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“Forward”





The heavens rejoice in motion…


—JOHN DONNE, ELEGIES (CA. 1590)





We are embedded in a magical matrix of continuous motion. Clouds change shape, tsunamis destroy cities. Nature’s animation happens eternally. Its energy springs from no apparent source. Nor, we learn, does it ever diminish. It’s tireless.


As we have with all magic, we’ve grown accustomed to nature’s endless guises. Too accustomed; we scarcely give it a second thought. Yet it is intimately close. Even the workings of our eyes and brains, reading these words, are examples of natural motion. In our minds’ case it’s the action of electrons and neurons as one hundred millivolts of electricity make various connections in the brain’s one hundred trillion synapses. The result: our perceptions.


This book, then, is about natural activity in all its forms. It is essentially a book of miracles. To paint this dynamism in the vivid colors it deserves, I will offer close-up peeks at the most fantastic, epic, intriguing, but also little-known ways in which spontaneous action operates, using the discoveries of scientists from ancient times to the twenty-first century.


Because motion is everywhere and takes all forms, this cannot possibly be an exhaustive survey, though I have endeavored to include all nature’s major theaters, such as wind, digestion, and shifting poles.


A mere dry recital of facts and data wouldn’t be much fun. So let’s marvel—not at man-made motion, even if our rockets and bullet trains are indeed wonderful, but at the kind that unfolds on its own. This book itself moves, too, after the opening high-speed salvo, from the slowest entities to the fastest ones. Along the way I’ve paused to recount the stories of some of the fascinating people who brought us discoveries in various venues. Some were geniuses. Others were lucky. Many were so far ahead of their time they were ridiculed.


This, then, is our story—of the endless movements that forever surround us and the brilliant people who uncovered these revelations through the centuries. And how destiny’s own quirky momentum carried them through their lives.


Bob Berman


Willow, New York













PROLOGUE



Damage and Escape




It’s a warm wind, the west wind,
 full of birds’ cries…


—JOHN MASEFIELD, “THE WEST WIND” (1902)





The storm was scary-wild.


Although it had lost hurricane strength before slamming into upstate New York, the wind still howled at fifty-five miles per hour, and the dog hid under the bed. But it was the rain, the relentless rain, that had us all worried. By the second day, more than eight inches had fallen. In our mountainous area, streams overflowed before the first sunrise. Many wooden spans, along with two steel-and-concrete bridges, did not survive the night. They were simply gone, vanished without a trace. Authorities later assumed they must be lying at the bottom of the enormous reservoir twenty miles downstream.


Entire communities were isolated from the world. At noon that day, some homes, those still inhabiting their footprints, had water up to their windowsills. Meanwhile the ground had become so soft and wet that the gales had no trouble knocking down swaths of trees, root balls and all.


The power went out the first night. In our rural region, which doesn’t offer mail delivery or cell-phone service even on the sunniest days, we were utterly alone. No one had water, plumbing, or telephones. It might as well have been the year 1500.


Morning dawned to find trees across my roof. Shattered glass littered the stone entranceway. But this wind-borne destruction paled next to the devastation wrought by the waters moving through those valleys. My niece lost her entire house. It had been standing placidly for forty years, and then it was gone. The floodwaters had been five feet deep and had crept along at less than four miles per hour. Yet this sluggish brown water had created far more devastation than my own backyard’s fifty-five-mile-per-hour gales.


It was ironic, in a way. For decades I had made my living narrating nature’s activity as though I were a sportscaster. As the astronomy editor of the Old Farmer’s Almanac and a columnist for Discover and then Astronomy magazines, I would routinely calculate how the moon and planets moved and describe their exuberant conjunctions. Nature’s motions reliably put bread on my table. Now they had turned on me. Like everyone else, I wondered how many out-of-pocket repair dollars I would have to spend.


If nature’s activity had long paid my mortgage and yet was now chasing me out of the house, I smelled a story whose dramas, tragicomedies, and linked biographies might equal any novel’s. I already knew that water moving at just four miles per hour is as destructive as a medium-strength tornado, which is why floods kill more people than windstorms. Water is eight hundred times denser than air and pushes things far more easily. But who were the first scientists to discover this? Were they impelled by personal events, as I was? Did their own lives and struggles include dramatic episodes?


Nature’s whimsy obsessed me even before the winds quieted. I realized that my ideas about physical and biological animation were themselves forms of motion on the neural-electrical level. So it’s all motion, everything of interest, always.


After the storm, the power remained out and would not be restored for more than a week. I scribbled notes by hand, by candlelight, the way Thomas Jefferson had done, for he was obsessed with natural science, too. (John F. Kennedy, presiding over a 1962 gathering of forty-nine Nobel laureates, commented that never before had such talent been assembled at the White House, “with the possible exception of when Thomas Jefferson dined alone.”)


My lifelong preoccupation with celestial motion then expanded to the movements of desert sand, disease, and maple sap. As the heavy rain continued, I recalled that it falls at twenty-two miles per hour. In nature, this same number repeats over and over, like the restatement of a musical motif. Were there other recurring patterns? What were the boundaries—the fastest and slowest in the universe and in everyday life?


I knew I would have time on my hands while workmen repaired the house. I made my decision. I would raid my savings and travel the world. I’d use my press credentials to find the experts and researchers who probe the most amazing motions of nature. I would explore and expose anything that stirs, budges, or animates itself, from the strangest and slowest entities to the very fastest. I would also research the ways in which earlier cultures uncovered these secrets.


One adventure had barely ended. A much bigger one was beginning.


And I knew exactly where I would go first.













PART I



FIGURING OUT THE MOTION PICTURE













CHAPTER 1: The Growth of Nothingness




Journeys in an Exploding Universe





And what does this awesome motion mean?


—NIKOLAI GOGOL, DEAD SOULS (1842)





From an observatory atop a mountain in the Andes one moonless midnight, untwinkling stars peppered the heavens. Not even the smallest patch of celestial real estate was starless. The Milky Way split the universe in two with such ferocious brilliance that the observatory’s giant domes cast blurry, surreal shadows on the ground.


The clank of footsteps on the building’s metal catwalk broke the silence. It was the observatory director, Miguel Roth. He stopped and casually surveyed the scene as if he hadn’t spent the last twenty years in this place. Handsome as a movie star, Roth is the undisputed godfather of the researchers who live in this thin air, breathing in the cosmos from the most perfect astronomical site on earth. That night Dr. Roth was generously accompanying a lucky visiting American journalist interested in how the world moves.


That was me.


Looking for motion, I had gone for broke.


Starting at my local public library, where things move with a wonderful slowness, I had hunted for the earliest recorded thoughts about nature’s animation. I toyed with the logical approach of beginning with viruses, fingernails, or tectonic plates—things that move and grow so slowly, so grudgingly, that they are imperceptible. Start slow and build from there.


But action films never begin with lethargy. I liked the idea of moving from slow to fast, but why not shoot an opening scene in which everything hurtles at screaming velocities? Hit the ground running with frantic exploits only the lunatic mind of nature could choreograph? After all, the biggest of all known motions encompass everything we could possibly consider.


But that hysterical realm is not of this earth. The mother of all motion is the entire universe, which is blowing itself apart. As it does so it creates separate animated venues, like swirling eddies in rapids.


Venture off the planet, and wildness rules. The smallest solar telescope shows that even on our nearby sun, that beloved giver of life, it’s always the apocalypse. By the time we gaze toward the farthest galaxies, we see spinning, colliding things that are tumbling faster than the speed of light.


But how can mortals even perceive a universe that is exploding around them? I needed to visit cutting-edge astrophysicists working with the world’s best equipment, people who are used to thinking outside the box. And, moreover, that “box” is not some well-behaved container but rather the spherical earth, crazily hurtling like jettisoned cargo toward no particular destination. No one’s built a major observatory east of the Mississippi for more than a century, so this meant a distant odyssey. The problem is not just clouds. Astronomers require steady “seeing” (nonblurry images), and this happens when overhead air is spared the turbulence of multiple temperature layers. Mountaintops are good, but the most ideal locations do not exist in the mainland United States or Europe—not even in Asia’s Himalayas. They are in South America. The reason for that continent’s top celestial status has odd roots, entangled with a long-dead Scotsman.


The Scotsman was industrialist Andrew Carnegie, and he was easy to hate. While his workers lived from hand to mouth, unsuccessfully fighting their boss’s miserly pay cuts, he became the world’s richest man. By the late 1800s, Carnegie Steel Company—later called United States Steel Corporation—propelled its tiny owner, exactly five feet tall, into a royal life in a Scottish castle.


But everyone loves a converted tyrant, a sinner turned saint. Carnegie did a 180-degree turnaround just as the century flipped from the nineteenth to the twentieth. In a series of newspaper articles, the robber baron, outperforming even the metamorphosis of Dickens’s Ebenezer Scrooge, started advocating the abolition of war and free nonsectarian education. Donating fantastic sums that ultimately totaled his entire fortune of $380 million—several billion in today’s dollars—he established more than three thousand free libraries, funded African-American education, built concert venues (Carnegie Hall comes to mind), and (in case you thought this was never heading toward science) established a series of cutting-edge foundations. Thus came the birth of the Carnegie Observatories, a unique institution that still is working full-time on the greatest mysteries of the universe, which, fortunately for us, revolve around motion on the most epic scale.


Carnegie hired the best possible person to be the first director of his fledgling institute—George Ellery Hale, who in turn rounded up the sharpest minds of his time. First he employed the renowned Harlow Shapley, the person who found that Earth does not sit inertly at the center of our galaxy like Jabba the Hutt. This was the biggest motion-related headline of the newly born twentieth century. The sun and Earth, he found, lie closer to the edge of the galaxy than the middle, and thus they whirl around as it spins.


Next Carnegie hired Edwin Hubble, freshly returned from studying in Oxford, where he acquired a British accent that, annoyingly, he never shed. It drove his colleagues bonkers.


Hale and Carnegie believed that great discoveries demanded the world’s biggest telescope, and they set out to build it. Site tests for the area around Mount Wilson, then a dark and sleepy region outside Los Angeles, began in 1903. The men soon completed a behemoth that had a mirror sixty inches wide, the largest in the world. Then in 1917, also at Mount Wilson, they outdid themselves with the completion of the hundred-inch Hooker colossus and its nine-thousand-pound optical surface made of melted wine-bottle glass, which explains why that telescope has a green mirror, a fact capable of stumping any Jeopardy! champion. In that era before rural electrification, each telescope precisely tracked stars with a mechanical drive mechanism propelled by two-ton falling weights.


It was there that Hubble, haughty and unpleasant but one of the century’s best observational astronomers, photographed a special type of variable star and concluded that a famous bright elliptical blob in the constellation Andromeda is not merely a nearby nebula but a separate “island universe”—a remote empire of billions of suns. All the other spiral nebulae, he reasoned, must likewise be independent starry kingdoms stretching off into the distance. Instantly the cosmos became a million times larger.1


When I phoned Carnegie Observatories’ current director, Wendy Freedman, she told me that the discovery “ranked with the Copernican revolution.”


“Yes, Edwin Hubble may have been arrogant,” she conceded. “But there are only a few times in history when you change the very nature of the universe. You can’t take that away from him.”


Nor could you take credit away from the young Carnegie Institution for Science, which conjured milestone after milestone as though they were cards from a magician’s sleeve. Director Hale personally created the National Academy of Sciences. His astronomers announced that elliptical galaxies have only old stars, whereas spirals are still making new ones. These were bombshells. But the biggest of all was the discovery that is relevant to our pursuit: the 1929 announcement that the universe is expanding.


This had never been suspected. No holy book of any religion, no Renaissance scientist, no philosopher had ever written that the entire cosmos is growing larger. Indeed the early Greeks, superb logicians that they were, would have no doubt dismissed that notion as meaningless. If everything expands at the same time, how could anyone possibly know it was happening?2


The first hint that the cosmos is squirmy had arrived in Einstein’s brain in 1915, when he crafted his theory of general relativity because his math just would not work in a static universe. Yet the universe was assumed to be stationary—it was a “given,” a truism, and Einstein had no reason to doubt it, so he famously added a fudge-factor number that he called the cosmological constant. Thereafter, his equations worked just fine. But when Hubble found that virtually every galaxy displays a redshift, indicating its rapid recession from us, the conclusion was inescapable: the universe is blowing up. Galaxy clusters are separating from their neighbors. Einstein had predicted it within his mind without peering through a single telescope, and he would have announced it if only he had more confidence in himself. “The worst blunder of my life,” he famously muttered to anyone who would listen.


Here was motion on a scale of which no one had dreamed. Even nearby galaxies, those that live within the closest one thousandth of one percent of the cosmic inventory, which are the slowest moving of them all, rush away from us at a speed of 1,400 miles per second. Those dwelling at a “mere” one billion light-years from Earth zoom away at 14,000 miles per second. That’s 28,000 times faster than a high-speed bullet.


The visible stars that fill the night sky can’t move faster than 600 miles per second or they would escape the gravitational clutches of the Milky Way, never to return. Speeds like 1,400 miles per second—meaning you could go from Coney Island to Hollywood in the time it takes to say, “Got your seat belt on, honey?”—were bewildering in 1929. Yet such motion was couch-potato leisurely compared to what the next-gen postwar telescopes would reveal soon enough.


The newly observed speeds were breathtaking and also dispiriting. It became obvious—and remains so today—that no matter what system of propulsion is invented in the future, we will never visit the vast majority of galaxies: they are fleeing faster than we can ever hope to approach them.


[image: image]


The Sombrero galaxy, containing two hundred billion stars, rushes away from us at 562 miles a second. (Matt Francis)


Hale, still not finished despite suffering years of serious health problems (to which he finally succumbed in 1938), raised money for the next colossus, the two-hundred-inch telescope on Palomar Mountain in Southern California. It opened in 1949 and had a light-gathering mirror as wide as a living room. Palomar remained the world’s largest telescope for the next quarter century.


Still, Carnegie astronomers had long wanted an observing station in the Southern Hemisphere so they could access the many mysterious objects hidden over California’s horizon. In the 1980s they reluctantly abandoned their custody of Mount Wilson, from which stars now appeared dimmer than those in nearby Hollywood, thanks to runaway development and a yearly 10 percent growth in the number of streetlights.3 Instead, they looked to another site—a mountain in the Andes that the Carnegie Institution had acquired in 1969, when the peso exchange rate was so low that you could buy a genuine sugar-filled Coke for three cents. Named Las Campanas—“the bells”—the observatory soon became the institution’s main facility, on which it constructed two of the world’s largest telescopes.


The twin 250-inch giants were completed in 2002. Collectively called the Magellan Telescopes, they boast reflectors that are remarkable for their picture-window half-degree fields of view that can take in the entire moon in a single photograph. The exquisite images come courtesy of unique computer-driven pistons that deform the mirrors twice a minute to maintain their perfect parabolic shapes. Equally renowned is the site’s rock-steady image quality, unsurpassed in the world. It might as well be outer space.4


Such a top-tier research center allows no casual visitors, but I knew I could use my astronomy press credentials to spend a few nights up there. It’s the ideal place from which to probe the fastest speeds in the universe. After I chatted with Wendy Freedman, whom I called at her office in Pasadena, arrangements were made. I headed for South America.


The seemingly endless flight to Santiago was followed by good fortune. Las Campanas’s director was in town, and thus I met Dr. Miguel Roth for dinner at an outdoor table in one of the many beautiful neighborhoods of that fascinating city. Director for seventeen years, Roth is obviously very proud of the facility: “We’re up at eighty-five hundred feet, and it’s really dark. The site is incomparable. We get three hundred clear nights a year. The Atacama Desert stretches all around. The nearest corner store is one hundred miles away.”


Two days later, after an unnerving flight that skimmed past the Andes’ jagged snowy peaks, and after glancing around the cabin to appraise the potential tastiness of my fellow passengers, I arrived in the lovely seaside resort town of La Serena, home of the Las Campanas headquarters. That year, the staff was spending much of its time seeking supernovas, whose reliable “standard candle” brightnesses help determine exact galactic distances, which in turn lets scientists understand how the universe’s expansion changes with time. This, then, is the Carnegie Observatories’ main current quest—to decipher the fate of the universe!


And thus we reach the meat of this matter. It is nothing less than the greatest conundrum in all of science, and it revolves around speed. Happily, it can be simply stated. The Hubble constant—the speed at which galaxies rush away from us—mysteriously changed six billion years ago, when the universe was half its current age. Galaxy clusters started increasing their flyaway speeds, as if they all had rocket engines that suddenly ignited. The cause is often called dark energy, but that term is no more than a label affixed to an enigma first uncovered in 1998. As Wendy Freedman said with a sigh, “It’s very difficult to explain. It’s a perplexing mystery.”


With a quick revision reminiscent of the hastily airbrushed deletions in Soviet encyclopedias, cosmologists abruptly rewrote their “basics of the universe” handbook. Three-quarters of the cosmos was now exclusively reserved for some kind of weird antigravity entity whose existence was utterly unsuspected a year earlier. Probing its powerful effects became a sudden, urgent focus for astronomers. I suspected that this quest, above all, was what occupied those who awaited me atop that Chilean mountain.


The next day I left La Serena in a rented car heading northbound on a sparsely traveled section of the Pan-American Highway. The road immediately entered the southern edge of the vast Atacama Desert, the driest place on earth. Two desolate hours later I turned onto a relentlessly climbing dirt trail, passing wild burros and an animal called a viscacha, which looks like a cross between a squirrel and a rabbit and which seemed like a hallucination. The broad, bone-dry summit of Las Campanas was dotted with white domes. The high altitude and low humidity created a cloudless azure sky.


I had arrived at noon. Perfect timing. This is when everyone has just awakened. All freshly showered and hungry, they file into the spacious dining hall like some religious cult. Their language resembles English, but the dialect is peppered with esoteric astrophysical terms.


Astronomers Dan Kelson and Barry Madore, Wendy Freedman’s husband, sat with me. It was a precious opportunity, and I wasted no time plunging into profound issues involving cosmic velocity and what it might imply for the future of the universe. “I’m here for the ride,” Madore said with a modest laugh. “I’m not here for ultimate answers.”


But later, under the stars, he turned serious. “We’re living with uncertainty with the universe’s expansion,” he said after I’d joined him in an enormous dome whose humming computer fans and drive motors formed the sound track to our conversation. The uncertainty involved not just when the cosmos went from slowing down to speeding up but also whether the acceleration would continue or even ultimately reverse itself. Still, I thought, if a little uncertainty was the worst he had to deal with, he shouldn’t complain. Wasn’t it enough that humans dared scratch the surface of these fastest of all velocities? Entire cities of suns that speed fifty thousand miles farther away from us each second?


I was happy that such a major facility devoted its resources—a legacy of generous endowments that started with Andrew Carnegie’s fortune—to such a seemingly intractable quest, and I said so.


When asked to compare Las Campanas to publicly funded institutions, Madore said, “This Magellan telescope costs forty thousand dollars a night to operate. But we can still be playful and innovative and take some risks. That’s one big difference. The national observatories, like Kitt Peak—they’re all risk-averse. Here it’s a thrill a day.”


Night had brought a nourishing darkness to the Andes and the unseen black desert below us. The Milky Way—whose name had probably not taxed the astronomy muse—was astoundingly brilliant, with richly mottled detail, as in a pointillist painting. It dominated the Chilean night.


Now, on the catwalk outside one of the 6.5-meter giant telescopes, Miguel Roth joined me, and we gazed up like the Mesoamericans of old, who regarded the Milky Way as the center of all existence.


Miguel had given me carte blanche to roam, so I drove as instructed, with just my fog lights on, along the curvy mountain road that has no guardrails, violating every rule in the driver’s ed handbook. I went from one dome to another and visited the researchers in each. At one of the 6.5-meter instruments, I found exactly what I’d been seeking. Here the faint light from distant galaxies, amplified and enhanced one million times by the huge, twenty-foot-wide telescope mirrors, had been accumulating for hours but still had nine hours more to go; astronomers had nothing to do but wait and chat.


My lunch companion, Dan Kelson, was gathering the light from galaxies eight billion light-years away. He noticed my reporters’ notebook and started explaining: “This instrument is measuring four thousand galaxies at once. It’s an all-you-can-eat type of data collection.”


He was used to this endless cycle of data harvesting followed by intense analysis. A brilliant and articulate thirty-eight-year-old from Illinois, he had helped pioneer the new technique of cutting thousands of precisely positioned slits into a metal plate so that a particular group of galaxies can be analyzed simultaneously. If there was anything noteworthy about one city of suns floating in a field of thousands, like a single sunflower in a van Gogh painting, it would immediately pop out to be flagged for further study.


“When I was seven or eight my grandparents got me a refracting telescope from Sears,” he later told me. “I studied the lore of each constellation. I read every astronomy book in my elementary school’s library.”


He was hooked. Kelson earned his doctorate at the University of California, where he simultaneously met his future wife and pursued his parallel obsession with making ice cream: he consumed hundreds of quarts annually.


But all those kilos of saturated fat didn’t slow Kelson’s passion. His dissertation research involved many nights on the new telescopes at the Keck Observatory, atop Hawaii’s Mauna Kea, as well as analyzing Hubble Space Telescope data.


He was exactly the kind of person to whom Hubble would have wanted to pass the torch—exactly the right man to clarify Hubble’s bombshell of an exploding universe. His ability to merge cutting-edge spectral techniques with digital analysis formed the ideal skill set with which to follow the galactic footsteps of the legendary long-gone Carnegie astronomers.


By the first light of dawn, Kelson would be detecting objects rushing away from us at the astounding speed of 112,000 miles per second. That is more than half the speed of light. Kelson had in fact, some years earlier, discovered the farthest and fastest galaxy ever known. And his team did it again in 2013, making headlines around the world.


Some of that night’s dimmest smudges might lie at the very edges of the observable universe and be the fastest objects humans can ever see. This is the outer boundary of velocity—the motion envelope within which everything else dwells.5


And yet, astonishingly, these galaxy clusters aren’t really moving at all. Rather, the space between us and them is inflating. The galaxies are just sitting inertly, like Scrabble players waiting for a vowel. Each is gravitationally jostled by its companion galaxies, but the truly ultrafast speeds we see are an expanding-space phenomenon.


Of course, one might wonder how, if space is mere emptiness, it can expand on its own. How can nothingness do anything? Even with a mandate to explore all manner of motion, it’s still odd to discuss the animation of nothingness.


But space is not nothing. There’s no such thing as nothing. Turns out space has properties. Virtual particles—subatomic particles that live for evanescently tiny time periods and then vanish—pop in and out of existence. Nothingness has inherent energy, and lots of it. According to current theory, an empty mayonnaise jar containing only vacant space has enough energy to boil away the Pacific Ocean in less than a second.


This so-called vacuum energy, or zero-point energy, pervades the cosmos. Thus seeming nothingness seethes with power. And whatever it is, it grows bigger and bigger.


Square one in our natural-motion board game, therefore, involves not just the very fastest velocities but also the frenzied animation of emptiness.


The most frequent question cosmologists get is: What is the universe expanding into?


For many, it’s the most perplexing motion-related inquiry, and scientists hear it routinely. However, to ask such a question means you’ve pictured the universe as an inflating balloon that you’re viewing from the outside. In actuality, no such perspective exists. There is no “outside” to the universe, by definition. The conundrum arises because the questioner has set up a nonexistent vantage point.


Instead, one should visualize living within a galaxy cluster and observing all the others. We see them all flying directly away from us. Distances between clusters are growing everywhere. This is the basic truth, and we can all picture it. And whether we deem the galaxies to be moving or the space between there and here to be inflating, the result is the same. The gap between us and distant galaxies is steadily growing.6


Moreover, the rate of the universe’s size increase is itself growing. We’re living within an ever more powerful self-perpetuating explosion. Most astronomers think it’s caused by that mysterious antigravity force pervading every cosmic nook and cranny, dark energy, which keeps rearing its invisible head. That’s probably what started everything blowing outward from the get-go. In a very real sense, the big bang is still banging. This runaway mushrooming of the entire universe is the picture frame that surrounds all other movement.7


Our exploding universe, which also contains small regions of contracting, collapsing entities, results from a tug-of-war between phantoms in black robes, in which dark matter does most of the pulling and dark energy does the repelling. The latter is winning the contest. Dark energy first gained the upper hand six billion years ago, even if we only just learned the news around the time we were switching from dial-up to broadband.


If we could someday gain light-speed capability, which physicists assure us is impossible, we still couldn’t reach the farthest visible galaxies, not even if we traveled forever. Thanks to the acceleration of the expanding universe, by the time we arrived at the galaxies’ present location, which would require more than thirty billion tedious years in our spaceship, the distance between us would have increased so enormously that they’d be farther away than ever. Here is futility beyond even the petty frustrations of Sisyphus.


Indeed, the light of those galaxies we were trying so hard to reach would no longer be visible. The trip would be worse than pointless. Our quarry would simply have vanished without a trace.


Lest we let ourselves feel too crushed by this news, within these dizzying extreme-motion cosmic parameters lie astounding secrets we have uncovered. Kelson himself promised to reveal some when his data was complete. But, as I was to learn, the true story of nature’s motions and speeds did not unfold without laughable errors, egotistical ambitions, and unspeakable tragedy.


The mistakes and the head-scratching began long ago. The oldest Hindu religious text, the Rigveda, written in Sanskrit around 1500 BCE, pondered how it is that “the waters glide downward to the ocean.” By the time Old Testament books were penned, a key point was not motion but its opposite. Psalm 93:1 says, “The world also is established, that it cannot be moved.” The universal assumption was of a stationary earth. The sun circling around us while our planet remains motionless seemed beyond dispute, because even an idiot could watch it happen. You could see stuff in the sky moving, and you could feel that we were not moving.


The standard wisdom was that, as in everyday life, the fastest-seeming objects must be those closest to us. (A car going down your street changes its angular position faster than a plane in the sky.) To the ancients this meant that the moon must be closer to us than the stars. It daily traverses twenty-six of its own widths as it speeds through the constellations. At the other extreme were the six thousand glowing dots whose patterns never changed; they must lie farthest away. This assigning of distance—the moon nearest and the stars farthest—ultimately proved true. So the ancients managed not to be wrong about everything.


By the time of the Greeks, the stars that circled us nightly were assumed to be inlaid into a kind of crystalline sphere—check another box in the “incorrect” column. But with the tools at hand 2,300 years ago—i.e., none—how could anyone begin to figure out the truth?


Yet that is exactly what one Greek accomplished. I introduce him proudly, because he is my first hero.


Aristarchus of Samos, born in 310 BCE, pondered these moving entities in the sky and arrived at correct conclusions eighteen centuries ahead of everyone else. A mathematician and astronomer, Aristarchus was the very first person to say that the sun is the center of the solar system. And that Earth orbits around it while also spinning like a top. To his contemporaries it must have seemed nothing short of crazy. And with the widely accepted wisdom of fellow Greeks Plato and Aristotle contradicting him, Aristarchus’s insights—based on lunar shadowing and the relative positions of the sun and moon—didn’t “take off” until another seventy-two human generations had come and gone. Even Aristarchus’s contemporary and fellow Samos native Epicurus—yes, that Epicurus, who was fond of life’s pleasures—claimed the sun hovered nearby and was just two feet in diameter. Two feet! Early evidence, perhaps, that hedonistic ouzo binges are not compatible with math.8


Meanwhile, odd celestial events, such as eclipses, along with earthquakes and other scourges, were usually seen as a manifestation of anger from God or the gods. It became our human task to figure out why the deities were so enormously ticked off and to appease them. Moreover, for more than thirty centuries, natural events that either threatened life or were considered capable of doing so—and these included comets, planet conjunctions, eclipses, storms, and epidemics—were regarded as omens. They didn’t just happen, they had meaning. Omen interpretation was a popular activity and, for those with the gift of gab, a lucrative business. There was no word in either Greek or Latin for “volcano”—which illustrates how little importance was paid to the physical event as opposed to the presumed underlying cause, divine fury.


Meanwhile, to rational Greeks, the issue of what moves and what doesn’t remained secondary to the basic question of why anything should move in the first place. It may have seemed an insoluble problem, but Leucippus, and especially his student Democritus, who was born around 460 BCE, originated and popularized the idea that everything is composed of infinitesimally small moving particles called atoms. Each is colorless and indivisible, they said, and when atoms glom together to form the various objects around us, those objects mobilize as a result of their atoms’ motions.


This atomic theory became a popular explanation of nature’s animation. The reason the belief lasted only as long as the modern “Elvis is alive” concept—a couple of generations—is that it ultimately collided with the genius of Aristotle.


Aristotle was born on the Greek mainland in 384 BCE. His prolific writings were a mixed bag, although many of his goofs were inherited from his teacher Plato. These mistakes included relatively minor errors, such as his belief that heavy objects fall faster than light ones, and major blunders, such as his insistence that Earth is the stationary center of all motion.


He spent countless pages exploring the causes and nature of motion in his groundbreaking book The Physics. In one of its subsections (Book II) Aristotle claims that actions begin because nature “wishes to achieve a goal.”


But here’s the point. In both Greek atom theory and Aristotelian philosophy, natural motion originates from within each object. This is the reverse of our modern thinking. Science now insists that nothing budges unless acted upon by an outside force.


Many of Aristotle’s ideas provide grist for deep thought to this day. Book IV discusses time as being a quality of motion, which, he said, has no independent existence of its own. He also implied that an observer is necessary for time to exist. Both these concepts are very much in line with modern quantum thinking. Few physicists today think that time has any independent reality beyond being a tool of animal perception.


Later in The Physics, Aristotle tackles the old “prime mover” enigma by arguing that the universe and its motions are eternal. You don’t need an initial instigator to start the ball rolling. Everything moves; it’s always moved; it’s its nature to move.


In other words, as we gaze at nature’s endless animation, we see a pageant that has no need for the cause-and-effect business: every moving entity exhibits the dynamic aliveness of the eternal One. It sounds very much like Hindu Advaita or Buddhist teachings.


Moreover, Aristotle said, matter’s energy never diminishes. In this, too, Aristotle is confirmed by modern science. We have accepted since the nineteenth century that the universe’s total energy never decreases.


With this mixed assortment of profound and nutty notions, Aristotle is nonetheless best remembered for yet another aspect of his epic treatise on why things move: the elements. He actually borrowed the idea from Empedocles, who was born around 490 BCE in Sicily. Embraced for the next two thousand years, this theory basically states that everything is made of earth, air, water, or fire (or mixtures of them), to which Aristotle added a divine fifth element, ether, found only in the heavens.


Aristotle said that each element liked to exist in a particular place and would always go there if it could. This, he said, was the central reason for motion.


A clay pot, for example, is made of earth. This element fundamentally belongs to a realm at the center of the universe (i.e., beneath the ground) and hence desires to return there. So at the slightest provocation a pot falls because its natural motion is downward. That would bring it closer to “home.”


The element water also wants to go down. Its domain is the sea, which, for the ancients, was the region surrounding the lowest realm—made of earth, clay, and rocks. This is why people, composed of lots of water, easily fall and bruise. Our bodies want to fall. But when bathing in the ocean we don’t fall or even necessarily sink because our body’s watery element is now “home” and at rest in its natural environment.


Fire, on the other hand, is of a mysterious realm high above us, and thus its natural motion is upward. This explains why fire and anything associated with it, such as smoke, readily rise. The element air is another lives-up-high substance, which explains why bubbles in water always head upward.


Hence was born the notion of “place”—everything has its preferred position and tries to go there. Aristotle said that natural place has a dunamis, or power to create motion.


It all made sense. It still makes sense, even though it’s wrong. Aristotle’s notions about why things move held sway for eighty generations, until well into the Renaissance. It was still the paradigm for a no less brilliant observer than Leonardo da Vinci, who made frequent allusion to the four elements.


Leonardo’s writings make contemporary motion beliefs crystal clear. In particular, he articulately pondered the nature of force:




“It is born in violence and dies in liberty.”


“It drives away in fury whatever opposes its destruction.”


“Force lives always in hostility to whoever controls it.”


“It willingly consumes itself.”


“Always it desires to grow weak and to spend itself.”





Judging by these quotations from a 1517 Leonardo manuscript, it’s obvious that he saw force, another initiator of motion, as an almost sentient presence. It had deliberate objectives. Like Mona Lisa, it schemed and dreamed.


It took another 170 years—until 1687, when Isaac Newton spelled out his three laws of motion in the Principia—for modern concepts of how and why things move to finally appear.


Of course to us, as observers and participants in nature’s nonstop action, the real enjoyment lies in simply watching the pageant. And here, I was to learn, even sluggishness brings jaw-dropping surprises.















CHAPTER 2: Slow as Molasses




How We Learned to Love Lethargy





I’m ready to go anywhere…


—BOB DYLAN, “MR. TAMBOURINE MAN” (1964)





The human brain has a bias. We are wired to notice abrupt motion.


If we stare blankly out a window, thinking about our taxes, we’ll be snapped to attention if the still life is punctured by sudden movement. A rabbit darting from a bush, say. The scene may already be pregnant with countless slow movers—caterpillars, subtle swayings of branches, clouds mutating—but we will be oblivious to all of it. A shame. While we may pay attention to the sudden fast things, Earth’s oozing, creeping entities influence our lives far more than the darting bunnies.


Our bias toward speed is at least as old as written language. Though the pace of life in olden times was far more leisurely than it is today, classical and ancient literature showed little interest in “slow.” True, everyone knew the sun set 180 degrees away from where it first appeared at dawn. And agricultural societies cared about wheat growing taller. But only the final result mattered. They didn’t know or care that corn grows an inch a day, an imperceptible motion twenty times slower than a clock’s hour hand.


We are all prisoners of our experience, and human motion was the standard for what we’d call slow or fast. The speediest person who ever lived is alive today: Jamaica’s Usain Bolt. He ran the hundred-meter dash in 9.58 seconds in 2009 for a speed of twenty-three miles an hour. This is the very fastest a human has traveled using no more than his own legs. As if to prove it was no mere ephemeral fluke, he virtually equaled that speed when he left all competitors behind during the 2012 Olympics in London.


Of course, nobody can maintain that pace for long. The fastest mile, at three minutes and 43.13 seconds, amounts to sixteen miles per hour. And the best a marathoner has achieved is to average 12.5 miles per hour. We consider animals slow or fast based on the ancient important issue of whether they can catch up to us from behind.1


But our exploration at the moment is of the far more prevalent realm of slothfulness. Speaking of which, those three-toed mammals didn’t earn their reputations for nothing. A sloth, even when motivated, only walks at 0.07 miles per hour. “Breeze it, buzz it, easy does it”—as Ice sang in West Side Story; the most excited sloth would need a long summer day to cover a single mile. Even giant sea turtles lope 25 percent faster.


Perceived speed is a tricky business. We regard something as fast only if it moves its own body length in a short time. For example, a sailfish swims ten of its lengths per second and is thus viewed as very swift. But a Boeing 747 airliner approaching for a landing only manages to traverse one of its lengths, 230 feet, in a second. It’s visually penalized by its own enormity. From a distance, a descending jumbo jet seems virtually motionless because it takes an entire second to fully shift its position. Yet it actually moves four times faster than the fish.


Now consider bacteria. Half the known varieties have the ability to propel themselves, usually by whipping their flagella—long helical appendages that look like a tail. Are they slow? In one sense, yes. The fastest bacteria can traverse the thickness of a human hair each second. Should we be impressed?


Zoom in, however, and this motion becomes remarkable. First, that bacterium has moved one hundred times its own body length each second. Some manage two hundred body lengths. Relative to their size, they swim twenty times faster than fish. It’s equivalent to a human sprinter breaking the sound barrier.


Moreover, the covered distance quickly adds up. Germs can transport themselves one or two feet per hour. That’s the speed of a minute hand on a wall clock. No wonder diseases spread.


In our homes, other eerie motion unfolds as well, all the time. Dust in the air, for example, much of which consists of tiny bits of dead skin. Watch a sunbeam cast its rays through a window and your home’s omnipresent suspended dust becomes obvious. After all, light rays are invisible in and of themselves. In our homes we see a beam only when it strikes countless slow-drifting particles. In very humid conditions, minuscule water droplets catch the light. But in dry air it’s always dust.


A quick glance makes it seem as if the suspended particles aren’t going anywhere. They move up or down with the slightest air current. But leave the room alone—at night, for example, when nobody is disturbing anything—and all this dead skin and other detritus settles at the rate of an inch an hour. That’s ten times slower than all those scurrying bacteria. Who suspected that our homes are so creepy?


In the visible realm, the standard archetypes for intimate slow mo are our fingernails. And hair.


Fingernails grow a quarter of an inch longer every two months. That’s half the rate of hair growth. If we neglected our barber appointments the way Newton and Einstein did, we’d find our hair six inches longer each year.


But nails vary in interesting ways. Our longer fingers grow their nails more speedily. Pinkie nails advance sluggishly. Toenails grow at only one-fourth the rate of fingernails. That is, they grow at that rate unless you like to walk barefoot, which stimulates growth. Fingernails respond to stimulation, too. That’s why typists and computer addicts enjoy the fastest-growing nails of anyone. Maybe this explains why so many of us writers like to bite them.


Nails grow faster in summer, faster in males, faster in nonsmokers, and faster in pregnancy. But nails do not grow at all after you’re dead. That macabre myth probably started because the skin on dead fingers pulls back, exposing more nail within two days after a person has passed away.


Probably the most dramatic example of slow motion on earth is the earth itself. In caverns, stalactites and stalagmites typically extend at the rate of one inch every five hundred years. By comparison, mountains are downright speedy; they push themselves higher—in the case of the Himalayas, anyway—by a couple of inches a year.2


[image: image]


Stalactites are mirrored in this reflective pool in Luray Caverns, located in Virginia’s Shenandoah Valley. It typically takes five hundred years for each of these downward-pointing structures to grow one inch.


A 2006 study showed that mountain ranges typically rise to their full height in only about two million years. Mount Everest has grown measurably taller since it was first scaled. Some activities just keep getting harder.


Actually, you yourself are moving even when you’re doing the couch-potato thing. All landmasses are shifting, carrying you and your TV toward the west if you live in the United States. You can lie in bed and sing, “California, here I come!” But at half an inch a year, you’d better bring your own trail mix.


This tectonic drift was first discovered by Abraham Ortelius, a well-regarded Flemish mapmaker, in the late sixteenth century. He wrote, “The Americas were torn away from Europe and Africa… by earthquakes and floods” and went on to note that “the vestiges of the rupture reveal themselves if someone brings forward a map of the world and considers carefully the coasts of the three [continents].”


Independently, Alexander von Humboldt, in the mid-nineteenth century, while mapping the eastern coast of South America, wrote that its emerging outline seemed like the adjoining jigsaw-puzzle piece for the western side of Africa. The only logical conclusion was that continents shift. But neither of these men was credited with this astonishing revelation. Nor did any other scientists take the idea and run with it. It wasn’t until Alfred Wegener’s 1912 theory of continental drift that people started taking it seriously, even if there remained more critics of it than believers for the next half century.


Here was a case where you had an effect—landmass motion—before you had any conceivable cause. Yet it always stared us in the face. What’s below Earth’s surface? Lava, obviously—what we now call magma. This is a liquid. Suddenly it seemed plausible that continents float on this thick, dense fluid. And if they float, they obviously could shift. The problem was coming up with a mechanism or force that could propel them sideways. Ever try pushing a stalled car? Imagine the torque required to budge an item like Asia. Continents are not pond scum.


That’s why the idea of drifting continents was not widely accepted among the top geologists. It was, in fact, ridiculed for decades. No proposed mechanism that seemed truly plausible came forth, at least none in which the math would work. It took until the 1950s and particularly the 1960s before the true reason for landmass motion finally came to light. The cause had been hidden beneath thousands of feet of murky brine.


It was the dramatic but unknown reality of the sea floor spreading apart. Mid-ocean volcanic activity creates widening fissures and forces a growing separation between the floating continents. The greatest fault line, the Mid-Atlantic Ridge, is the primary point of separation for the earth’s crust. New techniques of seismology and, finally, GPS tracking sealed the deal.


Nowadays we know of eight separate floating landmasses, each chugging along in various directions. The Hawaiian chain is the fastest moving, as it heads to the northwest at the rate of four inches annually. We can now also easily match geologic features on one continent’s edge with those on another’s, proving they were connected in the not-so-distant past. For example, eastern South America and western Africa not only share specific unique rock formations but also contain matching fossils and even living animals found nowhere else. Similarly, the Appalachians and Canada’s Laurentian Mountains are a perfect continuous match with rock structures in Ireland and Britain. All the evidence proves that the separate continents were once a single supercontinent—the famous Pangaea. It formed three hundred million years ago and started breaking apart one hundred million years later.


Before Pangaea there were long periods of multiple drifting continents separated by several oceans alternating with periods in which single, unbroken supercontinents were surrounded by water, which encircled the entire planet. The monolithic supercontinents that preceded Pangaea have names like Ur, Nena, Columbia, and Rodinia. We humans got to see none of it. Even the Rodinians, 1.1 billion years ago, never strutted around with proud Rs on their sweatshirts. They were microscopic creatures who lived exclusively in the sea.


So in continental drift we have something continuous and certain that vastly changes the appearance of Earth over tens of millions of years. Here is slow, epic, ceaseless movement—unseen and unfelt. And suspected by not a single pre-Renaissance genius.


In our human obsession with measuring and categorizing things, we find one very obvious end point when it comes to speed: The bottommost terminal. Nothing can travel slower than “stopped.” Yet it’s surprisingly hard to find anything that exhibits no motion on any level.


If we look closely, even a sleeping sloth stirs. It’s breathing, and its atoms jiggle furiously. But it’s especially cool to note that the colder something is, the slower its atoms move, so true motionlessness means reaching a state of infinite cold.


At the chilliest place on earth (the Antarctic, where a frosty negative 129 degrees Fahrenheit was registered in 1983) there’s still plenty of atomic motion. Atoms stop moving only at 459.67 degrees Fahrenheit below zero. That’s absolute zero. It was first recognized by the brilliant if cantankerous Lord Kelvin in the mid-nineteenth century; his posthumous reward was the increasingly utilized Kelvin temperature scale, which places its zero at that momentous point (rather than at water’s freezing point, as Anders Celsius did, or at the temperature of an icy brine slush, which is where Daniel Fahrenheit chose to position his scale’s starting position).


Until the mid-1960s, astronomers thought that if thermometers were positioned far from any stars, they would register absolute zero throughout the universe. Now we know that the heat of the big bang produces a five-degree warmth that fills nearly every cosmic crevice. It’s usually expressed as 2.73 degrees on the Kelvin scale. (And the universe keeps getting colder all the time, chilled by its expansion like a discharging aerosol can of whipped cream: it was twice as warm eight billion years ago.)


The universe’s coldest known place, its ultimate Minnesota, is right here on earth, in research laboratories where temperatures less than a billionth of a degree above absolute zero were first created in 1995. This technological deep freeze yields an Alice in Wonderland of bizarre conditions. When atomic motion stops, matter loses all resistance to electrical current, creating superconductivity. Strange magnetic properties also arise (the Meissner effect), making magnets levitate like magician’s assistants. Then there’s superfluidity, in which liquid helium defies gravity and flows up the sides of its container, escaping like some resourceful mouse by simply scampering up and out. Finally, a new state of matter materializes as any substance approaches absolute zero. Neither solid, liquid, gas, or plasma, it’s called the Bose-Einstein condensate. Shoot light into it and the photons of light themselves come to a virtual halt.3


But any exploration of nature’s slowest entities would be incomplete without an examination of the single substance most associated with lethargy. We’re talking about molasses. Slow as molasses.


Being scrupulously scientific, our quest was to find any actual measurement and qualification of molasses’s exact viscosity (gooeyness). Unearthing this information wasn’t easy. One paper from 2004, in the Journal of Food Engineering, had this soporific abstract:




The rheological properties of molasses with or without added ethanol were studied using a rotational viscometer at several temperatures (45–60°C), different amounts of added ethanol in molasses-ethanol mixture per 100 g of molasses (1–5%) and rotational speed ranging from 4.8 to 60 rpm. Flow behaviour index of less than one confirmed pseudoplasticity (n = 0.756–0.970)…





And on it went until the punch line was reached at last:




The suitability of the models relating the apparent viscosity were judged by using various statistical parameters such as the mean percentage error, the mean bias error, the root mean square error, the modeling efficiency and chi-square (χ2).





Okay, so how viscous or slow is molasses? And what is it, anyway?


Molasses actually has three forms, all of which result from sugar refining. Essentially you crush sugarcane and then boil the juice, extract and dry the sucrose, and the leftover liquid is molasses. The initial fluid remnants are called first molasses. If you then reboil it to extract more sugar you get second molasses, which has a very slightly bitter taste, and I hope you’re taking notes on all this. A third boiling of the syrup creates blackstrap molasses, a term coined around 1920. Since most of the sugar from the original sugarcane liquid has now been removed, the blackstrap molasses is a low-calorie product, thanks to its skimpy remaining glucose content. The happy news is that it contains the good stuff never removed in the processing, including several vitamins and major amounts of minerals such as iron and magnesium. But we don’t really care about all this. What matters is how slow it is.


Viscosity is a liquid’s or gas’s thickness. Its degree of internal friction. The less viscous a fluid is, the greater its ease of movement. A viscous fluid will not just “run” more slowly, it will also exhibit a dramatically smaller splash when poured.


Naturally, we often use water’s viscosity as a comparison. If water is rated at just below 1 on the scientific viscosity rating scale, then blood officially rates a 3.4. So blood really is thicker than water.


Sulfuric acid has a viscosity of 24. Did you know that that scary acid is so syrupy? Thinnish winter-use motor oil with an SAE 10 rating has a viscosity of 65. In contrast, the thick motor oil used in hot regions, SAE 40, has a very high viscosity of 319. This is stereotypical guy stuff.


Enough fooling around. Here are the truly slow-flowing fluids:






	VISCOSITY OF COMMON FLUIDS




	Olive oil

	81






	Honey

	2,000–10,000






	Molasses

	5,000–10,000






	Ketchup

	50,000–100,000






	Molten glass

	10,000–1 million






	Peanut butter

	250,000










So forget molasses. “Slow as peanut butter” would better designate a refusal to flow. However, most people might not regard a jar’s worth of Skippy as a liquid and would thus disqualify it from the motion contest. When bored kids can use a spoon to create firm peaks in a substance, it’s hard to deem it a fluid.


Molasses did have its fifteen minutes of fame. That’s when it dramatically defied its reputation for sluggishness. The most spectacular molasses event in world history happened in Boston on an unusually mild January day in 1919, just after noon. At forty-three degrees Fahrenheit, it was ten degrees warmer than normal for that time of year. That’s when an enormous, poorly welded six-story-high cylindrical tank suddenly ruptured on Commercial Street, near North End Park. Two and a half million gallons of molasses burst out. People fled, and it would have been a funny sight had it not been for the tragic loss of twenty-one lives as men, women, teens, and several horses were engulfed and drowned in the sticky tidal wave.


Above the disaster scene, a packed elevated train had just passed, its incredulous passengers witnessing the collapsing tank and the approaching black wall of ooze. The viscous fluid broke the steel supports of the elevated train structure. When the trestle snapped, the tracks collapsed nearly to the ground—but the train had already sufficiently advanced to remain safely aloft a few hundred yards farther along.


The expression slow as molasses was already firmly in the public lexicon in 1919, and even the estimated thirty-five-mile-per-hour speed of the four-story wave of fluid, which—only because it had been piled so high—caught up to everyone trying to flee from it, failed to erase molasses’s clichéd reputation as the epitome of lethargy. The idiom remains.


Of course, when we think of peril instigated by a sluggish liquid, molasses doesn’t usually spring to mind first. Lava does.


And when it comes to cataclysm, no event before or since has remained as rooted in the collective consciousness as the total destruction of Pompeii and Herculaneum.


Let’s place ourselves in the mind-set of ancient Rome during the year when Titus became emperor, 79 CE. This was a tumultuous time, because before assuming the throne, during the brief reign of his father, Titus had simultaneously led the successful war against the Jews and destroyed Jerusalem and had a scandalous affair with the Jewish queen Berenice. Talk about having it both ways. Then, just two months later, Vesuvius blackened the skies. Few at the time failed to link that cataclysm with the gods’ apparent opinion of the seemingly dubious character of the new emperor. And his troubles were just beginning.


Of course, we may wonder why even today anyone in his or her right mind would choose to live in, say, Naples, just five miles from an active volcano whose tendency is toward explosive, Plinian-type eruptions. Let alone purchase real estate on its very slopes—the location of the unfortunate Pompeii and Herculaneum.


The 79 CE eruption of Monte Vesuvio (or, in Latin, Mons Vesuvius) changed the course of the Sarno River and raised the ocean beach, plunging property values in several ways. Afterward, Pompeii was no longer either on the river or adjacent to the coast.


Science lets us look back to the mountain’s genesis. Modern core samples drilled 6,600 feet into its flanks and dated using potassium-argon techniques show that Vesuvius was born from the Codola Plinian eruption just twenty-five thousand years ago, even if the entire region had known general volcanic activity for about a half million years.


The mountain was then built up in a series of lava flows, with some smaller explosive eruptions interspersed between them. The game perilously changed about nineteen thousand years ago, when Vesuvius’s regular eruptions became more explosive, or Plinian, events.


Before Pompeii, the Avellino eruption, about 3,800 years ago, destroyed several Bronze Age settlements. Archaeologists studying this in 2001 uncovered thousands of preserved footprints of people who were all apparently trying to flee northward, toward the Apennine Mountains, abandoning a village that, like Pompeii, was to be entombed beneath countless tons of ash and pumice. Fast-flowing pyroclastic surges were deposited ten miles away, where modern Naples has, unfortunately, now been built.


Any resident of Pompeii and Herculaneum who could read the classics would have had ample reason for concern about that location. A Plinian eruption a mere three centuries earlier, in 217 BCE, had produced earthquakes throughout Italy, and Plutarch wrote of the sky being on fire near Naples.


But by 79 CE, the lower slopes of the mountain were covered with gardens and vineyards nourished by the rich volcanic soil, with its high levels of nitrogen, phosphorus, potassium, and iron. It was a thriving, popular place. On flat areas near the summit, guarded by steep cliffs, Spartacus’s rebel army had their encampment just a few years earlier, in 73 BCE.


Then came the ascension of Titus to the throne and, a mere eight weeks later, the cataclysm that killed at least ten thousand people. We don’t have to guess what happened. In a letter to the Roman historian Tacitus, Pliny the Younger gave a gripping firsthand account:




[A] black and dreadful cloud, broken with rapid, zigzag flashes, revealed behind it variously shaped masses of flame.… Soon afterwards, the cloud began to descend, and cover the sea. It had already surrounded and concealed the island of Capreae and the promontory of Misenum.… The ashes now began to fall upon us, though in no great quantity. I looked back; a dense, dark mist seemed to be following us, spreading itself over the country like a cloud. “Let us turn out of the high-road,” I said, “while we can still see, for fear that, should we fall in the road, we should be pressed to death in the dark, by the crowds that are following us.”







Pliny continued:







We had scarcely sat down when night came upon us, not such as we have when the sky is cloudy, or when there is no moon, but that of a room when it is shut up, and all the lights put out. You might hear the shrieks of women, the screams of children, and the shouts of men; some calling for their children, others for their parents, others for their husbands, and seeking to recognize each other by the voices that replied…4





One hundred and fifty miles (by road) to the north in Rome, the clouds from the eruption as well as frantic word of it arrived almost immediately. Titus responded quickly.


Although the Roman imperial administration hardly has the reputation today of having been a compassionate FEMA-type agency, many emperors actually did react generously to natural disasters. Facing a great calamity, Titus appointed two ex-consuls to organize an impressive relief effort and donated large sums of money from the imperial treasury to aid the volcano’s victims. Moreover, he visited the buried cities soon after the eruption and again in 80 CE. It should have been enough to assure his popularity, but he couldn’t keep up with the plagues.


Calamities kept arriving. The Vesuvius disaster was followed the very next year by a major fire in Rome. Then, in a pattern radiating outward from the fire-ravaged area, no doubt following the paths of the escaping rats, came a deadly outbreak of bubonic plague. Even omen interpreters who liked Titus could find no way to get him off the hook. It seemed the empire would continue to be stricken as long as he sat on the throne. He then made it easy on everyone. He contracted a sudden fever the next year and died at the age of forty-two. Following Titus’s brief, frenzied reign, the mountain remained tranquil for more than a full human life span.


The peace was, of course, temporary. In December of 1631, following more than three centuries of total inactivity, a Vesuvius eruption caused widespread damage, and the focus on the mountain was renewed, albeit through the lens of modern scientific inquiry. This inspired many scholarly papers, especially from the numerous academies of Naples, as Renaissance scientists tried to learn how Earth metamorphoses from cold and stable to fluid and fiery. It was only then that science began to pin down the facts of the destructive events of August 24 and 25, 79 CE; something approaching absolute knowledge was not achieved until the 1990s.


Today we know that the eruption was a two-act tragedy. First came the Plinian phase, in which hot matter explosively blew upward in a tall column only to spread out and fall like hailstones. This initial mushroom cloud of material resembled a modern-day nuclear explosion. It began at midday on August 24 and quickly rose to a height of 66,000 feet. During the next eighteen hours it produced a dark, ominous rain of ash and pumice—mostly south of Vesuvius, thanks to the direction of that day’s winds. All told, the falling pumice stones, each about a half inch wide, buried Pompeii to a depth of eight feet and yet posed little initial danger to human life.


The eruption’s first few hours unfolded in slow motion. Many people, huddling in homes that were being rapidly buried by the fallout, held out hope of survival while keeping their fingers crossed that their roofs might bear the weight even as structures around them began to cave in. Modern estimates show that roofs of that era would start to fail when sixteen inches of pumice settled on them, which would produce a load of fifty-one pounds per square foot. Even the rare, super-well-built timber roof would collapse under the full weight of the pumice layer, at which point it would be asked to bear the impossible load of 476 pounds per square foot. This far exceeds current building codes for concrete warehouses. Thus no structure in Pompeii could have survived the initial, Plinian phase of the eruption, and, we must expect, residents would have been forced to flee, thus making it likely that they did not even witness the next stage, in which another four feet of heavier gray pumice was added, like the frosting on a sadistic cake.


By the next morning, August 25, eighteen thousand Pompeii residents were running for their lives. We know this because only some two thousand bodies were found in the buried ruins of the collapsed roofs and floors. Now came the tragedy’s superlethal Peléan phase.


Unfortunately for the residents who hadn’t already been killed, this deadly second act featured pyroclastic flows and surges—avalanches of scorching gas and dust plummeting down the mountain at sixty miles per hour, hugging the ground.5


These gases—superheated to 750 degrees and intermingled with nearly red-hot dust particles—produced most of the fatalities. The gas-and-dust mixture seared lungs. A single breath was lethal. There was no possible defense. The intense heat, exceeding that of an oven, turned much of the area’s organic material into carbon. Many of the victims were found with the tops of their heads missing because their brains boiled and exploded in their skulls.


Thus slow-moving lava—which later killed more than one hundred people in 1906, when a Vesuvius eruption produced the most lava ever recorded, and which continues to destroy property on Hawaii, thanks to Kilauea—was not the main culprit in the 79 CE Pompeii event.


But “slow-moving” doesn’t automatically mean “benign,” as bacteria show. Indeed, motions too leisurely to perceive are today causing ongoing worry for millions. And one such motion unfolds in a place few have ever visited—a location that might not even exist tomorrow.
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