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Introduction

“Call me Ishmael.” This has to be one of the most famous opening sentences in literature. I’m embarrassed to say that I didn’t get past it for a long time – Moby-Dick was in the guilt-inducing category of “books you should have read”, which obviously made me rebel against doing so, as I feared it would be the worst of all things: worthy. Thank goodness I decided one day to finally take the plunge, because it’s probably not an exaggeration to say it changed my life. It set me thinking about the links between mathematics and literature, which led ultimately to this book.

It all started when I heard a mathematician mention that Moby-Dick contains a reference to cycloids. The cycloid is a beautiful mathematical curve – the mathematician Blaise Pascal found it so distractingly fascinating that he recounted thinking about it to relieve the pain of toothache. But applications to whaling are not usually listed on its résumé. Intrigued, I decided it was high time to finally read this Great American Novel. To my surprise and delight, I found that right from the start, Moby-Dick abounded with mathematical metaphors. The more Melville I read, the more mathematics I discovered. And it wasn’t just Melville. Leo Tolstoy writes about calculus, James Joyce about geometry. Mathematicians appear in work by authors as disparate as Arthur Conan Doyle and Chimamanda Ngozi Adichie. And how about the fractal structure that underlies Michael Crichton’s Jurassic Park or the algebraic principles governing various forms of poetry? Mathematical references in literary works go back at least as far as Aristophanes’s The Birds, first performed in 414 BCE.

There have been occasional academic studies on mathematical aspects of specific genres or authors. But even in the case of Melville, whose affinity for mathematics is (for me) so obvious in his work, I could find just a handful of scholarly articles. The more holistic connections between mathematics and literature have not received the attention they deserve. My goal in this book is to convince you not only that mathematics and literature are inextricably, and fundamentally, linked, but that understanding these links can enhance your enjoyment of both.

Mathematics is often viewed as being quite separate from literature and other creative arts. But the perceived boundary between them is a very recent idea. For most of history, mathematics was part of every educated person’s cultural awareness. More than two thousand years ago, Plato’s Republic put forward the ideal curriculum of arts to be studied, which medieval authors split into the trivium (grammar, rhetoric, logic) and the quadrivium (arithmetic, music, geometry, astronomy). Together, these are the essential liberal arts. There is no artificial dichotomy here between “mathematics” and “art”.

The eleventh-century Persian scholar Omar Khayyám, to whom the poetry collection known as the Rubaiyat is attributed (modern scholars believe it to be the work of several authors), was also a mathematician, creating beautiful geometrical solutions to mathematical problems whose full algebraic solutions would not be found for another four hundred years. In the fourteenth century, Chaucer wrote both The Canterbury Tales and a treatise on the astrolabe. There are innumerable such examples, not least that of Lewis Carroll, who, of course, was a mathematician first and author second.

But there is a deeper reason why we find mathematics at the heart of literature. The universe is full of underlying structure, pattern, and regularity, and mathematics is the best tool we have for understanding it – that’s why mathematics is often called the language of the universe, and why it is so vital to science. Since we humans are part of the universe, it is only natural that our forms of creative expression, literature among them, will also manifest an inclination for pattern and structure. Mathematics, then, is the key to an entirely different perspective on literature. As a mathematician, I can help you see it too.

I’ve always loved patterns – whether that’s patterns of words, numbers, or shapes. I’ve loved patterns since before I knew that what I was doing was mathematics. Gradually it became clear that I was going to be a mathematician, but that came with consequences. In the British education system in recent decades, mathematics has come to be treated exclusively as a science subject, far removed from the humanities. If you want to study mathematics after the age of sixteen, you probably have to pick the “science” stream. At the end of my very last English class at school, in 1991, the teacher gave me a lovely handwritten note with a long list of books she thought I might like, saying, “Sorry to lose you to the lab.” I was sorry to be considered lost, too. But I wasn’t lost – and if you’ve ever had to “choose” one subject over another, you aren’t lost either. I love language; I love the way words fit together; I love the way that fiction, like mathematics, can create, play with, and test the limits of imaginary worlds. I went off to Oxford to study mathematics, very happy to be living one street away from the pub where my childhood literary heroes C. S. Lewis and J. R. R. Tolkien had met each week to discuss their work.

After completing a master’s degree and PhD in Manchester, in the north of England, I moved to London for a job at Birkbeck, one of the colleges of the University of London, in 2004, and became a full professor there in 2013. During all this time, although my “day job”, so to speak, has been teaching and research, mainly in the area of abstract algebra known as group theory, I became increasingly interested in the history of mathematics, particularly in how mathematics is part of our broader cultural experience. I’ve always felt that what I do as a mathematician fits in with other creative arts, like literature or music. Good mathematics, like good writing, involves an inherent appreciation of structure, rhythm, and pattern. That feeling we get when we read a great novel or a perfect sonnet – that here is a beautiful thing, with all the component parts fitting together perfectly in a harmonious whole – is the same feeling a mathematician experiences when reading a beautiful proof. The mathematician G. H. Hardy wrote that “a mathematician, like a painter or poet, is a maker of patterns. … The mathematician’s patterns, like the painter’s or the poet’s, must be beautiful; the ideas, like the colours or the words, must fit together in a harmonious way. Beauty is the first test: there is no permanent place in the world for ugly mathematics.”

Becoming Gresham Professor of Geometry in 2020 gave me the chance to bring together my decades of thinking about mathematics and its place in history and culture. This professorship is one of the few Tudor jobs still around – it was created in 1597 in the will of the Elizabethan courtier and financier Sir Thomas Gresham, and I’m the thirty-third person, and the first woman, to do it. I get to give public lectures on any mathematical subject of my choosing, though fortunately it’s been well over a century since professors were required to deliver each lecture twice: once in English and once in Latin.

So with being a professor of mathematics at Birkbeck and concurrently a professor of geometry at Gresham, as well as raising two wonderful daughters, I know what you are thinking: Sarah, what do you do with all your spare time? The answer is that, as I’ve always done, I read. Constantly and widely. The best thing about e-readers is that there are no pages to turn, which meant I could read even with a sleeping baby in my arms. That’s how I finally found the time to read War and Peace, which was full of mathematical surprises.

Each year my good friend Rachel and I set ourselves the challenge of reading the Booker Prize shortlist before the winner is announced. This gives us about six weeks to read six books. In 2013, one of the shortlisted books (and in fact the eventual winner) was Eleanor Catton’s The Luminaries. Catton made use of several structural constraints in the novel, including a mathematical sequence known as a geometric progression. There are hidden clues and rewards for the reader aware of the mathematics behind the scenes – a haul of stolen gold worth precisely £4,096 is not a coincidence, for example – and understanding the geometric progression unfolding throughout gives you another dimension of enjoyment. This is just one of many literary uses of mathematical structures that I’ll show you in this book.

It’s worth pointing out as well that the links between mathematics and literature do not run in just one direction. Mathematics itself has a rich heritage of linguistic creativity. Going back to early India, Sanskrit mathematics followed an oral tradition. Mathematical algorithms were encoded in poetry so that they could be passed on by word of mouth. We think of mathematical concepts as relating to precise, fixed words: square, circle. But in the Sanskrit tradition, your words must fit into the metre of your poem. Number words, for example, can be replaced with words for relevant objects. The number 1 can be represented by anything that is unique, like the moon or the earth, while “hand” can mean 2, because we have two hands – but so can “black and white”, because they form a pair. An expression like “three voids teeth” doesn’t mean a visit to the dentist, but that three zeros should follow the number of teeth we have: a poetic way to say 32,000. The huge array of different words and meanings lends a compelling richness to the mathematics.

Mathematical language continues to be figurative – when we need new words for things, we reach for metaphors. Once these words have been established for long enough, we tend to forget that they have other layers of meaning. But sometimes circumstances can intervene to remind us. As a master’s student, I spent a semester studying at the University of Bordeaux, in southwest France, and reading mathematics in French lent a slight air of surreality to the mathematics because of the use of words and metaphors I didn’t yet know in a mathematical context. Those few months of study opened my eyes forever to the creative metaphorical language underpinning much of mathematics. Learning a subject called algebraic geometry in French, I got a distinctly agricultural vibe from the word gerbe, which until then I had previously been aware of only in the phrase gerbe de blé (wheat sheaf). Sometimes you can overtranslate—for a while I thought there was a result called the walrus theorem, because the French word morse translates to “walrus”, when in fact it was named after its discoverer, the respected mathematician (and non-walrus) Marston Morse.

Just as mathematics makes use of literary metaphors, literature abounds with ideas that a mathematically attuned eye can detect and explore. This adds an extra dimension to our appreciation of a work of fiction. Melville’s cycloid, for example, is a curious curve with many wonderful properties, but unlike curves such as the parabola and ellipse, you probably haven’t heard of it unless you are a mathematician. That’s a real shame, because the properties of this curve are so beautiful that it was nicknamed “the Helen of geometry”. Making a cycloid is quite easy. Imagine a wheel rolling along a flat road. Now mark a point on the rim somehow, say with a blob of paint. That blob will trace out a path in space as the wheel rolls, and this path is called a cycloid. This is a fairly natural idea, but we don’t have evidence of its being studied until the sixteenth century, and things didn’t really heat up until the seventeenth and eighteenth centuries, when it seemed that everyone who was interested in mathematics had something to say. It was Galileo, for example, who came up with the name “cycloid”: he wrote that he had worked on cycloids for fifty years.

So the fact that the cycloid gets a mention not just in Moby-Dick but in two great works of eighteenth-century literature, Gulliver’s Travels and Tristram Shandy, again shows us mathematics in its rightful place – not “other” but part of intellectual life. When Gulliver visits the land of Laputa, he finds the inhabitants obsessed with mathematics. Dining with the king, he reports that “servants cut our bread into cones, cylinders, parallelograms, and several other mathematical figures”. There is a shoulder of mutton “cut into an equilateral triangle” and “a pudding into a cycloid”. Meanwhile, over at Shandy Hall, Tristram’s uncle Toby is having terrible trouble trying to construct a model bridge. After consulting various learned sources (there’s even a reference to a real-life mathematical paper in the extremely clever-sounding journal Acta Eruditorum), he decides, rather rashly, that a cycloid-shaped bridge is the way forward. But it doesn’t go well: “My uncle Toby understood the nature of a parabola as well as any man in England – but was not quite such a master of the cycloid; – he talked however about it every day – the bridge went not forwards.”

Part of the enjoyment of reading Tristram Shandy and other great books is the dazzling richness and breadth of their allusions – literary, cultural, and, yes, mathematical. If you’re reading classic literature, then it makes sense to be at least a little familiar with works of Shakespeare because of their profound literary and cultural influence. Is there a mathematical equivalent to the works of Shakespeare, references to which abound in classic literature? A strong contender would be the books of Euclid, known collectively as The Elements of Geometry, or just Euclid’s Elements. They are probably the most influential mathematics books of all time.

There’s an anecdote about how the philosopher Thomas Hobbes got hooked on geometry, told by his biographer John Aubrey:


Being in a gentleman’s library Euclid’s Elements lay open, and ’twas the forty-seventh proposition in the first book. He read the proposition. “By G—d,” said he, “this is impossible!” So he reads the demonstration of it, which referred him back to such a proof; which referred him back to another, which he also read. … At last he was demonstratively convinced of that truth. This made him in love with geometry.



This is a nice story, and it tells us a lot about how mathematics was viewed. Euclid’s Elements lay open, notice, because Hobbes was in “a gentleman’s library”, not “a mathematician’s study”. This stuff was considered part of the well-rounded education of an informed person. More than this, Aubrey assumes that we, the readers, are familiar with Euclid. He refers to Book I, Proposition 47, as if we will know it. We do know it, in fact, because it is Pythagoras’s theorem.

The beautiful certainties encapsulated in Euclidean geometry – axioms and definitions leading inexorably to theorems and proofs – have both inspired and consoled literary figures, from George Eliot and James Joyce, both in their different ways lovers of mathematics, whom we’ll meet in Chapter 6, to poets like William Wordsworth and Edna St. Vincent Millay. In his “Prelude”, Wordsworth speaks of geometry bringing “a pleasure quiet and profound” that can “beguile [your] sorrow”:

Mighty is the charm

Of those abstractions to a mind beset

With images, and haunted by herself,

And specially delightful unto me

Was that clear synthesis built up aloft

So gracefully; …

… an independent world

Created out of pure intelligence.

Everybody knew about the perfection of Euclid, so in the nineteenth century the tremendously exciting discovery of geometries beyond the Euclidean world – things like so-called non-Euclidean geometries, where parallel lines can sometimes meet – instantly caught the public’s imagination. I’ll show you how these ideas have been interpreted in literature by everyone from Oscar Wilde to Kurt Vonnegut. By seeing mathematics and literature as complementary parts of the same quest to understand human life and our place in the universe, we immeasurably enrich both fields.

In Part I of this book, we will explore the fundamental structures of literary texts, from plot in novels to rhyme schemes in verse. I’ll show you the underlying mathematics of poetry. I’ll give you the lowdown on writing that, like The Luminaries, deliberately uses constraints, such as the mathematically inspired work of the French literary group the Oulipo, whose members included Georges Perec and Italo Calvino. In the house of literature, these are the foundations, the load-bearing beams. It’s here that we’ll find mathematical ideas hidden in plain sight.

What comes next is the decoration, the wallpaper, the carpets. Many authors have reached for mathematical metaphors in their writing, and the symbolism of numbers is rich and ancient. These turns of phrase, metaphors, and allusions will be our focus in Part II of the book.

But who lives in our house? What is our writing about? In Part III, I’ll show you how mathematics can become part of the story – with novels featuring overtly mathematical themes and sometimes even mathematicians as characters. We will look at mathematical ideas that have caught the public’s imagination, from fractals to the fourth dimension, and how they have been explored in fiction. We’ll look too at how stereotypes of mathematicians, and the idea of mathematics itself, have been used in fiction.

If you don’t yet love mathematics, I want this book to show you the beauty and wonder of it, how it is a natural part of our creative lives, and why it deserves its place with literature in the pantheon of the arts. I want it to give you an extra perspective on the writing and writers you know, introduce you to writing you don’t, and give you a new way of experiencing the written word. If you happen to be a mathematician, then you already have poetry in your soul, but we’ll look at how that is manifested in places you may never have realised, as part of an enduring conversation between literature and mathematics. I warn you: you’re going to need a bigger bookcase.










Part I

Mathematical Structure, Creativity, and Constraint










1

One, Two, Buckle My Shoe

The Patterns of Poetry

The connections between mathematics and poetry are profound. But they begin with something very simple: the reassuring rhythm of counting. The pattern of the numbers 1, 2, 3, 4, 5 appeals to young children as much as the rhymes we sing with them (“Once I caught a fish alive”). When we move on from nursery rhymes, we satisfy our yearning for structure in the rhyme schemes and metre of more sophisticated forms of poetry, from the rhythmic pulse of iambic pentameter to the complex structure of poetic forms like the sestina and the villanelle. The mathematics behind these and other forms of poetic constraint is deep and fascinating. I’ll share it with you in this chapter.

Think of the nursery rhymes of your childhood. I bet you can still remember the words. That’s the power of pattern – our mathematical brains delight in it. The subliminal counting of rhythm and rhyme feels so natural that it helps us remember, hence the oral tradition of poems telling the deeds of great heroes. Many traditional rhymes involve counting up cumulatively, adding a new line with each verse and counting back down to one every time. There’s an old English folk song, “Green Grow the Rushes, O”, which builds up to twelve – the last line of every verse is the melancholy “One is one and all alone and ever more shall be so”. Meanwhile, the Hebrew Echad Mi Yodea (“Who Knows One”) rhyme, traditionally sung on Passover, uses rhythm and counting to teach children important aspects of the Jewish faith. It ends with “four are the matriarchs, three are the patriarchs, two are the tablets of the covenant, One is our God, in heaven and on earth”.

There are many mathematical mnemonics that we may have learned at school for remembering things like the first few digits of π. “How I wish I could calculate pi”: that’s not me expressing a desire to calculate π, it’s the mnemonic. The number of letters in each word tells you the next number in the decimal, which begins 3.141592. If you need more digits, a longer mnemonic is “How I need a drink, alcoholic in nature, after the heavy lectures involving quantum mechanics!” That one has been around for at least a century and is credited to the English physicist James Jeans. In fact, it’s now a niche hobby to compose verse in “pilish”, in which the word lengths are defined by the digits of π.1 My favourite example of this is “Near a Raven”, a pilish version of Edgar Allan Poe’s “The Raven”, by Michael Keith:

Poe, E.

Near a Raven

Midnights so dreary, tired and weary.

Silently pondering volumes extolling all by-now obsolete lore.

During my rather long nap—the weirdest tap!

An ominous vibrating sound disturbing my chamber’s

antedoor.

“This,” I whispered quietly, “I ignore.”

There’s no need to learn this poem in its entirety, though – it’s been estimated that a mere forty digits of π are enough to calculate the circumference of the entire known universe accurate to less than the size of a hydrogen atom. So the first verse alone is more than enough for all practical purposes.

The pilish “Raven” is based on a mathematical constant, but its contents aren’t mathematical. There is, however, at least one well-known poem that poses a mathematical puzzle. You may know it:

As I was going to St Ives,

I met a man with seven wives.

Each wife had seven sacks,

Each sack had seven cats,

Each cat had seven kits.

Kits, cats, sacks, and wives,

How many were going to St Ives?

I remember trying to multiply all those sevens as a kid – only to realise I’d fallen for the oldest misdirection trick in the book.

Much more sophisticated mathematical problems have been expressed in verse, though. As I mentioned in the introduction, it was the standard format for mathematics in the Sanskrit tradition. The twelfth-century Indian mathematician and poet Bhaskara wrote all his mathematical works in verse. Here is one of the poems in a book he dedicated to his daughter Lilavati:

Out of a swarm of bees, one fifth part settled on a blossom of

Kadamba,

and one third on a flower of Silindhri;

three times the difference of those numbers flew to the bloom

of a Kutaja.

One bee, which remained, hovered and flew about in the air,

allured at the same moment by the pleasing fragrance of

jasmine and pandanus.

Tell me, charming woman, the number of bees.

What a lovely way to write about algebra!

We don’t tend to write our mathematics in verse nowadays, more’s the pity, but the aesthetic link with poetry remains: the goal of both is beauty, a beauty that makes a virtue of economy of expression. Poets and mathematicians alike have praised each other’s specialisms. “Euclid alone has looked on Beauty bare,” wrote the American poet Edna St. Vincent Millay in a 1922 sonnet paying homage to Euclid’s geometry. For the Irish mathematician William Rowan Hamilton, both mathematics and poetry can “lift the mind above the dull stir of Earth”. Einstein is reported to have said that mathematics is the poetry of logical thought. A mathematical proof, for example, if it’s any good, has a lot in common with a poem. In both cases, each word matters, there are no superfluous words, and the goal is to express an entire idea in a self-contained, usually fairly short, and fairly structured way.

I’m going to show you a proof now, because it’s a beautiful thing and it is pure poetry. It’s the proof, attributed to Euclid (though we don’t really know who came up with it), that there are infinitely many prime numbers. Remember, primes are the numbers, like 2, 3, 5, 7, and so on, that can’t be divided up into smaller whole number parts. The number 4, for instance, isn’t prime because you can break it up as 2 × 2. And 6 is 2 × 3. Every one of the counting numbers after 1 is either a prime number or can be broken up (the technical term is “factorised”) into prime numbers, and even more brilliantly, this can be done in really only one way, as long as you are happy to say that 2 × 3 is basically the same thing as 3 × 2. By the way, the number 1 feels as if it ought to be prime because it can’t be divided up, but we exclude 1 from the list because otherwise you’d have to say that 6 = 1 × 2 × 3 = 1 × 1 × 2 × 3 = 1 × 1 × 1 × 2 × 3 = … and there would be infinitely many ways to factorise every number – yuck! We get around this by defining a prime number as a number greater than 1 whose only factors are 1 and itself.

Understanding the prime numbers is as important to maths as understanding the chemical elements in science, because just as every chemical substance is made up of a precise combination of elements (every molecule of water, or H2O, has exactly two hydrogen atoms and one oxygen atom, for instance), every whole number has a particular prime decomposition. One of the most exciting discoveries of early mathematics was that, unlike chemical elements, the prime numbers go on forever. Actually, at the time, the contrast would have been even more stark, because for the ancient Greeks there were just four elements – earth, air, fire, and water – that were believed to make up all things.

Here’s a proof that there are infinitely many prime numbers:

What if we had a list of all primes, a finite list?

It would start with 2, then 3, then 5.

We could multiply all the primes together, and add 1 to make a new number.

The number is 2 times something plus 1, so 2 can’t divide it.

The number is 3 times something plus 1, so 3 can’t divide it.

The number is 5 times something plus 1, so 5 can’t divide it.

None of the primes on our list can divide it.

Either our number is prime, or a new prime not on our list divides it.

Either way, the list isn’t complete. It can’t be done.

There can’t be a finite number of primes.

QED

It’s a poem, I tell you!

The resonances between poetry and mathematics were expressed well by the American poet Ezra Pound in The Spirit of Romance (1910): “Poetry is a sort of inspired mathematics, which gives us equations, not for abstract figures, triangles, spheres and the like, but equations for the human emotions.” Pound made another analogy between mathematics and poetry – the way that both can be open to many layers of interpretation.2 I would say that mathematicians have a very similar understanding of what makes the greatest mathematics: concepts that hold within them many possible interpretations – structures that can be found in different settings and so have a universality to them. The key thing here is that the elegant brevity of a mathematical expression, just like a poem, can encompass multiple layers of meaning, and the more layers and interpretations it can contain, the greater the artistry. Mathematics, like Walt Whitman, contains multitudes, both literally and allegorically. The only difference is that we hope it does not contradict itself!

It’s quite hard to give a definition of what poetry is. Sometimes it rhymes, there are almost always line breaks, there’s usually a rhythm, a metre, and so on. What we can broadly say is that poems have some sort of constraint, whether that’s a metre (iambic pentameter, for example), or a rhyme scheme, or a given number of lines in each stanza. Even completely free verse will probably have line breaks, stanzas, and rhythm. One occasionally hears expressed that understanding how something is put together takes away the mystery and therefore spoils it. We don’t want to know how the magician does his tricks – we want to believe in magic. The difference is that poetry is more than artifice. How can understanding something do anything other than add to your appreciation of it? That’s how I feel about the underlying mathematics of structure and pattern.

Submitting yourself voluntarily to a particular constraint spurs creativity. The discipline required means you have to be inventive, creative, and thoughtful. In haiku, with their seventeen syllables, no syllable can be wasted. On a rather less exalted level, the humorous limerick form has to get from set-up to pay-off in just five lines. The Irish poet Paul Muldoon made the brilliant comment that poetic form “is a straightjacket in the sense that straightjackets were a straitjacket for Houdini”. This may set the record for most uses of the word “straitjacket” in a sentence, but the sentiment is exactly right – the constraint itself is part of the genius of the work.

Constraints in poetry come in many flavours. In the Western tradition, particular rhyme schemes have been favoured, and a handful of rhythms have been adopted – those iambs and trochees of classical verse. There is counting, pattern, and therefore mathematics behind both types of constraint. But in other traditions, different pattern-creating devices are used that involve more explicit use of numbers. That’s where we’ll begin our discussion of the mathematics of poetic constraints.

Let me tell you a story that begins in the imperial court of eleventh-century Japan. Murasaki Shikibu, a noblewoman at the court and lady-in-waiting to Empress Shoshi, wrote what is thought to be one of the very earliest novels, The Tale of Genji. An epic novel of courtly love and heroism, it is a Japanese classic, still read a millennium after it was written. One of the novel’s distinctive features is characters’ use of poetry in conversation, quoting or modifying well-known verses or saying the first parts of them (just as we might do when we say, for instance, “A stitch in time” rather than “A stitch in time saves nine”). Many of the poems in The Tale of Genji are in what is called the tanka form. This is one example of a more general style of classic Japanese poetry called waka. Like the more modern haiku, such poems feature lines of 5 and 7 syllables, but where haiku has a 5–7–5 pattern with 17 syllables in total, tanka has 5–7–5–7–7, for a total of 31 syllables. (In fact, what is counted are not exactly “syllables” but “sounds”, a subtle but important distinction, which I beg experts in Japanese poetry to forgive me for not making in more detail.)3

For a mathematician, the connection with prime numbers is inescapable. Look at the haiku: 3 lines, lengths 5 and 7 syllables, and a total of 17 syllables. The numbers 3, 5, 7, and 17 are all prime numbers. With the tanka, there are 2 lines of 5 syllables and 3 lines of 7 syllables – and again, 2, 3, 5, 7, and 31 are all prime. Is this significant? I have read that the 5–7 pairing arose from an earlier “natural” 12-syllable entity, which is broken into two parts with a slight pause. Making the break at 5–7 certainly seems to me to be more exciting and dynamic than the dully exact 6–6 split or the too unbalanced 4–8, so perhaps that’s how it came about. Since primes can’t be divided further, the 5–7 break perhaps helps to categorise the lines as separate indivisible entities, whereas 4, 6, and 8 all have “fault lines” that would arguably weaken the structure.

Centuries after The Tale of Genji was written, a game became fashionable in the parlours of sixteenth-century Japanese aristocrats: Genji-ko. The hostess would secretly choose five incense sticks from a selection of different scents; some of the five scents might be the same. She would then burn them one after the other, and the guests would try to guess which scents were the same and which were different. So you might think that all the scents are different. Or perhaps the first and third scents are the same, and all the others are different. The various possibilities would be represented by little diagrams like this:

[image: Diagram described in text]

The far left diagram represents all scents being different; the next has just the first and third matching; in the next the first, third, and fifth match, as do the second and fourth; the far right diagram has the second, third, and fourth matching, as well as the first and fifth. To help people describe what their guess was, each of the different possibilities was named after a chapter from The Tale of Genji – it turns out there are fifty-two possibilities, from “all different” to “all the same” and everything in between.4 Several editions of The Tale of Genji even featured these patterns next to the corresponding chapter headings. The patterns themselves took on a life of their own – they were used as heraldic crests and in kimono designs.

Meanwhile, thousands of miles away in Tudor England, George Puttenham included diagrams like this in his 1589 book The Arte of English Poesie:

[image: Diagram described in text]

They look just like sideways versions of Genji-ko pictures! In particular, compare

[image: Diagram described in text]

What on earth is going on? Well, Puttenham is describing possible rhyme schemes in a five-line stanza, giving diagrams to aid the reader’s comprehension (or as he put it, “I set you downe an occular example: because ye may the better conceive it”).

The rhyme scheme of a poem, or of a stanza within a poem, is simply the pattern of rhymes in the last words of the lines. The earliest poems we encounter are songs and nursery rhymes with simple rhyme schemes:

Mary had a little lamb

Its fleece was white as snow

And everywhere that Mary went

The lamb was sure to go.

This is a four-line poem – a “quatrain” – with the rhyme scheme abcb, which means that the second and fourth lines rhyme with each other, but not with the remaining lines. By contrast, here’s a quatrain from John Donne’s poem “The Sun Rising”:

Busy old fool, unruly sun,

Why dost thou thus,

Through windows, and through curtains call on us?

Must to thy motions lovers’ seasons run?

This time, the scheme is abba.

If you ask a child to write you a poem, chances are you’ll get a quatrain. As an experiment, I asked my daughter Emma just now to write me a poem “for Mummy’s book”. She came back three minutes later with this excellent mathematical verse:5

Endless numbers

You could count them till you die

It can outlive the universe

That is Pi.

I guess that could be either abab or abcb, depending on whether you think “numbers” rhymes with “universe”.

For quatrains (four lines), there are fifteen potential rhyme schemes. From most to least rhymes, we have aaaa (boring), aaab, aaba, aabb, abaa, abab, abba, abbb, aabc, abac, abbc, abca, abcb, abcc, and abcd (not rhyming at all). Puttenham said that only three of these were allowable: even these he rather damns with faint praise. He describes aabb as “the most vulgar” (meaning commonplace), abab as “usuall and common”, and, finally, abba as “not so common but pleasant and allowable inough”. John Donne must be so relieved!

But enough with the quatrains. For a five-line poem, which is what Puttenham was describing in his diagrams, there are many more rhyme schemes. We can quickly see that the problems of five-line rhyme schemes and incense stick combinations in Genji-ko are exactly the same because we are looking at which things in the set (of five sticks, or of five lines) match up. Puttenham was way behind the Japanese, though, because he said that there were just seven possible rhyme schemes for a five-line stanza, “whereof some of them be harsher and unpleasaunter to the eare then other some be”, while every Genji-ko player would have known that there are in fact fifty-two possibilities.

Because of Genji-ko, mathematicians in Japan became interested in counting the number of ways you can break up a set of objects (incense sticks or anything else) into different parts well before Western mathematicians considered the problem. This number of ways is nowadays called the Bell number of the set. The Bell numbers grow very quickly. The fourth Bell number is 15 (the number of quatrain rhyme schemes), the fifth is 52, the sixth is 203, but the tenth is already 115,975. Actually, I think I experienced the sixth Bell number in harrowing detail after recklessly agreeing to host a summer sleepover for our then eleven-year-old daughter Millie, when it seemed that all 203 possible ways for a group of six preteen girls to split off into mutually antagonistic cliques were attempted over a single night. The Japanese mathematician Yoshisuke Matsunaga found an ingenious way to calculate Bell numbers for any size set way back in the mid-eighteenth century, giving, for instance, the eleventh Bell number as 678,570. I don’t know why these numbers are named after the twentieth-century Scottish mathematician Eric Temple Bell, who wrote a paper about them only in 1934. He himself made it clear in the paper that he was not the first to work on them and that they had been rediscovered many times. It’s another example of Stigler’s law of eponymy, which states that no scientific discovery is named after its inventor (a law that holds also for Stigler’s law of eponymy).

Rhyme schemes are among the defining characteristics of poetic forms – sonnets, villanelles, alexandrines, and so on. A villanelle, for example, is a nineteen-line poem consisting of five three-line stanzas with the aba rhyme scheme and a final abaa quatrain. There is additional structure: the first and third lines of the opening stanza repeat, alternately, as the final line of successive stanzas and as the last two lines of the quatrain. Probably the most famous villanelle is “Do not go gentle into that good night”, Dylan Thomas’s wonderful anthem to the human spirit. Sonnets, meanwhile, consist of fourteen lines. There are different traditional rhyme schemes in different languages, but Shakespeare and most other English-speaking writers have used three abab quatrains, followed by a rhyming couplet.

Shakespeare was a prolific poet – the 1609 edition of his collected sonnets contains 154 of them. But this is nothing compared to the French author Raymond Queneau’s Cent mille milliards de poèmes, which uses the mathematics of randomness to fit 100 trillion sonnets into a single book. How is this possible? Let me explain. Everyone loves a sonnet, but my editor would kill me if I wanted to include 100 trillion of them in this book, so I decided to prolong my life by giving a smaller example to set the scene. To that end, I’ve deployed my amazing poetry skills to write some limericks for you instead.

Limericks are short, usually humorous poems consisting of five lines with the rhyme scheme aabba, popularised in England in the nineteenth century by the Victorian writer Edward Lear. Here’s a typical example from his bestselling 1861 Book of Nonsense:

There was an Old Lady whose folly,

Induced her to sit on a holly;

Whereon by a thorn,

Her dress being torn,

She quickly became melancholy.

Lear is sometimes called the Father of Limericks, although he didn’t use the term “limerick” himself (it’s first recorded in 1898) or even invent them. However, with his much-loved books he certainly popularised the form, writing an impressive 212 limericks along the way. It’s rather unclear how they ended up being named for an Irish county. One theory is that the name arose from a particularly popular example (not one of Lear’s) that featured the line “Will (or won’t) you come to Limerick?”

With the amazing power of randomness, I hereby scoff at 212 limericks and present a means to writing many more with a minimum of effort and artistic ability. Here are two not very good limericks (shown on the left and on the right, below) that I’ve invented to show you the method:

There once was a woman called Jane

There once was a person from Maine

Who constantly travelled by train

Who never went out in the rain

When going abroad

Damp days left her bored

She couldn’t afford

Oh how she adored

A wonderful journey by plane

A week in the sunshine in Spain

From these two starting points, you can construct many more limericks. You do it by randomly picking lines from the two choices you have at each point. You can, for example, toss a coin to determine each line. If it’s heads, you read the left-hand line; if tails, the line on the right. Brilliantly, there is a website, justflipacoin.com, that allows you to do this even without taking the trouble to find a physical coin. I tried it just now and got heads, tails, tails, heads, tails. So my new limerick reads:

There once was a woman called Jane

Who never went out in the rain

Damp days left her bored

She couldn’t afford

A week in the sunshine in Spain

Since the poem has to “work” whichever option you pick for each line, if you want to try doing something like this, you need to understand the structure of the poem. As I noted already, the limerick has the rhyme structure aabba, so you need three a rhymes in each limerick. That means for two limericks you’ll need six a rhymes. In this toy example, I chose “Jane”, “train”, “Maine”, “rain”, “plane”, and “Spain”. If you wanted a third limerick you could weave in words like “drain”, “pain”, “complain”, “feign”, “rein”, and so on.

Our little poem set of two limericks has two choices for each of the five lines. There are two possible first lines. Each of these can be followed by two possible second lines. This means we have 2 × 2 = 4 possibilities for the first two lines. Each of these can in turn be followed by two options for line 3, giving 2 × 2 × 2 = 8 possibilities for the first three lines. At each stage, the number of possible poems doubles. With our five lines to choose, we end up with a total of 2 × 2 × 2 × 2 × 2 = 32 bona fide limericks. But if we wrote just one more limerick, we’d have three choices for each line, meaning a total of

3 × 3 × 3 × 3 × 3 = 243

limericks. Here’s a third limerick for your delectation:

There once was a girl from Bahrain

Who viewed snow and hail with disdain

The cold she abhorred

She cheered when she scored

A trip to the African plain

Congratulations, you are now the proud owner of thirty-one more limericks than are contained in the entire oeuvre of Edward Lear. If you can add a fourth limerick to this set, then the total number will leap to 4 × 4 × 4 × 4 × 4, which is 1,024, and since I wrote only 243 of these, you are morally entitled to more than 75 per cent of the worldwide fame that will surely result from the composition of over a thousand limericks.

We can now see just how Raymond Queneau managed to construct his 100 trillion poems. It’s exactly the same principle, just on a bigger scale. The poems are sonnets, so they have 14 lines. Queneau chose the rhyme scheme abab abab ccd eed. (Translations into English have tended to use the Shakespearean abab cdcd efef gg.) Cent mille milliards de poèmes consists of ten sonnets, printed on ten consecutive sheets. All the first lines rhyme with each other, all the second lines rhyme with each other, and so on. In effect, the ten sonnets line up to create a three-dimensional poem. This means, for instance, that of the 140 total lines, 40 of them, 4 in each poem, must end with rhyme a. Sonnets can then be made by choosing any of 10 possible lines at each point. So I might choose line 1 from poem 3, line 2 from poem 1, line 3 from poem 4, and so on. If I continued selecting the poem numbers by following the digits of π, nobody could stop me from then saying I have produced a πem (sorry).

How many poems are contained in this little book, then? Well, the number of possible first lines is 10. Each can be followed by any one of ten second lines, giving 10 × 10 = 100 possibilities for the first two lines. With fourteen lines altogether, the total number of possibilities is ten multiplied by itself fourteen times, or 100,000,000,000,000. In other words, 100 trillion. Is this the longest book ever written? If you read a different sonnet every minute without stopping, it would take 190,128,527 years to read them all. (Raymond Queneau did this calculation too, but he arrived at an answer of 190,258,751 years, which made me doubt my arithmetic skills. But a quick check shows that his is the answer you get if you read one sonnet per minute but forget about leap years. Perhaps Queneau was very generously allowing his readers to take a day of rest on 29 February.) A philosopher might ask: Did Queneau write all these poems? In what sense do they exist at all? I don’t know, but Queneau was a member of a group of writers and poets experimenting with what they termed “potential literature”. This group was known as the Oulipo – I’ll be showing you more of their work and ideas later. But a book of 100 trillion poems is certainly an excellent example of potential literature.

The mathematics of poetry does not stop with rhyme schemes; wherever there is structure, there is mathematics, and rhyme schemes are just one way to impose structure. If we abandon rhyme, then something else needs to take its place. One possibility that dates back to medieval times is the sestina, and I want to talk about this form in particular because its elegant structure works thanks only to some curious mathematics involving the number six.

A sestina consists of six stanzas, each of six lines. The last words of each line in the first stanza reappear as the last words of the lines in subsequent stanzas, in a different (but specific) order. Then the whole thing is usually finished with a three-line “envoy” that features all six end-words somewhere in it.

I’d like to give you a complete example, if I may, so that you can see what is going on. There’s a lot of choice, because even though this form was first used more than eight hundred years ago, it is still in use and has enjoyed periods of great popularity. The 1950s were even described as the “age of the Sestina” by James Breslin (at the time, a professor of English at UC Berkeley). There are sestinas by poets from Dante to Kipling, Elizabeth Bishop to Ezra Pound, through to contemporary works by the American poet David Ferry (“The Guest Ellen at the Supper for Street People”) and by the English “thingwright” – this is the marvellous way she describes herself on her website – Kona Macphee (the desperately sad 2002 poem “IVF”). The example I’ve chosen is a poem by Charlotte Perkins Gilman, who is best known nowadays for her 1892 short story “The Yellow Wallpaper”.

To the Indifferent Women

A Sestina

by Charlotte Perkins Gilman

You who are happy in a thousand homes,

Or overworked therein, to a dumb peace;

Whose souls are wholly centered in the life

Of that small group you personally love—

Who told you that you need not know or care

About the sin and sorrow of the world?

Do you believe the sorrow of the world

Does not concern you in your little homes?

That you are licensed to avoid the care

And toil for human progress, human peace,

And the enlargement of our power of love

Until it covers every field of life?

The one first duty of all human life

Is to promote the progress of the world

In righteousness, in wisdom, truth and love;

And you ignore it, hidden in your homes,

Content to keep them in uncertain peace,

Content to leave all else without your care.

Yet you are mothers! And a mother’s care

Is the first step towards friendly human life,

Life where all nations in untroubled peace

Unite to raise the standard of the world

And make the happiness we seek in homes

Spread everywhere in strong and fruitful love.

You are content to keep that mighty love

In its first steps forever; the crude care

Of animals for mate and young and homes,

Instead of pouring it abroad in life,

Its mighty current feeding all the world

Till every human child shall grow in peace.

You cannot keep your small domestic peace,

Your little pool of undeveloped love,

While the neglected, starved, unmothered world

Struggles and fights for lack of mother’s care,

And its tempestuous, bitter, broken life

Beats in upon you in your selfish homes.

We all may have our homes in joy and peace

When woman’s life, in its rich power of love

Is joined with man’s to care for all the world.

Let me show you how a sestina is constructed. To move from one stanza to the next, you move around the end-words in precisely the same way each time, a sort of ordered disorder created by working in reverse from the last end-word backward, and interleaving them with the first end-words in the right order, until we’ve used them all up. We can see this in Charlotte Perkins Gilman’s sestina. The end-words in the first verse are homes/peace/life/love/care/world. Reversing the last words gives world/care/love … , and we interleave these with homes/peace/life … , so as to obtain

world        care        love

         homes     peace     life

That is, world/homes/care/peace/love/life. And these are, as you can see, exactly the end-words in the second stanza. This specific shuffling gives a nice continuity between the stanzas, because the end of the last line in one stanza is the end of
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