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CHAPTER 1

TOOLS OF THE TRADE

ABSOLUTELY MENTAL ARITHMETIC

When most people think of maths, the first thing they think of is numbers. So, if we wanted to go all Julie Andrews à la The Sound of Music, and start at the very beginning, with the ABCs or do-re-mi’s of maths, we begin, of course, with one, two, three.

It would have been fitting for Julie to have sung about these counting numbers, as she did in the film, surrounded by the giant fir trees, babbling brooks and female deer of the Austrian Alps, as they are known officially as the ‘natural’ numbers, precisely because they appear in nature. So, you’ll have one dog, two flowers, three bees, four bottles of wine, etc – and these are all known as natural, counting or cardinal numbers.

Numbers have many other inherently natural properties too, and display clues that tell us about themselves just by looking at them. We use these different properties to separate numbers into different groups – such as into odd and even numbers, or into primes and non-primes.

Unlike almost everything else in life, numbers are unlimited. They are not something you can ever run out of. They go on forever, since you can just keep on adding 1 to make them bigger and bigger, until you get bored or fall asleep. In fact, even the maths symbol for infinity, a theoretical number that is always bigger than any other number, looks like an 8 that has given up the will and passed out under the tedium: ∞.

THE POWER OF PRACTICE

Everyone can add 1 to a number and quickly tell you the answer. But what about adding 10? Or 100? Or 5000?

When it comes to mental arithmetic it’s all about practice. When applying for my job on Countdown, I literally had to relearn my times tables from scratch. I’d just finished four years studying maths at Oxford, in which we’d barely seen numbers in lieu of algebra and Greek notation. In fact, numbers took on such a supporting role that my college friend once asked what that funny symbol on the board was that looked like a backwards epsilon (ε)? Reader, it was a 3.

Also, whereas practice might not always make perfect, when it comes to mental arithmetic, practice certainly does improve your confidence and speed of thought. And then, once you feel confident manipulating numbers at will, you can use those skills to solve real mathematical problems – rather than the mental arithmetic itself being the mathematical problem.

You should treat your brain like a muscle, in that exercising it will keep it in shape, so use the numbers that pop up all around you as your training tools. When you’re out shopping you can try and decide how much things are going to cost in your head before it’s worked out for you. When you’re hot and sweaty, staring down at the display on a treadmill, or bored at work and are digital clock-watching, or just walking down a street past all the shiny door numbers, use those digits to practise your tables, or add them up, or work out which numbers divide into them. Spend a bit of time thinking about that number and work out what you know about it just by looking, as per some tips coming later in this chapter. Not only will it help your maths skills, but it will also keep your brain active and make you a bit sharper to boot. If you have a family, get your children involved in practising along with you too!

IT ALL ADDS UP

Let’s say you want to add a couple of numbers together, such as 28 + 37. What’s the best way to do that? A sum like this isn’t something most people can do without a bit of thought.

To find the easiest method of doing this mentally, it helps to think literally about what the numbers actually mean. The number 28 means one plus one plus one plus one … with 28 ones added up. Likewise, 37 means 37 ones added up, so 28 + 37 is whatever 28 + 37 is, number of ones all added together. And the thing about addition is that you can add numbers in any order you like, and it will still give the same result, i.e. 28 + 37 = 37 + 28 = any grouping of the 37 and 28 ones you like, added in any order. So, why not regroup the ones you’re adding up to make an equivalent addition, with numbers that are more friendly to think about in your head.

For example, you can take 2 off 37 to move it over to the 28, to leave the much more manageable sum of 30 + 35.
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Working with round numbers reduces the amount of brainpower required, which suits mathematicians perfectly – we are essentially the laziest group of people I know. The aim of the game is to do the minimum amount of work possible – the less thinking, the better!

Additions such as this can be made much easier, due to the commutative nature of addition. This is the fancy way of saying that you can put the numbers in any order and you still get the same result.

This is probably something you will have done with wooden blocks when you were a toddler, without realising that you were already thinking like a mathematician. If you had 10 blocks, for example, it was easy to see that 10 could be formed by adding 5 blocks + 5 blocks, or by adding 1 block 10 times. At school, the same concept is known in terms of ‘number bonds’, so children become familiar with breaking up numbers into multiple smaller numbers that add up to the same value – so, 2 and 8 are number bonds that make 10. There’s also the idea of ‘chunking’, which is when you divide a bigger number up into smaller, easier parts, such as breaking 56 into 50 + 6.

It’s always worth thinking about what the numbers on the page actually represent, since you can shift them around however you like to make it easier in your mind. You don’t have to go straight for adding two awkward numbers together.

In fact, I’m often asked how I ‘see’ numbers myself when I’m doing calculations, with some people expecting a kind of magical answer in terms of colours flying around or perhaps hearing numbers as notes on a musical scale, but the best way I’d describe how I ‘see’ sums in my head is like having jigsaw puzzle pieces that need to be fitted together. Smooth, regular pieces such as squares fit together much more easily than awkward shapes with lumps removed and blobs sticking out. So, I try to change sums to give me the simplest numbers to work with before I start, to speed things up and save myself as much work as possible.







LET’S GET NEGATIVE

Just as the natural numbers represent a positive number of items, so you can have the opposite: a negative number, which has the same size as its positive counterpart but with a negative number of items. Negative numbers are less than zero, and they are written with a minus sign in front of them, like this: –1, –2, –3, etc.

The minus sign gives a clue to what a negative number really is, since there’s actually no distinction between the negative number –1 and a subtraction of +1. It’s the same thing since that’s what subtracting means: ‘–1’ means removing one. You can think about it in terms of digging a hole, where –1 means one scoop down, as opposed to +1 where you add one scoop back into the hole (or onto a pile if the hole is already full).

If you imagine a number line, you can put the negative numbers and positive numbers on it, with zero in the middle, and view them as a continuous series of numbers:
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▸	So, if you start at 1 and then subtract 3, you end up at −2.

▸	But, similarly, if you start at 1 and then add −3, you also end up at −2.

WHEN TWO NEGATIVES MAKE A POSITIVE

Thinking about 3 lots of –2 and picturing the digging holes analogy, it’s easy to understand conceptually that –2 – 2 – 2 = –6. In other words, 3 × –2 = –6. And the rule follows that when multiplying a positive number by a negative one, the answer will always be negative. But what about a negative times a negative? It’s harder to think about what that means in real world terms, but, intuitively, as –3 × –2 cannot have the same answer as 3 × –2, we find that when we multiply a negative number by a negative number, we get back to the world of positives, so –3 × –2 = 6. You can think of this as taking one of the minus signs, turning it on its side and shoving it into the other one to turn them into a plus sign.

Essentially, each pair of negatives ‘cancels each other out’, so when multiplying an even number of negative numbers together, you’ll end up with a positive answer. When multiplying an odd number of negative numbers together, once you’ve cancelled out all the pairs, there will still be one minus sign surviving, so the overall answer will be negative.

SUBTRACTION ACTION

When you subtract one number from another, what you’re really trying to find is the difference between them. Just as with addition, you can make subtractions easier by shifting the question slightly to give yourself easier numbers to work with, without affecting the answer in any way. Faced with 135 - 97, for example, you can imagine both 135 and 97 on a number line, and then what you’re seeking is the distance between them. It’s perfectly valid to slide those numbers along the line, as long as they don’t move relative to each other, i.e. keeping the same spacing between them, to whichever numbers you choose to make it easier to see how big that space is. You could, for example, slide both numbers 3 to the right, i.e. adding 3 to each of them, to give you the much less tricky 138 - 100, which now at a glance you can see is 38.
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GO FORTH AND MULTIPLY

One thing everyone remembers from school, for better or for worse, is learning their times tables. There’s an age-old debate as to how (or even whether) kids should learn their times tables, and if there are any worthwhile tricks to do it. But however you try to spin it, tables remain important, and a lot of the knack to it is just down to practice. But, as with anything, if you turn something potentially dull and repetitive into something that you enjoy, in game format, then it can become fun! Once it’s fun, you’ll want to do it more and you’ll get better at it. The more you improve, the more fun it becomes, and the more you’ll want to play; then learning your tables becomes a not so vicious, positive circle of growing more and more confident and numerate.

It’s definitely worth learning your times tables up to 12 × 12, but it’s something you should work up to if they’re currently a struggle. It is very achievable (I promise!), just by setting yourself small targets. Keep going until you can use your times tables confidently, and once you can do that you can start having fun with them and actually using them in a useful way.

There’s also probably less to learn than you think. If you picture a grid with the numbers 1 to 12 along both the top and one of the sides, then, by filling in the cross-referenced squares with the multiplication of the two end values, you’ll have the 12 × 12 or 144 times-table multiplications to learn. But, just as with addition, multiplication is commutative, meaning 3 × 8 is exactly the same as 8 × 3, which immediately almost halves the amount of times-table multiplications you have to learn down to 78. Once you’ve learned your two-times table, your four-times table should be much easier, since you can just double it, and so on again with eights. Very quickly these answers will be on the tip of your tongue.

PRIME TIME

Once you become more familiar with your tables, when you see numbers out and about in their natural habitats, you may start to recognise them as being answers in certain tables. For example, you might see a number 56 bus and automatically think to yourself, 7 times 8. In this instance, 56 is known as the ‘product’ of 7 and 8, and 7 and 8 are known as ‘factors’ of 56. Factors are numbers that divide into a number to give a whole number answer. They always come in pairs, except in the case of square numbers where a number multiplied by itself gives that square, so, in effect that single factor pairs with itself.

To find all the factors of a number, start at 1 and work your way up through 2, 3, etc., noting down each number with its partner that multiply together to give the target number. When you reach a number you already have listed in your pairs, you can stop and know that you’ve found all the possible factors.

For example, to find all the factors of 56, starting with 1 and working our way up:

1 and 56

2 and 28

3 not a factor …

4 and 14

5 not a factor …

6 not a factor …

7 and 8.

As 8 is already paired off with 7, we can stop looking and know that all the factors of 56 are 1, 56, 2, 28, 4, 14, 7 and 8.

Numbers that don’t crop up as products in times tables are a special type of number called a ‘prime number’. A prime number is defined as any natural number that has exactly two factors – 1 and itself. The prime numbers are 2, 3, 5, 7, 11 and so on. The number 4 isn’t prime because it has three factors: 1, 4 and 2 (it has an odd number of factors as 4 is a square number, so 2 pairs with itself, i.e. 2 × 2 = 4), and as well as 1 and 6, 6 can also be divided by both 2 and 3, and therefore with four distinct factors it is not prime, and so on.

The number 1 is not a prime number as it has only one factor: 1. This is important as primes are special and important numbers in maths, as they are the building blocks of all the other numbers. In fact, every single natural number greater than one is either a prime number or is made up of its own unique set of prime numbers that can be multiplied together to make it, known as ‘prime factors’.

Finding bigger and bigger prime numbers is something that mathematicians are endlessly fascinated by, as mathematicians love patterns, yet so far there’s been no neat and easy pattern discovered to find increasingly large primes. Usefully, it’s extremely large prime numbers that we have to thank for keeping our internet data safe: it’s so tricky for even our most powerful modern-day computers to find very large prime factors of even bigger numbers that encryptions making use of this concept allow us to do our online banking and governments to share state secrets online away from prying eyes.

DIVIDE AND CONQUER

When it comes to mental arithmetic, the more comfortable you are with times tables then the more confident you’ll be with dividing, as division is just multiplication in reverse. Sometimes you’ll know immediately how you can divide a number up just by looking at it, even with numbers bigger than those in the times tables that you’ll have become familiar with. It’s easy to see when a number is divisible by two, for example, it just has to be even, but what about if it’s divisible by three or various other numbers?

Dividing, just like subtraction, is not commutative. One thing about dividing, which never happens with addition, subtraction or multiplication, is that, although you may start with whole numbers in the question, you might not end up with a whole number answer, i.e. a number might not divide an exact number of times into another one. For example, if you divide 5 by 2 then you end up with 2 remainder 1 – that is, with 2 × 2 plus 1 left over. Although at school you might have written out remainders, it’s often useful to just write this as a fraction, for example by writing 2½, or as a number with a decimal point, 2.5. But we’ll come on to fractions and decimals in the next chapter.

Divisions involving negative numbers work in the same way as in multiplications: when you divide a negative number by a positive (or vice versa), with only one minus sign in play, the result will be negative, e.g. –6 ÷ 2 = 6 ÷ –2 = –3. When dividing a negative by a negative, the minus signs cancel each other out to give a positive answer, so –6 ÷ –2 = 3.

THREE’S COMPANY

Any number that is a multiple of 2 is an even number, and they’re easily identified because no matter how big the number is they will end in 0, 2, 4, 6 or 8. But what about for other multiples?

Multiples of 10 are equally easy since they all end in 0. And multiples of 5 are too, since they must end in 0 or 5. But did you know that you can also easily see if a number is a multiple of 3 with a simple piece of maths magic?

Take any whole number of any length and add up its digits. Then, very simply, if the sum of its digits is in the 3 times table, then so is the number itself! For example, to test 351 you sum its digits: 3 + 5 + 1 = 9. You know that 9 is a multiple of 3, so you also instantly know that 351 is too. Or looking at a larger number, say, 3,886,854,681, adding its digits gives: 3 + 8 + 8 + 6 + 8 + 5 + 4 + 6 + 8 + 1 = 57. If you don’t know whether 57 is in the 3 times table, you can repeat the process to check: 5 + 7 = 12, and then again for 12 if you like: 1 + 2 = 3. If you keep adding the digits till you have just one digit, if this digit is 3, 6 or 9, then the original number was divisible by 3. If it’s not, then it’s not.

Similarly, there’s a trick like this to test for multiples of 9 and I can tell you the precise time I first heard about it – during my very first Countdown interview back in 2008 (thanks producer Dame!). It’s very handy in my line of work to be able to look at a 3-digit number and spot its factors as quickly as possible, so, if nothing else, this trick can make you look like a genius when attempting to win a teapot playing tea-time parlour game shows!

Just as with our 3s trick, to check if a number is divisible by 9, add up the digits and if they sum to a multiple of 9 the original number itself is in the nine-times table. This is particularly elegant for numbers less than 100, since the two digits will add to exactly 9 – making it easy to learn your nine-times table: 18, 27, 36, … since 1 + 8 = 9, 2 + 7 = 9, 3 + 6 = 9 and so on. And, just as we could with our 3s trick, if checking a large number, you can keep summing the digits of your answers until you get just one digit. This time it must be a 9 for the original number to claim 9 as a factor; sum to any other number and it can’t.

When you get a feel for how numbers work there are intuitive ways you can check if you might have made an error in a multiplication, by checking the factors of the answer you’ve come up with. For example, if you times something by 4, or any multiple of 4, then naturally the answer should be divisible by 4. As 100 is divisible by 4, this means you never need to look past the last two digits – i.e. the digits representing ones and tens – to check if the entire number is divisible by 4, as the bigger part will always be a certain number of hundreds, which will always be made up of a certain number of 4s.

Lastly, we can expand on the rules we’ve just learnt to consider multiples of 6. As 6 = 2 × 3, then any multiple of 6 will also be a multiple of 2 and of 3. Therefore, if both rules are satisfied that a number is divisible by 2 (if it is even), and divisible by 3 (if its digits add to a multiple of 3), then it follows that this number is automatically divisible by 6 as well. There are an infinite number of ways to expand on this theme but I’ll leave you to work them out for yourselves, if or when they ever come in handy.


NINE BY NINE

Did you know that you can work out your nine-times table just by looking at the palms of your hands? Say you want to do 1 × 9: you just look at your palms and put your left thumb down, so that’s 1 and then you’ve got 9 left – so 1 × 9 = 9. That’s easy, of course, but now if you want to do 2 × 9 then you just put down the second finger – your left index finger – and then you’ve got 1 finger (a thumb) to the left of it and 8 to the right, representing 18 – so you know that 2 × 9 = 18. And now say you want to do 5 × 9, you just put your fifth finger from the left down and you’ve got 4 fingers to its left and 5 to its right, so you know that 5 × 9 = 45. Even if you are confident with your nine-times table, you can teach this to children and, as long as you don’t forget your hands, you’ll never forget your nine-times table!




ELEVENSES

I like the number 11, and not just because it’s my birthday – multiples of 11 are fun! The first nine numbers in the 11-times table are easy to identify, since the two digits are the same – 11, 22, 33 and so on – but there is a trick you can use to calculate bigger multiples too.

To multiply 11 by any two-digit number, which we’ll call ab, you just put a on the left, b on the right, and then in the middle you put the result of a + b – so, for 36 × 11, you’d move the 3 to the left, the 6 to the right, then add them in the middle to get 9, so you know the answer is 396! The only other thing you need to remember is that if the result of a + b is itself a two-digit number, you’ll have to add the 1 on to the left digit. So, for example, with 37 × 11 you’d notice that 3 + 7 = 10, so the middle digit is 0 but you add 1 on the left, giving the result 407.

This might seem like magic, but it’s really just breaking the numbers down to make them easier: you’re essentially treating the ×11 as the result of multiplying by 10 and then adding on the result of multiplying by 1.



ALMOST THERE

Sometimes in real life you don’t need an exact answer, such as, for example, in a shop where you might want to check that the total you’re being shown seems sensible. And, similarly in maths, sometimes it’s useful to work out a rough answer just to check that a more precise answer you’ve worked out is likely to be correct.

Say, for example, that you’re using the trick in the ‘Elevenses’ box to work out 56 × 11, and you decide that the result is 5116. With a quick estimate, however – a bit of number sense – you could see that that must be wrong because you know that 56 × 11 is just a little bit more than 56 × 10, which you can easily work out is 560. So, if you’ve suddenly got a number that’s in the thousands, you know something’s gone wrong – and in this case you’d realise that you had just forgotten the rule for dealing with two-digit sums.

When it comes to mental arithmetic, from whatever base you’re starting from, and however doubtful you are of your own abilities, the secret is just to test your brain out as much as possible whenever you can. Whenever you see a couple of numbers written down, like the minutes and hours from a clock, or a goal scorer and the time of their goal, then just add them up, take one from the other or times them together in your head and then use our failsafe checks to see if you’ve got them right.

Maths is full of patterns and connections, and once you get to know some of them you’ll find that numbers get a lot easier to understand.


NUMBERS GAMES

When I’m on Countdown people sometimes ask me how I know my 87-times table so well? The secret is – I really don’t! I just know my 25-, 50-, 75- and 100-times tables (which are all closely related to one another) and then, since I also know my times tables from 1 to 12, I can just break each multiplication into two, so 87 is just a combination of the 75 plus the 12 times tables. By adding or subtracting 12 onto 25, 50, 75 or 100 you can cover every times table up to 112. See – I told you I’m lazy!

If you know those times tables off by heart, these large multiplications often just involve adding or subtracting multiples of two familiar numbers – and, as we’ve already seen, there are simple tricks to make adding or subtracting any two numbers much easier. 



IT’S SYMBOLIC

LEARNING THE LINGO

I met my husband, professional ballroom dancer Pasha Kovalev, while competing on Strictly Come Dancing back in 2013, and as it was immediately obvious that dancing was not going to be our language of love, I decided to learn another of his methods of communication – Russian.

I first learnt the 32 letters and the soft sign of the Cyrillic alphabet, then how to write my name, and over the years I’ve graduated to useful phrases such as, ‘on otkril okno lomom’, in English, ‘he opened the window with a crowbar’. It’ll be years before I’m properly fluent, a feat I’m sure my toddler daughter will achieve well before I do, but I’m certain my mathematical brain and knack for pattern spotting has helped me along my way to being able to bumble by and confidently order myself some borscht and vodka.

Maths has its own language too, complete with its own characters and correct ways of writing them down, which you could compare with grammar, but, thankfully, maths is much, much easier to learn than Russian – you just need the right introduction to the symbols and the vocab.

Imagine sitting in an ancient Egyptian classroom, surrounded by ancient Egyptian children, but without ever having had an introduction to the language. Hieroglyphics might as well be other-worldly squiggles, and if the only help you had was a reanimated mummy mumbling at you in their mother tongue (assuming their tongue has been restored), then you’re never going to understand what’s being said. Besides being confused at the bizarre situation you’d found yourself in, when it came to the classwork, you would just glaze over and drift off. Having to sit there as years rolled by, with the work growing more and more complicated but with you remaining none the wiser, would be a frustrating waste of time.

If that was your experience of maths at school, then now’s the time to sort that out – which I’d guess is why you’re reading this right now! But don’t worry, because I’ll be explaining everything you need to know to make sense of the maths in this book, step by step – as promised, we’re going to start at the very beginning, so we’ll then be able to build on the firm foundations we’ve laid.

There are really only a handful of symbols that most people need to know before you’re good to go. And what’s more, maths, like music, is a truly universal language – so, once you learn it, you can read anything written in it, no matter the origin of the person who wrote it.

Personally, I feel fortunate that I picked up the language of maths without too much effort while I was at school – yet, eventually, notation caught up with me, and in my final year at university I had the feeling I’d seen friends have in maths lessons, of not being able to make head nor tail of the squiggles on the board!

I found myself sitting in a quantum computing class (as you do), with everyone else nodding along around me and I just couldn’t fathom what they were nodding at. The notation that we were using looked just like maths I already knew, but it was used in a completely different way.

Weird things were happening to the well-established rules I knew, and I just sat there for the first few weeks like I’d stumbled into an advanced Japanese course – without knowing any Japanese beyond the staples of sushi and sake. It wasn’t until near the end of the module that I finally worked it all out – and then it was like that classic lightbulb moment, a flash of realisation; the fog was lifted and at last I knew what they were on about! Once you understand the language, the lights will remain on – once you’ve got it once, you’re sorted.

Hopefully, it won’t be the end of this book before you have your own lightbulb moment, but don’t worry if maths seems like a foreign language to you right now. You will get it eventually, of that I’m sure! And, just as you don’t need to know every word in the dictionary to be able to call yourself a fluent English speaker, you don’t need to know every last bit of maths before you can consider yourself a competent, numerate, numbers person.

WHAT DO YOU MEME?

The language of maths is a precise one, which when used correctly leaves no room for ambiguity. You have to understand what the symbols mean and how the notation is used to be able to decipher what’s being said. And you need to know what the rules of maths are to be able to write down exactly what you mean.

Every so often I’m sent a viral internet ‘maths’ problem that’s been billed as ‘dividing the internet’, with friends wanting to settle their furious debates as to which of them (all with different answers and all adamant that they’re right) can actually claim the glory!

One popular one looks something along the lines of:

Can you solve this?
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Which is a bit like asking whether the person writing the following sentence has an eclectic set of idols or a very strange family tree …

I love my parents, the Queen and Winnie the Pooh.

The lack of any Oxford comma after Queen leaves room for interpretation. In the non-internet world, no mathematician would ever write an expression in the form 8 ÷ 2(1 + 3) as it too leaves room for ambiguity. It could be interpreted as: 
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In the language of maths that’s just not cricket! An extra pair of brackets or writing what you mean more precisely, as above, removes the ambiguity and stops friends arguing and mathematicians’ heads from spinning.

Another puzzle that often does the rounds comes in the form: ‘Solve this equation for the Wi-Fi code!’ preceding a bunch of thrown together maths symbols that almost look like a maths problem, but with key ingredients missing to make them comprehensible. Writing the sine function or the integral sign, for example, without noting which variable it is assigned to, is like the maths equivalent of asking ‘what’s the difference between a dog?’; it doesn’t actually mean anything.

But by far the most common type of viral internet head scratcher I’m asked to referee, looks like a series of sums with little drawings representing unknowns, a bit like this:
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On the one hand I love that puzzles such as this get lots of people talking, as they’re getting engaged and trying to do a bit of maths, perhaps after having a long break from doing so, but, on the other hand, their designs can be deliberately mean. Their creators want them to go viral, so they want people to argue and they want them to make mistakes.

They chuck in sneaky elements to catch people out that in the language of maths, strictly speaking, a maths pedant would deem as undefined. They’re fine as logic puzzles but more pseudo-maths than anything you’d learn as ‘proper’ maths.

The trouble is that a lot of the time people lose confidence in their own maths abilities when they get something wrong, or they’re made to feel stupid, which is the downside of these puzzles as that’s what they’re designed to do – to get people arguing to make them go viral.

But back to the fun of solving them, and learning what we can from the process without taking it all too seriously (*the author has words with herself*).

First off, an equation is simply any maths statement with something on both sides of an ‘=’ sign, which means that what’s on the left is exactly equal to what’s on the right.

In the puzzle above, for example, the first three equations allow us to work out that the dog = 3, the paw = 4, and the bone = 5 (we’ll delve into how to formally solve this type of thing in a later section). However, the fourth equation then features a completely new symbol – a paw with just 3 claw marks, and 2 bones together, both smaller than the one we’ve just seen.

Is a small bone worth the same as a large bone? Are two bones together worth double just one? How does losing a claw affect the value of the paw?

It’s not clear. If this were strictly a maths problem, this problem would be unsolvable. Maths has very specific symbols and very specific rules of notation so that everyone can understand exactly what those symbols mean. Mathematicians like to be absolutely precise.

If we were to let our hair down, take a deep breath, perhaps down a vodka shot and decide to give the puzzle some artistic licence in its design, we might decide that where the paw with four claws is worth 4, the paw with three claws is probably worth 3. The two bones together fit more neatly into the formatting in this smaller size, so are likely supposed to be worth twice the value of the larger bone, and then the final line of the puzzle becomes:
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At this stage there can be no argument! Says one person who makes it 60, and another who’s certain it’s 33 …

NICE BOD(MA)S

So on to how to decide who’s right. Us mathematicians aren’t known for our arm-wrestling skills, so it’s imperative that we have a way to settle such fiery debates without the need for biceps.

Contestant number one has added 3 + 3 to make 6, then timesed 6 by 10 to give 60. They’ve checked it on their calculator and everything to confirm that they’re right, and there’s no dissuading them otherwise.

Contestant number two has said 3 × 10 = 30, and then added the first 3 to make 33. They’ve typed it into their phone’s calculator app to double check and are convinced they’re onto a winner.

As we already know, the language of maths can leave no room for ambiguity, so at least one of these answers must be wrong, but how do we know what we should be doing? In situations such as these, the pathway to peace lies in the direction of BODMAS.

Right now, vague memories of this familiar sounding thing might be flooding (or trickling) back from school. BODMAS, which is also sometimes known as BIDMAS, BEDMAS or PEDMAS/PEMDAS (all meaning the same thing), is an acronym that helps you to remember the order in which you should work things out. It stands for:

	B:	Brackets1

	O:	Orders2

	DM:	Division and Multiplication

	AS:	Addition and Subtraction

BODMAS can be applied to work out how to make sense of any maths expression. In maths, an ‘expression’ just refers to any group of maths symbols which together represent a value. For example, 3 + 4 is an expression, as is 3 + 4 × 5, and so is all or part of any of the canine related equations shown above.

Brackets come first in BODMAS, so when you look at a maths expression you know to work out the bits in brackets first, before doing anything else. Then, next up, you look at things involving an ‘order’, which just means anything raised to a power, like 32 – which we’ll look at in the next section. Once you’ve sorted out the bracketed bits and any orders, you do all of the divisions and multiplications. And then, finally, you do all of the addition and subtraction, reading, as we would usually, from left to right.

BODMAS is really important because it shows you how to work out the right method to be able to answer any problem. Even though two different calculators might be programmed such that they give different answers to exactly the same problem, in examples such as these, there can only be one mathematically correct answer.

So congratulations are due to contestant number two – the star prize portable carriage clock is theirs! They followed the rules of BODMAS, and with M coming before A they correctly did the multiplication part of the sum before the addition, and so came up with 33 – the one and only correct answer to this mathematical problem.


LESS IS MORE

The expression 3 + 3 × 10 could have been written originally as 3 + (3 × 10). You can always chuck extra brackets in like this should you want to, which may make things look clearer, but equally they’re not actually necessary, as with or without the brackets the two phrases still mean exactly the same thing.



When using a regular calculator, the operations will be done in stages in the order in which you type them, and a regular calculator will probably give you the wrong answer, since they aren’t designed to take BODMAS into account. A scientific calculator, however, or even the calculator app on the latest smartphone does take BODMAS into consideration, and it will do the sum correctly, according to the rules of maths. So, if you’ve ever wondered why you still need to know maths even when you have a calculator handy, then this is why: sometimes calculators get things wrong! And you need to know what you’re doing to be able to spot when and why.

Many a time, on hearing their answer wasn’t right, a contestant number one has complained that they’ve changed maths since they were at school, and that this order of operations business is a new-fangled nuisance. At which point I’m always tempted to ask for their secrets to longevity – such a person would be doing pretty well even to be alive right now, let alone arguing with the internet, as BODMAS has been around in this format since at least the 1800s!

Even if you don’t remember these rules from your schooldays, they’re not too tricky a concept to learn and, at the very least, will enable you to feel smug and satisfied the next time one of these animals pops up in your social media feed and you know exactly what to do.

Let’s try an example in practice:

[image: ]

In the order of BODMAS, the first things we should be working out are bits inside the brackets.

And so we can replace (1 + 7) with 8, giving us:

[image: ]

Next up in BODMAS Top Trumps we deal with the ‘O’s – the orders.

And so 52 gets converted into 25:

[image: ]

Next in line for attention are the ‘D’s and ‘M’s – the divisions and multiplications.

4 × 25 = 100, 8 ÷ 2 = 4 and 3 × 6 = 18, so this further simplifies to:

[image: ]

And last but not least, we complete the additions and subtractions, in whatever order you like, making sure to keep the minus signs acting upon whichever number immediately follows.

Which gives our final answer as: 90

If you typed this into a regular calculator, you would probably have gone wrong by the time you inputted the ‘4’, as your calculator will have already churned out 7, which should not form part of this calculation at all. Carrying on like this you’re likely to wind up with the answer of 3687 – which is very different from the correct one of 90!

OPERATORS ARE STANDING BY

So far we’ve seen the core bits of mathematical language: the equals sign, brackets and operators (+, -, × or ÷ signs are all ‘operators’, so-called since they ‘operate’ on numbers to do things). Together with BODMAS these cover much of the day-to-day maths you might routinely come across.

Sometimes, just to mix it up, you might see the multiplication and division operators written in different ways, but this doesn’t change their meaning. So you might see a × symbol written as a * (or occasionally as a =), or you might see a ÷ symbol written as /, but they still work in exactly the same way.

Multiplications can also be written without any symbol, since in maths if you write two things next to each another without a symbol, it usually means that they should be timesed together. For example, (3 + 4)(1 + 2) means to multiply the (3 + 4) by (1 + 2).

Finally, divisions can also be written in a different way, with a horizontal line between two values like this:

[image: ]

These work like giant fractions (which we’ll come to in the next chapter), where the result of the bit on top is divided by the result of the bit underneath. So this example is equal to (1 + 2) divided by (3 × 4). This is easy to remember because the division symbol, ÷, is literally just a picture of a fraction where the bits on top and underneath have been replaced by dots.

It might seem a bit confusing to have many ways of writing the same thing, but once you understand what the maths vocab (i.e. the notation) means and you have a bit of practice using it, it’ll soon become intuitive.

WHAT A LOAD OF OLD COD

I found out recently, courtesy of the fount of all linguistic knowledge, Susie Dent, that the origins of the word ‘bracket’ stem from the French word braguette, the name for codpiece armour, due to someone in the 1700s (presumably with a vivid imagination) being reminded of the shape of a codpiece when looking at these saucy symbols ( ). Without dwelling on codpieces for too long, as time went on they grew more elaborate, more padded and more decorated with jewels, embroidery and tinsel. Fancy – yet I still can’t see it, myself!

But away from the 18th century’s answer to the pejazzle, brackets are a very useful tool in maths for simplifying expressions and for grouping like terms together, and it’s really important to understand how brackets are used and how you can make use of them too.

Adding brackets to an expression, like adding commas to a sentence, can completely change its meaning.

For example, ‘I love cooking my cat and my little sisters’ becomes a lot less Hannibal Lecter with a couple of helpfully placed commas: ‘I love cooking, my cat, and my little sisters’.

Taking the expression 1 + 3 × 4 + 2, for example, from BODMAS we know to do the multiplication before the addition, so adding brackets in the following way doesn’t change a thing: 

[image: ]

Both phrases are equal to 15.

Adding brackets elsewhere, however, changes the order in which we must perform the calculation, and thus:

[image: ]

Or wholly in maths notation:

[image: ]

Where the symbol ≠, an equals sign with a line crossing through it, simply means ‘is not equal to’.

When dealing with
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