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Preface



‘Number is the within of all things’


– Pythagoras


For many people, maths subtracts from life. They find it dull, boring and uninspiring. It’s regularly voted students’ least favourite subject at school, often by an overwhelming margin. Some adults still have nightmares about it.


It’s never been that way for me. I was the kid who sat at the window and made bar graphs of the different coloured cars passing our house. I filled endless notebooks with line after line of additions, subtractions, multiplications and divisions. Regularly messing around with a calculator, I can still remember the thrill of discovering that dividing or multiplying by ten just shifts the decimal point to the left or the right. I found joy in shapes and sequences.


There’s no denying however that it can be frustrating. At university, I wrote two pages of equations to calculate the pressure in the heart of a star, only to find out at the end that I’d written a plus instead of a minus halfway down the first page. Like a knitted garment gone awry, I had to go back through and unpick all my wrong stitches.


Maths is ultimately a language and, like any language, it takes practice to be fluent. Numbers become adjectives, nouns and verbs; pluses and minuses replace commas and full stops.


Like words, numbers also have an eloquence and an elegance. A musicality, a rhythm. They can also bring immortality. Prove something in maths and, unlike the other sciences, it cannot be disproved; cities could crumble, and it would still be true. We’ll look at some of those proofs in the pages that follow and hopefully you’ll see as much beauty in these mathematical masterpieces as in anything by Beethoven or Botticelli. Maths is arguably the most under-appreciated art form.


We’ll also see that numbers bring an enduring richness to the world that helps us to grapple with its complexity. They form invisible threads through our lives that weave our achievements together. It’s our increasing nimbleness with numbers that underpins all of the technological progress we’ve made in the last century. It could be the thing we need to save us in the next.


We’re going to see how we arrived at this mastery of the mathematical. Our journey will start tens of thousands of years ago when we began to count, and finish with whether those counting numbers ever run out. Along the way, we’ll see that some of the mathematical ‘rules’ you were taught at school aren’t quite as hard and fast as you were led to believe. But, above all else, we’ll see how numbers can be fun, surprising and as relevant to our everyday lives as they have ever been.


By the end of the book, I hope you’ll agree with me that maths doesn’t subtract from life’s great circus – it only ever adds.
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Fingers and toes were an early abacus


The Lebombo Mountains separate the famous Kruger National Park from Mozambique to the east. In the 1970s, the archaeologist Peter Beaumont unearthed an incredible find in this 800-kilometre-long stretch of undulating peaks and valleys: the leg bone of a baboon.


At first glance it seems unremarkable, but a closer look reveals twenty-nine notches carved into the calcium. Analysis later showed the bone to be at least 43,000 years old, meaning it represents the earliest evidence of our ability to count. Perhaps it was made by an early astronomer keeping track of the phases of the Moon (which take twenty-nine and a half days to repeat) or a woman monitoring her menstrual cycle*.


It’s not a one-off either. A similar bone found in the Ishango region of what is now the Democratic Republic of the Congo dates from 20,000 years ago. It seems therefore that we continued to use monkey legs to help with counting for at least twenty millennia. Yet our ability to grapple with numbers had grown more complex in that time. The notches were now arranged into groups, some showing only odd numbers. Researchers have speculated that this was an early attempt to form a number system.


The number system we use today still places numbers into groups. It’s called the decimal system because it uses ten symbols – 0 to 9 – to represent numbers. We don’t use a completely new symbol when we reach ten. Instead we combine two existing symbols to write 10. Why ten? We have ten fingers. It’s no coincidence that we also refer to the symbols we use for numbers as digits. As children we still learn to count on our fingers, using one finger for each digit. We say that we therefore count in base-10. If we had eight or twelve fingers, then we’d probably count in base-8 (an octal system) or base-12 (a duodecimal system).


Every number in a particular system is related to its base. Thirteen is really ‘three and ten’; twenty-one is ‘two tens and one’. What about eleven and twelve? Why don’t we say ‘one-teen’ or ‘two-teen’? The words eleven and twelve come from the Old English words endleofan and twelf. In turn they are derived from the Germanic words ainlif and twalif, meaning ‘one left’ and ‘two left’. That’s what remains when you take ten away. It’s how many fingers a second person needs to hold up to display those numbers if the first person holds up both hands. We group numbers in sets of ten.


Perhaps part of the reason why eleven and twelve are linguistically different is that we’ve regularly flirted with departures from the decimal system. The Roman calendar originally had ten months (or ‘moonths’), but there are usually twelve full moons in a calendar year. So, January and February were added, and the fifth and sixth months – which had been known as Quintilis and Sextilis – became July and August after Julius Caesar and his successor Augustus. Adding two months at the beginning of the year screwed up the names of the last four months. September, October, November and December – so named because they were originally the seventh, eighth, ninth and tenth months – became the ninth, tenth, eleventh and twelfth months instead. (But no one bothered to change their names.)


Groups of twelve have been widely used elsewhere, too. There are twelve inches in a foot and, before the decimalisation of British currency in 1971, there were twelve pennies to a shilling. It was a complicated system because there were also twenty shillings to the pound, which is base-20 or a vigesimal system.


Vigesimal counting is more common than you might think. After all, why just use your fingers when you can use your toes as well? Vigesimal is the system of choice in many Celtic languages, including Cumbric, Cornish and Old Welsh. You’ll find it in a traditional sheep counting method, mainly used in the North of England. It’s called ‘Yan tan tethera’ after common words for one, two and three. Once the shepherd reaches twenty (usually ‘jiggit’ or some variation thereof*) they either drop a pebble in their pocket or move their hand to a different marker on their crook. At the end, they count up how many groups of twenty they have.


The Celtic influence in France is perhaps why counting in modern French is an amalgamation of two different base systems. Forty (quarante), fifty (cinquante) and sixty (soixante) all follow the same pattern as English, but then eighty is suddenly four lots of twenty (quatre-vingts) instead of eight lots of ten. It’s a vestigial echo of the vigesimal system. But French isn’t the only language to muddle up its bases. The Bukiyip language of Papua New Guinea intertwines base-3 and base-4. Coconuts and fish are counted using the former, whereas nuts and bananas are totted up using the latter.


The Oksapmin people of New Guinea use more than just their fingers and toes. In their septemvigesimal system – base-27 – the numbers can be indicated by pointing to twenty-seven unique places on their upper body. You start counting with the thumb of your right hand (one), then it’s across the fingers and along the arm to the right shoulder (ten). Up the neck and past the right ear (twelve), over the right eye (thirteen), nose (fourteen) and left eye (fifteen), before heading down the other side of the neck to the left shoulder (eighteen). Then it’s across the other arm to end at twenty-seven with the left little finger.


Using such a high-base number may sound ungainly, but you regularly deploy the base-60 system (sexa-gesimal) without even thinking about it. After all, an hour is broken down into sixty minutes, each lasting sixty seconds. We owe this system to the Ancient Sumerians, who lived 6,000 years ago in southern Mesopotamia (a region that covered modern-day parts of Iraq, Iran, Turkey, Syria and Kuwait).


We have, briefly, tried out other systems of time. The French Republican Calendar was introduced in 1793, a year after the French Revolution. It had a commendable devotion to the decimal system. They kept twelve months, but divided them into three weeks, each lasting ten days. Each day was ten hours long, with each hour containing 100 minutes and each minute lasting 100 seconds. That meant a decimal hour was 2.4 times longer than the hours we are used to. Suffice to say it didn’t catch on and the system was abolished after twelve years (wouldn’t it have been better to do it after ten?).


In many ways, using base-60 for time makes a lot of sense. Sixty is the smallest number divisible by the first six numbers (as well as by 10, 12, 15, 20, 30 and 60). Having all those ways to break sixty up into whole numbers means you can easily carve an hour into lots of different parts.


We also see the Sun rise 365 times in a non-leap year. The Egyptians, who inherited the sexagesimal system from the Sumerians, approximated this as 360 or six lots of sixty (365 can only be divided by 1, 5, 73 and 365). That’s why we still say that there are 360 degrees in a circle (a trecentosexagesimal system). It’s set up that way so that the Sun is seen to advance approximately one degree across the sky with each passing day. Degrees are split into sixty arcminutes, each containing sixty arcseconds, in the same way hours can be divided up into minutes and seconds.


It’s possible that our soft spot for the sexagesimal is also linked to our hands. Look at your left hand, palm up and ignore your thumb. The other four digits each have three sections because they are made from a trio of bones called phalanges. That makes a total of twelve sections. If you point to those sections in turn with the thumb of your right hand, then you can count through the numbers one to twelve. That could help explain why we decided to break the period of the Earth’s rotation into 24 hours – twelve for the daytime and twelve for the night-time.
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