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      Most of the stories in this collection are profiles about real-life scientists or physicians, and the work they do. Two stories are about green energy. One’s about space travel.

      All of the stories are true.

      Some of the people in these stories are not scientists at all. They are laymen grappling with some aspect of science in their lives. Along the way, there are smashed ancient skulls, dead chimps in the back of pickup trucks, flying snakes, lordly windmills, haunted warriors, and beautiful, geeky kids building us a new world, one Lego at a time.

      One note seems in order. This is a work of nonfiction, and thus a snapshot of a moment in time. Since these articles first appeared in print, individuals have revised their scientific theories, moved to different institutions, have retired or even died. Articles appear largely as they did when originally published. Dates and notes accompanying each article offer some context and updated information. See the Acknowledgments for original copyright and publication information on specific articles.
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      A mysterious manuscript written in a strange, indecipherable alphabet. What could be more tantalizing? But for one scientist, the bizarre book is just a gateway to cracking bigger mysteries.

      

      Two years ago, a Scotsman named Gordon Rugg slipped back in time. Night after night he spread his papers on the kitchen table once his children had gone to bed. Working on faux parchment with a steel-nibbed calligraphic pen, he scribbled a strange, unidentifiable, vaguely medieval script. If you converted some of those letters into the alphabet we use, some of the words would read: “qopchedy qokedydy qokoloky qokeedy qokedy shedy.” As he wrote, Rugg struggled to get inside the mind of the person who had first scrawled this incomprehensible text some hundreds of years ago.

      By day, Rugg, a forty-eight-year-old psychologist, teaches in the computer science department of Keele University, near Manchester, England. By night, as an intellectual exercise, he has been researching one of the world’s great oddities: the Voynich manuscript, a hand-lettered book written in an unknown code that has frustrated cryptographers since its discovery in an Italian villa in 1912. How impregnable is the Voynich? During World War II, code breakers who blew away Nazi ciphers grappled with the manuscript in their spare time and came up empty. Since then, decoding the book’s contents has become an obsession for geeks and puzzle nuts everywhere.

      Then came Rugg. In three months, he cooked up the most persuasive explanation yet for the 234-page text: Sorry, folks, there is no code—it’s a hoax! Some Voynichologists were impressed with his reasoning and proofs, even if they were a little chagrined. Others, who disagreed with his findings, were appalled that his work got so much press, nabbing coverage in top journals such as Nature or news outlets like the BBC. “The Voynich is such a challenge,” says Rugg, “such a social activity. But then along comes someone who says ‘Oh, it’s just a lot of meaningless gibberish.’ It’s as if we’re all surfers, and the sea has dried up.”

      When the news of Rugg’s breakthrough was published in January 2004, everyone missed the bigger story. Rugg’s finding came not because he was smarter, but because he focused on what everyone else had missed. This came naturally to Rugg: He has made a career out of studying how experts acquire knowledge yet screw up nevertheless. In 1996, he and his colleagues developed a rigorous method for peering over the shoulders of experts—doctors, software engineers, pilots, physicists—watching how they work and think, testing their logic, and uncovering ways to help them solve problems.

      Rugg calls this method the verifier approach, and the Voynich was its first major test. If Rugg gets his way, verifiers will revolutionize the scientific method and help solve other seemingly unsolvable mysteries, such as the origins of the universe or the cause of Alzheimer’s disease.
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      Rugg was hardly the first to dream of cracking the Voynich. Ever since the manuscript resurfaced—bookseller Wilfrid Voynich bought it from Italian Jesuits ninety-two years ago—a stream of formidable scholars have pored over it. Some make pilgrimages to Yale’s Beinecke Rare Book and Manuscript Library, where the volume resides. Others download JPEGs of the pages, which are available free on the web.

      Rugg saw something different and special about the manuscript: It would make a perfect beta test for the verifier approach. As he read about the Voynich and began applying his method—amassing knowledge about a problem and assessing the kinds of expertise applied so far are steps one and two—he saw that no one had seriously explored the idea that the book was a grand hoax. As Philip Neal, one of the world’s leading Voynichologists, says, “It has been argued—I used to argue myself—that the phonetic structure was beyond the powers of a sixteenth-century forger to create, so that the text must be a real language or an unknown type of cipher.”

      Since none of the experts thought a hoax was plausible, no one had looked very hard for a hoax solution. To compound the problem, many Voynichologists were specialists: linguists, cryptographers, mathematicians, medievalists, and literary scholars. But the ideal Voynich expert—a code-breaking, medieval-savvy hoaxologist—probably didn’t exist. And the resulting gap had allowed a major problem to go unsolved for the better part of a century.

      This “expertise gap” is rife in academia, but few recognize it, let alone know how to correct for it. It starts with the best of intentions. Institutions want top-notch people, so they offer incentives to attract and groom experts. Young grad students learn early that if they want to carve out a niche, they must confine their interests to a narrow field. It’s not enough to work in spinal cord regeneration; it must be stem cell-based solutions to the problem. That’s great if a researcher just happens to stumble on a perfect stem cell cure. But as specialists get further from their core expertise, the possible solutions—what’s been tried, what hasn’t, what was never properly examined, what ought to be tried again—get even more elusive.

      With the verifier approach, Rugg begins by asking experts to draw a mental map of their field. From there, he stitches together many maps to form an atlas of the universe of knowledge on the subject. “You look for an area of overlap that doesn’t contain much detail,” he says. “If it turns out there’s an adjoining area which everyone thinks is someone else’s territory, then that’s a potential gap.”

      Rugg asked himself: If I were living in the sixteenth century and wanted to make a book that looked mysterious but was really gibberish, how could I do it cheaply and easily? He deliberately searched for low-tech tools capable of generating text that seemed random. In his reading, he came across an encoding device called the Cardan Grille, first described in 1550 by Girolamo Cardano. The methodology is fairly simple. You fill in a large grid with randomly generated word fragments, called prefixes, midfixes, and suffixes. The word fragments can be anything, nonsense syllables written in a fake alphabet, signifying nothing. Next, using heavy card stock, you cut a three-slot grille that exposes these word fragments. Then you work your way through the grid, sliding the grille over three cells to form a word. Each time you do this, you copy the new “word” you’ve just formed into the manuscript page. You continue moving the grille around the grid. Just to shake things up, you occasionally cut a new grille out of card stock, and repeat the whole process.

      Using such an encoder, Rugg figures it would have taken a smart fraudster an hour or two to write an entire page. A Voynich-size book might have taken about three or four months to create with illustrations. The time and effort would have definitely been worth it: In the Elizabethan era, Rudolph II, the Holy Roman emperor, became fascinated with the beautifully wrought manuscript (he believed it was the work of the thirteenth-century philosopher Roger Bacon) and paid six hundred gold ducats for it—about $30,000 today.

      The text’s author was long-dead. Rugg couldn’t watch him work, but he could get inside his head by trying to replicate his pen-and-ink technique. The precision paid off. Once, when the ink blotched, Rugg swore aloud and thought about discarding the grid he had so laboriously written on a big sheet of paper. Then it struck him that the author must have experienced the same thing. What was the best solution? Toss it out? No. Paper was expensive. A new grid? No, too much work. Better to leave the blotch and work around it. That helped him realize that some of the cells in the original grids must have been left blank—the resulting missing syllables yielded a variety of word lengths, giving the faked language even more verisimilitude.

      Rugg thinks the hoaxster could have been a man named Edward Kelley, a mercurial, shape-shifting villain who walked into history on March 8, 1582. He vanished from history fourteen years later, as abruptly as he had entered. No one knows what happened to him, and it’s unlikely anyone ever will. He probably wanted it that way.

      Rugg has spent a lot of time thinking about Kelley, getting inside his head, trying to make the pen in his hand move as Kelley’s may have, and the sociopathic con man has proved to be a remarkably elusive quarry.

      It’s easy to imagine Kelley marching out of the mist on some night when the weather is bad in the Shropshire countryside, where Rugg lives. The apparition is stooped, partially lame in one leg, his head obscured by a hood, probably used to conceal a deformity of one ear. As he approaches, the hood drops and you can see the ear for what it probably was, a horrible disfigurement inflicted upon him as punishment for the crime of counterfeiting. The man is unshaven, filthy, dressed in rags. He snarls, and disappears into the mist again, but not before his aspect and clothing transform entirely. No longer is he dressed like a man on the fringes of society. Now he wears the robes of a magus, a wise man, and then, just before he vanishes, the finery of a wealthy baron.

      This is the way Kelley appears to historians, too. They can’t quite draw a bead on him because the records depict him in various roles—a defrocked monk, a necromancer, a soldier of fortune. Was he all of these things or none of them? Or did he simply pull on different disguises according to the con he was working at the time?

      In 1582, Queen Elizabeth I’s court scholar, Dr. John Dee, heard a knock at his door. An advisor to Queen Elizabeth, a scholar with an international reputation, Dee was a hard-headed administrator who had been summoned by the queen to organize and restructure the national dockyards at a time when the navy was the country’s main hope in the threatened war with Spain, the superpower of the time. Dee’s house in the Mortlake region of London was an imposing building, befitting a major figure of the Elizabethan world. That night in 1582, Dee opened the door to find a man who claimed to be a “skryer,” a clairvoyant who supposedly can divine truth from crystal balls. The man was Kelley, who hoped to insinuate himself into Dee’s household, and gain access to court life and the international intelligentsia with whom Dee associated. The usual depiction of the scene is of a demonic Mephistopheles meeting a credulous Faust, but the reality is far more complex, and in many ways stranger than its fictional counterpart.

      At this stage in history, the line between science and religion was porous. Men of science like Dee were intrigued by both magic and spirituality. Dee’s interests were right on the cusp of the real and the bizarre, the rational and the hocus-bogus. Yet he was also a deeply religious man, and one of Europe’s leading intellectuals. He reasoned that if God had communicated with mortals via angels in the Bible, it stood to reason that angels could still transmit God’s will to mankind.

      From the moment he entered Dee’s home, Kelley began working a masterful long con that poor Dee never saw coming. Kelley convinced Dee that he could speak to angels. During their séances, Kelley communicated in a bizarre tongue called Enochian. To this day, scholars admire the richness of this obviously fabricated language. It was impenetrable enough to fool Dee, whose knowledge of cryptography was vast. Next Kelley produced a treasure map, which he claimed was written by angels. Dee managed to decode the language in which the map was written, but the instructions were too vague to allow the men to actually find the holy treasure. This episode, says Rugg, could have been a devious test of Dee’s code-breaking skill. The angels, through Kelley, next instructed the men to have sex with each other’s wives. Dee’s beautiful young wife balked, but Dee managed to convince her to carry out the angelic command, damaging their marriage in the process.

      Bit by bit, Kelley pushed the envelope, upping the stakes into previously uncharted territory. At the time, Dee had been hiring clairvoyants left and right, trying to divine what these mysterious psychics knew about the universe. He’d seen so many charlatans that he’d become cynical about them, and not easily fooled. The fact that Kelley managed to fool him says a lot more about Kelley’s skill than about Dee’s credulity.

      At some point the two men journeyed to Bohemia to meet with the Holy Roman Emperor. Rugg thinks Kelley may have crafted the mysterious manuscript specifically to bilk the Holy Roman Emperor Rudolph II, a credulous patron of arts who was known to buy just about anything under the sun. (Rudolph once bought a relic described as “the skull of John the Baptist, as a young boy.”) Obsessed with the occult, Rudolph spent a lifetime in search of the Philosopher’s Stone, a magical object believed to turn worthless metal into gold.

      Historians have long known that Rudolph paid a fortune for the Voynich manuscript, and they have even speculated as to who the seller was. But Rugg’s hoax theory, if true, fills in a lot of the blanks. One possibility is that Kelley forged the manuscript, and had a fellow conspirator offer the book to Dee, and mention that they could sell it to Rudolph, but only if it could be verified by an expert.

      “Kelley would have seen Dee in action,” says Rugg. “He knew Dee could decode anything. He had a healthy respect for the man’s ability. Kelley was deviously smart. He tricked a lot of smart people in his time. I have a lot of grudging respect for the man.”

      Dee may have volunteered to vet the text, using his considerable code-breaking prowess to decipher the material, only to fail. That experience may have convinced him that the book contained incalculable secrets. The trio may have then presented the book to the Emperor. If Dee vouched for it, all three men would have then pocketed handsome commissions when the sale was completed. Dee would have been grateful to Kelley for his go-between share of the proceeds, not realizing that the apprentice was starting to overshadow the master.

      Is this theory provable? Probably not. But it is provocative because it’s the only one that fits all the facts that are undisputed. Rudolph paid six hundred ducats for the book. Kelley had a talent for creating superb secret codes and a history of manipulating Dee. Shortly after meeting Rudolph, Dee and Kelley lived in luxury off a large sum of money, the source of which has never been identified. The artwork in the Voynich manuscript exhibit Kelley’s brand of sophomoric eroticism. The frolicking nudes, specifically, appear to be the work of a man who can barely keep a lid on his oversexed mind.

      Eventually Dee, cut off from a royal stipend upon Queen Elizabeth’s death, fell into poverty. Kelley’s star rose and he became wealthy. He traveled the continent, continuing a string of manipulations and con jobs, possibly under the protection of Rudolph, who now believed him to be a true alchemist. The emperor named him a baron, but may have eventually tired of waiting for his huge payday. Kelley was twice imprisoned, the last time in a castle in the city of Most, now in the Czech Republic. Kelley shape-shifted again: drugged his guards and escaped through a cell window on a rope made of bedclothes and vanished from history.

      Colorful as this theory is, it may be impossible to prove Kelley’s involvement. That doesn’t trouble Rugg. His chief contribution to the Voynich literature—indeed, the whole point of his academic paper—is demonstrating that a hoax is feasible. That assertion doesn’t depend on Kelley in the slightest. If Kelley didn’t write the book, says Rugg, then some other hoaxer or con man did.

      Rugg published his findings in the journal Cryptologia, a peer-reviewed academic journal. The paper was bolstered by Laura Aylward, one of Rugg’s students, who used software to replicate his work. She found that the Voynich’s well-known statistical anomalies—its unnatural repetition of certain words, a sudden drop-off in the use of previously common syllables—can all be accounted for if one uses structured tables and grilles. Rugg says his answer is the simplest explanation for the manuscript. Still, many Voynich scholars remain unconvinced that the book was created in this way and for this purpose. “I know how they feel,” Rugg says. “The rational part of me says it’s a hoax; another part says, yes, but what if 10 percent of it is cipher text, a real message mixed in with all the wattle and padding? It’s a lovely problem.”

      The verifier approach has been applied successfully to only one lovely problem so far—the Voynich—but Rugg is already preparing to tackle more. “We have to be careful,” he says. “We are not going to barge in on people. We want to approach them with humility and tact, so they’ll see us as partners.”

      Rugg’s approach is built on the observation, noted as far back as the 1970s, that experts tend to cut to the chase. In their zeal to get to an answer, they make many little mistakes, some good, some bad. (A recent study of work published in Nature and British Medical Journal, for example, found that 11 percent of scientific papers had serious statistical errors.) Experts unknowingly fudge logic to square data with their hypotheses. Or they develop blind spots after years of working in isolation. They lose their ability to take a broader view. If all this is true, he says, think of how much big science is based on flawed intuition.

      He gestures as if he’s sculpting something invisible yet potent. Rugg’s face is youthful—sharp nose, prominent forehead, all brain. He’s also a paragon of well-roundedness: He studied French and linguistics, taught English in Nepal, dabbled in archaeology, and wrote a paper on the occurrence of left- and right-handedness in Stone Age peoples. Then came psychology.

      His work bridges a number of specialties. One of the tools in his “toolkit,” as he says, is a field called judgment and decision-making. Psychological studies suggest that experts, defined as someone with ten years in a discipline, don’t have any more intelligence or reasoning power than the rest of us. What they have is tons of experience. An old doctor, for instance, has seen so many cases of the mumps that he no longer follows methodical reasoning to arrive at a diagnosis. He instead uses a shortcut called pattern-matching. “Face red and swollen? Mumps. Next!”

      Call it what you like—a hunch, an opinion—pattern-matching is iffy. “Sequential reasoning is formal, almost mathematical,” Rugg says as we settle down in the campus cafeteria over mochas. “If this, then that. Pattern-matching is fast and efficient. The doctor knows what’s wrong with you before you do. That’s fine if he’s right, but he can be miscued.”

      Besides pattern-matching incorrectly, experts sometimes misunderstand critical terms. People in similar but specialized fields will find it hard to communicate. A hydrogeologist and a petroleum engineer both took Geology 101, yet their visceral understanding of the word “rock” may be wildly divergent. Luckily, psychologists have developed a battery of methods—called elicitation techniques—to draw out and define what experts know.

      As a journeyman researcher in expert reasoning, Rugg ferreted out errors and unseen problems in various industrial and office management cases. It was good work for a human-error psychologist, but he wanted to tackle bigger issues. If experts were making mistakes in doctor’s offices and factories, he reasoned, they were making them in labs, too. “My gut feeling is that a lot of research involves pattern-matching,” Rugg says. “It guides what is investigated and then the design of the study.”

      Sometime in 1996, while having lunch with colleague Joanne Hyde, it occurred to Rugg that he could pull together all the tools psychologists use—elicitation techniques, the vast literature on human error, decision-making models, formal logic and reasoning—to create a novel form of problem-solving: a scientific method to verify the methods of science.

      The verifier method boils down to seven steps: 1) amass knowledge of a discipline through interviews and reading; 2) determine whether critical expertise has yet to be applied in the field; 3) look for biases and mistakenly held assumptions in the research; 4) analyze jargon to uncover differing definitions of key terms; 5) check for classic mistakes using human-error tools; 6) follow the errors as they ripple through underlying assumptions; 7) suggest new avenues for research that emerge from steps one through six.

      Experts want to believe that their domain is unique, requiring specialized tools, approaches, and thinking. Rugg says no, you can use one kit to solve a million problems, in many fields. Many experts would object to such a theory, but computer scientists are intrigued. “In computing, we’re interested in understanding knowledge,” says Bashar Nuseibeh, a UK researcher whose work was influential in the development of the Unified Modeling Language. “Gordon is asking, Can you look at the commonality between two domains of research and solve problems within them with a single approach? I don’t know. It’s a theory.”

      Equipped with his verifier toolkit, Rugg tried finding a wealthy partner to get his new method off the ground. At least one pharmaceutical company turned him down. “It was a Catch-22,” Rugg says. “No one would take a chance on us unless we showed them we could do it first. But I couldn’t show I could do it until someone let me test it.” That, of course, is where the Voynich manuscript came in. Now he’s poised to tackle a much bigger question.
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      Peter Crome is the deputy head of Keele’s medical school and a professor of geriatrics. When he smiles, his eyes narrow to jovial slits. If I were slowly losing my mind, I think I would want Crome to break it to me. “Alzheimer’s is a mystery,” he says. “An odd one. Although we know a lot about it, we don’t know what causes it. All we can say at this point to someone we think has it is, Come back next year. If you’re worse, you have it.”

      Alzheimer’s is a classic candidate for the verifier approach: It’s been studied by tens of thousands of scientists, yet still defies basic definition. Dozens of causes are under investigation: Could it be toxins in the environment? Aluminum pots and pans? Smoking or not smoking? Drinking or not? Blows to the head? Lack of mental exercise? Depression? Too much education?

      Rugg met Crome two years ago, while Rugg was working on the Voynich, and proposed verifying Alzheimer’s studies to suggest new approaches. Crome realized he was being handed a gift. In addition to becoming too specialized, science has become too dense. The National Institutes of Health’s PubMed database alone lists more than 40,000 papers pertaining to Alzheimer’s. Regardless of the scientific field—medicine, nuclear physics, mathematics, whatever—PhD students typically take a year just to read what others have done before them, and even then they are usually just scratching the surface. The papers pile up faster than you can turn pages. “I can’t stay current in my own area—drugs—let alone all of Alzheimer’s,” Crome says.

      So how does Rugg imagine he can tackle this vast field? He’s not a doctor, and he freely admits that the sum of his Alzheimer’s knowledge has come from the popular press. “The idea is, sit down with these experts, have a cup of coffee, and ask, ‘Now, off the record, what are the main theories in your field?’” he says. “Then look at only those key papers in those fields. We would have consultants in each discipline and get them to help us crawl over those papers.”

      Rugg doesn’t expect to find evidence of pattern-matching in a printed document, but there are always clues. “You look at the language,” he explains. “Sometimes you’ll see areas where the authors write, ‘This result strongly resembles something else.’ That’s an opportunity to investigate more closely.” Such a phrase is usually built on mountains of assumptions, which an author presumes (sometimes erroneously) that all potential readers understand.

      As a first step, Rugg is preparing to apply for a grant of about $350,000—enough to pay for a postdoc and some expenses for three years. For the moment, he’s resisted the temptation to look up a single Alzheimer’s paper. “I want to approach this material fresh,” Rugg says.

      He’s eager to start on the project because medical problems are so urgent. “Alzheimer’s is a terrible way to die,” he says. “If you could do something to help, you could feel really, really good.”

      Already there are signs that the Voynich breakthrough has vanquished the nagging Catch-22. Following Rugg’s success with the manuscript, potential collaborators seem to surface daily. Astrophysicists at Keele have agreed to work with him on sorting out seemingly incompatible theories in modern physics. A biochemist at UC San Diego approached him about untangling questions in exobiology, the study of the chemical origins of life. A researcher at the UK’s University of Warwick wants to apply the verifier method to attention deficit-hyperactivity disorder. And an emeritus art historian at Rensselaer Polytechnic Institute thinks Rugg can help her resolve mysteries about ancient Greco-Roman settlements.

      All these collaborations are in the earliest stages. “It could be that I just got lucky once and never again,” Rugg says, then pauses. “But suppose we find a breakthrough in Alzheimer’s and physics?” At the very least, he’ll need a bigger kitchen table.

      

      Rugg’s team has since applied the Verifier Method to the study of autism. His position on the Voynich manuscript remains controversial. Rugg is author of a book about expert errors, entitled Blind Spot (HarperOne Books).
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      It’s a scientist’s worst nightmare. You make a significant contribution to one of the world’s most important scientific theories—and everyone forgets you.

      

      No one ever recognizes him, although he is arguably one of the most important scientists of the century. He just seems to blend into matter and light. On campus he’s the predictable physics prof, emerging from the science building at Union College with his hands deep in his pockets, a suspender peeking out from under his tan sweater. But you can blow his cover with a single question: Where did we come from? Ralph Alpher knows the answer.

      Back in 1948, Alpher submitted a PhD dissertation that gave birth to the scientific theory known as the Big Bang. He suggested, mathematically at least, how the universe could have begun in a superhot explosion fourteen billion years ago. The Big Bang. A few months later, he showed how to prove it. But in 1948, good math or not, these were loony ideas, and radio astronomy was a very young science. No one seemed willing or able to point a radio telescope toward deep space to confirm them. The years rolled by and everyone forgot about Ralph Alpher.

      Then one day in 1964, two radio astronomers from Bell Labs stumbled upon the evidence that Alpher was right. Except they had never heard of him either. They got the Nobel Prize; he got bupkis. But that’s exactly the kind of injustice Ralph Alpher is used to.

      Roll the tape back to 1937. The kindly old physics professor was once a husky sixteen-year-old prodigy with dark hair and glasses. He received a letter from the Massachusetts Institute of Technology. It invited him to attend the school for free, on a full scholarship.

      But there was a catch. The scholarship was good only if Alpher attended full time and did not work.

      This was the Great Depression. Alpher’s immigrant father was a home builder in Washington, DC at a time when no one could afford to buy a house. Alpher didn’t even have train fare to Boston. How could he go to school if he couldn’t work part-time for books and dining hall meals?

      The letter told him to meet with an alumnus in Washington. Alpher went and talked to the alum for hours, hoping to find a way to make this work. But the guy kept turning the conversation back to the same subject—religion—and asked Alpher about his religious beliefs. “I told him I was Jewish,” Alpher says. Soon after, a second letter came. The scholarship was withdrawn, without explanation.

      “My brother had told me not to get my hopes up,” Alpher says, “and he was damn right. It was a searing experience. He said it was unrealistic to think that a Jew could go anywhere back then. I don’t know if you know what it was like for Jews before World War II. It was terrible.”

      When Ralph Alpher says something is terrible, you believe it. The word turns to ash as it drops from his lips.

      Of course, Alpher had earned that scholarship. Just as he had earned the right to get credit for the Big Bang theory. That’s what really drives him crazy: credit is everything to a scientist. “The important thing is to get the credit in the literature,” he says. “There are two reasons you do science. One is an altruistic feeling that maybe you can contribute to mankind’s store of knowledge about the world. The other and more personal thing is you want the approbation of your peers. Pure and simple.”

      Yes, this has happened before, scientists who made good and never collected. Perhaps the most famous example is Gregor Mendel, the Austrian botanist and monk who tinkered with sweet peas in his monastery courtyard. He summed up everything he had observed about the propagation of genetic traits in two papers that were published without much notice well before he died in 1884. Only after the chromosome theory of heredity was nailed down in the early 1900s was he hailed as the father of genetics.

      Alpher may be the Mendel of the modern age. “I don’t really know Mr. Alpher,” says Hans Bethe, ninety-three, Nobel laureate and often lauded as the world’s greatest living physicist. But the theorist who helped Oppenheimer build the first atomic bomb and later devoted his life to disarmament does know Alpher’s story. “I think it is a fact that he has not been given proper credit and it is a fact that he deserves a lot of credit.”

      Growing up, Ralph Asher Alpher had a code. It’s in the Boy Scout Handbook: A scout works to pay his way. A Scout is true. That’s Alpher. He rises formally and gives you a two-handed shake. He doesn’t laugh; he chortles politely. He has worked steadily since he was twelve years old, a stagehand earning 50 cents an hour. Some weeks it was more than his father made.

      Alpha is A, the first letter of the Greek alphabet. Aleph in Hebrew, alif in Arabic. It’s a name that signifies beginnings—genesis, how the world began. Alpher had already thought about this by the time he was eleven. In Hebrew school he read Genesis and began to argue with his rabbi. Alpher believed his private stash of books told a more rational tale for the origins of the world and the organisms on it. The books were written by science heavyweights: Sir Arthur Eddington. Paul deKruif. Sir James Jeans.

      The rabbi’s book was written by the finger of God.

      “It got hot and heavy,” Alpher recalls. “I’d bring in quotations, with references, and he didn’t want to have any part of it. Finally he said, ‘You gotta go through the bar mitzvah for your father’s sake.’ Honor your father. ‘And after that,’ he said, ‘I don’t care what the hell you do.’”

      Alpher did
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