3 



× 



5 



× 



7 








375 



= 



3 



× 



5 



× 



5 



× 



5 








LCM 



= 



2 



× 



3 



× 



5 



× 



5 



× 



5 



× 



7 








= 



5250 








It can help to set your factors into a diagram that shows the common factors 








before you carry out your calculation as in the example below. 








First you need to find 








all the prime factors. 








To find the HCF you need to 








work out the product of all 








the factors that are common 








to 210 and 375: 3 and 5 








2, 3, 5 and 7 are all the prime factors of 210; 








the extra prime factors from 375 are 5 and 5 
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Working with numbers 








Exercise 1.6 








1 



Find the HCF of the numbers in each pair. 








a) 



504 and 945 








b) 



136 and 504 








c) 



945 and 1000 








d) 



136 and 945 








2 



Find the HCF of 330 and 175 








3 



Find the HCF of 132 and 165 








4 



Find the HCF of 812 and 638 








5 



What is the largest number that divides exactly 








into both 1000 and 3600? 








6 



Find the LCM of the numbers in each pair. Use 








your calculator if you need to. 








a) 



504 and 945 








b) 



136 and 504 








c) 



945 and 1000 








d) 



136 and 945 








7 



Find the LCM of 330 and 175 








8 



Find the LCM of 132 and 165 








9 



Find the LCM of 812 and 638 








10 



What is the smallest number that is a multiple 








of both 20 and 36? 








For these word problems, first work out whether you need to find the LCM or the HCF and then answer the 








question. You may find it helps to draw a Venn diagram for each question. 








 11 



Peter picks 480 apples and Piper picks 600 apples. They pack their apples into identical boxes, with no 








apples left over. What is the largest number of apples that each box could take? 








12 



My father and I are baking biscuits for a cake sale. I bake biscuits in batches of 20 and Dad bakes his 








biscuits in batches of 12. If we both baked the same number of biscuits, how many biscuits have we 








baked altogether? 








13 



For a school trip we are being divided into groups with an equal number of pupils from Years 7 and 8 








in each group. If there are 80 pupils in Year 7 and 56 pupils in Year 8, what is the minimum number of 








groups we could have? How many from each year group will be in each group? 








14 



A tour company offers Tour A and Tour B. Tour A leaves every 20 minutes and Tour B leaves every 








25 minutes. If the first tours for both A and B leave at 9 a.m., at what time will Tour A and Tour B next 








both start at the same time? 








15 



Our bathroom floor measures 2.25 m by 2.4 m. We want to buy the minimum number of square tiles that 








will fit the floor exactly without needing to be cut. What is the smallest size of tiles we could buy? How 








many will we need? 








16 



Ziggy and I are running circuits round the football pitch. Ziggy can complete a circuit in 8 minutes while 








it takes me 10 minutes. If we start at the same time, when we will both be back at the starting point 








together? 








17 



I am arranging flowers to sell at the Summer Fair. I have 240 blue flowers, 210 yellow flowers and 








180 white flowers. I want to make bunches with exactly the same number of each flower in each bunch 








without having any flowers left over. What is the most bunches I can make and how many of each flower 








will be in each? 








18 



Lighthouse A has a flashing white light that flashes every 20 seconds. Lighthouse B has a flashing red 








light that flashes every 30 seconds and Lighthouse C has a flashing yellow light that flashes every 








45 seconds. How many seconds are there between each time all three lighthouses flash simultaneously? 








Example 








Find the HCF and the LCM of 315 and 210 








210 








2 








7 








5 








5 








5 








3 








315 








HCF 



= 



3 



× 



5 



= 



15 








LCM 



= 



2 



× 



7 



× 



3 



× 



5 



× 



5 



× 



5 








= 



15 








= 



5250 








This method 








of laying out 








the factors is 








called a 



Venn 








diagram. 








While all the 








factors are 








shown, the 








factors in the 








overlapping 








area are 








common factors. 








➜ 
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19 a) 



I have two lengths of string: 3.5 m of red string and 5.6 m of white string. I want to cut each of them 








into the same number of pieces of identical length. What will be the resulting length and how many 








lengths of white and red string will I have? 








b) 



I had my instructions wrong. I was supposed to cut them into equal lengths, regardless of how many 








pieces of red or white string that would make. What is the longest length I could make the resulting 








piece of string and how many lengths of each red or white string will I have? 








20 a) 



Ollie and Millie are counting out loud, starting at 1. Millie calls out every fourth number and Ollie 








every seventh number. What are the first four numbers that they both call out? 








b) 



Raja, Tariq and Harry play the same game. Raja calls out every 20th number, Tariq every 15th number and 








Harry every 25th number. What is the first number that they all call out together? 








Calculation strategies 








Estimating 








Consider the calculation 419 



× 



27 








First, estimate the answer by rounding 419 to the nearest hundred and 27 to the 








nearest ten. 








419 



≈ 



400 








27 



≈ 



30 








Then: 419 



× 



27 



≈ 



400 



× 



30 








≈ 



12 000 








As this is a whole number, you cannot leave out any of the zeros. 








When estimating calculations, first collect the zeros and then multiply 








the numbers. 








When estimating numbers, keep the estimation simple. Aim to have each 








estimated value as one digit followed by zeros, i.e. to 1 s.f. 








Now consider division. 








Examples 








a) 



Estimate the answer to 579 



÷ 



19 








579 



÷ 



19 ≈ 600 



÷ 



20 








≈ 30 








b) 



Estimate the answer to 4136 



÷ 



485 








4136 



÷ 



485 ≈ 4000 



÷ 



500 








≈ 



8 








Divide 600 and 20, first by 10 to get 60 








and 2, then by 2 to get 30 








Divide 4000 and 500, first by 100 to 








get 40 and 5, then by 5 to get 8 








You could divide both the numbers in Example 



b) 



by ten or one hundred. First 








cross off the zeros, making sure you cross off the same number of zeros in each 








number. Then complete the resulting calculation. 








400 



÷ 



20 



= 



20 








4000 



÷ 



500 



= 



8 








You can only 








do this with 








division. 








Example 








Estimate the value of 3195 



× 



350 








3195 



× 



350 ≈ 3000 



× 



400 








≈ 1 200 000 








3195 ≈ 3000 but 350 ≈ 400 as 350 is exactly 








halfway between 300 and 400, so you round up. 
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Working with numbers 








Example 








If the population of London is 6 767 500 and the population of Belfast is 301 600, how many times larger is 








the population of London than that of Belfast? 








The population of London is approximately 6 800 000 and the population of Belfast is approximately 300 000. 








The population of London is 6 800 000 



÷ 



300 000 



= 



22.7 or 23 times larger than that of Belfast. 








Exercise 1.7 








Estimate the answer to each calculation: 








 11 



125 



× 



734 








 12 



1925 



÷ 



534 








 13 



4200 



× 



499 








 14 



4200 



÷ 



499 








 15 



636 



× 



99 








 16 



3612 



÷ 



99 








 17 



48 



× 



863 








 18 



587 



÷ 



26 








 19 



8432 



÷ 



428 








20 



9999 



÷ 



475 








1 



32 



× 



218 








2 



399 



÷ 



24 








3 



79 



× 



450 








4 



729 



÷ 



17 








5 



43 



× 



623 








6 



4372 



÷ 



246 








7 



450 



× 



242 








8 



650 



÷ 



79 








9 



1432 



× 



628 








 10 



6350 



÷ 



47 








Now use a calculator to work out the exact answers to check the accuracy of your 








estimates. 








Sometimes it is not worth giving an exact answer to a calculation because 








the values are constantly changing. One example is in questions about 








population size. There is no precise rule on giving estimates, but to 1 or 2 s.f. 








could be sensible. 








Exercise 1.8 








1 



The population of Coventry is roughly four times as big as the population of Jersey. Given that the 








population of Jersey is 80 212, estimate the population of Coventry. 








2 



The population of the Isle of Wight is about one-sixth of the population of Glasgow. Given that the 








population of Glasgow is 733 784, estimate the population of the Isle of Wight. 








3 



Estimate the number of seconds in one year. 








4 



Given that there are 1760 yards in a mile, roughly how many yards are there in 496 miles? 








5 



There are 23 boys in my form. To eat comfortably they each need a width of 65 cm at the dining table. 








Estimate the minimum perimeter of a dining table that will seat the whole class. Give some suitable 








dimensions, in metres, for the length and width of the table. 








6 



A recent survey showed that the average weekly pocket money in my class of 24 was £1.78 (to the 








nearest penny). Estimate the total amount of pocket money the class receives altogether. 








7 



The school photocopier uses 45 packets of 500 sheets of paper in one term. There are 11 weeks in 








the term. The photocopier is used for five days every week and there are nine working hours in a day. 








Estimate the number of sheets used in one hour. 








8 



The school photographer is coming to take each pupil’s photograph. There are 443 pupils in the 








school. It takes, on average, 3 minutes to photograph each pupil. Estimate the number of hours that the 








photographer needs to spend at the school. 








9 



My teacher is writing our school reports. She says that she has to write reports for nine classes. There are, 








on average, 19 pupils in each class. She says it takes her about 12 minutes to write each report. Estimate 








the number of hours my teacher spends writing our reports. 








10 



I have just finished a really good book. There were 298 pages in the book and about 12 words per line with 








30 lines on each page. I read the book in a total of 8 hours and 40 minutes. Estimate my reading speed in 








number of words per minute. 
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More calculation strategies 








Multiplication by factors 








Sometimes, when you are multiplying difficult numbers, it can be useful to break 








the number into its 



factors 



and multiply by them. 








Example 








Calculate: 48 



× 



15 








48 



× 



15 



= 



48 



× 



5 



× 



3 








Multiply by 5 first so that the product will end in 0 








= 



240 



× 



3 








= 



720 








A 



factor 



is a 








number that 








divides exactly 








into another 








number, so 1, 2, 








3, 4, 6 and 12 








are factors of 12 








Division using factors 








Just as for multiplication, it can be useful to break the number into its factors 








when you are dividing. This enables you to divide by smaller numbers. 








Example 








Calculate: 336 



÷ 



24 








336 



÷ 



24 



= 



336 



÷ 



4 



÷ 



6 








24 



= 



4 



× 



6 Divide by 4 first as this is easier. 








= 



84 



÷ 



6 








= 



14 








Now it is time to put some of these strategies into practice. Remember you can save 








a great deal of time if you can do simple arithmetic in your head. Try this exercise. 








Exercise 1.9 








Write the numbers from 1 to 60 down your page before you start. Make a note of the time as you start and 








check how long it takes you to complete the exercise. For this exercise only, just write down the answers. It 








should take you no more than 10 minutes! 








 1 










11 



318 



+ 



122 











 12 



3 



× 



15 








 13 



72 



÷ 



12 








 14 



368 



− 



143 








 15 



4 



× 



19 








 16 



319 



− 



123 








 17 



191 



+ 



325 








 18 



424 



÷ 



8 








 19 



8 



× 



15 








 20 



308 



÷ 



11 








41 



225 



− 



186 








42 



225 



÷ 



45 








43 



225 



÷ 



15 








44 



19 



× 



6 








45 



19 



× 



9 








46 



360 



− 



179 








47 



95 



× 



5 








48 



99 



× 



8 








49 



128 



+ 



512 








50 



207 



+ 



153 








21 



25 



× 



7 








22 



302 



+ 



99 








23 



125 



÷ 



5 








24 



425 



− 



106 








25 



13 



× 



3 








26 



199 



+ 



249 








27 



331 



− 



117 








28 



504 



÷ 



3 








29 



680 



− 



156 








30 



19 



× 



3 








51 



305 



− 



125 








52 



288 



÷ 



12 








53 



13 



× 



13 








54 



15 



× 



15 








55 



75 



× 



3 








 56 



 25 



× 



9 








 57 



 125 



× 



4 








58 



 20 



× 



500 








 59 



 3600 



÷ 



90 








 60 



 100 000 



÷ 



80 








1 



7 



× 



5 








2 



8 



× 



9 








3 



36 



+ 



123 








4 



42 



÷ 



7 








5 



82 



− 



51 








6 



94 



+ 



17 








7 



12 



× 



8 








8 



124 



+ 



74 








9 



126 



÷ 



9 








 10 



45 



− 



17 








31 



127 



+ 



523 








32 



144 



÷ 



8 








33 



305 



− 



199 








34 



417 



+ 



392 








35 



45 



× 



7 








36 



720 



÷ 



36 








37 



237 



+ 



283 








38 



200 



− 



137 








39 



35 



× 



6 








40 



399 



+ 



417 
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Working with numbers 








The method for long division is similar to that for short division but you show all the 








working. This is so that you can calculate the remainders clearly and accurately. 








Remember that when you have 



remainders 



(r) you can write extra zeros after the 








decimal point 



and carry on dividing. 








Examples 








a) 



Calculate: 8921 



÷ 



37 








Estimate: 9000 



÷ 



40 ≈ 220 








Th H T U 








2 4 1 r4 








3 7 8 9 2 1 








7 4 








1 5 2 








1 4 8 








4 1 








3 7 








– 4 








8921 



÷ 



37 



= 



241 r 4 








b) 



Calculate: 861 



÷ 



35 








Estimate: 900 



÷ 



40 ≈ 22 








H T U t 








2 4 6 








3 5 8 6 1 0 








7 0 








1 6 1 








1 4 0 








2 1 0 








2 1 0 








– – – 








• 








• 








• 








861 



÷ 



35 



= 



24.6 








3 7 








× 



2 








7 4 








1 








3 7 








× 



4 








1 4 8 








2 








Long multiplication and long division 








You should have been able to use simple mental arithmetic to answer all of the 








questions in that exercise. When calculations become more difficult, you may think 








you need to use a calculator. However, you may not have a calculator with you and 








then you may need to use a pencil and paper to do the calculations. You should 








be able to add, subtract and carry out short division and multiplication quite easily. 








Make sure that you can complete long multiplication and long division as easily. 








Remember that for long multiplication you break the smaller number into a 








multiple of ten and a unit. 








Example 








Calculate: 5264 



× 



63 








Estimate: 5000 



× 



60 



= 



300 000 








63 is 60 



+ 



3 








Then: 5264 



× 



63 



= 



5264 



× 



(3 



+ 



60) 








Next to each row of the calculation, write down what you are multiplying by. 








HThTTh Th 








H T U 








5 








2 6 4 








× 



6 3 








1 5 








7 



1 



9 



1 



2 



× 



3 








+ 



3 1 



1 



5 



3 








8 



2 



4 0 



× 



60 








3 3 1 








6 3 2 








1 








1 








1 








5264 



× 



63 



= 



331 632 








The carried numbers from the 








multiplications are in these rows. 








The carried numbers from the 








addition are in this row. 








The estimate tells you how many 








columns you need. 
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Exercise 1.10 








Multiply or divide, showing all your working clearly: 








11 



213 



× 



69 








12 



1161 



÷ 



43 








13 



2713 



× 



28 








14 



13 500 



÷ 



36 








15 



2145 



× 



42 








16 



1809 



× 



55 








17 



1008 



÷ 



45 








18 



999 



÷ 



37 








19 



3005 



× 



17 








20 



1155 



÷ 



42 








1 



27 



× 



36 








2 



147 



× 



29 








3 



389 



× 



47 








4 



391 



÷ 



17 








5 



989 



÷ 



23 








6 



3648 



× 



91 








7 



5624 



× 



72 








8 



6293 



÷ 



29 








9 



7746 



÷ 



36 








10 



9900 



÷ 



48 








Problem solving 








When solving problems, you need 



to consider the question carefully and see if 








you need to add, subtract, multiply or divide. Sometimes you may need to do 








more than one calculation to work out the answer. Write every calculation out 








neatly so that you can check it through. Do remember to estimate first so you can 








check your answer looks sensible. 








You should always check your answer, and sometimes looking at the last digit 








can be useful. 








Example 








Calculate: 26 



× 



19 








Firstly, make a good estimate: 25 



× 



20 



= 



500 would be good in this case. 








Then multiply the last two digits together: 6 



× 



9 



= 



54 








Now you know that the product of 26 



× 



19 is approximately 500 and must end in a 4 








Remainders 








There are different ways of dealing with remainders, depending on the problem. 








1 



Leave it as a remainder. 








2 



Round up to the nearest whole number. 








3 



Round down, ignoring the remainder. 








4 



Write the remainder as a 



fraction. 








5 



Continue dividing by writing extra zeros after the decimal point. 








Note that you can always reach a definite answer if the number that you are 








dividing by ends with a 2, 4, 5 or 8 and sometimes if it ends in 3, 6, 7 or 9 








Exercise 1.11 








1 



There are 365 days in a year and 24 hours in a day. How many hours are there in a year? 








2 



How many minutes are there in a week? How many seconds are there in a week? 








3 



In the 



imperial 



system of weight there are 16 ounces in a pound and 14 pounds in a stone. How many 








ounces are there in 7 stone? 








4 



Julius Caesar said, with a smile: 








‘There are one, seven, six, oh yards in a mile.’ 








How many yards are there in five and a half miles? 








➜ 
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Working with numbers 








5 



A sandwich shop sells, on average, 176 sandwiches each hour. How many sandwiches does the shop 








sell in a 17-hour day? 








6 



There are 22 pupils in my class and we all have milk at breaktime. Milk comes in cartons containing 








one-third of a pint. A school term lasts 12 weeks and there are five days in each week. How many pints of 








milk does my class drink that term? 








7 



My teacher is photocopying our mathematics exam. The exam is on four sheets of paper and there are 








92 pupils taking the exam. 








a) 



How many sheets of paper will she use? 








b) 



The photocopier copies 24 sheets in a minute. How long does it take my teacher to photocopy the 








exam for all the pupils? 








8 



We have sold 245 DVDs of the school play at £9.50 each. 








a) 



How much money have we taken? 








b) 



It cost £450 to film the school play and then £4.20 per DVD. How much profit or loss did we make? 








9 



The school chef buys 36 litres of milk at £2.40 for 4 litres, 18 dozen eggs at £1.95 per dozen and 11 kg 








of flour at £1.40 a kg. From that he makes a batter and then cooks 850 pancakes. What is the cost per 








pancake, correct to the nearest penny? 








10 



The class teacher has displayed some number tiles to show the answers to some multiplications 








but the number tiles have fallen off the wall. Use estimating and the last digit rule to make the 








calculations work. 








a) 



37 



× 



25 



= 








(The tiles are 2, 5, 9) 








b) 



29 



× 



78 



= 








(The tiles are 2, 2, 2, 6) 








c) 



45 



× 



87 



= 








(The tiles are 1, 3, 5, 9) 








d) 



32 



× 



49 



= 








(The tiles are 1, 5, 6, 8) 








e) 



29 



× 



58 



= 








(The tiles are 1, 2, 6, 8) 








  f) 



81 



× 



61 



= 








(The tiles are 1, 4, 4, 9) 








Calculating with negative numbers 








Negative integers are the set of integers (whole numbers) that are less 



than zero. 








Negative numbers can be added, subtracted, multiplied and divided in a similar 








fashion to natural (positive whole) numbers. Remember what happens when you 








are calculating with negative numbers. 








For example: 4 – 4 



= 



0 but 4 – (








− 



4) 



= 



8 











It can help to draw a number line to see what is happening. 








Examples 








a) 



2 



+ 



3 



= 



5 








– 10 – 9 – 8 – 7 – 6 – 5 – 4 – 3 – 2 – 1 0 1 2 3 4 5 








+ 3 








b) 



2 



+ 



(− 3) 



= 



− 



1 








– 10 – 9 – 8 – 7 – 6 – 5 – 4 – 3 – 2 – 1 0 1 2 3 4 5 








+ ( – 3) 

















16 








1 








So 








2 



+ 



3 



= 



5 








but (  








− 








2) 



+ 



3 



= 



1 








and 2 



+ 



(  








− 








3) 



= 



2 



− 



3 



= 








− 








1 








Similarly 5 



− 



3 



= 



2 








but 3 



− 



5 



= 








− 



2 








and 5 



− 



( − 3) 



= 



5 



+ 



3 



= 



8 








2 



× 



3 



= 



6 








but 2 



× 



(  








− 








3) 



= 








− 








6 and (  








− 








2) 



× 



(  








− 








3) 



= 



6 








6 



÷ 



3 



= 



2 








but 6 



÷ 



(  








− 








3) 



= 








− 








2 and (  








− 








6) 



÷ 



(  








− 








3) 



= 



2 








When calculating with negative numbers you should write down the question, 








any working out and the answer. 








Exercise 1.12 








Add, subtract, multiply or divide, showing all your working clearly: 








11  



3 



× 



( − 4) 








12 



12 



− 



(  








− 



5) 








13 



14 



− 



8 








14 








− 








4 



− 



8 








15 








− 








4 



− 



(  








− 








8) 








16 



5 



× 



(  








− 



2) 








17 



16 



÷ 



(  








− 



4) 








18 



7 



− 



(  








− 








5) 








19 








− 








25 



÷ 



5 








20 



(  








− 








5) 



× 



(  








− 








5) 








21 



4 



− 



9 








22 



7 



− 



3 








23 



4 



× 



(  








− 








3) 








24 



12 



÷ 



(  








− 








6) 








25 



5 



+ 



(  








− 








6) 








26 



(  








− 



5) 



+ 



( − 2) 








27 



8 



− 



3 








28 








− 








8 



× 



(  








− 








2) 








29 








− 








24 



÷ 



8 








30 



100 



÷ 



(  








− 








10) 








1 








− 








3 



− 



4 








2 



5 



− 



8 








3 



3 



+ 



(  








− 








6) 








   4 



(  








− 








4) 



× 



(  








− 








4) 








 5 



3 



× 



(  








− 








3) 








6 








− 








8 



+ 



5 








7 








− 








13 



− 



9 








8 



(  








− 








3) 



× 



7 








9 



12 



÷ 



(  








− 








3) 








10 



(  








− 








24) 



÷ 



(  








− 








8) 








It is not good practice to write an operator 








(i.e. 



+, −, ×, ÷) 



next to a raised negative sign, so 








we always use brackets. Some people prefer to 








write all negative numbers in brackets regardless 








of whether or not there is an operator, which is 








also acceptable. 








Extension Exercise 1.13: Largest and smallest numbers 








Take four 



digits: 



6, 7, 8, 9 








The largest number you can make with them is 9876 and the smallest is 6789 








Now, using the same digits, make two 2-digit numbers and find the 



difference 



and the sum. For example, 








you can make the numbers 78 and 96 








The difference is 18 and the sum is 174 








1 



Can you make two 2-digit numbers that give you a smaller difference or a larger sum? Find the smallest 








and largest sums and differences that you can make from two 2-digit numbers, using the digits 6, 7, 8 and 9 








2 



Now find the smallest and largest sums and differences that you can make from two 3-digit numbers, 








using the digits 4, 5, 6, 7, 8 and 9 








3 



Next find the smallest and largest sums and differences that you can make from two 4-digit numbers 








using the digits 2, 3, 4, 5, 6, 7, 8 and 9 








4 



Finally, find the smallest and largest sums and differences that you can make from two 5-digit numbers 








using the digits 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 








5 



Put your results in a table like the one below. 








6 



What do you notice? 








7 



Try to explain your answer. 








Digits 








Smallest sum 








Largest sum 








Smallest difference Largest difference 








6, 7, 8, 9 








4, 5, 6, 7, 8, 9 








2, 3, 4, 5, 6, 7, 8, 9 








6047 








0, 1, 2, 3, 4, 5, 6, 7, 8, 9 
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Working with numbers 








Summary Exercise 1.14 








You should not use a calculator for this exercise. 








1 



Calculate: 








a) 



52 



+ 



33 








b) 



165 



− 



41 








c) 



12 



× 



8 








d) 



144 



÷ 



12 








e) 



334 



+ 



159 








f) 



324 



− 



138 








g) 



108 



× 



4 








h) 



116 



÷ 



4 








i) 



148 



× 



3 








j) 



138 



÷ 



6 








2 



Calculate: 












a) 








− 








7 



+ 



(  








− 








4) 








b) 



4 



− 



( − 7) 








c) 



(  








− 



3) 



× 



( − 4) 








d) 



14 



÷ 



( − 2) 








e) 








− 








4 



+ 



12 








f) 



3 



+ 



(  








− 








8) 








g) 



15 



× 



( − 5) 








h) 



6 



− 



9 








i) 



− 



3 



+ 



(  








− 








9) 








j) 



(  








− 








18) 



÷ 



(  








− 








6) 










3 



Which of these numbers are prime numbers? 








1 








4 








5 








9 








13 








24 








31 








99 








4 



Write down all the factors of 28 








5 



Which of these are multiples of 6? 








1 2 3 4 6 12 15 30 








6 



Write down the HCF of: 








a) 



16 and 24 








b) 



252 and 714 








7 



Write down the LCM of: 








a) 



8 and 10 








b) 



168 and 462 








8 



Round these numbers to 



a) 



the nearest thousand 








b) 



the nearest ten 



c) 



3 s.f.: 








i) 



5491 








ii) 



55 399 








iii) 



456 956 








9 



Round these numbers to 



a) 



1 s.f. 



b) 



1 d.p. 



c) 



3 s.f.: 








i) 



4.095 








ii) 



15.579 








iii) 



0.045 99 








10 



Rough books come in cartons of 500. How many classes of 22 does one carton supply, assuming every 








pupil needs one rough book? 








11 



On an intergalactic expedition I have packed 25 space pods weighing 12 kg each, 38 space suits 








weighing 28 kg each and 9 extra-terrestrial repellent missiles weighing 135 kg each. Have I packed more 








than the 2500 kg limit? 








12 a) 



The mass of one astronaut plus their kit is 84 kg. The total mass allowance on the space station is 








4000 kg. If there are 23 astronauts, how much mass allowance is there left? 








b) 



One-quarter of that remaining mass allowance is for food. Each astronaut is allowed 1 kg of food per day. 








How many days can the astronauts survive on their food allowance? 








Activity: More about prime numbers 








The study of prime numbers has been undertaken since the earliest civilisations; however, it is generally assumed 








that the ancient Greeks undertook the first serious interest in the analysis of prime numbers. Unfortunately, they 








left very little written evidence and what we know comes from what they passed on to others. 








In the third century BCE, Alexandria was the cultural capital of the Greek world. There the mathematician Euclid 








suggested that there may be an infinite number of prime numbers. 








The numbers have many interesting properties that are worth exploring but few have been proven. 








Prime numbers 








As you already know, a prime number can only be divided by 








itself and 1 








1 



Consider the first twenty prime numbers: 








2, 3, 5, 7, 11, 








13, 17, 19, 23, 29, 








31, 37, 41, 43, 47, 








53, 59, 61, 67, 71 








Write down any rules that you notice about them. Clearly, 








with the exception of 2, they are all odd. Is there anything 








else you can see? You could look at digit sum, last digits, the 








differences between the numbers or anything else of interest. 








2 



Given that all prime numbers apart from 2 are odd, what 








happens if you add 1 to each prime? Is there any pattern 








here? 








4, 6, 8, 12, 14, 18, 20, 24, 30, 32, … 








You may wish to remind yourself of the powers of 2: 








21 



= 



2 








22 



= 



4 








23 



= 



8 








24 



= 



16 








Empathy 








It is thought by some that the concept of 








prime numbers is such a universal truth 








that signals based on primes could 








form the basis for communications with 








extra-terrestrial aliens. 








This is explored in the book 



Contact 



by 








Carl Sagan. 








➜ 








ICT 








This investigation into prime numbers will 








be facilitated by using a spreadsheet. 
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1 








Mersenne primes 








You may have spotted that when you add 1 to some primes then you have powers of 2. These primes are 








called Mersenne primes after the mathematician Marin Mersenne, a French friar who studied them in the 








early 17th century. 








A Mersenne prime can be written: 








2 










n 



– 1 








3 



Set up a spreadsheet: 








In cell A1, type 1 








In column A, set up the formula 



= 



A1 



+ 



1 and generate the counting numbers 








In column B, set up the formula 2^A1 








In column 3, set up the formula B1 – 1 








Now generate a list of numbers that can be generated by the formula 2n – 1 








Your spreadsheet should be looking like this: 








6 








2 








1 








1 








A 








B 








C 








D 








4 








3 








2 








8 








7 








3 








16 








15 








4 








32 








5 








64 








6 








7 








8 








1 








2 








3 








4 








5 








7 








8 








4 



Identify all those that are prime. Is there a pattern in the powers of 2 that generate Mersenne primes? 








Perfect numbers 








Back in the days of Pythagoras, the Pythagoreans were also identifying the numbers that they called ‘perfect’. 








A perfect number is a number that is equal to the sum of its factors excluding the number itself. 








1 only has one factor – 1 and is thus the first perfect number. 








2 has factors 1 (and 2) and so is not perfect. 








3 has factors 1 (and 3). 








4 has factors 1 and 2 (and 4). 








5 has factors 1 (and 5). 








6 has factors 1, 2 and 3 (and 6). 








As 6 



= 



1 



+ 



2 



+ 



3, 6 is the second perfect number. 








5 



Identify the next three perfect numbers; you might like to use a 








spreadsheet. 








6 



What is the connection between the Mersenne 








primes (MP) and perfect numbers (PN)? To 








help yourself you could use a spreadsheet or 








table to analyse: 








Goldbach’s conjecture 








This is Goldbach’s conjecture: 








Every even whole number greater than 2 can be 








written as the sum of two primes. 








7 



Investigate this statement. 








8 



You might like to carry out further research into 








perfect numbers, Mersenne primes and Mersenne 








himself and Goldbach. 








Can you remember how to check if 








a number is prime? You will need to 








divide it by successive prime numbers 








to see if any are factors. You may like 








to look up ‘sieve of Eratosthenes’. You 








could also revise the rules of divisibility. 








Beauty of mathematics 








Mathematicians still find the 








analysis of numbers and 








patterns fascinating. Who 








would have expected two 








different ways to generate a 








sequence of numbers to have 








such a clear connection? 








n 








MP PN 








2 








3 








6 








3 








7 








5 








31 








History, geography and classics 








There are plenty of opportunities for additional 








research here. Do you know when Pythagoras, 








Mersenne, Euclid and Goldbach lived and where? 








Which of them might have corresponded? Can 








you find what research into prime numbers was 








happening in ancient China or in India? 
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There is another fraction bar that you may have seen; this is the 



diagonal fraction 








bar, 



e.g. 1/2, which was introduced because the horizontal fraction bar was 








difficult to type with an old-fashioned typewriter. Nowadays, 



we always write 








the fraction bar as horizontal. 








A fraction is any number that is not an integer (whole number) but is part of a whole. 








Proper fractions 



are fractions that are less than 1, such as 








1 








2 








, 








3 








7 








and 








27 








33 








Improper fractions 



are fractions greater than 1, such as 








3 








2 








, 








7 








4 








and 








127 








33 








A 



mixed number 



is made up of a whole number and a fraction, such as 



1 








1 








6 








or 



3 








4 








7 








Equivalent fractions 



are equal in value but are made up of different numbers. To 








find equivalent fractions you multiply or divide the 



numerator 



(top number) and 








the 



denominator 



(bottom number) by the same number. 








5 








6 








5 








6 








4 








4 








20 








24 








= × = 








15 








24 








15 








24 








3 








3 








5 








8 








= 








÷ = 








A fraction is in its 



lowest terms 



or 



simplest form 



when the numerator and 








denominator have no common factors (except for 1). 








You use 



equivalent fractions 



when comparing or ordering fractions. 








You can see that 3 is a common factor of 15 and 24 








and you can divide both numerator and denominator 








by 3 – this is called 



cancelling 



or 



simplifying. 








History 








Fractions have been in use for centuries. We know that they were used by the 








ancient Egyptians. 








Although most ancient civilisations used fractions, they had different ways of writing 








them. For example, the Egyptians used the hieroglyph 








above the symbol for 








a fraction: 








A third was written: 








and a tenth: 








It is likely that our method of writing common fractions today can be attributed to the 








Hindus, although they did not use the bar; they would write: 








1 








3 



and not 








1 








3 








The 



horizontal fraction bar 



was introduced by the Arabs. Fibonacci (c. 1175–1250CE) 








was the first European mathematician to use the fraction bar as it is used today. For 








a mixed number, he followed the Arab practice of placing the fraction to the left of 








the integer, which is the opposite of what we do today. 








Culture 








This is an 








Egyptian 








image, the 








Eye of Horus. 








It was used in 








special fraction 








notation that 








you will see in 








the Extension. 








2 





Fractions and decimals 

















20 








2 








In the second example, the division by a common factor was written in full. 








However, it is perfectly acceptable just to show the answer by simplifying. 








Example 








Write the fractions in their lowest terms: 








= 








8 








12 








8 








12 








2 








3 








= 








36 








100 








36 








100 








9 








25 








= 








2 








3 








= 








9 








25 








Decimal fractions 



(often referred to simply as 



decimals) 



have place values after 








the 



decimal point 



of 








1 








10 








, 








1 








100 








and 








1 








1000 








, i.e. fractions where the denominator is a 








power of 10 








Therefore, when you write 0.5, it means 








5 








10 








which is equivalent to 








1 








2 








When you write 0.75, it means 








75 








100 








which is equivalent to 








3 








4 








When you write 0.375, it means 








375 








1000 








which is equivalent to 








3 








8 








Examples 








 a) 



Write these fractions in order, smallest first: 










5 








8 








3 








4 








2 








3 








5 








6 








= 








× 








× 








= 








5 








8 








  








5 3 








8 3 








  








15 








24 








= 








× 








× 








= 








3 








4 








3 6 








4 6 








  








18 








24 








= 








× 








× 








= 








2 








3 








2 8 








3 8 








  








16 








24 








= 








× 








× 








= 








5 








6 








5 4 








6 4 








  








20 








24 








5 








8 








2 








3 








3 








4 








5 








6 








b) 



Write either 



,  



or 



= 



between these pairs of fractions: 








  i) 








7 








9 








and 








5 








6 








= 








× 








× 








= 








7 








9 








7 4 








9 4 








28 








36 








= 








× 








× 








= 








5 








6 








5 6 








6 6 








30 








36 








< 








7 








9 








5 








6 








ii) 








15 








36 








and 








10 








24 








= 








÷ = 








15 








36 








15 








36 








3 








3 








5 








12 








= 








÷ = 








10 








24 








10 








24 








2 








2 








5 








12 








= 








15 








36 








10 








24 








You can see that 8, 4, 3 and 6 








are all factors of 24 








24 is the lowest common 








multiple of 8, 4, 3 and 6. You 








can say that 24 is the lowest 








common denominator. 








The lowest common 








denominator is 36 








You need to write each 








fraction in its lowest terms. 
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Fractions and decimals 








You can write a fraction as a decimal by: 










●  



finding an equivalent fraction with a denominator that is a 



power of 10 











(10, 100, 1000, 








…) 










●  



dividing the numerator by the denominator. 











Some fractions are equivalent to 



recurring decimals. 








1 3 0.333 








1 








3 








= ÷ = 








… 








Recurring decimals are decimal numbers in which the digits after the decimal 








point recur in a regular pattern, such as 0.666 666 666... which is equivalent 








to 








2 








3 








and 0.818 181 818 








1 3 0.333 








1 








3 








= ÷ = 








… 



which is equivalent to 








9 








11 








To represent a recurring decimal, write dots over the first and last digits in the 








recurring pattern. 








0.3 








1 








3 










       








= 








0.16 








1 








6 










       








= 








0.045 








1 








22 










       

       








= 








0.142857 








1 








7 










       










       








= 








Exercise 2.1 








1 



Replace the 



∗ 



in each part to make the fractions equivalent: 








a) 








1 








4 8 








= 








∗ 








b) 








12 








16 4 








= 








∗ 








c) 








2 








5 10 








= 








∗ 








d) 








9 3 








8 








∗ 








= 








2 



Write these improper fractions as mixed numbers: 








a) 








39 








4 








b) 








12 








5 








c) 








28 








8 








d) 








32 








3 








3 



Write these mixed numbers as improper fractions: 








a) 



4 








1 








5 








b) 



3 








3 








4 








c) 



7 








4 








5 








d) 



3 








1 








7 








4 



Write these fractions in their lowest terms: 








a) 








15 








25 








b) 








36 








54 








c) 








14 








36 








d) 








18 








42 








5 



Write either 



, 



 



or 



= 



between these pairs of fractions: 
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