
  [image: ]


  
    More great titles from Pavilion gift & humour


    

    Join our newsletter here


    



    Tap on the titles below to read more


    [image: aa1][image: aa2][image: aa3]


    [image: Pavilion_Blackaa]

    www.pavilionbooks.com

  


  
    how long is a piece of string?

  


  
    By the same authors


    What Is a Googly? by Rob Eastaway


    Why Do Buses Come in Threes? by Rob Eastaway and Jeremy Wyndham


    How to Take a Penalty by Rob Eastaway and John Haigh


    Mindbenders and Brainteasers by Rob Eastaway and David Wells

  


  
    how long is a piece of string?


    More hidden mathematics of everyday life


    ROB EASTAWAY


    AND JEREMY WYNDHAM


    Illustrations by Barbara Shore


    [image: Pavilion_Black[1]]


  


  
    Published in the United Kingdom by


    Pavilion gift and humour


    10 Southcombe Street


    London


    W14 0RA


    An imprint of Pavilion Books Group Ltd


    Copyright © 2002, 2005, 2013 Rob Eastaway & Jeremy Wyndham


    First published in Great Britain in 2002


    The moral right of the author(s) has been asserted.


    All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means electronic, mechanical, photocopying, recording or otherwise, without the prior written permission of the copyright owner.


    First eBook publication 2014


    eBook ISBN 9781909396616

Version: 2022-08-24


    Also available in paperback


    Paperback ISBN 9781861056252

Version: 2022-07-11


    Illustrations by Barbara Shore


    The print edition of this book can be ordered direct from the publisher at

    www.pavilionbooks.com, or try your local bookshop.

  


  
    CONTENTS


    Acknowledgments


    Introduction


    1Why Does Monday Come Round So Quickly?


    How the numbers of the moon combined to make our week


    2How Do Conmen Get Rich?


    Tricks and scams that make people part with their money


    3What Makes a Hit Single?


    Patterns and variations that everyone likes


    4Why Won’t the Case Fit in the Boot?


    How to squeeze things in or keep them apart


    5Should I Phone a Friend?


    How to make the big decisions in game shows


    6Is it Quicker to Take the Stairs?


    How to reduce waiting times for lifts


    7How Long Is a Piece of String?


    The curious world of fractals


    8Why Do Weather Forecasters Get it Wrong?


    Unpredictability and chaos


    9Will I Catch Flu Next Winter?


    Epidemics and how they spread


    10Am I Being Taken for a Ride?


    The formula behind the taximeter


    11Will I Ever Meet the Perfect Partner?


    The chances and choices behind coupling up


    12Is It a Fake?


    Number tests that can detect the fraudsters


    13Will the Underdog Win?


    The maths behind memorable sporting moments


    14Why Do Karaoke Singers Sound So Bad?


    How waves and fractions make good and bad harmony


    15How Can I Be Sure?


    The art of proving things


    16Can I Trust What I Read in the Papers?


    How spin doctors conjure with figures


    References and Further Reading


    Index

  


  
    ACKNOWLEDGMENTS


    Part of the fun in writing a book like this is that it brings you into contact with people you would never otherwise have met. These included, for example, Derek Smith, lift guru at the company Otis, who was able to demystify the curious logic of the elevator; Richard Forsyth at Luton University, who is an expert on identifying the authorship of manuscripts; and Pauline Matkins, the fount of knowledge on taxi fares at Transport for London. All went out of their way to help us.


    We also received generous time and help from some friends in the world of popular mathematics: John Haigh of Sussex University, David Singmaster the international puzzle master, and the curious and interesting David Wells. Thanks also to John Bibby and co. at Count-On for your support, and to Toni Beardon and the team at NRICH.


    In topics ranging from measles to music we are indebted to Matt Keeling, Chris Healey, Richard Harris, Simon Pattinson, John Treleven, Ronny Peikert, Tony Lewis, Keith Still, Nigel Rees, Ken Baker, Andrew Masraf, Gordon Vince, Peter Barker, Alun Evans, Barry Leventhal, Craig Dibble, Colin Aitkin, Jim Bates, Paul Mills and Tim Jones for their expert input. And this book would be almost unrecognisable in its finished state if it weren’t for the feedback from Martin Daniels, David Rogerson, Helen Nicol, Chas Bullock, Hugh Jones, Charlotte Howard, Steven Barsky, Louise Hunt and David Flavell. Any errors that remain in the book are down to our failure to take heed of the Lincoln Index (see here).


    The multi-talented Barbara Shore once again excelled herself in converting abstract notions into delightful illustrations.


    Finally, thanks to Elaine and Sarah for their devoted support throughout.

  


  
    INTRODUCTION


    Imagine if your school timetable had offered the following optional topics.


    
      
        
          
          
        

        
          	
            Monday:

          

          	
            How to avoid being ripped off

          
        


        
          	
            Tuesday:

          

          	
            Thinking games

          
        


        
          	
            Wednesday:

          

          	
            Tips for highly paid jobs

          
        


        
          	
            Thursday:

          

          	
            Patterns in the real world

          
        


        
          	
            Friday:

          

          	
            When to take a chance

          
        

      

    


    No doubt you would have chosen at least one of these options, and maybe all of them. And yet, without stretching reality too far, that is exactly how your timetable could have looked. It’s just that some administrators decided to call each of these topics mathematics. Then, to be certain that all the fun was squeezed out, they made as much of the subject as abstract and detached from the real world as they could.


    The result was that while a few children thrived, most spent hours ploughing through exercises that they found tedious and irrelevant. ‘Sir, why do we need to know about Pythagoras?’ ‘Don’t be impudent, Perkins.’


    Fortunately, times have changed. Those wishing to engage the public in maths now appreciate that the way to do it is not to start with the theory, but to start with examples in the real world that touch people’s lives. Much of maths is about abstract ideas, but for the vast majority of people it is accessible only if it can be understood in a context they are familiar with.


    Today, for all sorts of reasons, it has become fashionable in some Western cultures to describe people as ‘sad’ for taking an interest in mathematics. Yet give us a topic that we care about, and we all become mathematicians. One of the most creative minds in history, Leonardo da Vinci, asked questions about everything he saw, and then investigated the answers. He was an artist, but arguably he was even more a scientist and a mathematician. As far as we know, nobody called Leonardo a nerd (or its Italian equivalent).


    This is our second compilation of everyday maths. Once again, we have drawn from a broad range of topics that caught our interest. Our main criterion for including something has been that it kept us entertained in the pub. Some topics will be familiar to those well read in this field, but others – such as lifts, taxi fares and the logistics of the gentlemen’s urinal – have had little if any public airing before now.


    As with Why Do Buses Come in Threes? you will find some parts easy reading while others require more careful thought. As it happens, certain themes crop up more than once in the book. Chance, reasoning and patterns feature prominently. In fact if the syllabus at the start of this introduction really existed, perhaps this would be a book that accompanied it. But this isn’t meant to be a textbook: it is to be read at leisure and, we hope, with enjoyment.
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    WHY DOES MONDAY COME ROUND SO QUICKLY?


    How the numbers of the moon combined to make our week


    In a book about everyday maths, what better place to start than the mathematics of the day itself, and of Monday in particular?


    The seven-day week is so embedded in our culture that it is easy to forget that the idea of a week was just a convenient human invention. Why can’t we really love somebody ‘eight days a week’ (to quote the song)? Or ten, for that matter? And why does the working week have to start on Monday?


    In fact, like many things at the heart of our modern culture, the seven-day week came about thanks to a combination of superstition, coincidence, human error, a need for order – and some elementary mathematics. These things weren’t just responsible for the week having seven days, they also determined the order of the days in the Western calendar. The reason why the week runs Monday, Tuesday, Wednesday, and not, for example, Wednesday, Monday, Tuesday, is to do with the way that numbers combine together.


    To see how the modern week evolved requires a rapid sweep through some of the story of the calendar, much of which, it should be pointed out, is still a source of debate among historians. The maths, however, is sound.


    Where did the week come from? In the earliest tribes, there was no notion of a week mainly because it wasn’t needed. The critical periods of time were the days and the seasons. For man, just as for animals, the day determined the basic survival routines of finding food, eating and sleeping. The seasons influenced the longer-term routines of hunting, harvesting and protecting against the climate.


    Any tribe that could predict and plan for the different seasons would clearly have had better chances of surviving and prospering. Even the crudest of calendars would have given a tribe some advantage over rivals without such a tool.


    So apart from the rough-and-ready clues of temperature and rain, how could ancient man have worked out what time of year it was? There is evidence that the first calendar was based on a very convenient clock in the skies – the moon.


    The moon calendar – and the number twelve


    After the sun, the moon is by far the most dominant presence in the sky, and it goes through an obvious cycle from one night to the next. A full moon slowly diminishes to a crescent and then no moon at all, and then returns to a full moon.


    Archaeologists have found various clues that suggest that as far back as 30,000 BC the moon’s cycle was being followed closely. Etchings found on bone resemble the moon in its various phases and there are scratches that tally closely with the days in each cycle.


    There are good reasons why the moon would have been important to primitive people. The period of full moon to full moon coincides almost exactly with the period between ovulations for women. Whether any sort of family planning existed thousands of years ago we don’t know, but the moon cycle, from which we derive the word menstruation, would at least have been a handy guide to fertility. Moon rituals, which still exist today, may have begun as fertility rites at that time.


    There is another reason why the moon would have had such an attraction as a timekeeper. The cycles of the moon are a natural way of dividing up the year. There are roughly twelve moons in a year, so that became the obvious dividing number (the word ‘month’ also comes from the word ‘moon’, of course).


    
      Quiz: How big is the moon?


      Which of the following circular objects when held at arm’s length is about the same size as the moon?


      


      (a)a pea


      (b)a penny


      (c)a ping-pong ball


      (d)an orange

    


    The answer is (a), a pea – a petit pois, in fact. For something that so dominates the night sky, this is surprisingly small. Thanks to the workings of the human brain, we perceive it to be much larger.


    


    [image: image]


    The exact number of moons in a year is, we now know, 12.36, and 12 just happens to be the nearest whole number. However, it takes quite a bit of rounding to trim 12.36 down to 12, and this was to prove a source of endless headaches to calendar makers from the Egyptians to Julius Caesar and beyond, as they sought to make the months coincide with the years. If the moon’s orbit around the earth had been just a fraction faster, we would probably have ended up with a calendar of thirteen months, and as a result the number 13 might have become regarded as a lucky number because of its link with the year. But it was not to be.


    If the fluke of there being twelve moons per year first established this number as a fundamental measure of time, then the discoveries of the early civilisations in Egypt and Greece set the number 12 in stone.


    Twelve is a conveniently small number, and it has other useful properties. One of the most important is that the number can be divided into two equal parts, or three, or four or six – which makes it a practical quantity for measuring and sharing. Indeed the convenient divisibility of twelve helped it to survive in British culture in both the currency (twelve pennies in a shilling) and the main unit of length (twelve inches in a foot) until late in the twentieth century.


    The number 12 has connections with a circle, too. One of the easiest ways of dividing up a circle is to use a pair of compasses.
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    Marking around the circumference, the circle can be divided into six portions


    And once a sixth of a circle has been found, it is easy to divide it into halves:
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    This means that a circle can very easily be divided into twelve equal pieces – very handy for dividing the sky into twelve portions to be symbolised by the signs of the zodiac, and later on, for dividing the clock face into hours.


    The moon, the planets and the number seven


    Every night, the familiar moon arches across the sky against a backdrop of twinkling stars. From the earliest times, it would have been observed that these stars were themselves slowly rotating, and that their rotation, like the sun’s, took exactly a day. However, there were some exceptions. Some bright stars didn’t follow the rest but moved at different speeds, and occasionally even looped back on themselves.


    The small group of celestial objects with their own unique cycles acquired a special status. They became known as the wanderers, for which the Greek word was planetes. Since these planets each had their own distinct movements, it was only natural to give them names. By the time of the Romans, they were known in today’s English as the Moon, the Sun, Jupiter, Saturn, Venus, Mars and Mercury.


    
      12: an abundant number


      All whole numbers have factors – that is, smaller whole numbers that divide exactly into them (except for 1, of course). The factors of 12 are 6, 4, 3, 2 and 1, which add up to 16. A number whose factors add up to more than the number itself is called ‘abundant’ and 12 is the smallest such number. Abundant numbers are in fact extremely common. Looking for something to get their teeth into, mathematicians therefore began to look not just at whether numbers are abundant or not, but how abundant they are. For example, 12’s abundancy is 16/12 or 1.33. It is beaten by 24 (36/24 = 1.5) and this abundancy ratio increases with every multiple of 12 up to 60, whose factors add up to 108. (108/60 scores a whopping 1.8). The number 60 is highly abundant because so many numbers divide into it, and this Is why it became a popular base for counting. There seems to be no upper limit to how abundant a number can get, If you go high enough.


      Does abundancy matter? Apart from enriching the understanding of numbers, no it doesn’t. But ancient Greeks, particularly Pythagoras and his cronies, were always looking for evidence to support their view that numbers controlled the entire universe. Any obscure property of numbers took on a significance that might now be regarded as excessive.

    


    It is almost certainly because of this belief that there were seven so-called planets that this number acquired a mystical status. But, as with the number twelve, it took another coincidence to seal the significance of the number seven in the calendar. It just so happens that the number seven is linked to the cycle of the moon. From full moon to no moon is about fourteen days – two lots of seven. Full moon back to full moon is just over 29 days – not far from four lots of seven, or 28. And 28 is also a number loaded with mathematical significance, as the following section shows.


    
      28: a perfect number


      The factors of 28 are 1,2, 4, 7 and 14 – and it so happens that these add up to 28. The Greeks spotted this coincidence, and labelled this number, and others with the same property, as ‘perfect numbers’. Rather an arbitrary definition of perfection, you might think.


      Perfect numbers are rare. The Greeks discovered only four of them: 6, 28, 496 and 8128, and as far as we know they didn’t find any others. This is hardly surprising since the next smallest perfect number is 33, 550, 336. It is believed that all perfect numbers end in 6 or 8, but it isn’t known if there are infinitely many of them.


      The belief that numbers with curious mathematical properties were in some way mystical would certainly have helped to establish those numbers as part of the culture. The perfect number 28 and the abundant number 12 were two of the main beneficiaries.
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    This second occurrence of the number seven in the skies is a fluke, of course - the number of days in the moon cycle has nothing to do with there being seven ‘planets’ – but, given mankind’s natural tendency to read meaning into any coincidence, it is hardly surprising that early civilisations believed that the number seven had a fundamental link with the heavens. For convenience and for ritual, the moon cycle was therefore divided into partitions of four lots of seven days.


    ‘In the beginning’, according to the Bible, God took seven days to create the earth. Is this an even more fundamental reason for the mystical importance of the number seven? Or did the people who wrote this story choose a number that already carried significance for them because it divided up the lunar month and represented the number of the planets? It doesn’t really matter. The fact is, this story firmly established the idea of a seven-day week in Jewish culture with the seventh day being named the rest day, or Sabbath. The Jews spread the idea across the Middle East, and the Romans adopted it, too, despite the fact that they already had a separate eight-day ‘market’ week of their own whose origin is obscure.


    


    
      Florence’s symbol of the eight-day week


      In medieval Florence, they believed in an eight-day week – of sorts. In front of Florence cathedral is an octagonal building, the Baptistry. The shape of the building has a significance. Seven of its eight sides represent the seven days of the earthly week. The eighth side of the octagon represents the eighth, eternal day, the day we spend in heaven (or the other place) after we die.


      It also happens to be a lot easier to build an eight-sided building than a seven-sided building, so the eight-day symbolism got the architect out of an awkward design problem.

    


    Linking the hours and the planets


    We’ve seen how, quite independently, the numbers 12 and 7 became crucial to the measurement of time, 12 because it divided up the year and, later, the day, and 7 because it divided up the month. The modern week was now ready to evolve, and the names of the days were to emerge because of one further link between those two mystical numbers.


    It had been established early in astronomical history that each of the planets took a different amount of time to complete a cycle and return to its starting position – one planet ‘year’. This led the planets to be given a hierarchy, with Saturn, the planet with the longest cycle, being the most senior. The full hierarchy follows at the top of the next page.


    Now you might expect that, with seven planets and seven days, it would be a logical and simple step just to name the days in the order of the planets: Saturnday, Jupiterday, Marsday and so on. But, by a quirk of astrological practice that is still not fully understood, this isn’t what happened.


    [image: image]


    The Egyptians were the first to divide the daylight into twelve hours, and then, around 1000 BC, the Babylonians, based in the region around modern-day Iraq, divided the day and night into 24 hours. Instead of naming the days after the planets, they decided to name the hours after the planets. The first hour was allocated to the most senior planet, Saturn, the second hour to the second planet, Jupiter, the third to Mars, and so on, repeating the cycle of the seven planets throughout the 24 hours and continuing it into the following days. The result looks like this (read down the columns and continue the cycle from one column to the next):


    [image: image]


    Because 7 doesn’t divide exactly into 24, the planet at the top of each day changes. In fact, because 24 divided by 7 has a remainder of 3, the planet at the top of the list skips three planets down the planet hierarchy each day. On Day Two the Sun tops the list, on Day Three the Moon, and so on. After seven days each of the seven planets has been top of the list, and on Day Eight the cycle begins again.


    The planet at the top of each day became known as its ‘dominant’ planet, and it became the custom to name the day after this dominant planet. So we have:
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    Sound familiar? To make it explicit, here is this planet week set against the modern English and French weeks:


    [image: image]


    The days highlighted in bold have retained their planet names. And remember that this order has been determined by the fact that 24 divided by 7 has a remainder of 3.


    This seven-day planet week eventually reached the Romans, who spread it across their empire, and it became the norm throughout Europe, with one small amendment. When Christianity took hold in the Roman Empire in the fourth century AD, the Romans felt it important to symbolise the change by making their week distinguishable from that of other religions. Since the Jews’ most holy day was Saturday (the Sabbath), the Christians appointed another day – Sunday – as their day of rest. They scrapped the pagan Sun god and renamed it ‘The Day of the Lord’ (Dies Dominici). Countries closest to the centre of the Roman Empire were the likeliest to adopt this, and, in many European countries today, Dies Dominici survives in a slightly corrupted form (Domenica in Italy, Dimanche in France, Domingo in Spain). Apart from this change, these romance languages have stuck with the planets, and always in the Babylonian order. Which means, of course, that the first working day of the week became Moon-day, the day after the rest day.


    The Britons, who were that much further away from Rome’s religious influence, preserved the Sun-day, but sacrificed the last four planet days to Anglo-Saxon gods, Tiw, Woden, Thor and Frig. Well, when you’ve just been invaded and had your village pillaged, you don’t have much choice.


    The time of day, the weeks, months and year are a great reminder of how numbers and mathematics are at the very root of our culture. The seven-day week owes a lot – perhaps everything – to early civilisations counting what they believed were seven planets.


    How different things would have been if Neptune, Pluto and Uranus had been close enough to be visible to the naked eye. People of the Stone Age would have counted ten planets – one for each finger – which would surely have put ten beyond any question at the top of the number tree and would no doubt have led us to the ten-day week and the three-week month. Think of the consequences. On the downside, it might have meant more work and less play. But at least we would have 30 per cent fewer Monday mornings.
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    HOW DO CONMEN GET RICH?


    Tricks and scams that make people part with their money


    A woman buys a £100 ring from a jeweller, and just as she is about to leave the shop she pauses and returns to the counter.


    
      
        
          
          
        

        
          	Woman:

          	I’m not happy with this ring. Can I exchange it for that £200 one there?
        


        
          	Jeweller:

          	Certainly, madam (handing it over to her.) That will be another £100, please.
        


        
          	Woman:

          	Excuse me, but I don’t owe you anything. I handed over £100 just now, and on top of that I’ve just handed you a ring worth £100. That’s £200 altogether.
        

      

    


    And with that she storms out of the shop clutching the £200 ring, leaving the jeweller to ponder where he went wrong.


    It’s easy to sympathise with the confused jeweller. You need quick wits to avoid being conned. No wonder when exposed to more sophisticated scams, so many people are taken in.


    Predicting the sex of your baby


    Take the following (fictitious) advertisement, for example:


    
      BABY-SEXING (THE NON-INTRUSIVE, TOUCH METHOD)


      Do you want to know the sex of your baby, but don’t like the thought of having sound waves pumped into your womb? We have a completely non-intrusive method that will determine the sex of your baby using only human touch. The price is just £100. In the event of our getting it wrong, you not only get all your money back, but also an additional £50 in compensation. Phone Jackie on…

    


    Sounds like a reasonable offer. After all, there aren’t many services that promise a full refund and compensation if they get it wrong. Why can’t more services be as straightforward and honest as this one?


    But, if you buy into this deal, then you’ve been had. It turns out that the only skill Jackie needs in order to offer this service is the ability to toss
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