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…upon looking at these numbers one has the feeling of being in the presence of one of the inexplicable secrets of creation.





Don Zagier
Bonn University, 1975




For Alan, who kept encouraging me to write this book and for Stef, who refused to accept that it couldn’t be done.




The Mystery of the Prime Numbers is the first volume of the Secrets of Creation trilogy. Volume 2: The Enigma of the Spiral Waves and Volume 3: Prime Numbers, Quantum Physics and a Journey to the Centre of Your Mind will eventually follow.


Although reading Chapter 1 is not necessary in order to follow the ideas in the rest of the book, it sets the scene and presents certain issues which will be revisited at the end of the third volume so I’d encourage you to read it.


I’ve avoided using any mathematical formulas or equations in the main text although some appear in a few of the notes and appendices. The appendices are aimed at readers who want to explore certain ideas in more depth. Each appendix has a level of difficulty stated below its title.


The notes contain a number of website addresses. If you find any of these to have become inaccessible, the Internet Archive’s “Wayback Machine” at www.archive.org is a useful tool for recovering old versions of webpages.


More information on the Secrets of Creation trilogy, further web links, additional resources and an ever-expanding list of acknowledgments can be found at www.secretsofcreation.com.





Matthew Watkins
Canterbury, 2009
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an introduction


Is there anything we can all agree about?


For just about any idea, ideology, theory or proposal you can think of, there’s going to be someone who seriously disagrees with it. Even the most seemingly “commonsense” suggestions will be challenged by some obscure philosophy or other, whether academic, mystical or political. The details of historical events are continually being called into question. There’s no shortage of conflicting attitudes about the “meaning of life”, the best ways to live, the causes of suffering and how they might be alleviated. Rival philosophies and religious beliefs seem to be multiplying endlessly rather than moving towards greater integration and unity.


Science presents itself as a uniquely valid approach to universal truth, but of course many religious believers reject key scientific theories such as Darwinian evolution and the Big Bang. Even within science, many widely accepted views are countered by a small but serious-minded minority of scientists who are prepared to challenge them, regardless of how unpopular that might be.


So where, if anywhere, is the common ground in this vast, confusing patchwork of clashing views? Wouldn’t it be somehow comforting, in this time of widespread conflict, cultural fragmentation and general confusion, if there were something that everyone, from every possible background, however contrary, argumentative or ideologically rigid, could agree about?


Well there is something.


I’m going to tell you about it.


Happily, the “something” I’m going to tell you about appears to be a kind of gateway into a world of profound mystery and wonder. Yet, unlike most things which get described in such terms, it has the quality of being (as far as anything can be) indisputable. So it’s a real pleasure to bring into being a book (a trilogy, in fact) which not only deals with just about the only thing everyone can agree about but also spreads awareness of something which can awaken feelings of awe and delight in almost anyone willing to make the small effort necessary to follow.


In this, the first volume, I’ll carefully explain the fundamental ideas that are involved, interspersing a few (perhaps less indisputable) thoughts about “what it all might mean”. If you reach the end and wish to explore further, the second and third volumes will delve deeper into the mystery and then plunge into some very strange territory indeed.
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chapter 1
numbers and counting


From the title of this volume you’ll no doubt have guessed that numbers are somehow involved in the indisputable “something” which the introduction referred to. Indeed, the basic ideas of numbers and counting will act as our starting point. In the chapters that follow this one we’ll be looking at them in a way which was inspired by my academic background in mathematics – this will lead us into the “indisputable” territory. Although presented in a gentle and accessible way, this approach to numbers may be unlike anything you’ve come across before. First, though, I think it’s important that we take some time to have an informal look at numbers and counting from the perspective of ordinary human experience rather than from a strictly mathematical point of view. If you find yourself disputing some of what I have to say about this, don’t worry, we haven’t really started yet!


So, what exactly are numbers?


Because we all learnt about numbers and counting when we were very young, these ideas have come to be strongly associated with early childhood – they might even seem an unnecessarily and almost embarrassingly “childish” topic to be considering[1]. But this brings us to the first thing that we should pay attention to: the fact that young children routinely and easily grasp the basic ideas of numbers and counting. Counting is one of the very first practical things a child learns to do and adults take it for granted that it’s a sensible and appropriate thing to teach them. As children we all gradually learnt how to recite numbers in sequence, count things with them, recognise and draw the symbols that our culture uses to represent them, combine them by adding and multiplying, and so on. Some of us picked it up faster than others, but with very few exceptions (due to, for example, certain neurological conditions), children’s minds absorb the basic ideas very easily. Some people end up very comfortable and capable working with numbers in adulthood. Some struggle. Most just get by. But it’s almost unheard of for someone to remain completely baffled by the very idea of numbers and counting – everyone gets it.


And yet, if you think hard about numbers and what they really are, you’ll probably get quite confused. You no doubt know how to work with them (at least to some extent), but if you spend enough time contemplating what they really are, you may well end up concluding that you don’t know. The more you think about it, the more confusing it seems to become. Perhaps it all seems perfectly clear to you. But philosophers have been debating this matter for centuries and they’re still far from providing us with a clear answer. You might not be able to imagine why, but it would be fair to say that there’s still no straightforward consensus surrounding this issue at the deepest levels of philosophical discussion.


There are philosophical factions such as Platonists and social constructivists who continue to debate whether numbers and related concepts exist somehow independently of us and we “perceive” them with our minds or whether they are merely mental, social or cultural “construct”. Much has been written about this question over the years. But these rigorous attempts to pin down exactly what numbers are would almost certainly confuse matters rather than clarify them, if presented to the “ordinary person in the street” who unproblematically deals with bus fares, football results, temperatures and shoe sizes.


Despite this puzzling situation, everyone should be able to agree that numbers are the common property of all. No one can be excluded from access to them. No one can take ownership of them. They’re there for everyone equally. Wherever you find yourself in space or time, you’d expect the numbers to be there, accessible to you. But where is this “there”? They have this peculiar status of sort-of-existing (we’re continually dealing with numbers of objects) but sort-of-not-existing (numbers don’t exist in the way that actual objects do).


The fact that young children have no problem accepting numbers suggests to me that number concepts may be in some sense built into our minds. That is, a child learning about numbers is in fact recognising something which is already present within her or his mind. But even if I’m right in my vague suggestion that “it’s in there” somewhere, there’s still no agreed understanding of what “it” is, in what sense it’s “in there” or even where “there” is.


Anthropologists have reported examples of cultures with extremely limited counting abilities which, once in contact with Western traders and the use of money, have suddenly switched into a highly competent number usage (without the introduction of any Western-style education). In The Emergence of Number[2], John Crossley suggests that “the idea of counting lies dormant until evoked”. Having considered accounts of various indigenous peoples of Latin America, Polynesia, Australia and Malaya he concludes that “non-verbalized ideas of particular numbers appear to be present long before they may be needed in a verbal form and once counting is established there seems little difficulty in advancing rapidly”.


The significant word here is “present”. Present where?


I suggested that number concepts may be “built into our minds” but to some extent it now seems that they may be built into our brains. The relationship between the mind and the brain is another important matter which philosophers are unable to agree on. Certainly, the brain is the “physical part” with physically describable regions and components, while the mind is the “non-physical part” which is somehow related to the brain but in a way that no one is entirely sure about.


In recent years, neuropsychologists[3] such as Stanislas Dehaene have been carrying out experimental work in the area of “numerical cognition” to explore the possibility that physical structures exist in the brain which relate to counting and basic operations with numbers, these having possibly evolved for survival-related reasons. Other researchers have carried out experimental work involving non-human animals, demonstrating the abilities of some to distinguish between various small numbers[4].


Despite the extremely widespread use of numbers in Western culture, the sense in which they “exist” and their relationships with the mind and the brain are rarely discussed – these are surprisingly marginal subjects. I find this situation strange, especially if we consider the incredible range of subjects which humans have explored in the most minute detail.


QUALITY- AND QUANTITY-BASED VIEWS OF NUMBER


Children first learning about numbers often describe feelings they have about each of the first few: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,… Perhaps you have faint memories of something like this. I can still clearly remember sitting next to my friend Paul at school, aged six or seven, casually discussing our feelings about various numbers while we were working on our simple arithmetic problems. There were likes and dislikes, favourite numbers and numbers which seemed to have some sort of personality which we couldn’t express clearly but we could somehow sense or feel. It felt as normal as discussing our feelings about various colours, songs or storybook characters.


In many cases, this kind of feeling might be linked to the shape of the numeral or the sound of the word associated with the number. Or it might be due to some association with an age, a birthdate, a house number or the shirt number of a favourite athlete. But I suspect that there may be something deeper going on with the overall phenomenon of these feelings, as suggested by the accounts of people with severe autism and related conditions, some of whom can perform baffling, almost superhuman feats of mental arithmetic and, at the same time, describe having a direct inner experience of numbers as having textures, colours and/or personalities[5]. The combination of these people’s extraordinary abilities with numbers and their claimed “inner perceptions” of them suggests that they might know something about number which the rest of us don’t.


However, a “sensible grown-up” outlook dictates that there is no value in dwelling on these “childish” number-related feelings. In state-sanctioned systems of Western education, numbers are presented to children in a systematic, unemotional way. They are treated solely as quantities to be added, multiplied and so on. Their properties and interrelations are entirely unaffected by our feelings about them.


This brings into focus the distinction between two very different approaches to number. If I say “seven is between six and eight” or “seven is an odd number”, those statements concern seven’s properties as a quantity. But if I say, “seven is a lucky number”, or “seven feels smooth, like a pebble”, those are claims regarding supposed qualities of seven.


Prior to the emergence and expansion of science-based Western civilisation, many cultures had a kind of reverence for certain numbers or a belief that numbers have a qualitative aspect (a quality, personality or “meaning” of some kind) as well as the more obvious and mundane quantitative aspect (a quantity, an amount of something)[6].


This distinction between the “qualitative” and “quantitative” approaches to number has hardly been discussed by academics outside a small fringe of thinkers. It seems that the unspoken, almost unconscious, belief among Western intellectuals is that because arithmetic and all higher mathematics involve the quantitative (and most definitely not the qualitative) approach, the qualitative obviously lacks any serious value and the quantitative is the “correct” view, so there’s nothing to discuss. In this way, the quantitative view – the view used by mathematicians, scientists, stockbrokers, bookmakers and pocket calculators – triumphs.


Many Western children seem instinctively drawn to a qualitative approach to number but they are systematically directed away from this by their formal education. Wherever pre-Westernised cultures have gravitated to the qualitative approach [7], this tendency has been similarly countered by the nearly universal introduction of Western-style educational practices, part of that questionable ongoing global project sometimes called “progress”.


Perhaps you’re thinking “well, yes, this is progress, this is the correct way” – you may have no problem at all with completely dismissing the qualitative approach to number. After all, a dozen different people could “feel” a dozen different “qualities” associated with a number, so there’s not much point trying to study this sort of thing, is there? Or perhaps you feel that there is something behind the qualitative approach to number worthy of more serious attention. In any case, as we proceed, try to keep in mind this distinction between the “qualitative” and “quantitative” approaches to number, ideally without judgement. Just remember that these two very different perspectives exist and try to avoid thinking about them in terms of true/false, right/wrong or valid/invalid.




You might find that I’m using the word “number” in an unfamiliar way (for example, when I write “approaches to number”). “Numbers” is easy – we all understand how that word is meant to be used, and there’s no lack of examples: 1, 2, 3, 5074, 95 million, 0, 191, etc. But when I use the word “number” in this way, I mean the overall concept of numbers, rather than isolated, individual numbers. It’s very much like the way an artist might talk about the use of colour in general, rather than about individual colours.





THE QUALITATIVE VIEW


The qualitative view has no serious role in organised society. Still, remnants can still be seen at the level of individuals and their idiosyncrasies.


Any Western-style mathematics education is entirely based on the quantitative approach to number. In order to be considered “successful” on its own terms, it would have to involve any number-related feelings being “educated out” of children. But despite educators’ best efforts, feelings of this type can persist into adulthood, and do, far more widely than some people would like to think[8]. There are many curious remnants of “number mysticism” in our modern, scientific culture. Many people have lucky numbers, seven being the most notable for some reason. Fear of the number thirteen is still widespread in the Western world. Some major hotel operators routinely number their floors…, 11, 12, 14, 15,… for practical economic reasons – an economically significant proportion of their customers don’t feel comfortable staying in a thirteenth floor room. Numerology books continue to proliferate. Telephone numerology consultations are commonly advertised in the back pages of popular newspapers. Websites and lucrative workshops abound. I’ve heard of a variety of eccentrically ritualistic and quasi-mystical ways in which people choose their lottery numbers – numbers which they see as the keys to a kind of salvation. And a significant number of people now struggle with variations of obsessive-compulsive disorder which involve an urgent need to repeat certain actions certain numbers of times.


There’s a huge gulf between the dominant “scientific” (that is, quantitative) approach to number and the qualitative “folk beliefs” regarding numbers which can still be found throughout Western populations. This is similar to the gulf between the culturally dominant “scientific” view of numbers which now prevails and the views which were held throughout most of human history.


Although the social phenomena I’ve described could be worth examining for various reasons, they’re still very marginal in the overall workings of the Western world. The powers-that-be (bankers, corporate leaders, politicians, economists, scientists, etc.), if they were to give the matter any thought, would certainly be of the opinion that such beliefs are nonsensical remnants of a pre-rational, pre-scientific age. Western science simply denies the validity of anything “numerological” and assumes the thinking behind it to be fundamentally misguided. Although relatively new in historical terms, this perspective is now firmly established as the dominant one.




I’ve used the terms “Western world” and “Western science”, and I’ll continue to use this terminology, so it would help if I explained exactly what I mean. I’m the first to admit that it’s quite ridiculous language since we live on an approximately spherical planet and a sphere has no “west”. But the already-familiar terms “the West” and “the Western world” will be useful shorthand to mean those parts of the human world which have been heavily influenced by Western European culture. So that includes all of Europe, as well as the places which remain colonised by Europeans such as Canada, Australia, the USA and New Zealand. Also, many urbanised areas in the rest of the world are becoming increasingly “Westernised”, so there’s no clearly defined edge where “the West” begins and ends. I intend these terms to be understood in a cultural sense: “the Western world” describes more of a mindset than a geographical region and “Western science” refers to a set of practices (and beliefs[9]) which can be adopted anywhere on the planet.





THE QUANTITATIVE VIEW


Having mastered the basics of arithmetic as children, most people give very little thought to numbers beyond their immediate use in financial transactions and other such practical matters. There is a strong tendency to take them for granted. But if they were to stop and consider the extent to which numbers have become woven into their lives, many people would be quite surprised.


Suppose you were to switch on a radio and catch the end of the hourly news. You, together with possibly millions of other people, are listening to a publicly sanctioned source of information. You may well hear some new government statistics on crime, education or unemployment, the stock exchange index and the number of points it’s gone up or down, some sports results (in the form of numbers), the time, a few temperatures, the identifying numbers of some major roads and junctions, the speeds of traffic in their vicinities and, finally, the frequency of the station you’re listening to.


And it’s not just actual numbers which you begin to notice everywhere once you’ve started looking, it’s also the tendency for Westernised humans to measure and quantify the things they encounter. In almost every area of our lives, attempts are being made to reduce everything to measurements, which take the form of numerical data. We’ll look at the main examples of this after a quick explanation of how I’m going to be using certain words.


By quantification, I mean the process of assigning a number to something. So quantification includes simple counting and all familiar forms of measurement (using a ruler, a stopwatch, a thermometer, etc.). But the word is more commonly applied to all of the other ways in which numbers get assigned to things which aren’t obviously measurable – things like human intelligence, the “value” of a painting or the “performance” of a school or hospital. These things can be quantified when someone finds a way to measure them – an IQ test, an art auction, a governmental evaluation procedure.


By counting, I mean the application of number to the physical world, by means of agreed-upon categories of things-to-be-counted.


Eh?


OK, try this: look around you and count everything you can see.


It’s not so obvious is it? No, in order for counting to be meaningful, there must be an agreement as to a “category of thing” which you’re going to count (person, grain of sand, item of furniture, hexagon, occurrence of the letter “j”, etc.). This might seem like an obscure philosophical observation, but the implication is that counting things and breaking the contents of the world down into categories of things are very closely related activities, an important point which we will return to in Volume 3.


Measurement is really just a more abstract form of counting. When measuring something, you’re counting a “unit of measurement” (an inch, a degree Fahrenheit, a volt, a kilogram, a megahertz, etc.). With a tape measure, you can count the number of inches or centimetres between two locations. If the distance ends up being, say, 182.57 centimetres, then the measurement has involved counting centimetres – your “unit” – as far as you could get with them (182), then switching to tenths of your unit (which would be millimetres), counting as far as you could with them (5), finally switching to count tenths-of-millimetres and finding there to be exactly seven of them. The distance is 182 centimetres plus 5 tenths of a centimetre plus 7 “tenths of tenths of a centimetre” (182.57). Don’t worry if you found that last bit confusing. The main point is that when you measure something, you’re actually counting something else: units of measurement (and subdivisions of those units).


A great diversity of things can be measured – temperature, the passage of time, electrical resistance, volume, weight, voltage, the intensity of light, radioactivity, pressure, etc. In each case, you (with the help of your instruments) are counting a clearly defined unit of measurement.


A shepherd in ancient Greece counting his sheep and a physicist in 21st century Switzerland using an ultra-complex bank of instruments to measure the mass of an elusive subatomic particle are ultimately both engaged in the same thing – they’re counting an agreed-upon category-of-thing (sheep and “units of mass”, respectively).


The essence of quantification, in the commonly used sense of the word, is to reduce something complex (psychological, sociological, ecological or whatever) to a quantity or quantities – to numbers, numerical data. Governments, economists, psychologists, sociologists and market researchers do a lot of quantifying. But whether they’re assessing value, cost, risk, “quality of life”, “performance” or anything else, there must always be an agreed unit or scale according to which this is done – so we’re back to measurement and counting again.


Counting, measurement and quantification, then, are just different forms of the same thing – a kind of “mapping out” in terms of numbers of the world we experience. This is what characterises the quantitative approach to number, which is unquestionably the dominant one in the Westernised world. We’ll now look at three of the main areas where it is evident.


THE DOMINANCE OF QUANTITATIVE NUMBER: MONEY AND ECONOMICS


Although “the economy” is a system of human activity – production, consumption, distribution, exchange – as it becomes ever more complex, it’s being dealt with more and more as a huge system of numbers. We’re encouraged to think that these numbers refer to something “real” but if you start to look into what that is, you’ll find that it’s not at all obvious.
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An amount of money always involves a number, but that number changes if you convert your money from one currency to another. Currencies act as different units of measurement in this context (converting US dollars to Euros is the same sort of process as converting inches to centimetres or ounces to grams, although the exchange rate may change from day to day). This system works quite effectively – the problem is that it’s not clear what the units are measuring. Prior to the existence of money, people bartered, directly exchanging commodities. Money emerged as helpful tokens of exchange and has since gradually transformed from…




[image: ] units of “hard” currency (coins of various metals and sizes, often with numbers stamped on them)


…to…


[image: ] units of “soft” currency (pieces of paper with numbers printed on them, supposedly “representing” quantities of precious metals which are kept far from view in fortresses or bank vaults, or which, in many cases, don’t even exist)


…to…


[image: ] “plastic” (nothing physical is exchanged, only numbers, and this being done via plastic cards which are themselves emblazoned with many digits)


… and now…


[image: ] more sophisticated “virtual” and “smart” mechanisms for carrying out financial transactions via the electronic transmission of numbers (no tokens whatsoever).





Apart from a relatively small number of stateless people, everyone on the planet lives in a state with some kind of currency. For the purposes of comparison these currencies can all be converted into Euros (or Yen, Rupees, Canadian dollars or whatever you like) – this is the same process of “converting to common units” as you would use if you wanted to compare various lengths which had been given in centimetres, yards and nautical miles. Almost everyone alive, then, theoretically has (or owes) a number of Euros, a number which locates them on a scale measuring wealth. “Top 10” and “Top 100” lists of wealthy people often feature in glossy magazines these days based on this kind of comparison. People’s numbers go up and down as they buy, sell, inherit, work and spend. Almost everyone is striving to increase their number (usually causing other people’s numbers to decrease) and this has arguably become the central feature of human life in recent times.


The situation is getting ever more abstract, with people buying and selling not only shares in corporations and amounts of various currencies but also less familiar things like futures, derivatives, options, swaptions, volatility swaps, quantos, lookbacks and other such “exotic financial instruments”. Glancing through recent issues of prominent economics journals, I find that most of the articles have titles like “Idiosyncratic shocks and the role of nonconvexities in plant and aggregate investment dynamics”, “Tests for asymmetric threshold cointegration with an application to the term structure”, “Backward integrated information gatekeepers and independent divisions in the product market” and “Rigidity in bilateral trade with holdup”. As these things become further and further removed from traditional human activities, and as it becomes increasingly difficult to explain to a non-specialist what it is that the numbers involved are actually “counting”, all that we can be entirely sure about in any financial matter are the numbers themselves.


Let’s now consider one of the most noticeable forms of economic activity – mass production. A rapidly growing proportion of the material objects humans come in contact with these days are mass produced. All over the world, large numbers of near-identical objects are being produced mechanistically and transported elsewhere, almost exclusively for economic motives: movements of large numbers of near-identical objects – “units of production” – away from the manufacturer,ideally resulting in movements of large numbers of “currency units” back towards the manufacturer. The flippant expression “shifting units”, used in the “busyness” world to describe sales of products, suggests that “economic activity” is no longer about creating and distributing necessary objects and commodities but rather just moving numbers around (which is exactly what most people working in the financial sector appear to be doing).
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THE DOMINANCE OF QUANTITATIVE NUMBER: SCIENCE AND TECHNOLOGY


Another place where quantitative number-based thinking is rife is Western science and all that it has spawned. That, of course, includes everything involving computers and other digital technology.


Science seeks to quantify and measure all phenomena in order to gain a complete mathematical description of reality. If you take away the ability to measure, Western science is reduced to almost nothing. Beyond basic measurement, science depends heavily on mathematics, and at the root of all mathematics we have the basic quantitative ideas of numbers and counting.
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Computers (in their various forms) are becoming involved in almost all aspects of our lives, whether we choose to notice it or not. And whether they’re being used by transnational banking networks, surgeons in the midst of delicate operations, nuclear power station safety inspectors, musicians mixing tracks, graphic designers designing cereal boxes or bored teenagers playing computer games, they’re all essentially doing the same thing – they’re manipulating large amounts of numbers. At the most basic level of their electronic circuitry, everything is reduced to 0’s and 1’s, as you may know.


All Internet content, anything a computer can handle, in fact all digital technology is ultimately numerical (digital = digits = numbers – yes?). In recent times, much long-standing technology has been replaced by digital versions (digital cameras, radio, TV and music recording systems have all appeared during my lifetime). It’s getting to the point that if something can’t be handled in this way – can’t be captured in alphanumeric text, digitally imaged or in some other way represented as data – then it doesn’t really exist, or at least it isn’t worth considering. Subtle intuitions and feelings, dreams, “vibes”, empathy, beauty, joy and love are still hugely important to the vast majority of the population but with the ever-expanding dominance of quantitative science they’re being marginalised because they can’t be measured or “captured” as numerical or digital information – that is, they can’t be quantified[10].


THE DOMINANCE OF QUANTITATIVE NUMBER: GOVERNMENT DECISION MAKING


The third and final instance of “quantitative thinking” which we shall consider is government decision making, something which is extensively, and to an ever greater extent, based on numbers. Many aspects of society and the environment (commerce, employment, health, education, crime, agriculture, pollution, voting trends, etc.) are continually being measured or quantified. The resulting numerical data is analysed by statisticians in order to calculate an “index” measuring some social, economic or environmental tendency, or to reveal correlations between various factors involved in the issue at hand. Governments who employ these statisticians use their conclusions to establish targets and “league tables” which assist in the making of decisions to increase or decrease the amounts of money being spent in various areas, raise or lower taxes, adjust interest rates, restructure school curriculums or introduce new laws.


The decisions made by our leaders are dictated to a very great extent by the numerical data which is presented to them. As more and more data is gathered, more and more “number crunching” must occur before they’re able to do anything with it, and so the further the decision making becomes removed from the realities of individual citizens’ lives[11].


In past ages, important decisions made on behalf of organised groupings of people would have been based to a large extent on things which could not be quantified: religious scriptures and teachings, the interpretations of omens and dreams, priestly deliberations about the wishes of gods, spirits or ancestors. Despite any talk of “values” or “ethics”, the meanings of which are continually being manipulated by people interested in power, it’s really economics and science that now act as the bedrock of social infrastructure and government decision making. Number, understood quantitatively, is the common thread.


Quantitative economics is central in government decision making and is becoming progressively more dominant to the exclusion of all other considerations. Free trade is held up as the highest of ideals by our leaders. The need for economic growth – the continual increase of a very particular, and particularly dubious, measurement called a gross domestic product – is now taken as a fundamental axiom and is the most pressing concern for the leaders of every major nation-state.


Quantitative science is actively promoted by some governments as the ultimately reliable source of truth. I’ve even heard it evangelised about in speeches by political leaders – during his time as the UK’s Prime Minister, Tony Blair spoke of the country’s path to the future being “lit by the brilliant light of science”[12]. To some extent, this phenomenon reflects the influence of busyness interests on government (the biotechnology industry, in particular, in the early 21st century), but I sense that it also has a deeper significance…


SCIENCE AND RELIGION


Centuries ago, leaders of Western populations using that kind of language (“lit by the brilliant light of…”) would have been talking not about science but about Christianity or God. Interestingly, various commentators have pointed out that both economics and science can be seen to parallel religion in some ways. Considering that both are underpinned by number, we should pay attention to this.


We’ll consider science first – “the brilliant light of science”. In certain ways, “quantitative science” is emerging as the unacknowledged religion of the modern Western world. And I’m not the first person to draw this parallel – the extremely lucid moral philosopher Mary Midgley, for example, has written extensively on this matter [13].


There will undoubtedly be defenders of science and opponents of religion who would vigorously dispute this, arguing that science is the polar opposite of religion. However, I think that even such people would have to concede certain points. For example, it would now be considered appropriate to turn to astrophysicists, cosmologists, microbiologists and geneticists, not sages, priests or theologians, when asking the “big” questions about the origin and destiny of life, the planet and the universe. These are questions which religion, in its various forms, has addressed for thousands of years. Science only took over this role relatively recently, historically speaking.


The young scientists of today undergo a rigorous period of study and initiation into the ways of science comparable to young men entering a priesthood, learning special symbols to be manipulated and actions to be carried out in order to arrive at cosmic truths. The labcoat-clad scientist performing experiments in a laboratory has replaced the robed high priest carrying out rites in a temple.


So is science just a new form of religion? The pro-science, anti-religion crowd would argue no, it’s an entirely different kind of thing since it relies not on faith but on the scientific method. But if we examine this, the very foundation of science, we find that there are philosophical problems relating to the idea of repeatable experiments (since no set of conditions can ever be restored exactly), the assumption of some sort of “uniformity through time” [14] and something called the Law of Large Numbers [15]. These problems are currently swept aside by the adoption of certain beliefs about “the way things are”, beliefs which seem perfectly reasonable to almost all Westernised humans and which have allowed science to develop in the way that it has. But they’re still beliefs. The scientific method, resting as it does on these beliefs, can never be used to prove their validity.


Even if you really can’t accept the science-religion analogy as I’ve presented it, I’m sure that, at the very least, you’ll agree that science is filling some parts of the void which is being left wherever the influence of traditional religion is declining.


ECONOMICS AND RELIGION


Economists have come to resemble a priesthood, discussing among themselves and quantifying such mysterious things as confidence, growth, rigidity, liquidity and volatility. Through the sheer power of capital, such quantification can lead to market activity which has profound, tangible effects on the world. Their forecasts and public statements are reminiscent of the pronouncements made by ancient priests who consulted oracles. There’s real power invested in these people, with their highly specialised, mysterious knowledge, and none of us can entirely escape being affected or somehow involved.


As the University of Maryland economist Robert Nelson puts it in his book Economics as Religion [16], economists




“think of themselves as scientists, but… they are more like theologians. [One] basic role of economists is to serve as the priesthood of a modern secular religion of economic progress that serves many of the same functions in contemporary society as earlier Christian and other religions did in their time.[17] Economic efficiency has been the greatest source of social legitimacy in the United States for the past century, and economists have been the priesthood defending this core social value of our era.”





In an earlier book [18], Nelson argued that




“[b]eneath the surface of their formal economic theorizing, economists are engaged in an act of delivering religious messages. Correctly understood, these messages are seen to be promises of the true path to a salvation in this world – to a new heaven on earth. Because this path follows along a route of economic progress, and because economists are the ones – or so it is believed by many people – with the technical understanding to show the way, it falls to the members of the economics profession assisted by other social scientists) to assume the traditional role of the priesthood.”





In a 1997 paper, the moral philosopher John McMurtry goes further, putting forward a convincing list of ten criteria which can be used to characterise a “fundamentalist theology” and then showing how global free market theory and practice satisfies all of them [19].


Western (and Westernised) people’s highest aspirations are continuing to drift away from divine salvation and towards the acquisition of vast material wealth. Their devotion has shifted from saints and deities to specific products and brands, offered in the form of desire, shopping and consumption, as opposed to prayer, offerings and sacrifice. I’m not the first person to suggest that shopping malls have become the new cathedrals [20].


Just about everything we do these days seems to be somehow tied into “the economy”. But to the extent that this “economy” is built out of numbers, it feels to me that it’s largely held in place by our willingness to continue believing in it. “The economy”, it could be argued, has replaced “God” in the modern, secular West. Meanwhile, both Christians and nonreligious anticapitalists talk about the worship of “Mammon”, a deity embodying the pursuit of wealth above all else.


NUMBER AND RELIGION


Science corresponds to the “explanatory” content of religion (How did the world come into existence, what steers its course and what will be its fate?). Economics – sometimes described as a branch of science but really something very different, according to thinkers like Nelson and McMurtry [21] – corresponds to the “devotional” content (What are our deepest desires and aspirations, what should we be striving for, what is the route to our salvation, individually and collectively?).


This convergence of science and economics as two faces of an unacknowledged religion is also evident in the twin usage of the word materialism. On one hand, it refers to a serious philosophy, associated with thinkers such as Thomas Hobbes,which argues that the only thing whose existence we can be sure of is matter – that’s the “science” side. On the other hand, the same word is used to describe the rampant “shop ‘til you drop” consumer culture which has emerged in the most affluent parts of the modern world – that’s the “economics” side. Philosophical materialism’s denial of non-physical or “spiritual” realities is wholly compatible with the increasingly widespread approach to life currently found throughout the “materialistic” Westernised world, which is to get as much stuff as you possibly can. This is an understandable approach to life if material “stuff” is all that’s really going on but it stands in stark contrast to the approach of all those cultures who have believed that, and behaved as if, much of what’s going on around them is occurring in nonphysical realms.


Now, what’s the connection between science and economics in their present forms? It is, as I have mentioned, that they’re both built on the foundation of number- or quantity-based thinking.


So, if we accept the science-religion and economics-religion analogies, then it could be argued that number is woven into not only Westernised humanity’s social, political, scientific and economic life but into a sort of (unconscious) religious life as well. The “rites” performed by the scientific and economic “priesthoods” involve the manipulation of numbers. These “priests” don’t say prayers, cast spells, sacrifice animals or make invocations – they analyse data, create mathematical models, solve equations, etc. The subject at the heart of all this, the central “mystery” of this scientific-economic religion is number.


You may be struggling to accept my use of the word “mystery” (especially in its religious sense!) in connection with something as familiar and seemingly innocuous as numbers. But, as discussed earlier, even the nature of the existence of numbers remains problematic to philosophers. And, far beyond that, I’m confident that what will gradually be revealed to you about number in the chapters which follow will strike you as both indisputable and deeply mysterious.


My aim is to show that the system of counting numbers is not what you thought it was. It seems to me that it’s high time for a reconsideration of number and its central role in our current way of experiencing reality. By the end of this volume, it will start to become clear that there’s something truly weird going on with the system of counting numbers. Readers who reach the end of the second volume will have acquired a fairly detailed perspective on this weirdness but by then an even more profound (yet indisputable) layer of mystery will have begun to be revealed. The final volume will look into this and consider what it all might mean (without offering any definitive answers).


[image: ]


So have number and quantification acquired a deep but unacknowledged “religious significance” in the modern world? Even if we avoid talking in terms of religious significance, it seems that something quite noteworthy and poorly understood is going on involving humans and numbers.


To bring this further into focus, I would argue that one of the features best characterising modern Western culture is its relationship with number. The scientific West distinguishes itself from other cultures by its complete rejection of the qualitative in favour of the quantitative approach to number. And this quantitative approach has been embraced with such fervour that it has nearly consumed the West. Earlier cultures related to number in both a quantitative and a qualitative way, at a time when the distinction between religious and secular life was much less clear (or nonexistent) [22]. Western culture has emphasised this distinction and has effectively tried to secularise number by reducing it to its quantitative aspect. And while any qualitative experience of number must now seek refuge in some kind of marginalised mystical/religious framework, the quantitative approach seems to have itself (ironically) acquired some religion-like features.



HISTORICAL PRECEDENTS


A few historical and cultural observations may be helpful here.


Abraham Seidenberg’s diffusion theory, put forward in a 1962 paper [23]
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