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Introduction: Why?

School. Nobody forgets it. It lingers on in your head as a source of comedy and confusion for the rest of your life. It’s the ritual of it. A weird tyranny of teachers. ‘Stand up, sit down.’ ‘Hands out of your pockets.’ ‘Silence.’ ‘No skirts above your knees.’ ‘Put that gum in the bin.’ Giant adult hands crashing down on desks. Red faces bellowing at you to ‘Pay attention.’ Tests. Examinations. Results. Reports.

At the centre of the system is the classroom. When a classroom is in use, it is bathed in a ghastly artificial light – just like the ‘Engaged’ sign for an aircraft toilet. Inside, rows of heads hunch over rows of orderly desks, upon which, every year, students stick gum, write their name, and unpack their books.

Each type of classroom has a special flavour. The geography classroom has maps of the world on its walls, and pictures of erupting volcanoes, whilst the English classroom has neat displays of ‘Your Best Work’. The science classroom smells permanently of gas that has escaped from the taps for the Bunsen burners, whilst the gym just smells of sweat and pain.

But of all these flavours, it is often that of the mathematics classroom that has left the bitterest taste. Its walls are either left bare, or they are covered in uninspiring pictures of shapes and brightly-coloured multiplication tables. Inside this room waits the ordeal of quick-fire questions designed to expose and embarrass the weakest. In here, students open their little blue exercise books, and continue to fill them with row after row of calculations, whilst every furrowed brow and frustrated sigh signal the same unspoken message. ‘I don’t understand.’

The mathematics teacher is the remote and tyrannical figure who rules this little world. His intense love of numbers has damaged his interpersonal skills, and his strange physical features have somehow interfered with his love of humanity. He asks the questions, and dismisses hours of labour with a few scratchings of his red pen. And he scrawls incomprehensible explanations on the blackboard, and then expects his students to solve the problems on the sheet in front of them by some mystical form of osmosis.

Just like any environment, the conditions of the mathematics classroom affect its inhabitants. The fear of getting an answer wrong means that for most the best chance of survival is silence. This group of children always have their heads bowed over their books with furrowed brows. They never let their eyes wander around the room for fear of making eye contact with the teacher. They ‘could contribute more to class discussion’ (as their end-of-year report makes clear) – but they never will.

If you were one of the silent ones in the classroom, your voice swallowed by self-doubt, then this book is for you. I hope you will find use for it, even if you were one of those who were more intent on dazzling the spotty child at the front with reflected sunlight from your watch.

I offer this book as a kind of therapy for all those who found mathematics difficult at school. As part of the therapy, I need you to trust me to take you on a journey back through time to the trauma of that mathematics classroom. You will once again have to face the watery eyes of a mathematics teacher magnified horribly through the thick lenses of his glasses as he glares at you in expectancy. In what follows, this monster goes by the name of Mr Barton. And, as this man’s gaze slowly eats away at your self-belief, you will once again have to suffer the disdainful glance of his prim sidekick, the-cleverest-girl-in-the-class. In the pages to come, she is known as Bernadette Pressman.

I am not saying that the process will be enjoyable, but it is necessary, if you wish to finally put the ghosts of Mr Barton and Bernadette Pressman to rest. And you will not be alone. In the corner of the classroom sits Charlie Bissil. At heart, he is not a bad boy. But as lesson after lesson passes, he understands less and less of what Mr Barton says. There was a time when he stared earnestly at the board, and tried to construct some meaning from the symbols on it. But every time he felt close to success, Mr Barton and his red pen shattered his illusion. And so now he channels his energy into acts of small-scale rebellion. You will find him a useful ally in the ordeal you are about to face.

I hope that, in subjecting yourself to the therapy, you will come to understand some of those things that you never really understood at school, and which led you to believe that the whole subject of mathematics was a cruel joke. If this is the case, you will never again have to grope in your memory for rules copied down years ago into long-lost exercise books, nor will you have to continue to place your faith in the hands of Mr Barton (which were, after all, unnaturally sweaty). You will be able to face the world of mathematics with a renewed confidence in your own ability to understand it and to solve the problems that it throws at you.

And Mr Barton will cease to appear in your dreams to chase you through an eternal classroom, whilst assaulting you with questions from the nine-times-table and pieces of white-hot chalk.


PART ONE

Numbers In Your Head, Figures On Paper


I

Small Steps

It is the start of the school day. Most children are barely awake, but shuffle through the school corridors in a sleep-drugged state. In marked contrast to them, Bernadette is bright-eyed and straight-backed as she stands waiting for the beginning of the day’s dose of education at the front of a disorderly line outside the mathematics classroom. Charlie, too, is beginning to show signs of life. He has already managed to get his football confiscated by accidentally kicking it into the windscreen of the headmistress’s oncoming car. Now he is concentrating on navigating around the school building according to his own strict rules of motion.

Strangely enough, although one of the underlying principles of these rules is to minimize the distance that he travels, they often result in making him late for lessons, because he regularly has to stop and wait for a particular obstruction to clear. It is fine to push through a group of smaller children, but experience has taught him that the same tactic is less suitable for larger children or teachers. He has tried to explain this problem in the past when accused of ‘wilful tardiness’, but, in general, his teachers struggle to understand that it is part of his religion to always walk in straight lines.

He arrives just as the last of his classmates are entering the classroom for the first lesson of the day, and slips quietly to his place in the back corner, placing his backpack on the floor under the desk. Mr Barton is writing the day’s date and a title on the board in spidery handwriting. Bernadette has arranged her pens and coloured pencils on the desk in front of her. They form a neat geometrical pattern around her eraser, which smells sweetly of strawberries. Charlie has forgotten his homework.


1. The postman comes every third day, the milkman comes every fourth day and the policeman comes every fifth day. One day they all turn up. How many days will it be before this happens again?



I know that you are probably a little defensive about your ability to ‘do’ numbers. However, first of all, I want to get your achievements into context. Forget about the pressure of the school mathematics test. Wipe from your mind that little destructive silence that your teacher left just after you announced that you had only scored ‘five out of ten’. If you are able to do any sum – either in your head or on paper – that is a little miracle in itself. It means that you have already come a long way.

Let’s see just how far. When you were born, you knew nothing. This is not an insult. No one knows much just after they have been born, except that it is a blessed relief to get out in the fresh air. As a result of interacting with the world, you gradually began to figure some things out. You knew that there is a difference between one aunt, two aunts, three aunts and four aunts, even if they were trying to distract you from figuring this out by making funny noises and invading your personal space. But any more than this number of aunts, and it was all too much. There could have been ten of them or fifteen of them – you wouldn’t have known the difference.

And without any further help, that is as far as the human mind will get in Arithmetic. Occasionally, a child grows up without contact with other humans. Such a person is called a ‘wild child’. If they are not discovered early in their life, this is the limit of their understanding of number. Once they have hit puberty, they are rarely capable of improving on this vague sense of the difference between one, two, three and four objects.

This is exactly the same stage as the wiliest of animals can reach. Some of the best natural mathematicians are certain species of birds, like the crow and the magpie. If you were one of those people who used to collect birds’ eggs (now illegal) and put them in glass cases with neat labels, then please bear in mind this fact to avoid unnecessary cruelty to the poor mother. Don’t raid a nest where there are four or less eggs, because the lady magpie will know that one of her future children has gone missing.


2. Eight prisoners usually serve their sentences in solitude. They are arranged in cells as the diagram below shows:

[image: image]

However, as they have been good, the jailer allows them to share cells, but they must arrange themselves so that there are four prisoners along each side of the prison. How many prisoners end up in each cell?



Leaving behind the animal kingdom, there have existed whole human civilizations that have not got further than this. Unlike the wild child, they all developed speech, but, in general, they only had numbers for ‘one’ and ‘two’. They could deal with ‘three’ and ‘four’ by talking about ‘two-one’ and ‘two-two’, but beyond that the average Botocudan from the Brazilian rain forest would just point at his head, and look a bit sorry for himself. This is no comment on the intelligence of Botocudans. They were perfectly capable individuals. It’s just that they had no need for numbers greater than this.

There is evidence of our inability to get beyond a concept of ‘four’ all over the place. For example, the Romans only gave normal names to the first four of their sons. Then the fifth son was always called Quintus (‘the fifth’), the sixth son Sextus (‘the sixth’), the seventh Septimus (‘the seventh’) and so on. Similarly, in the original Roman calendar (which only had ten months), the first four months had names unconnected to their position (Martius, Aprilis, Maius, Junius), but the rest of them were named from their order: Quintilis, Sextilis, September, October, November and December. Later, January and February were included, when it was realized that the months were falling out of step with the seasons, and Quintilis and Sextilis were renamed July and August after the emperors Julius Caesar and Augustus.

Now, this is not strictly relevant, but you are probably wondering how a member of the Botocudan tribe managed to keep track of things if she had no concept of a number greater than four. What happened if she found nine identical eggs in the nest of a macaw, and decided to carry them off home for breakfast? How would she know that she hadn’t dropped one on the way back, if she didn’t know the difference between nine and eight?

Well, the truth is that the Botocudans were perfectly capable of dealing with this sort of thing. They would take a tally. One way of doing this was that for each egg, they would pick up a pebble, or tie a knot in a piece of string, or cut a notch on a stick. And when they got home, as they took out each egg, they would throw away a pebble, or untie a knot, or cross out a notch. This way they could keep track of their belongings, and only ever really deal with the number ‘one’. Each egg was a ‘one’ that they would record in whatever way was most handy.

In fact, one of the most common ways of keeping a tally was to use their own body. Each tribe would come up with a particular order for the different parts of the body. So the Botocudan woman would touch the little finger on her left hand when she put the first egg into her pouch, the second finger on her left hand for the second egg, and so on until she had used all her fingers for the first five eggs. For the sixth egg, she would touch her left wrist, for the seventh egg, her left elbow, for the eighth egg her left shoulder, and for the ninth egg her left breast. When she got home, she just had to go through this sequence again as she took out her eggs. If she ended up pointing at her left breast, then she hadn’t dropped any.

This might all sound very primitive, but just to stop you from feeling smug, different methods of tallying have stuck with us through the ages. Up until 1828, the British exchequer sent out tax demands on tally sticks, and kept them as receipts in the basement of the Houses of Parliament. When the system was abolished in 1834, the politicians decided to burn all the sticks. Unfortunately, they lost control of the fire, and burnt down the Houses of Parliament by mistake.

So there you go. At the age of eighteen months, you are already at the same level as many civilizations ever reached altogether. As soon as your parents encourage you to count with your fingers (just like the Botocudans), and to give each new number a name (unlike the Botocudans), you have moved into a place that many inhabitants of this planet have never been. You are a little genius. And it won’t be long before you can tell all nine of your irritating aunts to kindly leave you alone.


3. How can the numbers 1 to 9 be placed in these circles, so that each side of the triangle add ups to 20?

[image: image]




2

How Many Fingers?

Getting beyond the number four is only the beginning. As soon as you start counting, you bring into existence an infinite amount of numbers. And it is all very well to start giving special names to the first few of them, but you can’t come up with new names forever, and even if you did, you wouldn’t be able to remember them all. It’s a bit like the Romans with their sons – after a while you give up trying to be original.

So the next challenge that you have to deal with is to understand the system that we use to cope with all these numbers. And the system that most people use is called the decimal, or base ten system. The best people to talk to about this are the Tibetans, because they stick to it the most completely. The Tibetans have come up with words for the numbers zero to nine (as we call them). They have also come up with words for every power of ten (as have we for the most part: ten, hundred, thousand and million). Then they can express in words any number they like by combining their words for zero to nine, with their words for the powers of ten. So, they would call the number 324: ‘three-hundreds two-tens and four’, or actually ‘gsum-bryga gnyis-bcu rtsa bzhi’.

Now you might be thinking, with a nationalist rush of anger, that the English language is every bit as logical as the Tibetan. But it isn’t quite. For starters, in English, names for numbers get shortened to make them easier to say. ‘Two-tens’ becomes twenty. ‘Five and ten’ becomes ‘fifteen’. Also, there is the mystery of ‘eleven’ and ‘twelve’. They don’t appear to have anything to do with ‘two-and-ten’ or ‘one-and-ten’, although one theory is that they are different – that is, don’t contain any reference to ten – because they are so near to it in sequence. So ‘eleven’ derives from ‘one left’ (after ten) and ‘twelve’ from ‘two left’ (after ten). When we get to thirteen apparently we are getting too far away from ten to cope without being reminded of where we are.

And then there is the fact that we just got lazy when it came to making up names for powers of ten. While the words ‘ten’, ‘hundred’, ‘thousand’, ‘million’, ‘billion’ and even ‘trillion’ are all commonly used in English, the Tibetans went further. They also have a special name for ‘ten thousand’ and ‘one hundred thousand’. We couldn’t be bothered, which is a shame, because it would make writing cheques much easier. So we can’t claim to be as logical as the Tibetans, but we can claim to be a lot more sensible than the Welsh. They came up with ‘two-nines’ instead of ‘ten and eight’. Where is the sense in that?


4. On their daily rounds, three dustmen discover a pile of bins full of varying amounts of waste, which are blocking the public right of way and must be moved. It is important that nobody does more work than anyone else, and so they want to share the task equally. They calculate that there are sixty bins, of which twenty are completely full, twenty are half-full, and twenty contain no rubbish at all. How can they divide up the work, so that each person carries the same number of bins, and the same amount of rubbish?



You might have wondered why we count like this. And in doing so at such a tender age, you once again proved your potential for genius. That is exactly the same question that a fully-grown Aristotle asked, and he ranks as one of the greatest philosophers of all time: ‘Why do all men, whether barbarians or Greeks, count up to ten and not to some other number?’*

The short answer to this question is: FINGERS. Your fingers are the most natural tool for counting that you have. At some point, people stopped using them as a tally (like the Botocudans), and started connecting them with numbers.

The long answer to the question is that in fact not everyone has counted like this. Although the vast majority of counting civilizations have used base ten, there are plenty of examples of people who used different bases. This may seem surprising. Our numbers and the way that we use them seem so natural that it is hard to believe that they do not just exist in the world that way. But the base ten system is just one of an infinite number of ways that we could have chosen to put numbers into a system. If you had eight fingers, rather than ten, for example, you would be using base eight, and be just as happy, except you would not be so good at playing the piano.

This is not just a hypothetical situation. Besides base ten, the most common number system used is the vigesimal system, or base twenty. Both the Maya and the Eskimos used base twenty, presumably because they were counting on their fingers and their toes – although what an Eskimo was doing without any shoes on, I don’t know.


5. At Christmas you arrive home with a bag of presents. You have five young cousins, all keen to get their hands on the loot. The first of these takes half the presents and one more. You don’t get far with the remaining presents before you meet the second cousin, who takes half of what you have left and one more. You stumble on, only to come up against the third cousin, who again takes half the presents and one more. The same thing happens with each of the two remaining cousins. Exhausted and dishevelled, you finally reach the sitting room, where you find your mother-in-law, who is waiting expectantly for her gift. You hand over the one and only parcel you have left. How many presents did you have to start with?



There are still elements of base twenty thinking around today. If you ask a mysterious stranger in the middle of a windswept English moor how far it is to the nearest pub, he might answer: ‘Two score miles and ten’. He actually means ‘Two lots of twenty miles and ten more’ which to you and me is fifty. (The word ‘score’ for the number twenty has been used since Biblical times, when the average human lifespan was said to be ‘three score years and ten’ – i.e. seventy years. The word comes from the old method of keeping tally. When you got to the number twenty, you made an extra large cut, or score, in your counting stick.) Similarly if you ask a Frenchman for eighty onions, and in his surprise at the strength of your need for his national vegetable, he raises his eyebrows, and says: ‘Quatre-vingt?’, what he means is: ‘Four twenties?’ Both of these people are using a base twenty system.

Just as base ten developed from counting the fingers on both hands, and base twenty from fingers and toes, a base five system developed in several civilisations through people counting on just one hand. To give you an idea of what you are missing, this is how a member of the Fulah tribe in West Africa would have dealt with numbers. It is a perfectly sensible way of going about things.

Firstly, he had special names for the numbers from one to four. To make life easier, let’s say that these names were, in fact, ‘one’, ‘two’, ‘three’, and ‘four’. He also had special names for the powers of five (5, 25, 125 etc.). Let’s say they were as follows: ‘five’ (5), ‘high-five’ (25) and ‘jackson-five’ (125). He could then use this system to name any number he liked.

For example, take the number we call ‘three-hundred-and-thirty-nine’. We have given this number its name because we think of it as being made up of three hundreds, three tens, and nine units. But the Fulah tribesman did not think of it as being made up in this way at all. He looked at it, and saw it as being made up of two jackson-fives, three high-fives, two fives and four units, and so he named it precisely that. You can check his thinking. He hasn’t made any mistakes. It all adds up to 339. It is just a different way of looking at the same number.

(I should add here that I shouldn’t really talk about the number 339 as if that is the only way of representing this number in symbols. It isn’t, and the Fulah tribesman, if he had got around to writing numbers using symbols, would not have written it like this. But that is something that I will come to later. For now, when I write 339, I simply mean the number that we are referring to when we write down these symbols.)

It is possible that your mathematics teacher never told you about all of this. It is possible that he kept it to himself, tucking away his knowledge in his tattered leather briefcase next to his Tupperware box containing corned beef sandwiches and an overripe tangerine. But it is all true. The way we count is the result of the design of our bodies. It is a system that we have made up to deal with the consequences of inventing number. And it is by no means an easy one to understand.


6. i. What would we call this Fulah number:

‘four Jackson-fives, three high-fives, two fives and one’?

ii. What would a Fulah call our number:

‘four-hundred-and-seventy-three’?



* Aristotle, Prolemata, xv, 3 in Gow (1968) p.l.


3

Outside the Supermarket

For most of my time at primary school, doing mathematics was the same as doing sums. You had two choices when faced with a sum. You could either do it in your head, or you could do it on paper. Doing it in your head was harder, and you got more respect. If you could do a sum very quickly, the chances were that some of your classmates would gasp, and mutter: ‘He’s CLEVER.’ Of course, this only lasted until the beginning of your first year at secondary school. After that, if you did a sum in your head quickly, you were more likely to be beaten up.

Still, there is no denying that doing mathematics in your head is a useful skill, if only to make sure that you never get shortchanged. I once had a very short-lived stint as a barman. I was expected to add up the price of a round of drinks in my head. I found this very hard, especially on a Friday night, when the pub was packed, and someone had already ridiculed me for being the only barman not wearing a white shirt (mine was blue – I still don’t know what the problem was). I began to make more and more mistakes, and my confidence ebbed away. It began to affect my other duties as a barman. I lost my ability to pour a decent pint of lager. My hands started to tremble. The punters became more aggressive. My boss had a go at me for taking too long to deal with an order, and for failing to add up the prices correctly.

At last, one customer made the simple request of a pint of soda and lime. Just one pint. No problems totting up the price of this order (I thought), and no problems in pouring it. It was the moment of calm that I needed to collect my thoughts. I poured in the lime, and then pressed the button to squirt the soda into the glass from the siphon. As I turned to the customer with an air of nonchalance to tell him the price of his drink, I let go of the button. It was stuck. The siphon continued to shoot out soda water in an impressive jet. I tried to stop it by covering its nozzle with my finger, but this only had the effect of increasing the power of the stream of soda, and sending it fizzing all over the bar and several of the customers. As the whole pub turned to stare, I found myself grappling with the siphon and its metallic cord as if with a futuristic serpent. I had finally wrestled it to the ground, and was about to bite off its head, when my boss calmly turned it off at the main pump. The siphon went limp, and I was taken off bar duty. I spent the rest of the evening arranging crisps in boxes so that the customers could see what flavour they were.

You might wonder what this story has to do with anything. But remember that the root cause of this disaster was my inability to do sums in my head. This flaw in my mental make-up gradually undermined my confidence, and I hold it totally responsible for leaving me lying in a fizzy puddle on the dirty floor of a back-street pub.


7. The letters A to G each stand for one of the numbers 1, 3, 4, 5, 6, 8 and 9. Can you work out which letter stands for which number from the following facts:





	A + A = B
	A × A = DF
	A + C = DE



	C + C = DB
	C × C = BD
	A × C = EF






In order to improve my mental arithmetic, I went out into the world to find out the different techniques that people use to deal with numbers in real life. Or rather, I stood outside a supermarket in South London, and asked people mental arithmetic questions. It was only one afternoon – just a few short hours – but it taught me many things.

Firstly, I learnt that the world is a hostile place, and people on their way to supermarkets are mean. Many people just pretended that I didn’t exist. Others marched past me with a cruel smile playing on their lips. Secondly, I learnt that women are much nicer than men, although it is best to avoid mothers with more than three children in tow. Thirdly, and most importantly, nothing has changed since school. No one has grown up. Everything is exactly the same.

I wonder if you recognize any of these people from your days in a classroom. Do you remember a boy who, after scoring ten out of ten in a mental arithmetic test, pumped his fist and yelled ‘I am the King’? In fact, so confident was he in his own ability that he demanded that the teacher give him an extra-hard multiplication sum, just to underline his talent. Or do you recall the girl who just got redder and redder and redder as each question was asked, until she burst into a fit of hysterical laughter, and had to leave the room? What about the boy with an opinion of himself that was slightly too high, who called out the wrong answer to a question that he was not being asked? And the girl who was being asked, and who was trying her level best, who then flew into a rage at him, and questioned his manhood? Ring any bells? Well, they were all there, outside the supermarket.

And not only were the characters the same: their attitudes towards doing sums were the same as well. They were obsessed with knowing whether they had got the answer right. Some of them even asked me to give them a mark at the end of the survey. One man came back half-an-hour later to tell me that he had worked out the answer to question nine. He claimed it was seven – he was wrong.

Many of them were nervous about having to do mathematics in the open. Several people told me that they were rubbish at arithmetic at school. They looked fearfully around them as they answered the questions. And one woman really did run away when I asked her to do a division in her head. Presumably, I had reopened an old and painful wound, and I sincerely apologize to her.


4

Putting Two and Two Together

Due to my afternoon spent next to a spectacularly long line of trolleys, I can tell you that most people do addition and subtraction sums in their heads just like they would do them on a piece of paper. When they worked out 76 + 22, they added the 2 and the 6 to get 8, then the 7 and the 2 to get 9, and they gave the answer correctly as 98. Similarly, they gave the answer to 76 – 24 to be 52, by subtracting the 4 from the 6 and then the 2 from the 7.

However, things get a bit harder to deal with mentally when you start having to do some ‘carrying’ or ‘borrowing’ – just as in real life it is easier to walk up some stairs empty-handed, and to pay for a car with your own money. So, people had more problems with the sums 59 + 64 and 74 – 29. Some stuck to doing the paper-and-pencil method in their heads. But these people were more likely to get the answer wrong, or to be unsure whether they had got the correct answer. And I think that this is because if you work in this way, you are not really thinking about the actual number (e.g. 59), but are splitting it into two parts (e.g. a 5 and a 9) which are not obviously related to the original number. A 5 and a 9 make 14, not 59. If you see what I mean.

Anyway, other people came up with different ways of going about these problems that I thought you might find helpful. The most common thing to do is to break up the second number into bits and do the addition and subtraction in stages. So for 59 + 64, you can split the 64 into a 60 and a 4, and do the sum as follows:

59 + 60 = 119 and then

119 + 4 = 123

or,     59 + 4 = 63 and then

63 + 60 = 123.

Or, since 59 + 64 is the same as 64 + 59, you can split the 59 into a 50 and a 9, and solve the problem like this:

64 + 50 = 114 and then

114 + 9 = 123

or,     64 + 9 = 73 and then

73 + 50 = 123.

And similarly for the subtraction 74 – 29, you can break the 29 up into a 20 and a 9. So:

74 – 20 = 54 and then

54 – 9 = 45

or,     74 – 9 = 65 and then

65 – 20 = 45.

In all of these examples, each of the stages is easier to do than the original sum.


8. Four children are involved in an Easter-egg hunt. When the hunt is over, the four children have collected forty-five chocolates in total, but they each have different amounts. If the first child had two more, the second child had two less, the third child had twice as many, and the fourth child had half as many, they would all have the same number of chocolates. How many chocolates does each child have?



Another thing to do is use the same sort of idea in a different way. Nobody likes dealing with sevens, eights and nines. (Remember that most civilizations didn’t even know that they existed.) People (and magpies) much prefer dealing with ones, twos and threes. So play to your strengths. Add (or subtract) whatever you need to get up to (or down to) a multiple of ten, and often you will make the sum much easier.



	So, for 59 + 64:
	



	first add 1 to get 60
	(59 + 1 = 60)



	then add the remaining 63
	(60 + 63 = 123)






	and, for 38+ 23:
	



	first add 2 to get 40
	(38 + 2 = 40)



	then add the remaining 21
	(40 + 21 = 61)






	and for 74 – 29:
	



	first take away 4 to get 70
	(74 – 4 = 70)



	then take away the remaining 25
	(70 – 25 = 45).




Or, especially when dealing with nines and eights, ignore them altogether.



	For 59 + 64:
	



	work out 60 + 64
	(60 + 64 = 124)



	then take away 1
	(124 – 1 = 123)






	for 38 + 23:
	



	work out 40 + 23
	(40 + 23 = 63)



	then take away 2
	(63 – 2 = 61)






	for 74 – 29:
	



	work out 74 – 30
	(74 – 30 = 44)



	then add 1
	(44 + 1 = 45).




For those of you who are making snorting noises, and patting yourselves on the back because you thought all the sums I have mentioned are too easy, please remember two things. Firstly, by doing any sums at all, you are demonstrating your mastery of counting and the base ten system of numbers, which would have put you in the elite of any society you cared to mention up to about five hundred years ago. And secondly, sums can always get harder. They always seemed to do exactly that when teachers asked you to turn to the next page in your textbook. Now why couldn’t they have come out with one that got easier?


9. a) You go fishing for the day. In the morning, you use worms and catch twenty-eight fish. In the afternoon, you use dynamite, and catch seventy-six fish. How many fish do you catch in total?

b) You are standing in a smoke-filled pub, frowning at a darts board. Your girlfriend has never played before, and has scored seventy-four points so far. You have always thought yourself a talented amateur, but have only scored forty-eight points. How many points do you need to catch up?




5

Go Forth and Multiply

So, you’ve mastered adding and subtracting in your head. But I’m afraid it all gets more troublesome when it comes to multiplication. For centuries people have been trying to avoid it. The Babylonians and ancient Egyptians got their most intelligent scholars to write down giant times tables, so that they wouldn’t have to bother doing it at all. And many other cultures have come up with clever ways of avoiding the issue.

Try this. Pretend you don’t know the answer to the sum 7 × 9. Now, hold your hands out in front of you, palms up, and fingers flexed. On one hand, I want you to close as many fingers as the first number of the sum is greater than five (which in this case is two), and on the other hand I want you to close as many figures as the second number of the sum is greater than five (which in this case is four). Now, I want you to multiply the total number of closed fingers on both hands by ten, and also multiply the number of stretched fingers on the first hand by the number of stretched fingers on the second hand. Then, add together your two results. You should find that you get the answer to the original problem (sixty-three). This is a method that good honest folk from all over the world have used at various times over the centuries, although, unless you are a mutant, it breaks down as soon as you have to multiply two numbers greater than ten, because you run out of fingers to bend.

No matter how many clever tricks you work out, you can’t run from multiplication forever. So it’s best to get some unpleasant truths out of the way. First of all, you have to learn your tables. It’s not me telling you this. Nicholas Chuquet, one of the very first men to reintroduce arithmetic to Western Europe after the Dark Ages, was already advising the very same thing in 1484 in his book Triparty en la science des nombres.

I thought I could get by without them. I remember being very smug during my two-times-table test, as the teacher read out the questions. ‘7 × 2,’ he said, and I chuckled merrily, whilst simply adding on a few twos to my answer for 4 × 2. ‘It’s just fast adding,’ I said to myself.

That is what I thought. And I still thought it when I aced my three-times-table test, AND the four-times-table test, AND the five-times-table test. But I began to run into problems during the six-times-table test, and the seven-times-table test was a total disaster. I did so badly, I had to retake it the following day during lunchtime, with my teacher asking the questions whilst chewing on a horrible mixture of tuna and mayonnaise.


10. A farmer wants to make a chain of thirty links out of the six pieces of chain he already has. Each piece of chain is five links in length. It costs eight cents to cut open a link, and eighteen to weld it back together again. A brand new thirty-link chain costs a dollar and a half. What is the cheapest way for him to get his chain and how much does it save him?



I am not saying that you have to know every single result from your times-tables. You just have to have most of them in your head, and you can work out the rest from there. Most people are pretty happy with the two-times-table up to the five-times-table. That doesn’t really leave many new number facts to learn. For example, 3 × 8 is the same as 8 × 3, whilst 4 × 9 is just the same as 9 × 4. And, if you run into trouble, you can always use a bit of adding to get you to the answer. The majority of people I talked to outside the supermarket didn’t know 7 × 8 straight off. They worked it out from number facts that they did know. For some reason, a large number of them knew what 7 × 7 was, and then they just added one seven to get the answer.

Once you know the times-tables, it is possible to break down harder multiplications into doable steps. The most common method is to break up one of the numbers involved.

For example:

16 × 4 (‘16 lots of 4’) is the same as

(10 × 4) + (6 × 4)(‘10 lots of 4’ plus ‘6 lots of 4’).

So 16 × 4 = (10 × 4) + (6 × 4) = 40 + 24 = 64.

The initial sum lies outside the limit of normal times-tables, but by breaking it down into two multiplications, you can make use of number facts that you know, or can quickly work out.

Similarly:

28 × 6 (‘28 lots of 6’) is the same as

(20 × 6) + (8 × 6) (‘20 lots of 6’ plus ‘8 lots of 6’).

So 28 × 6 = (20 × 6) + (8 × 6) = 120 + 48 = 168.

It is often a good idea to switch the multiplication around.

5 × 24 (‘5 lots of 24’) is the same as 24 × 5 (‘24 lots of 5’).

Then:

24 × 5 (‘24 lots of 5’)

is the same as

(20 × 5) + (4 × 5) (‘20 lots of 5’ plus ‘4 lots of 5’).

So 5 × 24 = 24 × 5 = (20 × 5) + (4 × 5) = 100 + 20 = 120.

(For some reason, I find it much more obvious that ‘twenty-four fives’ is the same as ‘twenty fives plus four more fives’, than that ‘five twenty-fours’ is the same as ‘five twenties plus five fours’. So switching the sum round makes it feel more comfortable to me.)

This ‘splitting’ method can be applied to harder multiplications in a (sometimes vain) attempt to reduce it to something easier to deal with mentally. For example:

17 × 13 (‘seventeen thirteens’) becomes

(10 × 13) + (7 × 13) (‘ten thirteens plus seven thirteens’).

Or, if you switch round the sum, 17 × 13 is the same as 13 × 17. And then:

13 × 17 (‘thirteen seventeens’) becomes

(10 × 17) + (3 × 17) (‘ten seventeens plus three seventeens’).

But now the numbers are beginning to get a bit large.


11. A packet of Pringles contains forty-three crisps. You own five packets. You open the first and start eating. You have no memory of the following thirty minutes, but at the end of this period of time, you find yourself sitting on the floor surrounded by empty packets and crumbs. How many Pringles have you eaten?



There are other methods that can help with particular problems. For example, instead of working out 19 × 4, you can work out 20 × 4, and then take one four away from your answer:

20 × 4 = 80.

So 19 × 4 = 80 – 4 = 76.

Similarly, instead of figuring out 48 × 6, it is easier to work out 50 × 6, and then take away two sixes to get your answer.

50 × 6 = 300.

So 48 × 6 = 300 – 12 = 288.

Another useful technique is to use doubling, which most people find a fairly natural process.

For example, 4 × 18 becomes ‘double 18, and double again’:

4 × 18 = 2 × (2 × 18) = 2 × 36 = 72.

4 × 24 becomes ‘double 24, and then double again’:

4 × 24 = 2 × (2 × 24) = 2 × 48 = 96

And 8 × 16 becomes ‘double 16, double it again, and double it once more’:

8 × 16 = 2 × [2 × (2 × 16)] = 2 x (2 × 32) = 2 × 64 = 128.

Before I abandon multiplication and leave it for dead, I would just like to say one thing. 17 × 13 is not the same as (10 × 10) + (7 × 3). It looks like it might be – but it isn’t. The best way of showing this is to pretend that you want to find out the area of a field that is 17 metres long and 13 metres wide. To work out the area of this field quickly, you would multiply 17 × 13 (in your head – using one of the techniques above). But if you wanted to complicate the issue, you could divide the field up into four sections, and work out the area of each one, like this:

[image: image]

From the diagram you can see that 17 × 13 is not the same as (10 × 10) + (3 × 7). This is only part of what it is. It turns out that 17 × 13 is in fact the same as: (10 × 10) + (3 × 7) + (10 × 3) + (10 × 7).


12. A man called Sissa ben Dahir is said to have been the inventor of the game of Chess. The Indian King Shirham was very impressed by it, and asked Sissa what he wanted as a reward. Sissa said that all he wanted was a piece of grain to place on the first square of the chessboard, two pieces to place on the second square, four pieces for the third square, eight pieces for the fourth square, and so on until each square on the board had been filled. The king was amazed at his lack of ambition. But how much grain did Sissa ask for?

[image: image]



Ummm…division. Division is nobody’s friend. So I am not going to dwell on it for too long. Except to say that it is just backwards multiplication (amongst other things). So 63 ÷ 9 is the same question as: ‘What do you multiply nine by to get sixty-three?’ 72 ÷ 8 can be thought of as: ‘What do you multiply eight by to get seventy-two?’ 132 ÷ 12 is equivalent to: ‘What multiplies twelve to give one-hundred-and-thirty-two?’ And 189 ÷ 9 translates as: ‘How many nines in one-hundred-and-eighty-nine?’ By thinking of such a problem in this way, you can escape having to worry about division completely.

Also, because division is connected to multiplication, you can use the same sort of tricks.

So, you can split the number to be divided:

228 ÷ 4 is the same as (200 ÷ 4 + 28 ÷ 4)

228 ÷ 4 = (200 ÷ 4) + (28 ÷ 4) = 50 + 7 = 57.

642 ÷ 6 is the same as (600 ÷ 6 + 42 ÷ 6)

642 ÷ 6 = (600 ÷ 6) + (42 ÷ 6) = 100 + 7 = 107.

Or you can half and half again:

228 ÷ 4 is ‘half of 228, and half again’

228 ÷ 4 = (228 ÷ 2) ÷ 2 = 114 ÷ 2 = 57.

184 ÷ 8 is ‘half of 184, and half again, and half again’

184 ÷ 8 = [(184 ÷ 2) ÷ 2] ÷ 2 = (92 ÷ 2) ÷ 2 = 46 ÷ 2 = 23.

Or you can do the division in two stages. To work out 216 ÷ 12, you can first divide 216 by 2, and then divide that answer by 6:

216 ÷ 12 = (216 ÷ 2) + 6 = 108 ÷ 6 = 18.

And to work out 336 ÷ 8, you can first divide 336 by 2, and then divide that answer by 4:

336 ÷ 8 = (336 – 2) ÷ 4 = 168 ÷ 4 = 42.

But in general, division is best tackled using pen and paper.




End of sample
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