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Foreword


UNTIL I SAT down with this book, my favorite tattoo belonged to a type designer named Jim Parkinson. “Born to Letter,” it says, above a menacing black skull smoking a joint. I liked the surprise of it, the sly humor. You don’t expect large, showy tattoos on lettering professionals. And you don’t expect them on scientists. Or I didn’t. But this is silly. Of course scientists have tattoos. Scientists, as much as bikers or gang members, have the requisite motivator for a trip to the tattoo parlor: a passion that defines them. If you like the Mets, you buy a baseball cap. If you love the Mets—or chloroplasts or Billy Bob Thornton—you get a tattoo. The word love appears many times in this book, applied variously to pure mathematics, experimental physics, and marine fossils. That tattoo artists today receive more requests for DNA helices than they do for “Mom” (and I am guessing here) can only be good.


Tattoos mark their wearers as members of a tribe. In the language and symbols of the tribe, the tattoo communicates that which is meaningful: I prefer Harleys; I have killed three men; I know a lot about fonts. Scientists have the best symbols of all. I can’t parse the exact statement Cassie Backus is making with the symbols for a noise circuit, but it looks extremely cool there between her shoulder blades. Ditto the glottal stop symbol on linguist Luzius Thöny’s pinky and the Schrödinger wave function equation on Brittany Hughes’s back (p. 35). The symbols of science set the tattoo-wearer apart from the rest of us at the same time they draw us in with their mystery and beauty.


I have never seen Carl Zimmer without his clothes, but I am told he has no tattoos. As a science writer, he belongs to no tribe. He is the interloper, the interpreter, a dozen United Nation headsets going at once. To write this book, Zimmer had to learn all the languages, decode all the symbols. This is no coffee-table tattoo book—to absorb it is to acquire instant science literacy. Zimmer explains the tattoos in brief, clear, eloquent essays. You try doing this with the Fourier Transform, the Dirac Equation, and the Lazarus Taxon. (Does everything in science have to sound like a Robert Ludlum novel?)


Many years ago Carl Zimmer was my editor at Discover magazine. Each assignment meant acquainting myself with a subject I knew nothing about: bird migration, say, or the biomechanics of locomotion. In each one, there came a point where I had got in over my head. “Mary, can you try this paragraph again,” Carl would write in the margin. “It doesn’t make sense.” Then he’d suggest a 400-page book by a prominent expert in the field. I never read the books, because it was easier to beg Carl to write the passage himself. It was always the smartest, smoothest part of the piece. If I could choose a tattoo for Carl Zimmer, it would be something random, a parsnip or a lunchbox or Maria Conchita Alonso’s bosom. Just so I could hear him say, “Mary, this doesn’t make sense” one more time.


P.S. Here is the tattoo I would get, if I ever got one.
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Fig.1. The underpant worn by the rat.


This drawing comes from a European urology paper entitled “Effects of Different Types of Textiles on Sexual Activity,” by the late Ahmed Shafik, an Egyptian researcher. I stumbled onto it when I was working on my book Bonk: The Curious Coupling of Science and Sex. I immediately, giddily fired off an email to Cairo, knowing that I had to meet this man and include him in the book.  No image better represents what is for me the irresistible lure of what I do for a living.


—Mary Roach, 2011














Introduction


SANDEEP ROBERT DATTA puts up an intimidating front. On his website at Harvard Medical School, where he is an assistant professor, he poses in front of a wall of flasks and scales, his arms folded and his mouth drawn into a scowl. “The central hypothesis of our laboratory,” his site informs us, “is that the neural circuits that trigger fixed action pattern behaviors in response to ethologically-relevant odors (such as those from food, predators and mates) are both anatomically and genetically stereotyped; we plan to leverage the invariance of this specific type of neural circuit to understand how odor inputs are coupled to behavioral output centers in higher brain, which in turn will reveal principles used by genes to specify behaviors.”


I happen to be friends with Professor Datta, and I can vouch that there is a less daunting side to this neurobiologist. For starters, he prefers to be called Bob. Bob and I have stood for hours together at a club in Hoboken, as the band Yo La Tengo has killed off some of our ear cells with their power chords. He and his wife Eliza have twin boys, Jasper and Theo, whom they take to Chuck E. Cheese to celebrate birthdays. In the summer of 2007, the Datta clan came to a pool party for the birthday of my nephew Blake, and the esteemed neurobiologist splashed around in the water for hours with his boys. It was then that I noticed something on Bob’s arm. He had a tattoo.


The tattoo, I could see, was that most famous molecule, the twisting ladder of DNA. There was a logic to the choice, since Bob studies the DNA of fruit flies, observing how mutations to certain genes alter how their nerves develop and how they behave. When I complimented Bob on his ink, he let me know that the DNA in the picture was not just any DNA. It had a message.


DNA stores information for making proteins in its rung-like units called bases. There are four different bases: adenine (A), cytosine (C), guanine (G), and thymine (T). It takes three consecutive bases to encode a single amino acid, the building block of protein. There are twenty different kinds of amino acids in humans, each abbreviated with a letter. The letter E, for example, stands for glutamate.


Bob explained to me that his tattoo spelled out the initials of his wife, Eliza Emond Edelsberg. He took advantage of the fact that E is the abbreviation for one of the building blocks of proteins, called glutamate. (Why not G, you may ask? Because another building block, glycine, got first dibs.)
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SANDEEP ROBERT DUTA


Our bodies make twenty different protein building blocks, called amino acids. We store the amino-acid sequence for each protein in our DNA. The information is encoded in the rung-like sections of DNA, called nucleotides. Encoding twenty different amino acids is a tricky operation, because we only have four different nucleotides. Our cells manage this stunt by representing each amino acid with three nucleotides in a row—a codon. They encode glutamate either as guanine-adenine-guanine, or guanine-guanine-adenine (GAG or GGA for short.)


Bob decided he wanted to represent EEE as GAG-GGA-GAG. But that would only get Bob a piece of DNA that was one and a half turns long. To get to a more aesthetically pleasing two turns, he’d get an extra E for good measure: GAG-GGA-GAG-GGA.


Once he had a sequence picked out, Bob decided that he did not want to use letters to mark each base in his tattoo, so he came up with his own color scheme. Green would stand for G, amber for A. And since the bases on one strand of DNA bind to corresponding bases on its partner (A to T, and G to C), Bob needed colors for C and T as well. He chose blue for C (cyan), and—in something of a stretch—red for T (tomato).


“Pretty cool,” he said to me.


It was, I granted him, a pure expression of geek love. And it occurred to me that Bob was not the first scientist I had encountered sporting ink. I make a living writing about science, and so I spent a fair amount of time with scientists lurking in laboratories, on research vessels, or out in bogs. I recalled a visit to the University of Chicago, where I had met with a developmental biologist named Marcus Davis. Davis was working as a post-doctoral researcher there, learning the genetic instructions for fins stored in the DNA of fishes. Like a number of other biologists, he wants to understand how new structures evolve—how, for example, a fish fin became our own hands and feet. It was a warm day in Chicago when I visited, and Davis was wearing short sleeves. Running up one arm was the picture of an ancient fish, Eusthenopteron, with fleshy lobes for fins, straddling the transition that would take our ancestors out of the water and onto dry land.


I wondered if I had been missing something interesting about the scientists I spent so much time with, or if I was just mistaking two tattoos for a trend. So I posted the question on my blog, “The Loom.” I immediately received a comment from a scientist who said that he knew an old geneticist with a DNA tattoo as well.


Then a physicist wrote in. “A former student got a tattoo of a cartoon atom on the back of one of his legs,” he recalled. “He told me that the first day after he got it, he went to rugby practice, and was showing it to someone when one of the seniors on the team (also a physics major) walked by. The senior looked at it, said ‘Oh, please. The Bohr model?’ and walked off.”


The next message I received had a picture attached to it. Two psychology graduate students decided to express their love by getting his-and-hers Necker cubes, a classic optical illusion. More messages came in the days that followed, with tattoos of equations, fossils, and galaxies. I posted the pictures as fast as I could, but more kept coming in. Some of the tattoos were gorgeous; some were old and grungy. And most of them came with stories—such as the one about a neuron on a woman’s foot. It was the kind of neuron destroyed by Lou Gehrig’s disease. Her father had died of the disease, and his death had forged her career as a neuroscientist.


Without intending it, I became a curator of tattoos, a scholar of science ink. I found myself giving people advice about how best to photograph a tattoo. Rule one: don’t take a picture right after you get the tattoo. Shiny, puffy skin does not please the eye. Tattoo enthusiast magazines called to interview me. All in all, it was a strange experience; I have no tattoos of my own and no intention of getting any. But the open question I posed brought a river of new pleasures.


Some people have watched this growing obsession of mine and scoffed. They see tattoos as nothing but mistakes of youth, fated to sag, or to be scorched off with a laser beam. But the truth is that tattoos are etched deep in our species. In 1991, two hikers climbing the Austrian Alps discovered the freeze-dried body of a 5300-year-old hunter, who came to be known as Ötzi. His skin was exquisitely preserved, including a series of hatch-marks on his back and a cross pattern on his knee. In 2009, a team of Austrian researchers determined that the tattoos had been made with ashes from a fireplace, which someone had sprinkled into small incisions in Ötzi’s skin.


Tattoos are preserved on other mummies from ancient civilizations, from the Scythians of Central Asia to the Chiribaya of Peru. If, through some miracle of preservation, archaeologists find older human skin, I could easily imagine their finding even older tattoos. After all, two hallmarks of Homo sapiens are decoration and self-identification. Seventy thousand years ago, our ancestors were boring holes in shells, probably to string together as necklaces. They were grinding ochre for body paint.


By thirty thousand years ago, they were creating magnificent paintings on the walls of caves. Surely those early humans might have turned their own bodies into cave walls, to display the animals that they worshipped, or to mark their membership in a tribe. For thousands of years after Ötzi died in the Alps, Europeans continued to mark themselves. The Picts of Britain were covered in blue-tinted artwork. In the tenth century, the Arab writer Ibn Fadl[image: thak]n wrote that among the Rus (the people of the Ukraine), “every man is tattooed from finger nails to neck with dark green (or green or blue-black) trees.”


Tattoos disappeared from Europe as time passed, but they returned with a vengeance in the eighteenth century, when European explorers rediscovered them in other parts of the world. The word tattoo first entered the English language when Captain James Cook and his crew sailed through Polynesia in 1769. European sailors learned the local art of the tattoo and brought it back home.


Today, tattoos in Western cultures are at once popular yet furtive. In New Zealand, a high-class Maori warrior would traditionally wear a full-face tattoo, a proud vortex of lines swirling from ear to eye to chin. In London or Los Angeles, a tattoo is more likely to be hidden away, at the base of the back or on a shoulder. Even the most enthusiastic tattoo lover may cut his tattoos short so they won’t peek out of a business suit. Likewise, most scientists keep their tattoos to themselves. Some say they’ll wait until they get tenure before rolling up their sleeves at work.


But science tattoos are often obscure not just in location but in their very nature. Not many people will recognize the symbol for a glottal stop inked on a linguist’s pinky finger. At the sight of an equation, few people will call out, “Nice Euler’s Identity!”


Many scientists are also teachers, but these tattoos are not dermal pedagogy. Scientists get tattoos in order to mark themselves with an aspect of the world that has marked them deeply within. It is not simply the thing in the tattoo itself that matters. Archaeopteryx is, in itself, just an old bird. But it is part of the transition dinosaurs made from the Earth to the sky; it is an example of how new forms evolve from old, of how we are so lucky to live in an era where we can recognize fossils not as harmonic formations taken on by rocks themselves, but the flattened and preserved impressions of creatures that lived millions of years ago. These tattoos are a tribal marking: they display a membership with the universe itself.
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JIMMY OU


Occam’s Razor


AT THE HEART of all science is a desire for elegance. There are many ways to explain the world, some hideous with bloated clumsiness, some beautiful in their sleek brevity. Medieval scholars were the first to champion simplicity in all things—mathematics, philosophy, logic, science, and theology—but this desire came to be associated most closely to William of Occam, a fourteenth century monk. William of Occam argued that the best explanation was the simplest, and centuries later this view of science came to be known as Occam’s Razor.


“This,” writes Jimmy Ou, “is a picture of my recent ink in commemoration of getting my Ph.D. in molecular pharmacology: Occam’s Razor in its original Latin text—Numquam ponenda est pluralitas sine necessitate—roughly translated, ‘plurality should never be posited without necessity.’ I’ve always subscribed to this fundamental tenet behind the scientific method not only in my passion for science, but also in my beliefs in philosophy and religion.”


Occam’s Razor slices away needless assumptions, bells, whistles, and epicycles. In mathematics, its blade is especially sharp. You measure the temperature of a pot of heating water once a minute and search for an equation to explain the change in temperature (y) over time (x). You find that the eqation y =9.867 + 1.424 x plots a line that shoots close by the points on your graph. For a better fit, you then try something fancier. You discover that y =9.783 + 1.466x-0.004 x2 traces a gentle curve that also flies close by the points. But despite its extra term, the new equation gets no closer than the first one. Faced with such a choice, Occam’s Razor declares, you should choose the shorter equation. The extra clutter adds no important insight; instead, it offers more clutter in which errors can lurk.
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ROBERT JOHANSSON


Sigma


THE GREEK LETTER sigma is an elegant mask for endless tedium. If you put a “j=1” below it, “100” above it, and “j2” to the right, you have given yourself the chore of squaring every number between one and 100 and then adding them all up. Fortunately, mathematicians can hand their sigmas to computers to churn out their sums. They often use sigma without even trying to add anything at all, simply deploying them as part of their proofs.


“I have several reasons for choosing a sigma,” writes Robert Johansson. “The simple reason is that I think sigma is really beautiful. The tattoo also represents my love of mathematics in general, and of the beauty of abstract patterns in particular. I’m studying the fourth year on the clinical psychologist programme and didn’t want to forget my roots. Mathematics and computer science has shaped my thinking a lot, in a way that’s very functional for me these days. I’m very proud of being a mathematician among the psychologists, or maybe a psychologist among the mathematicians.”


Golden Ratio


AS NUMBERS GO, ½ [image: ]—about 1.618033988749—doesn’t seem like it should be all that interesting. But a little geometry shows that it’s about as close as a number can get to an acid trip.


Start with a rectangle that measures 1 unit on one side, and ½ [image: ] units on the other. Draw a line across the width of the rectangle, so that it becomes a square and a smaller rectangle. The new rectangle you’ve drawn has the same proportions as the one you started with: one side is ½ [image: ] times bigger than the other.
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MILAD KHONGAR


Draw a line through that smaller rectangle to make a smaller square, and you’ll find, once more, that the even smaller rectangle you’ve drawn has the same shape. Draw and draw, and each time you’ll be left with a rectangle that’s a perfect replica in miniature of the original one.


The magical power of this ratio led mathematicians to dub it the Golden Ratio. It seems to travel throughout the mathematical world, surfacing in unexpected places. Draw a line and cut it into two parts, which we can call a and b. Now imagine that the ratio of a to the entire line is the same as the ratio of b to a. Mathematically, we’d say a+b/a is equal to a/b. A little algebra reveals these two values will only equal each other if they match the Golden Ratio.


The Golden Ratio turns up in arithmetic, too. Add 1 to 1 to get 2. Then add 1 to 2 to get 3. Add 2 to 3 to get 5, and continue adding each sum to the previous number in the series. You get a pattern, known as Fibonacci numbers, that runs 1, 1, 2, 3, 5, 8, 13, 21… Now divide each number in the series into the one that came before. The results are 1, 2, 1.5, 1.666, 1.4, 1.62… The higher you climb through the Fibonacci numbers, the closer this procedure takes you to the Golden Ratio.


The Golden Ratio has even penetrated life itself. If you cut up a rectangle according to the Golden Ratio and then draw a curve across each square, you trace a spiral. This spiral just so happens to have the same proportions as the chambers of a nautilus shell. The spirals of seeds on the head of a sunflower are Fibonacci numbers.


The Golden Ratio is reason for hope. It hints to us that the order in our heads reflects hidden order in the universe.
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DAVE STROUP
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SIOBHAN BRAYBROOK
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BRANDON DAVIS


Euler’s Identity


THE BRIEF EQUATION [image: ] + 1 = 0, is known as Euler’s identity, named in honor of its discoverer, the eighteenth-century mathematician Leonhard Euler. It may not take up much room on the bodies of physicist Tristan Ursell and mathematician Billy Hudson, but what it lacks in size it makes up in majesty.


“Numbers are the language of nature,” writes Ursell, “and as a physicist, I always felt this was one of the most beautiful sentences in that language.”


It takes a little while to unpack that beauty. We must begin at the equation’s beginning. The mathematical constant e is equal to about 2.718281828, although its digits will run on forever, if you let them. The curve on the graph below is y = 1/x. The area under the curve between 1 and e is 1.
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TRISTAN URSELL
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BILLY HUDSON


You might think that e is an arbitrary number with no particular importance. But it turns up again and again in mathematics, often making the life of a mathematician much easier. Say, for example, that you have a hundred dollars in a bank account that is continually accruing interest at an annual rate of five percent. To figure out how much money you’ll have at the end of the year, you need only use this equation: 100 times e.05. Simple as that.


Next comes i. It’s the square root of negative one. By the ordinary rules of mathematics, no such number should exist. If you multiply a number by itself, even a negative one, you always end up with a positive number. Some Renaissance mathematicians pondered the square root of negative one anyway, but eventually it came to be known by the derogatory name, “imaginary.” It wasn’t until Euler and other mathematicians in the 1700s explored imaginary numbers that they realized how important they could be. Euler’s identity is a case in point.


Euler did what might seem a dangerous thing. He raised e to the power of i and then multiplied it by [image: ]—the ratio of the circumference of a circle to its radius. Like e, [image: ] is a number with a beginning (3.14159265 …) but no end. You’d think that combining these numbers together would be the mathematical equivalent of a train wreck. And yet just the opposite happened. Euler did not end up with gibberish. Instead, he simply added 1 and ended up with zero: the perfection of silence.


Taylor’s Sine


“MY TATTOO IS the Taylor expansion of sine,” writes Nicole Ackerman, a physics graduate student at Stanford University. “I consider it the most beautiful thing I have ever learned.”


It’s nighttime. You clip a light to a spoke on the wheel of your bicycle. It starts out at the top, and as you start to ride, it starts to travel around the wheel. When it comes back up to the top again, it—and the bicycle—have moved forward. If you plot the position of the light on a graph—its rising and falling height versus its forward movement—you end up with a series of crests and troughs known as a sine wave. The distance from the top of one crest to the next is not hard to figure out: it’s simply pi ([image: ]) times the diameter of the wheel.


But how high is the light if you ride two feet? Or two miles? Pi can’t help you now. Now you need the help of an eighteenth century mathematician named Brook Taylor.


Taylor realized that he could approximate the Platonic beauty of a sine curve by bending a straight line into a series of curves: y = x is simply a diagonal line, for example, but x–x3/3! bends the line into a pair of humps, one veering off to positive infinity, the other to negative infinity. Each new term bends the line more, adding more humps. If you let x stand for how long you ride your illuminated bike, y will tell you, to a good approximation, how high the light is. You would have to add an infinite number of terms to a Taylor series to reach a perfect sine curve. But in this life, a finite Taylor series will do just fine.
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NICOLE ACKERMAN


Fourier Transform


NOISE—SUCH AS the noise that assaults our ears on a bad phone line—is actually the sum of many different frequencies of sound. In the early 1800s, the French mathematician Jean-Baptiste Joseph Fourier discovered a procedure, now called the Fourier transform, to break noisy signals down into their ingredients. The Fourier transform pervades technology today. Cell phones use it to separate the voice of a caller from the static that envelops it on its journey from cell tower to cell tower. Computer programmers use a variant of the Fourier transform to shrink the complexity of a picture down to a series of waves, the equations for which can be quickly shot across the internet and then used to rebuild it on another computer. And scientists use the Fourier transform to expose the hidden regularities in nature’s noises. Over millions of years, for example, the Earth’s climate has warmed and cooled in a series of spikes of many sizes. Like a prism dividing light into a rainbow, a Fourier transform reveals the many cycles that help drive the climate: the wobble of the Earth, the twinge of its orbit.


“I got this tattoo, which encircles my left wrist, in 2000,” writes Andrea Grant, who earned a Ph.D. in climate science in Switzerland before becoming a high school science teacher in Minneapolis. “I had done a lot of work with Fourier transforms on the research project I was involved in as an undergrad physics student, and I just find the entire concept very beautiful.


“As an added ‘feature,’ the artist made a small mistake on the inside of my wrist (the n=4 line disappears for a bit). This really bugged me at first until I decided it was a good metaphor for how the messy reality of life is never perfectly represented by our mathematical theories.”
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ANDREA GRANT
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Cantor’s Theorem


THE NINETEENTH CENTURY mathematician Georg Cantor discovered that infinity comes in many flavors. He realized this great truth as he pondered sets of numbers. A set can be finite—such as a set that includes the numbers 1 and 2. But if you counted forever, your set would expand to infinity. By thinking of numbers as sets, Cantor was able to uncover some of infinity’s rules.


Consider the set that contains the numbers 1 and 2, which mathematicians write as {1,2}. It contains two members—1 and 2—but it also contains four subsets: {}, {1}, {2}, and {1,2}. (The set {} is known as the empty set.) Collectively, these four subsets are called the power set of {1,2}. In general, Cantor realized, a set with n members has a power set with 2n members.


“Cantor’s Theorem,” writes Melissa Schumacher, a philosophy graduate student at MIT, “says that the power set of any set is strictly larger than the set itself. For finite sets, this is pretty obvious. But Cantor’s Theorem is also true for infinite sets, which is kind of unexpected. After all, the set of all even numbers is the same size as the set of all numbers—why does the power set of the set of all numbers have to be bigger? That’s why the proof of the theorem is so cool. It proves it for finite sets and infinite sets, no matter how huge, at the same time.”


An infinite set must have a power set that’s bigger than itself. In other words, there are infinities bigger than infinities. While this may be a mind-boggling thought, Cantor’s Theorem actually made life easier for all mathematicians since. He gave infinity a solid philosophical footing, making it more manageable in mathematical equations. “No one shall expel us from the paradise which Cantor has created,” declared the mathematician David Hilbert.


“When I saw how short and simple (and beautiful!) the proof of such a powerful theorem was,” writes Schumacher, “I knew I could spend the rest of my life doing set theory and logic. So last year, when I got my bachelor’s degree in philosophy and went on to grad school, I celebrated by getting the theorem tattooed on my arm.”
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MELISSA SCHUMACHER
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Set Theory


THE GERMAN MATHEMATICIAN Georg Cantor took some crucial things for granted when he established set theory. He never precisely stated what a set actually is, for example. Could any collection of objects be a set? In the early twentieth century, Ernest Zemelo started to rebuild set theory at a deeper level, so as to answer such basic questions. Over the next few decades he and other mathematicians were able to turn set theory into a series of logical statements, from which all of mathematics could be derived. Their work came to be known as the “Zermelo-Fraenkel with Choice axioms” of set theory. This hideous name must play some part in the fact that most people don’t know what makes modern mathematics possible.


“From these nine axioms,” writes Turing Eret, a software designer in Colorado “one can derive all of mathematics. These provide the foundation of mathematics, a field that you can likely tell that I love dearly.”
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TURING ERET
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Null Set


FOR LEXICOGRAPHERS, the origin of many words will always lurk in a fog. No one can say who first uttered the word eye. But historians of mathematics have it easier: often they can point to the very page on which a mathematical symbol first appeared. In the case of the empty set, the year was 1939, and its creator a French mathematician named Nicolas Bourbaki, who in that year published one part of a multi-volume work called Elements of Mathematics. Bourbaki called for a symbol for the set that contains no elements in it, and proposed a circle with a diagonal slash to represent “la partie vide.”


Nicholas Bourbaki, it turns out, was himself an empty set. In the 1930s a group of French mathematicians started meeting to write a new mathematics textbook. Soon they decided they couldn’t write the book until they had reorganized mathematics into a much clearer system than the one they had been taught. Rather than just teach ordinary two-dimensional geometry—the sort you can draw on a piece of paper—they wanted a full-blown theory for geometry in any number of dimensions. They decided that they would publish their work not under their real names, but as a single pseudonym— Nicholas Bourbaki.


The name itself came out of a deception: many of the members of the group had gone to a lecture at school given by an old mathematician who called himself Nicholas Bourbaki, but who turned out to be another student who put on a fake beard and spouted nonsense.


The Bourbaki group met three times a year. They shouted at each other, threatened to resign, vetoed anything they didn’t like, and otherwise had a grand time. “Certain foreigners, invited as spectators to Bourbaki meetings, always come out with the impression that it is a gathering of madmen,” wrote Bourbaki member Jean Dieudonné.


Science fiction author Scott Sigler wears the symbol for the empty set on his shoulder. Unlike most of Bourbaki’s innovations, it was actually the idea of one member in particular, Andre Weil. “The symbol came from the Norwegian alphabet,” Weil later wrote, “with which I alone among the Bourbaki group was familiar.” Years later, he was able to see just how big of an effect Nicholas Bourbaki had on the world. In addition to their new ideas in mathematics, the group behind Bourbaki also influenced how math was taught to children. The push away from rote memorization of arithmetic to concepts of greater than and less than, of overlapping sets—what came to be known as “New Math”—was driven by Bourbaki.


“My own part in these discussions earned me the respect of my daughter Nicolette,” Weil wrote, “when she learned the symbol Ø for the empty set at school and I told her that I had been personally responsible for its adoption.”


[image: image]


SCOTT SIGLER


Infinity Laplacian


“ONE OF MY clearest memories from childhood was when I first saw the Greek symbol [image: ], when I was about six years old,” writes Gregory von Nessi, a physicist at Australia National University. “I had asked my father to tell me what the symbol meant, and even though I didn’t understand what he was saying about circles or mathematical constants, my curiosity about all the secrets locked up in this odd looking symbol exploded.


“Over the next few years, I kept asking my parents for books on calculus and trigonometry; and soon, I was swamped with symbols and ideas that were new, mysterious and wonderful to me. Even though I didn’t understand many of the concepts in those books I was reading as a child, I was hooked and have been pushing the limits of my understanding of math and science ever since.


“Two of my great loves are pure mathematics and experimental physics. Eventually, I ended up getting my Ph.D. in pure mathematics studying partial differential equations (PDEs). After completing my Ph.D. I decided to try to apply my understanding of PDEs to physics. I am now working as a scientist studying nuclear fusion as a future clean energy source.”


One of von Nessi’s tattoos (the second in the series) is of a formula called the Infinity Laplacian. It represents the ways in which the universe minimizes energy—why objects fall to Earth, why certain radioactive elements cast off particles, why a film of soap bends into a bubble. By understanding how the universe minimizes energy, von Nessi may learn how to unleash more of it here on Earth.
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GREG VON NESSI


[image: image]


[image: image]


[image: image]


Binary Ink


HELEN HYDE AND Zacharia Hoffman both encoded names using binary code. Hyde wrote her own maiden name just before she got married, while Hoffman’s tattoo spells out his daughter’s name, Lain.


Our digital age is defined by ones and zeros, but binary codes reach back centuries. Mathematicians in China and India explored them, as did the seventeenth-century German mathematician Gottfried Wilhelm Leibniz. He converted ten-base numbers down to a string of ones and zeros, and demonstrated how easy they were to add. Two centuries later, the British mathematician George Boole used binary codes to represent logical propositions. If-then statements and the like would later turn out to be perfect for programming computers. And now we spend much of our time on computers sending messages to friends and exchanging photographs of loved ones. We are like Hyde and Hoffman, preserving names in strings of numbers.
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HELEN HYDE
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ZACHARIA HOFFMAN


Game of Life


“HOW DO YOU define a cat?” the British mathematician John Conway once asked. “I have no idea.”


For Conway, math was easy, and life was hard—hard in its messiness, in its durability, in its unpredictability. He thought that perhaps in the simplicity of math, he might find a clue to how life emerged. And so, in the late 1960s, he developed a game. It is simple enough that you can play it with checkers on a checkerboard, although a computer makes it easier. The Game of Life has only a few rules. If a checker has fewer than two immediate neighbors, you take it off the board. If it has more than three neighbors, you also remove it. Any checker with two or three neighbors survives to the next round of the game. And if an empty square has three neighbors, you set a checker piece in it.


Conway discovered that certain arrangements of checkers seem to come to life. Some glide across the board, retaining their shape for the whole trip. Some split apart, as if breeding. Others blast checkers like artillery. And others flicker like pulsars. These life-like shapes all hint at how complexity can emerge from simplicity. Conway never quite made a cat in the Game of Life, but his checkers certainly purred.


“My tattoo is of the ‘glider’ formation from John Conway’s Game of Life,” writes Jordan Bimm, a graduate student in science and technology studies at York University in Canada. “As a history of science student I love this geometric arrangement and its promise of self-contained (not viral) reproduction, and travel.”
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JORDAN BIMM
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