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Introduction 








We are delighted to bring you 



this new and updated edition of the 



Common 








Entrance 13+ Maths Revision Guide. 



As the name suggests, this is intended to 








assist you in your revision before the exams, and so it contains a review of all 








the 13+ content you will need. 








Most of the 11+ mathematics content has been assumed in this book, so if you 








need to revise the earlier work, please see the companion volume 



11+ Maths 








Revision Guide 



by Louise Martine. 








The book follows the order of the headings in the 13+ mathematics specification: 








● 



Number 









● 



Algebra 









● 



Measurement 









● 



Geometry 









● 



Probability and statistics 









These are preceded by a chapter on basic skills and mental strategies, 








and there is an additional chapter on problem solving, puzzles and projects 








towards the end which we hope will be a rich resource for your own 








investigations. All the answers for the questions in the main chapters are given 








near the end of the book. 








The format for each chapter is a review of the content in the specification, 








practice questions, suggestions for links between that topic and technology 








(calculators and computers) and a final summary of the content, before the ‘Test 








yourselfʼ questions at the end to assess your progress. Additional questions can 








be found in David Hanson’s 



Examination Practice Questions and Answers 



which 








is highly recommended for further revision. 








Additional teacher’s notes (including puzzles and ideas for investigations and 








projects) are available as a download from: 








www.galorepark.co.uk/commonentrancemathsfreecontent 








Scattered throughout the book you will find 'Fun facts' intended to alert you to 








some fascinating topics in mathematics. Any of these could lead you down a 








whole new 'rabbit hole' of enquiry! 








You will have noticed the changes in the specification already: bearings, 








constructions and drawing pie charts have gone, and so have significant figures 








(except for Additional Paper students) and determining averages from frequency 








tables. Additional Paper students have also lost inequalities. In their place, you 








are expected to do a new written mental arithmetic paper, and there will be a 








greater emphasis generally on the quality of your thought and working. You will 








see questions which require you to plan a well-structured answer, and you can 








expect some thought-provoking puzzles too! Oh, and don’t forget to include 








units in your answers… 








Learning mathematics sets you on a journey of wonder and discovery which can 








take you through school and beyond. There are no limits to the opportunities 








that lie ahead. 








Good luck! 








Stephen Froggatt 








David E Hanson 






















v 








Your exam 








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 cover 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. 








CE at 13+ Foundation Papers 



(for support, if required) 








Foundation Non-calculator 60 minutes 








Foundation Calculator 








60 minutes 








CE at 13+ Core Papers 



(suggested for all candidates) 








Core Non-calculator 








60 minutes 








Core Calculator 








60 minutes 








Core Mental Arithmetic Test 10 minutes 








CE at 13+ Additional Paper 








Additional Paper 








60 minutes 








Common Academic Scholarship 








One paper 








90 minutes 








How to use this book 








Make sure you know which exams you are taking. If in doubt, ask your teacher. 








In the book you will find a yellow background tint to indicate information or 








questions relating to the Additional Paper. 








Words highlighted in 



blue 



invite you to check their meaning in the glossary. 








The book includes the following features to help you with your revision: 








Located at the end of each chapter, ‘Make sure you know’ sections contain a 








summary of the things you really need to know. 








Practice questions 








At the end of each section, you will find questions in the style of real exam 








questions to help you practise. 








You can find the answers near the end of the book. 








The ‘mountain’ in the margin indicates that this question is more challenging 








than the others. Like climbing a mountain, though, the sense of achievement is 








wonderful! 








Fun facts 








Fun facts alert you to some fascinating topics that draw your attention to the 








wonder of mathematics from ancient history to modern mystery. 








Project 








Projects have been suggested in a few chapters. 
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Test yourself 








At the end of each chapter, you will see a ‘Test yourself’ section containing 








questions so you can check that your revision has been successful. Make sure 








you can answer these questions correctly before moving on to the next chapter. 








The answers are near the end of the book. 








Tips on revising 








Get the best out of your brain 








● 



Give your brain plenty of oxygen by exercising. You can revise effectively 









if you feel fit and well. 








● 



Eat healthy food while you are revising. Your brain works better when you 









give it good fuel. 








● 



Think positively. Give your brain positive messages so that it will want to 









study. 








● 



Keep calm. If your brain is stressed it will not operate effectively. 









● 



Take regular breaks during your study time. 









● 



Get enough sleep. Your brain will carry on sorting out what you have revised 









while you sleep. 








Get the most from your revision 








● 



Do not work for hours without a break. Revise for 20–30 minutes and then 









take a five-minute break. 








● 



Do good things in your breaks: listen to your favourite music, eat healthy 









food, drink some water, do some exercise or juggle. 








● 



When you go back to your revision, review what you have just learnt. 









● 



Regularly review the facts you have learnt. 









Get motivated 








● 



Set yourself some goals and promise yourself a treat when the exams are 









over. 








● 



Make the most of all the expertise and talent available to you at school and 









at home. If you do not understand something, ask your teacher to explain. 








● 



Get organised. Find a quiet place to revise and make sure you have all the 









equipment you need. 








● 



Use yearly and weekly planners to help you organise your time so that you 









revise all subjects equally. (These are available for download from 








www.galorepark.co.uk) 








Know what to expect in the exam 








● 



Use past papers to familiarise yourself with the format of the exam. 









● 



Make sure you understand the language that examiners use. 









Before the exam 








● 



Have all your equipment and pens ready the night before. 









● 



Make sure you are at your best by getting a good night’s sleep before 









the exam. 








● 



Have a good breakfast in the morning. 









● 



Take some water into the exam if this is allowed. 









● 



Think positively and keep calm. 
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During the exam 








● 



Have a watch on your desk. Work out how much time you need to allocate 









to each question and try to stick to it. 








● 



Make sure you read and understand the instructions and rules on the front 









of the exam paper. 








● 



Allow some time at the start to read and consider the questions carefully 









before writing anything. 








● 



Read all the questions at least twice. Do not rush into answering before you 









have a chance to think about it. 








● 



If you find a question is particularly hard, move on to the next one. Go back 









to it if you have time at the end. 








● 



Check your answers make sense if you have time at the end. 









Tips for the maths exam 








● 



Read the questions extra carefully. It is very easy to miss the word ‘not’ in a 









probability question, or the words ‘as a percentage’ in a number question. 








● 



Show all your working. In a non-calculator question, failure to do this could 









result in loss of marks; in a calculator question, it helps the examiner to 








check your method even if the final answer is wrong. Candidates often 








forget that marks can be awarded for working – it is not just about getting 








the right answer. 








● 



Check that your answers sound reasonable. A building 7 cm tall, or an 









average pupil mass of 987 kg, should make you think again. The most 








common way to get a crazy answer is to forget the units (centimetres and 








metres in the same question, for example). 








● 



When completing graphs, charts and drawings, use a sharp pencil, and try 









to be as neat and precise as you can. 
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1.1 Essential arithmetic 








1.1.1 The multiplication table 








Knowing your 



tables 



is the single most important basic skill in the whole of 








mathematics. 








You are expected to know your tables up to 12 



× 



12 








×× 








1 








2 








3 








4 








5 








6 








7 








8 9 10 11 12 








1 








1 








2 








3 








4 








5 








6 








7 








8 9 10 11 12 








2 








2 








4 








6 








8 








10 








12 14 16 18 20 22 24 








3 








3 








6 








9 








12 








15 








18 21 24 27 30 33 36 








4 








4 








8 








12 








16 








20 24 28 32 36 40 44 48 








5 








5 








10 








15 








20 25 30 35 40 45 50 55 60 








6 








6 








12 








18 








24 30 36 42 48 54 60 66 72 








7 








7 








14 








21 








28 35 42 49 56 63 70 77 84 








8 








8 








16 








24 








32 40 48 56 64 72 80 88 96 








9 








9 








18 








27 








36 45 54 63 72 81 90 99 108 








10 








10 








20 








30 








40 50 60 70 80 90 100 110 120 








11 








11 








22 








33 








44 55 66 77 88 99 110 121 132 








12 








12 








24 








36 








48 60 72 84 96 108 120 132 144 








You need to know your tables in several ways. First of all, learn them in 








columns 



so that you can list, for example, all 



multiples 



of seven. Then, be 








able to jump in at any point, and know that, e.g. 7 



× 



8 



= 



56, without thinking. 








Finally, you should be able to use the table backwards and be able to give 








all 



factor pairs 



of a number (e.g. Which numbers 



multiply 



to give 24?). 








1.1.2 Arithmetic with integers 








By now it is assumed that you know your tables fluently up to 12 



× 



12, and their 








corresponding divisions. You should also know all your simple additions up to 








10 



+ 



10, and their corresponding subtractions. 








For example, you should know that 9 



× 



7 



= 



63 and 63 



÷ 



7 



= 



9 








Similarly, you should know that 8 



+ 



4 



= 



12 and 12 



− 



8 



= 



4 








These should be INSTANT, not worked out each time! 








You need to be able to 



add 



and 



subtract integers 



of any size (using pencil and 








paper where necessary), and also know efficient formal methods for multiplying 








and dividing with integers. 
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Basic skills and mental strategies 








1 








We shall look at 



long multiplication 



and 



long division 



in the next chapter. 








1.1.3 Addition and subtraction with negative numbers 








There are four ‘rules’ to guide you through the process of adding and subtracting 








with 



positive 



and 



negative 



numbers: 








● 



adding a positive is just ordinary adding 









● 



adding a negative is 



equivalent 



to subtracting 









● 



subtracting a positive is just ordinary subtracting 









● 



subtracting a negative is equivalent to adding. 









12 



+ 



−3 



is the same as 12 



− 



3 



= 



9 








12 



− 



−3 



is the same as 12 



+ 



3 



= 



15 








−5 



+ 



−4 



is the same as 



−5 



− 



4 



= 



−9 








−5 



− 



−4 



is the same as 



−5 



+ 



4 



= 



−1 








1.1.4 Multiplication and division with negative numbers 








If you know your tables well, then this section will not be too hard at all. 








Multiplication with negative numbers 








A negative number will ‘negate’ (make negative) anything by which it is multiplied. 








If that other number is already negative, it makes it positive again. Multiplying by a 








positive number never changes the 



sign 



(positive or negative). 








Division with negative numbers 








Division follows very similar rules to multiplication. You can ‘negate’ any number 








by dividing it by a negative number. If your starting number is itself already 








negative, then negating it will make it positive again. Dividing by a positive 








number never changes the sign (positive or negative). 








H T U 








3 5 2 








2 








+ 








7 9 








6 3 1 








1 








1 








H T U 








8 4 1 








2 








− 








7 3 








5 6 8 








13 








7 








1 








H T U 








1 2 6 








× 








5 








6 3 



0 








1 








3 








H T U 








2 4 3 








9 








2 








7 








3 








1 








Pause for thought 








If there are ten people in a room and twelve of them leave, then would two of them 








have to return before the room is empty? 








Examples 








1 








3 



× 



28 



= 



+ 



84 








− 



3 



× 



28 



= 



− 



84 








2 



4 



× 



− 



17 



= 



− 



68 








− 



4 



× 



− 



17 



= 



+ 



68 
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1.1 Essential arithmetic 








Summary 








We can put all this information into a 



table 



that works for both multiplication and 








division. 








1.1.5 BODMAS? BIDMAS? PEMDAS? 








Part of the grammar of mathematics is the understanding of the priority 








of 



operations 



in an 



expression. 



It is important to know which parts of a 








calculation 



to address first, rather than simply ploughing through it without 








thinking. 








A variety of 



mnemonics 



and acronyms have been devised to help students get 








this right. 



BODMAS 



and 



BIDMAS 



are commonly used in the UK, while PEMDAS 








and PPDMSA are more common in American schools. 








These letters stand for: 








Level 1 



B 



(Brackets) or 



P 



(Parentheses) 








Level 2 



O 



(Of, as in Square or Root of) or 



I 



(Indices) or 



E 



(Exponent) or 



P 



(Powers) 








Level 3 



M 



and 



D 



for 



Multiplication 



and 



Division 








Level 4 



A 



and 



S 



for 



Addition 



and 



Subtraction 








Level 1 is the most important. Level 4 is the least important. The most important 








parts of the expression must be calculated first. We say that Level 1 is the ‘highest 








priority’. 








It’s really important to remember that multiplication and division have EQUAL 








priority, so they must be done in left to right 



order. 



Similarly, subtraction and 








addition have EQUAL priority, so they must be done in left to right order. 








There’s a good argument for replacing BODMAS with BIDMSA: 








1 



The word ‘Indices’ is more easily understood than ‘Of’ 








2 



Doing subtraction before addition eliminates possible errors, e.g. in 








50 



− 



3 



+ 



5 



× 



9 



(for which the correct 



answer 



is 92 not 2) 








My current favourite, I think, is PPDMSA (Parentheses, Powers, Division, 








Multiplication, Subtraction, Addition) – partly because it gets all the operations in 








a reliable order, and partly because of its associated mnemonic ‘Pretty Please, 








Dead Mice Smell Awful!’ 








Examples 








1 








80 



÷ 



5 



= 



+ 



16 








80 



÷ 



− 



5 



= 



− 



16 








2 



− 



72 



÷ 



4 



= 



− 



18 








− 



72 



÷ 



− 



4 



= 



+ 



18 








When multiplying or dividing negative and/or positive numbers, just ask yourself ‘Are the 








signs the same?’ Then the reply is ‘Yes, I am positive!’ or ‘No, they are not (negative)’. 








Multiply or divide 








this 








by this 








Positive 








Negative 








Positive 








+ positive 








− negative 








Negative 








− negative 








+ positive 
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1.1.6 Practice questions 








Try these questions yourself. The answers are near the back of the book. 








1 a) 



Write these numbers in order of increasing size: 








231 312 








213 








321 








132 








b) 



Write these numbers in order of decreasing size: 








7.3 








6.37 7.91 








7.36 8.1 








2 a) 



Write these numbers in order of increasing size: 








−2  3  0   −3  5   −1  7 








b) 



Find the value of each of these: 








i) 



−3 



+ 



5 








ii) 



1 



+ 



−4 








iii) 



−2 



− 



1 








iv) 



3 



− 



−4 








c) 



Find the value of each of these: 








i) 



−2 



× 



5 








ii) 



5 



× 



−4 








iii) 



−3 



× 



−4 








iv) 



−4 



÷ 



2 








v) 



2 



÷ 



−4 








vi) 



−6 



÷ 



−2 








3  a) 



Add 77 to 48 








b) 



Subtract 19 from 102 








4  a) 



Multiply 18 by 7 








b) 



Multiply 312 by 13 








5  a) 



Divide 1205 by 5 








b) 



Divide 1001 by 7 








6 



Evaluate: 








a) 



16 



− 



9 



÷ 



3 








b) 



3 



+ 



7 



× 



4 








c) 



7 



+ 



5 



× 



7 



− 



19 








d) 



2 



+ 



3 



× 



(4 



− 



5) 








Example 1 








10 



− 



3 



+ 



1 



= 



8 (not 6) − You have to work left to right, and not do the addition first. 








9 



− 



4 



+ 



3  = 8 








9 



+ 



4 



− 



3  = 10 








It’s a good idea to keep re-writing the expression at each 



simplification. 








Example 2 








5 



− 



2 



+ 



36 



÷ 



32 



= 



5 



− 



2 



+ 



36 



÷ 



9 








No 



brackets, 



so just work out the powers 








= 



5 



− 



2 



+ 



4 








Division completed 








= 



7 








Working from left to right 








Example 3 








−3 



+ 



32 



+ 



4 



× 



40 








2 








= 








−3 



+ 



9 



+ 



160 








2 








= 



  








−3 



+ 



13 








2 








= 



  








10 








2 








= 



 5 
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1.2 Useful skills 








1.2 Useful skills 








1.2.1 Roman numerals 








You need to read and write Roman numbers (such as 



years) 



using the system of 








Roman numerals. 











I, II 



and 



III 



represent 



1, 2 and 3 respectively 








V 



and 



X 



represent 5 and 10 respectively 








L, C, D 



and 



M 



respectively represent 50, 100, 500 and 1000 










Reading Roman numbers 








To read a 



Roman number 



we basically add up the Roman numerals. However, 








we must first find all the subtraction pairs, which we treat as single values. A 








subtraction pair exists when a smaller Roman numeral is placed to the left of a 








larger Roman numeral. This can only be done in six ways: 











IV 



means 1 subtracted from 5 so we read this as the number 4 








IX 



means 1 subtracted from 10 so we read this as the number 9 








XL 



means 10 subtracted from 50 so we read this as the number 40 








XC 



means 10 subtracted from 100 so we read this as the number 90 








CD 



means 100 subtracted from 500 so we read this as the number 400 








CM 



means 100 subtracted from 1000 so we read this as the number 900 










Writing Roman numbers 








When writing Roman numbers, subtract the biggest 



value 



you can at each stage, 








in this order: 











M, CM, D, CD, C, XC, L, XL, X, IX, V, IV, I 










(1000, 900, 500, 400, 100, 90, 50, 40, 10, 9, 5, 4, 1) 








repeating them if necessary before moving to the next smallest until you reach zero. 








Examples 








1 








MCMLXXXIV 



contains two subtraction pairs: 



CM 



(900) and 



IV 



(4) 








M + CM + L + X + X + X + IV  



= 



1000 



+ 



900 



+ 



50 



+ 



10 



+ 



10 



+ 



10 



+ 



4 



= 



1984 








2 



MCMXCIX 



contains three subtraction pairs: 



CM, XC 



and 



IX 








M + CM + XC + IX  



= 



1000 



+ 



900 



+ 



90 + 9 



= 



1999 








Example 








Write the year 1893 in Roman numerals. 








Subtract 



M = 1000 



to leave 893 (we can’t subtract 



M 



or 



CM 



so we move on to 



D) 








Subtract 



D = 500 



to leave 393 (we can’t subtract 



D 



or 



CD 



so we move on to 



C) 








Subtract 



C = 100 



to leave 293 








Subtract 



C = 100 



to leave 193 








Subtract 



C = 100 



to leave 93 








(we can’t subtract 



C 



so we move on to 



XC) 








Subtract 



XC = 90 



to leave 3 








(we can’t subtract 



XC, L, XL, X, V 



or 



IV 



so we move 








on to 



I) 








To remember that 



C = 100 



and 



M = 1000, 



remember that there are 100 years in a 








century 



and 1000 years in a 



millennium. 
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Basic skills and mental strategies 








1 








1.2.2 Multiples 








Multiples of 3 include 3, 6, 9, 12, 15, 18, ... 








Multiples of 6 include 6, 12, 18, 24, 30, 36, ... 








Think of multiples as the 



results 



in the times table of a number. 








1.2.3 Factors 








Factors 



of 30 are all the numbers that 



divide exactly 



into 30 








We can make a 



factor rainbow. 








1 








2 








3 








5 








6 








10 








15 








30 








Notice how the factors come in pairs. 








30 



= 



1 



× 



30 or 2 



× 



15 or 3 



× 



10 or 5 



× 



6 








Think of factors as the 



questions 



from the times table. 








Examples 








30, 40, 50, 60 and 70 are all multiples of 10 








However, they are also all multiples of 5 and 2 (because 10 is itself a multiple of both 








5 and 2). 








What can you say about these numbers? 








36, 48, 60, 72, 84 










● 



They are all multiples of 12 











● 



So, they are also all multiples of 2, 3, 4 and 6 









Example 








What are the factors of 24? 








They can be listed in pairs: 








1 



× 



24 








2 



× 



12 








3 



× 



8 








4 



× 



6 








Then we put them in order (reading down the left and up the right): 








The factors of 24 are 1, 2, 3, 4, 6, 8, 12 and 24 








Subtract 



I 



= 1 to leave 2 








Subtract 



I 



= 1 to leave 1 








Subtract 



I 



= 1 to leave 0 








FINISH! 








Reading down the left-hand side we end up with the answer: 








1893 = 



MDCCCXCIII 
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1.2 Useful skills 








1.2.4 Primes 








A 



prime 



is a number which has only two factors: 1 and itself. 








The first 30 prime numbers: 








2 








3 








5 








7 








11 








13 








17 








19 23 29 








31 








37 








41 








43 








47 








53 59 61 67 71 








73 








79 








83 








89 








97 








101 103 107 109 113 








Try to learn the first 



row 



by heart, and then make it your goal to be able to 








recognise all prime numbers under 100. Note that 1 is not prime − this is because 








it only has one factor, and prime numbers all have exactly two factors. 








By multiplying the primes together in different ways, with and without repeats, we 








create all the integers in the universe! Prime numbers can be thought of as the 








‘atoms’ that make up the ‘integer molecules’. This leads to the following: 








1 



Each combination of primes gives a unique integer (whole number) 








2 



× 



2 



× 



5 



= 



20 








You can’t make any other number by multiplying two 2s and a 5 together. 








2 



Each integer can be written in only one way as the 



product of prime factors 








99 



= 



3 



× 



3 



× 



11 








There is no other combination of primes that makes 99 








This two-part result is called the Fundamental Theorem of Arithmetic. It’s what 








makes maths work. There is no more important result in this entire book. 








1.2.5 Divisibility tests 








You should know the quick tests for 



divisibility. 



These involve looking at the final 








digits, finding the digit sum (adding up the digits repeatedly until you get down to 








a single 



digit), 



dividing by 2 and occasionally doing some fun tricks! 








To test for divisibility by 








Do this 








1 








(All integers are 



divisible 



by 1) 








2 








It must be an 



even 



number 








3 








Digit sum is in the 3 



× 



table 








4 








Just test the last two digits. Divide by 2. Then test for 2 








5 








Units digit is 5 or 0 








6 








Test for 2. Then test for 3 








7 








‘Times 2 and subtract’ − see below 








8 








Just test the last three digits. Divide by 2. Then test for 4 








9 








Digit sum is 9 








10 








Units digit is 0 








11 








‘Alternate digits’ − see below 








12 








Test for 3. Then test for 4 








Test for divisibility by 7: ‘Times 2 and subtract’ 








Remove the last digit and 



double 



it. Subtract this from what is left of the original 








number. If the answer is in the 7 



× 



table, then so was the original number. If you 








are not sure, repeat the process. 








Every prime 








number bigger 








than 3 is one 








more than 



or 








one 



less than 



a 








multiple of six. 








The similar rule 








‘Times 5 and 








add’ also works 








as a test for 








divisibility by 7 








Example 








406 



→ 



Split into 40 and 6. Double the 6 to make 12 








Now, 40 



− 



12 



= 



28, which is in the 7 



× 



table. So, 406 is divisible by 7 
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Basic skills and mental strategies 








1 








Test for divisibility by 11: ‘Alternate Digits’ 








Add up all the digits in 



ODD positions 



(1st, 3rd, 5th etc.). Call this 



A. 








Add up all the digits in EVEN positions (2nd, 4th, 6th etc.). Call this 



B. 








Find the 



difference 



between 



A 



and 



B. 



If it is in the 11 times table, then so was the 








original number. 








Other tests 








The divisibility test list can be extended as long as you wish. You’ll notice that 








we only actually need rules to test for divisibility by prime numbers, since for 








composite 



(non-prime) numbers we just test for each 



prime factor 



in turn. The 








following tests are variations on the one for 7 above, but for higher primes: 








Divisibility test for 13: ‘Times 9 and subtract’ or ‘Times 4 and add’ 








Divisibility test for 17: ‘Times 5 and subtract’ or ‘Times 12 and add’ 








Divisibility test for 19: ‘Times 2 and add’ or ‘Times 17 and subtract’ 








1.2.6 Squares, cubes and roots 








Any number multiplied by itself gives a 



square. 



In the factor rainbow this number 








joins to itself in the middle. Let us try this for the number 36: 








1 








2 








3 








4 6 9 








12 








18 








36 








Notice how the 6 is joined to itself because 36 



= 



6 



× 



6 








Multiply any number (n) by itself and the result is a 



square number 



(n2 ). Any 








number multiplied by its square gives a 



cube number 



(n3 ). It is a good idea to 








know the squares of at least the first ten numbers and at least the first five cubes. 








Here are the first 15 of each: 








n 








n2 








n3 








1 








1 








1 








2 








4 








8 








3 








9 








27 








4 








16 








64 








5 








25 








125 








6 








36 








216 








7 








49 








343 








8 








64 








512 








9 








81 








729 








10 








100 








1000 








11 








121 








1331 








12 








144 








1728 








13 








169 








2197 








14 








196 








2744 








15 








225 








3375 








(n2 ) means 



n 



to the power of 2. 








We call that 2 the 



index 








number. (The plural of 



index 



is 








indices.) 








Similarly, for (n3 ), 3 is the index 








number. 








Example 








52 349 



A 



= 5 + 3 + 9 = 17 








B 



= 2 + 4 = 6 








Difference 17 



− 



6 = 11 which is in the 11 times table. 








So 52 349 is divisible by 11 








Fun fact 








The same 








method 



can 








be achieved 








mentally by 








starting with 








the first digit 








and alternately 








subtracting 








then 



adding 



the 








digits as you go 








along: 5 



− 



2 



+ 








3 



− 



4 



+ 



9 



= 



11 








For the exam, 








it is enough 








to know the 








divisibility tests 








for 2, 3, 5, 9 and 








10 






















9 








1.2 Useful skills 








Remember the connection between squares and square roots: 








81 is the 



square 



of 9 








We write 81 = 92 








9 is the 



square root 



of 81 We write 9 =  81 








is the 



square 



of 








is the 



square root 



of 








81 








9 








Cubes and cube roots work in a similar way: 








64 is the 



cube 



of 4 








We write 64 = 43 








4 is the 



cube root 



of 64 We write 4 =  64 








When you 



square a negative 



number, you always get a 



positive 



answer. 








When you 



cube a negative 



number, you always get a 



negative 



answer. 








A 



negative 



number to any 



even 



power gives a 



positive 



answer. 








A 



negative 



number to any 



odd 



power gives a 



negative 



answer. 








1.2.7 Practice questions 








1 a) 



Which of these numbers are divisible by 3? 








15 








26 








36 








45 








56 








114 1011 








b) 



Which of these numbers are multiples of 4? 








6 








12 








16 








18 








24 








36 








52 








c) 



Which of these numbers are factors of 24? 








2 








3 








4 








6 








8 








12 








24 








2 



Which of these numbers are prime? 








1 








2 








3 








5 








9 








13 








17 








3 



Here are some number cards: 








3 








4 








6 








7 12 18 








From the cards, choose: 








a) 



a multiple of 6 








b) 



a factor of 6 








c) 



a square number 








d) 



all the prime numbers 








e) 



the number which is a common multiple of 4 and 6 








f) 



two numbers which have a product of 21 








g) 



three numbers which have a sum of 25, using each number only once. 








4 



Write these numbers written in Roman numerals as ordinary numbers: 








a) 



CXII 








b) 



MDCCCLXX 








c) 



MMXIV 








5 



Write these numbers in Roman numerals: 








a) 



57 








b) 



423 








c) 



1789 








3 








When using your 



calculator 



to square or cube a negative number, put the negative 








number in brackets (parentheses) first. Alternatively, store the negative number in 








your calculator 



memory 



and then square or cube that memory value. 
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Basic skills and mental strategies 








1 








6 a) 



Which number, in Roman numerals, is shown on the 



abacus 



below? 








M 








X V I 








b) 



Write this number in words. 








c) 



Write the number in ordinary figures. 








d) 



On the Roman abacus, why do the D, L and V spikes have space for only 








one bead? 








e) 



On a copy of this blank Roman abacus draw beads to show the number 








that is ten times the number shown on the abacus in part a). 








M 








X V I 








7 



Look at these numbers: 








1  3  15  18  21  39  56  60  81 








From the list, write down: 








a) 



a multiple of 13 








b) 



a factor of 12 








c) 



the product of 8 and 7 








d) 



the square root of 9 








e) 



a cube number 








f) 



a prime number. 








You may use a number more than once if you wish. 








1.3 Pencil and paper methods 








If you know your tables up to 10 



× 



10, then you can multiply 



any two numbers up 








to 100 



× 



100. Actually, you can multiply any two numbers as big as you like! It all 








comes down to knowing your tables. 








Short multiplication and division usually refer to multiplying or dividing 








by a single-digit number. Long multiplication and long division methods 








are generally used when multiplying or dividing by a number with two or more 








digits. 








1.3.1 Multiplication – informal methods 








Multiplication is essentially repeated addition, so if you forget the ‘formal 








methods’ used in class, you may be able to get the answer still by doing some 








addition instead, although it is more time consuming. 
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1.3 Pencil and paper methods 








1.3.2 Division – informal methods 








A division can be thought of as either repeated subtraction, which is the basis of 








the ‘chunking’ method, or as a 



fraction. 



Write the division as a fraction (with the 








divisor 



in the 



denominator), 



multiply top and bottom equally and repeatedly by 








10 until all the decimals are whole numbers, then you can 



cancel 



the fraction to 








get the answer to the division. 








Another approach is to divide the 



dividend 



and the divisor by a 



common factor, 








which has no effect on the answer but which makes the calculation easier. This is, 








of course, equivalent to cancelling a fraction. 








Either of these is likely to be a viable alternative to ‘long division’, however, so 








always consider them when asked to divide by a number with two digits. 








Example 








24 



× 



13 








I know that 24 



× 



10 



= 



240 








If I add up 24 



+ 



24 



+ 



24 I get 72 








Adding these two answers gives me 312 








H T U 








2 4 








2 4 








2 4 








2 4 








2 4 








4 0 








2 








2 4 








2 4 








2 4 








2 4 








2 4 








2 4 








2 4 








7 2 








2 4 








1 








3 








2 








+ 








Example 1 








Work out 7392 



÷ 



28 








Using your knowledge of divisibility tests (see 1.2.5) you would first notice that both 








numbers were even – in fact that they were both divisible by 4. 



Therefore, 



you would 








divide both numbers by 4 and just have to work out 1848 



÷ 



7 which is much easier. 
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Basic skills and mental strategies 








1 








1.3.3 Long multiplication 








Long multiplication means multiplying together two numbers that are too big to 








work with in your head. 








We shall take the example 126 



× 



64 and work it through, explaining every stage in 








detail. 








Procedure 








1 



Write the two-digit number underneath the three-digit 








number, lining up the units column as if it were an addition 








problem. 








2 



Multiply the three-digit number by the units digit of the 








two-digit number, working from right to left, with carrying 








where necessary. 








3 



Put a zero in the units column of the 



second 



row of working. 








Multiply the three-digit number by the 



tens 



digit of the two-digit 








number, again working from right to left, with carrying if it is 








needed. 








4 



Add together the two rows of working to obtain the 








final answer. 








Example 2 








Work out 312 



÷ 



24 








In this example we write the division as a fraction and cancel as we go. 








312 



÷ 



24 



= 



  








312 








24 








= 



  








156 








12 








= 



  








78 








6 








= 



  








39 








3 








= 



 13 








The 



reason 



we write a zero in the units column in step 3 is 








because we are really multiplying by 60, not by 6, so writing the 0 








effectively does the multiplying by 10 for us. 








1 2 6 








× 6 4 








5 0 4 








7 5 6 0 








1 3 








1 2 6 








× 6 4 








5 0 4 








1 2 








1 2 6 








× 6 4 








1.3.4 Long multiplication (alternative methods) 








It is useful to know a variety of methods for multiplying two numbers using pencil 








and paper. 








Here are some interesting ways of finding 387 



× 



52 that are fun to try. 








1 2 6 








× 6 4 








5 0 4 








7 5 6 0 








8 0 6 4 








1 






















13 








1.3 Pencil and paper methods 








The Elizabethan method (‘Napier’s bones’) 








Write the two numbers across the top and down the right. 








Multiply each pair of digits in the 



grid. 








Add along the 



diagonals 



and the answer appears 








around the other corner! 








Add from the right and work backwards. Remember to 








carry the digits! 








So 387 



× 



52 



= 



20 124 








The Egyptian method 








1 








387 








2 








774 








4 








1548* 








8 








3096 








16 








6192* 








32 








12 384* 








*52 



= 



32 



+ 



16 



+ 



4 








So just add up 12 384 



+ 



6 192 



+ 



1 548 = 20 124 which matches the previous answer. 








The Russian method 








Make two columns, with one number in each column. 








Double The numbers on the right and 



halve 



the numbers on the left (ignoring 








remainders). 








At the end, cross out the rows in which there is an even number on the left, then 








add up the remaining numbers on the right. 








52 








387 








26 








774 








13 








1548 








 6 








3096 








 3 








6192 








 1 








12 384 








Now there is a surprise! The same numbers are left for us to add up as with the 








Egyptian method! Do you think the two methods are similar in any way? 








3 8 7 








5 








2 








3 








1 








5 








4 








0 








3 








5 








0 








6 








1 








6 








1 








4 








8 7 








5 








2 








3 








1 








+1 








+1 








+1 








5 








4 








0 








3 








5 








0 








6 








1 








6 








1 








4 








8 7 








1 2 4 








5 








2 








2 








0 








Even more methods 








A comprehensive collection of pencil and paper 



procedures, 



from around the 








world and from antique maths textbooks, for doing multiplication, division and much 








more can be found in Jo Morgan’s excellent book 



A Compendium of Mathematical 








Methods. 








Why not ask your school library to get a copy? 
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Basic skills and mental strategies 








1 








Using one calculation to find the answer to another 








Did you know that you can use multiplication and division facts to 



calculate 








related problems? 








Variations on the original problem are achieved using a combination of two 








procedures: 








● 



Changing the order of the numbers in the question and answer. 









● 



Multiplying or dividing any of the numbers involved by powers of 10 (i.e. 10 or 









100 or 1000, etc.) and sometimes small factors such as 2, 3 or 5 








350 








0.05 








7000 








1 








35000 








5 








= 








= 








×100 








×100 








÷ 5 








÷ 5 








= 7000 








5224.3 








89 








5.2243 








0.089 








= 








× 1000 








× 1000 








= 58.7 








1.3.5 Practice questions 








1 



A known division fact is 32 



÷ 



8 



= 



4 








Use this fact to help you to find the answers to these: 








a) 



320 



÷ 



8 



= 








b) 



32 



÷ 



80 



= 








c) 



3200 



÷ 



80 



= 








d) 



32 



÷ 



0.8 



= 








e) 



3.2 



÷ 



8 



= 








2 



Given that 34 



× 



75 



= 



2550, find: 








a) 



17 



× 



75 








b) 



68 



× 



0.75 








c) 



2550 



÷ 



17 








d) 



510 



÷ 



3.4 








3 a) 



Calculate the total cost of buying 12 football shirts at £37.95 each. 








b) 



When 16 people go to the theatre, the total cost of the tickets is £287.20 








What is the cost of each ticket if they are all the same price? 








4 



Using any written method of your choice, work out: 








a) 



337 



× 



37 








b) 



781 



× 



58 








c) 



4698 



÷ 



18 








The following question is a word problem. Your challenge is to find just the 








relevant information to answer the question. 








5 



Hannah is 9. She lives at 16 Star Road. She loves playing a video game 








‘Nature 99’ which involves collecting ‘Leaf Tickets’. Each Leaf Ticket is worth 








150 ‘Bells’. Hannah has collected 53 Leaf Tickets so far. Her best friend 








Jenny is 10 and lives at 18 Brook Lane, and she also loves playing Nature 








99, which costs £24 to buy new. She has collected 47 Leaf Tickets. At 3 p.m. 








they decide to trade all their Leaf Tickets for Bells. How many Bells do they 








receive between them? 








1.4 Mental maths 








1.4.1 Mental strategies 








It is an excellent idea to have a range of strategies for speeding up calculations in 








your head. 








These strategies are also essential for checking your work, especially if you have 








used a calculator. 








Simplify 



the 








calculation first. 
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1.4 Mental maths 








Use known facts 








If you have been told that 147.3 



− 



59.7 



= 



87.6 then you can easily work out 








147.3 



− 



87.6 








Similarly, if you know that 480 



× 



0.26 



= 



124.8 then you can easily find 24 



× 



0.26 








(just think about how the 480 has been transformed into 24 then do the same 








with the 124.8) 








Change the question! 








When working out 7 



× 



£2.99 it is much easier to change it to 7 



× 



£3 and then 








subtract those seven extra pennies at the end to get £20.93 








Spot the difference 








The difference 



between 



two numbers remains the same if both numbers are 








moved on the 



number line 



by the same 



amount. 



This is particularly useful 








when subtracting from numbers in the 



hundreds 



or 



thousands. 



Just move each 








number down by one. 








For example, 5000 



− 



2384 is the SAME as 4999 



− 



2383 



= 



2616 (with no carrying 








required). 








Subtraction and addition in stages 








If you want to subtract something awkward like 54, then it is usually easier to 








subtract in two or more stages: first subtract the 50, then subtract the 4 








Adding in stages is surprisingly similar … 








Subtraction and addition in partnership 








It is often a really good idea to use a combination of adding and subtracting 








to make the calculation easier. For example, when subtracting 17, it is probably 








easier to subtract 20 then add on 3 to the result. 








Fives 








Multiplying by 5 is equivalent to multiplying by 10 and then halving the answer. 








Dividing by 5 is equivalent to dividing by 10 and doubling the answer. You need 








to try this out to see just how quick it is! 








Nines 








10 



− 



1 



= 



9 








OK, so you knew that (I hope!) but it does give us a very handy way of multiplying 








by 9: just multiply by 10 then subtract the original number. 








Elevens 








10 



+ 



1 



= 



11 








You can probably see where this is going … To multiply by 11, just multiply by 








10 then add the original number. This gives us an extraordinarily fast way of 








multiplying by 11: take the number being multiplied by 11; write down the 



units 








digit; write down the 



sum 



of the units and tens digit (carry the 1 if necessary); 








write down the sum of the tens and hundreds digit (adding the carry digit and 








carrying again as required); write down the sum of the hundreds and thousands 








digit (carrying as before) and 



continue 



until you run out of digits. WORK FROM 








RIGHT TO LEFT. 








Example with no carrying: 24 361 



× 



11 



= 



2, 2 



+ 



4, 4 



+ 



3, 3 



+ 



6, 6 



+ 



1, 1 



= 



267 971 








Example with carry digits: 4069 



× 



11 



= 



4, 4 



+ 



0, 0 



+ 



6 



+ 



1, 6 



+ 



9, 9 



= 



44 759 
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Example 2 








Th H T U . t h 








H T U 








H T U . t h 








2 1 0 








÷ 








1 0 = 








2 1 








(Same as 21.0) 








1 7 4 








÷ 








1 0 = 








1 7 . 4 








3 4 2 0 








÷ 



1 0 0 = 








3 4 . 2 








7 








÷ 



1 0 0 = 








0 . 0 7 and so on 








Last digits 








The last digit in any product comes from the product of the last digits in the two 








numbers being multiplied. So, for example, we know that 24 



× 



317 must end in an 








8 since 8 is the last digit of 4 



× 



7 in the original question. 








Rough answers 








Always get a 



rough 



answer before you work anything out to give you a quick 








check that you have not messed it up completely! 








Swapped digits 








If your answer differs from the correct answer by a multiple of 9, then you 








probably copied one of the numbers in the question incorrectly. Check 








that you didn’t swap two digits by mistake (writing 423 instead of 432 for 








example). 








Check by estimation 








You should 



round 



the numbers first to give you an 



estimate 



of the answer 








(see Section 2.4), then you know that if your calculation produces a very different 








answer it might be worth checking again. 








Check by inverses 








Use 



inverse 



operations +/− and 



×/÷ 



to review your answer. 








For example, if you thought 23 



− 



9 



= 



16, a quick check that 16 



+ 



9 



= 



25 (not 23!) 








would suggest that you need to try again. 








1.4.2 Multiplying or dividing by 10 or 100 








Our number system makes it easy to multiply or divide by ten. 








Our number system is chosen because we count to 10 on our hands. 








Multiplying whole numbers and decimals by 10 or 100 








● 



Move the digits to the left so they have a higher 



place value. 









● 



The 



decimal point 



is fixed – only the digits move. 









Dividing whole numbers and decimals by 10 or 100 








● 



Move the digits to the right so they have a lower place value. 









● 



The decimal point is fixed – only the digits move. 









Example 1 








H T U . t h 








H T U 








H T U . t h 








2 3 








× 








1 0 = 2 3 0 








1 








. 7 4 



× 



1 0 0 = 1 7 4 
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1.4 Mental maths 








1.4.3 Practice questions 








1 a) 



Multiply 307 by 10 








b) 



Divide 307 by 100 








2 a) 



How many times more than 120 is 12 000? 








b) 



How many times more than 3.05 is 3050? 








3 a) 



Find the value of each of these: 








i) 



5.07 



× 



10 








ii) 



5.07 



÷ 



100 








iii) 



0.507 



× 



1000 








b) 



Use the fact that 8.2 



× 



13.5 



= 



110.7 to write down the value of each of 








these: 








i) 



82 



× 



1.35 








ii) 



0.82 



× 



13.5 








iii) 



820 



× 



0.001  35 








iv) 



11 070 



÷ 



13.5 








4 



Here is an addition fact: 16 



+ 



7 



= 



23 








Using the same numbers (16, 7 and 23) in each fact, complete the three 








related addition/subtraction facts. 








5 



Here is a multiplication fact: 6 



× 



7 



= 



42 








Using the same numbers (6, 7 and 42) in each fact, complete the three 








related multiplication/division facts. 








Example 3 








2.7 








÷ 



10 








= 








0.27 








1.23 








× 








10 








= 








12.3 








2.7 








÷ 



100 








= 








0.027 








1.23 








× 








100 = 123 








2.7 








÷ 



1000 








= 








0.0027 








1.23 








× 








1000 = 1230 








0.05 








× 



10 








= 








0.5 








98.7 








÷ 








10 








= 








9.87 








0.05 








× 



100 








= 








5 








98.7 








÷ 








100 = 








0.987 








0.05 








× 



1000 








= 








50 








98.7 








÷ 








1000 = 








0.0987 








To help you learn, you can play a fun game with your calculator! 








Type in a number and then decide between 



× 



and 



÷ 



and then between 10 and 








100 








Have a guess at the answer and then press 



= 








Were you right? 








× 



100 








is 








× 



10 








done twice 








× 



1000 








is 








× 



10 








done three times 








÷ 



100 








is 








÷ 



10 








done twice 








÷ 



1000 








is 








÷ 



10 








done three times 








The following questions involve the use of mental strategies and should be done 








entirely in your head − write down only the answer. 








6 



Fill in the missing numbers: 








a) 



4 



× 



19 



= 








b) 



7 



× 



31 



= 








c) 



29 



× 



5 



= 








d) 



11 



× 



17 



= 
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There are 254 children on a school’s register. One day 59 were absent. How 








many children were at school that day? 








8 



There are 37 people on a bus. At the next stop 19 of them get off and 11 get 








on. How many people are now on the bus? 








9 



What is the total cost of 11 chocolate bars costing 43 pence each? 








10 



What is 9.5 



× 



4? 








11 



Sarah left home at 08:45 and cycled for 35 minutes to reach her friend’s 








house. At what time did she arrive? 








12 



What is the smallest integer, greater than 200, which divides exactly by 3? 








13 a) 



I invest £800 at 5% 



interest. 



How much interest do I earn in a year? 








b) 



Tommy played in four football matches. The figures show the number of 








goals he scored in each match. How many goals does he need to score 








in his next match to make his mean number of goals four per match? 








3  0  5  2 








c) 



A recipe says that 6 kg of flour will make 12 loaves of a certain size. How 








many kilograms of flour do I need to make 20 loaves of the same size? 








d) 



On a trip to Edinburgh, Len spends £14.40 on the train, £8.00 on a taxi 








and £2.60 on a bus. How much does the journey cost him altogether? 








e) 



The information shows the charges for parking in a car park for different 








lengths of time. 








0 to 2 hours 90p 








each extra hour or part hour 40p 








If I arrive at 09:30 and leave at 13:45 the same day, how much do I pay to 








park? 








14 a) 



This calculation is used to find the total cost in pounds of some items in a 








sale: 



11 



× 



15 








0.3 








Calculate the total cost. 








b) 



Tina is 13 years old. Five years ago her sister was half Tina’s age. How 








old is Tina’s sister now? 








c) 



An A6 sheet of paper, a quarter the size of an A4 sheet, has an area 








of about 150 cm². What approximate area in square metres could be 








covered by 100 sheets of A6 paper? 








d) 



How many cube-shaped boxes with edges of half a metre can I fit into a 








case measuring 4 m by 2 m by 1 m? 








e) 



The circumference of Ed’s cycle wheel is 249 cm. Estimate, to two 








significant figures how many times the wheel goes round while he 








cycles 10 km. 








1.5 Using technology 








1.5.1 Websites and browser 



games 








There are a good number of web-based games, in which you can just visit a 








website and play the game in the browser window, designed to help you speed 








up your tables and other mental 



arithmetic. 



Since the number is growing all the 








time, why not ask your teacher for some recommendations? 








1.5.2 Tablets and smartphones 








If you have access to a tablet or smartphone, you can try some of the enormous 








selection of free and paid maths apps to build your confidence in these essential 








basic skills. 








Always ask 








your parent or 








teacher before 








downloading 








any software. 
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