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         Anything scares me, anything scares anyone but really after all considering how dangerous everything is nothing is really very frightening.


         —GERTRUDE STEIN




      

      
INTRODUCTION



      The Closest Call


      On the evening of October 27, 1962, as his debilitated submarine lay pinned deep below the Sargasso Sea by American destroyers,

         their thunderous depth charges shredding his nerves blast by earsplitting blast, Captain Valentin Savitsky of the Soviet Northern

         Fleet finally lost his cool. And when Valentin Savitsky lost his cool, the world itself nearly went to hell.

      


      From the very moment Savitsky and his comrades first set sail, their mission had appeared to be doomed. The crew’s ordeal

         began three weeks earlier, when their vessel, B-59, departed from its frigid home port of Sayda Bay alongside three other Foxtrot-class submarines for what everyone aboard assumed would be a series of dull training exercises off the Siberian coast. The

         Soviet commanders, however, had been strangely vague about their orders; they gave each captain a set of secret instructions

         that were to be opened only at sea, and simply told them to turn left after they exited the bay. In truth, if these commanders

         had issued their cloak-and-dagger orders in person, the submarine crews might have gasped in disbelief: the four outdated

         diesel-electric subs, which had been designed only for operations in cold northern waters, were to race five thousand miles southwest—avoiding detection all the while—and establish a spearhead for

         a future naval base near Havana, Cuba. With Soviet ballistic missile launch sites already sprouting up all over the Cuban

         mainland, B-59 was about to become a prop in a terrifying game of nuclear chicken between two stubborn superpowers: the Cuban Missile Crisis.

      


      No one expected it to be a pleasure cruise, but even still, the Foxtrot quartet’s voyage southwest was exceptionally brutal. In order to hit their maximum speed and reach Cuba quickly, the Soviet

         boats (as submariners refer to their vessels) needed to sail on the water’s surface—right through Hurricane Daisy, which rocked

         the Atlantic Ocean with violent fifty-foot waves that would suddenly topple the vessels onto their sides. The tempest played

         havoc with the subs’ engineering systems, slamming air intake valves shut with enough force to create boat-wide vacuums that

         sucked the fillings out of the sailors’ teeth. Meanwhile, NATO tracking planes hunted them at every turn. When at last the

         four Soviet vessels reached the calmer tropical seas undetected, the crews thought the worst had passed. And that’s when their

         submarines began to fall apart.

      


      For the Foxtrot boats, the equatorial water may as well have been poison. Even five hundred feet below the surface, water temperatures hovered

         above 80 degrees Fahrenheit, and the tropical oceans contained more salt than the cold-water subs could handle; working together,

         the salinity and the heat gradually crippled the Soviet boats. Excess salt blocked coolant and air circulation systems, shredded

         rubber sealings, and incapacitated engines. The temperature in some sections of the subs soared above 120 degrees, giving

         the crewmen horrendous rashes and sapping their strength. “My head is bursting from the stuffy air,” wrote one sailor in his

         diary. “Today three sailors fainted from overheating again…. Those who are free from their shifts are sitting immobile, staring at one spot.”

      


      Despite the punishing conditions, the four Soviet submarines came tantalizingly close to reaching Cuba, when a puzzling radio

         transmission from Moscow directed them to turn around and go patrol the Sargasso Sea, due east of Florida. To the crews, this plan seemed pointless and suicidal; all of the radio

         reports they received from home were about mundane things like crop yields from the fall harvest, and thus they had no idea

         that an international crisis was afoot. Ironically, they found out about the nuclear standoff only after they intercepted

         transmissions of the “Voice of America,” the United States government radio service—broadcasts that specifically outlined

         President John F. Kennedy’s determination to prevent Soviet submarines from operating in American coastal waters. As the Foxtrot captains soon learned, Kennedy had commanded the U.S. Navy to spare no effort in tracking down their four rickety boats.

      


      On board B-59, things swiftly went from bad to worse. As the sub glided through the deeps of the Sargasso, its surface radar showed a dozen

         American blips chasing them: destroyers, aircraft carriers, Neptune patrol planes, helicopters, all dropping blinking sonobuoys

         into the sea to ferret out their position. Whenever B-59 surfaced for a moment to ventilate the boat and recharge its drained batteries, an American sighting inevitably forced them

         back down. The oppressive heat only intensified, and the crew wheezed and panted from the noxious, carbon-dioxide-rich air.

         The Soviet sailors, one man reported, “were falling like dominoes.” On October 27, after days of cat-and-mouse, a U.S. plane

         finally spotted B-59 breaching beneath an overcast sky. The American fleet immediately surrounded the beleaguered submarine as it dove below in

         a vain attempt to escape. Now, Savitsky and his crew found themselves not just trapped; to their shock, the Americans seemed to be attacking them. Days before, the Pentagon had sent a message to the Soviets, warning them that American ships would use harmless practice

         depth charges to signal the Soviet submarines to come to the surface. But with Soviet interpersonal communication skills being,

         shall we say, in need of polishing, the Soviet brass never relayed the message to the sub commanders. Instead, Savitsky and

         his crew believed they were taking part in the beginning of World War III.

      


      So far, this tale probably sounds like any other tense encounter that occurred during the thirteen days of the Cuban Missile

         Crisis, and for decades, historians assumed that these American destroyers were merely harassing a few overmatched, wretched

         little submarines. Because the Soviets had sent such antiquated vessels, the Americans assumed they packed an antiquated punch—standard

         torpedoes, at best. But what the Americans didn’t know about these four submarines could have destroyed the world: each Foxtrot sub carried one torpedo tipped with a fifteen-kiloton nuclear warhead, boasting the same explosive power that leveled Hiroshima.

         If fired, one of these torpedoes could annihilate everything within a ten-mile radius. What’s more, the Soviet commanders

         had given the submarine captains vague, even ominous instructions for using the warheads. In a briefing before their departure,

         one official told the captains to fire the nuclear torpedoes only if the Americans blew a hole in their hull or if they received

         direct orders from Moscow, but added, “I suggest to you, commanders, that you use the nuclear weapons first, and then you

         will figure out what to do after that.” Another admiral went one step further. “If they slap you on the left cheek,” he said,

         “do not let them slap you on the right one.” By harassing B-59, the Americans thought they were needling a relative weakling. In reality, they were poking a dragon with a twig.

      


      With this nuclear tidbit in mind, let’s review the psychological situation Savitsky faced under the dim lights of his cramped, muggy command post. Fear? Check: Savitsky and his men had received

         no information from Moscow, and for all they knew, they were about to plummet to the ocean floor in the opening salvo of the

         next world war. Stress? Check: the men were exhausted and unwell after three horrendously punishing weeks, and the exploding

         U.S. depth charges sounded, in one crewman’s words, “like you were sitting in a metal barrel, which somebody is constantly

         blasting with a sledgehammer.” Pressure? Check: for Savitsky, to fail his motherland against its sworn enemy would be a fate

         worse than death. And thus, Captain Valentin Savitsky, stalwart commander of the Soviet sub B-59, finally lost his cool, cracking under the fear, stress, and pressure of a situation no man should ever have to confront.

         Savitsky summoned his staff to the command post and, banging the table with his fists, roared in fear and anger about the

         Americans torturing them from above. “Maybe the war has already started up there, while we are doing somersaults down here!”

         he cried. “We’re going to blast them now! We will die, but we will sink them all—we will not disgrace our navy!”

      


      But then something incredible happened. Into the midst of this terrifying scene, with Savitsky yelling emotionally and the

         crewmen convinced they were about to perish in a nuclear blast, walked a man named Vasily Arkhipov. A soft-spoken, slightly

         older officer, Arkhipov was the chief of staff of the submarine flotilla, traveling on B-59 as a guest. For his gregarious nature and his ability to keep calm under pressure, Arkhipov had won the admiration and respect

         of all who served with him. Ignoring the panic in the command post and the depth charges bursting around the ship, Arkhipov

         took Savitsky aside and sat with him for a few moments, speaking to him in soothing, simple words. His cool manner calmed

         Savitsky down, and they soon agreed that it would be best to come up and talk to the Americans before doing anything rash—even though being forced to the surface by the enemy is the highest humiliation a submarine commander

         can suffer. Gritting his teeth, Savitsky gave the order to ascend and greet their tormentors.

      


      The Americans didn’t make it easy on him. Savitsky’s submarine emerged with an enormous gush among four destroyers, spotlights

         from navy helicopters beaming down upon them. B-59’s haggard crew climbed up and gasped in the cool night air. After taunting them with explosives for four hours, the commander

         of the USS Lowry now archly asked Savitsky if he needed assistance. Completely oblivious to their near vaporization moments before, the Americans

         sent a jazz band onto the deck to play “Yankee Doodle,” as U.S. sailors danced and tossed packs of cigarettes and cans of

         Coke down to the sub, most of which landed in the water. (Savitsky, admonishing his crew to “behave with dignity,” banished

         one man back inside for tapping his foot to the music.) Within a couple of days, B-59 dove and eluded the Americans once again, and the four subs returned home not to a hero’s welcome but in disgrace. Gaunt

         and half dead from their ordeal, the Foxtrot commanders faced interrogation after interrogation by party officials, who gravely informed them that they had shamed the

         Soviet Union by not demonstrating her nuclear power. Said B-4’s Captain Ryurik Ketov of this “hell,” “We would rather go through another Cuban campaign than to go through again what we

         went through when we got back.” Their “failed” mission disappeared from official Soviet records, and Savitsky and the other

         officers were shuffled off into permanent obscurity. Vasily Arkhipov died in 1999, three years before the public first learned

         that the Foxtrots carried nuclear weapons. The only person he had told about his heroism was his wife.

      


      The world had many opportunities to blow itself up during the Cuban Missile Crisis, but never before had one man, in the most frightening and stressful conditions imaginable, made such an incredible impact by keeping cool under fire. Without Arkhipov’s

         intervention, twentieth-century history might have unfolded far differently. Captain Savitsky didn’t give the final order

         to arm the torpedo, and his finger was never quite perched over the glowing red button of nuclear annihilation, but what would

         have happened if the situation on B-59 had continued to spiral out of control? Svetlana Savranskaya, a Russian-born scholar of the crisis who has interviewed all

         of the living Foxtrot officers, sketches a grim portrait of the likely sequence of events. “Just imagine, the Americans didn’t know these subs

         carried nuclear weapons, so the shock factor would have been immense,” she told me. “If a nuclear torpedo had been used from

         a submarine, it would have provoked such a panic that the Americans would have immediately launched a ground invasion of Cuba.

         And then, of course, the tactical nuclear weapons stationed there would have been used against the invading force, and in

         the next turn of the spiral the Americans would have felt they had to use nuclear weapons themselves.” Or, in the words of

         Thomas Blanton, director of the National Security Archive at George Washington University, “The lesson from this is that a

         guy named Vasily Arkhipov saved the world.”

      


      But let’s be a bit more precise. What saved the world was Arkhipov’s extraordinary ability to maintain his poise in a colossally

         frightening and tense situation—one that made even the iron-willed Valentin Savitsky buckle under the strain. So how did he

         do it? How does anyone do it? What is it that enables a person like Vasily Arkhipov to keep his head and do the right thing despite the storm raging

         within?

      


      This is a book about how people deal with fear, anxiety, stress, and pressure in all of their forms. Obviously, few of us

         will ever encounter all of these forces at once in the psychological supernova that Savitsky and Arkhipov endured on B-59, yet we don’t exactly require the prospect of global thermonuclear catastrophe to get us to twist ourselves into impressive

         emotional knots. Nerves make us falter through job interviews, choke on tests in school, and lose it in traffic jams. An upcoming

         presentation for a dozen people at the office can rob us of sleep and peace of mind for weeks, as we fret in circles over

         everything that could go wrong. Even something as innocuous as a blind date can send us into fits of worry.* In all walks of life, fear and stress loom on the horizon: they freeze cops in tight situations, paralyze concert performers

         on stage, and make skydivers’ brains lock up so much that they can forget to pull their parachutes. No one is immune. The

         celebrated British actor Stephen Fry once experienced such sudden and intense stage fright that he fled not only the stage

         but the country in the middle of a theatrical production; Mike Vanderjagt, the most accurate placekicker in National Football League history,

         missed a single clutch field goal try and never recovered his accuracy. In frightful and nerve-racking times, it sometimes

         seems that our minds transform into anxiety-fueled arch-villains, determined to foil our deepest hopes.

      


      When you think about it, it’s one of the great ironies of our time: we now inhabit a modernized, industrialized, high-tech

         world that presents us with fewer and fewer legitimate threats to our survival, yet we appear to find more and more things

         to be anxious about with each passing year. Unlike our pelt-wearing prehistoric ancestors, our survival is almost never jeopardized

         in daily life. When was the last time you felt in danger of being attacked by a lion, for example, or of starving to death?

         Between our sustenance-packed superstores, our state-of-the-art hospitals, our quadruple-crash-tested cars, our historically low crime rates, and our squadrons

         of consumer-protection watchdogs, Americans are safer and more secure today than at any other point in human history.

      


      But just try telling that to our brains, because they seem to believe that precisely the opposite is true. At the turn of

         the millennium, as the nation stood atop an unprecedented summit of peace and prosperity, anxiety surged past depression as

         the most prominent mental health issue in the United States. America now ranks as the most anxious nation on the planet, with

         more than 18 percent of adults suffering from a full-blown anxiety disorder in any given year, according to the National Institute

         of Mental Health. (On the other hand, in Mexico—a place where one assumes there’s plenty to fret about—only 6.6 percent of

         adults have ever met the criteria for significant anxiety issues.) Stress-related ailments cost the United States an estimated $300 billion

         per year in medical bills and lost productivity, and our usage of sedative drugs has shot off the charts: between 1997 and

         2004, Americans more than doubled their yearly spending on antianxiety medications like Xanax and Valium, from $900 million

         to $2.1 billion. And as the psychologist and anxiety specialist Robert Leahy has pointed out, the seeds of modern worry get

         planted early. “The average high school kid today has the same level of anxiety as the average psychiatric patient in the

         early 1950s,” he writes. Security and modernity haven’t brought us calm; they’ve somehow put us out of touch with how to handle

         our fears.

      


      It wasn’t supposed to be like this. After all, fear is truly our most essential emotion, a finely tuned protective gift from

         Mother Nature. Think of fear as the body’s onboard security system: when it detects a threat—say, a snarling, hungry tiger—it

         instantly sends the body into a state of high alert, and before we even comprehend what’s going on, we’ve already leapt to

         the safety of a fortified Range Rover. In this context, fear is our best friend; it makes all of the major decisions for us, keeps the personage

         as free of tiger claws as possible, and then dissipates once the threat has subsided. The problem, though, is that the fear

         system wasn’t designed for modern life. When our world’s comparatively tame hazards and worries present themselves—Does my boss hate me? Will my flight be delayed? Did the waiter hear me say “No chipotle mayo”?—our bodies still react as though we’re staring down that ravenous tiger; we’re working with the same neural technology as

         our hunter-gatherer ancestors. This technology wasn’t engineered to help us do calculus, perform a flawless piano sonata,

         or throw a pinpoint fastball under pressure, yet that’s what we often ask of ourselves.

      


      Cool-headed people who navigate gracefully through unimaginably fearsome situations often become our greatest heroes, but

         we generally have little idea why they display such poise. We flock to movie theaters to watch tales of soldiers who keep their wits about them despite bullets

         whizzing by, of unflappable trauma doctors whose hands are statue-steady during lifesaving surgery, and of international spies

         who yawn as they foil evil plots for global domination. We marvel at the mental toughness of Kobe Bryant as he sinks yet another

         three-pointer with the game on the line—but seriously, what on earth is “mental toughness”? A state of mind? A God-given personality trait? A skill anyone can learn? A benefit of purchasing Nike

         footwear? We seldom get solid answers, just a slew of clichés. One thing we know for sure is that these exceptional people

         aren’t immune to fear. For example, when the astronaut Neil Armstrong was maneuvering his fuel-starved lunar module through treacherous

         fields of boulders to find a safe landing spot on the surface of the moon, the Eagle’s instruments showed that his heart was thumping out of his chest, yet his voice was so calm that it was as though he were

         piloting a commuter flight to Omaha. This kind of composure seems almost inhuman; no wonder we speak of those like Armstrong as having “ice water

         in their veins.” We’re reverent because their poise and their tolerance for terror absolutely mystify us.

      


      When it comes to dealing with our own fears, though… well, let’s just say that many of us have a true gift for digging ourselves

         even deeper into the hole. Our widespread troubles with anxiety and stress have escalated in large part because we tend to

         address them in ways that actually make things worse. We struggle to control our emotions, and we avoid the situations that

         make us anxious—two strategies that are destined to fail. We try to dull our nerves with alcohol or other substances. We give

         each other useless nuggets of advice, like “Just try to relax.” (“Ah, of course! Why didn’t I think of that?”) We worry in

         endless loops about the things that scare us, without realizing that this fretting never yields anything productive. We pay

         lip service to the idea of facing up to our fears, but in practice we steer clear of doing any such thing. In short, we’ve

         taken our most indispensable and useful emotion and turned it into our foe.

      


      Before we go any further, I want to be perfectly clear about one thing. During the research process for this book, as I’d

         be interviewing an expert or telling a friend about my latest findings, people frequently asked me the following question,

         sometimes delicately and sometimes with obvious skepticism: “What, exactly, makes you qualified to write a book telling people

         how they should deal with their fears?” To this, I generally replied, “I… wait, what? You’re breaking up,” and then quickly

         hung up the phone. (This tactic didn’t work quite as well in person.) Because, to be honest, I am hardly the cool-headed master

         of fear. I’m not a psychologist, and I’m not a guru with a seven-step plan to help you End Worry Today! or Unleash Your Fearless

         Warrior Spirit. I have never scaled a sheer cliff face without safety ropes, single-handedly destroyed an enemy tank, or thrown a last-second touchdown pass. I am, in fact, a fairly neurotic guy with more than my fair

         share of irrational, deep-seated worries and anxieties—hell, I’m even nervous as I write these words. So, to answer the question,

         I am not at all qualified to tell anyone how to expertly manage their fears.

      


      Thanks for picking this up! It’s been fun! Enjoy browsing the rest of the bookstore!


      Actually, there’s a good reason why a curious journalist like myself—one with plenty of anxious firsthand experience and a

         strong desire to uncover concrete truths in an often hazy subject—might be a good guide through the trembling landscape of

         fear. A few years ago, for an assortment of reasons I won’t bore you with, I went through a long stretch of persistent anxiety.

         My best efforts to help myself proved maddeningly useless; the harder I tried to figure my fears out or drive them away, the

         deeper they seemed to entrench themselves. I just didn’t understand my own mind. When I turned to the bookshelves for guidance,

         I never quite found what I was looking for. I paged through vague self-help books that offered advice without scientific backup

         or sold a psychological bill of goods. Other books actually seemed designed to torture the anxious; I remember seeing one

         aged volume with the ominous title YOU MUST RELAX and thinking to myself, or else… die? I found dry, clinical books written by psychologists who seemed never to have experienced real anxiety; technical neuroscience

         tomes that felt divorced from the real world; and inspirational books stuffed with syrupy clichés. To be sure, there are a

         handful of wonderful, life-changing guides to fear and stress out there, but I was looking for something else—something broader.

         Watching a pro baseball player at the plate or a politician speaking before a huge crowd, I’d wonder, How is this person not melting under the pressure right now? Hearing of a soldier’s heroic deeds in battle or a pilot’s miraculous performance aboard a failing plane, I’d ask, What makes a person capable of keeping cool and doing their duty in a terrifying situation like that? I wanted a fuller picture of fear.

      


      Fortunately—and not a moment too soon—a flood of cutting-edge research from psychologists, neuroscientists, and scholars from

         all disciplines is now coming together to show us what fear and stress really are, how they work in our brains, and why so

         much of what we thought we knew about dealing with them was dead wrong. Picking a painstaking trail through the labyrinth

         of the brain, a neuroscientist from the bayou traces our mind’s fear center to two tiny clusters of neurons, uncovering the

         subconscious roots of fear. Using a simple thought experiment, a Harvard psychologist discerns why our efforts to control

         our minds backfire, and why a directive like “just relax” can actually make us more anxious. Employing one minor verbal suggestion,

         a group of Stanford researchers find they can make young test-takers’ scores plummet in a spiral of worry—or hoist them right

         back up. Across the nation, intrepid scientists are discovering why athletes choke under pressure, how the human mind transforms

         in an emergency, why unflappable experts make good decisions under stress, and how fear can warp our ability to think.

      


      Eighty years ago, President Franklin Roosevelt told a nervous nation, “The only thing we have to fear is fear itself,” but

         it turns out that this isn’t quite right. Our problem is almost never “fear itself” but the way we relate to that fear—by

         avoiding, withdrawing, seeking control, worrying, or falling victim to the mistaken belief that things will be okay only after

         we’ve annihilated all anxiety. Fear can be a very good thing: it helps us survive, gives meaning to our achievements, facilitates

         our performance, and makes us feel alive. Yes, fear can be uncomfortable and bewildering, and it can even thwart our most

         dearly held goals—but it doesn’t have to be so. As I’ve confessed, I’m still learning to live in harmony with my own anxieties, and it’s a relationship that will

         take many years to develop. You’ll never hear me say that shaking hands with fear is an easy and painless process. Yet if

         I’ve ascertained anything from researching and writing this book, it is this: Fear is not our enemy. We don’t need to get

         rid of fear or push it away. We need to learn how to be afraid.

      


      This is why I’ve chosen to title this book Nerve, a word with two meanings that seem, on the surface, to directly conflict with each other. Having “a case of nerves” is a

         common synonym for fear itself, yet “showing nerve” signifies moral courage. In Nerve, I hope to show that these definitions are really two sides of the same coin. Fear is an essential part of courage and poise,

         and the more we learn to work with it—showing nerve with our nerves, as it were—the further our horizons expand. No one can

         become as cool-headed as Vasily Arkhipov on B-59 overnight, yet each and every one of us can make significant, even transformative improvements in how we relate to our anxiety

         and stress. We might not end up saving the world, but we may very well end up saving ourselves.

      


   

      

      
PART ONE



      The Nervous Trinity


      

            Fear


            Anxiety


            Stress


         

   

      

      

      
CHAPTER ONE



      

      Your Second Brain: Exploring the New Science of Fear


      

      The first thing Scott Raderstorf remembers about the most terrifying day of his life was the faint tremor of his bed beneath

         him, a vibration so slight that he assumed it was a rat gnawing at his bedpost. In the groggy early-morning light, this seemed

         the most logical explanation; Raderstorf and his still dozing family were lodging for the week in an open-air thatched bungalow

         on a crescent of unspoiled Thai beach, and occasional rodent incursions were to be expected. When he glanced at the bedside

         table, though, Raderstorf noticed a flutter in his glass of water as well—so unless this was a particularly brawny rat, the

         trembling was coming from elsewhere. Maybe someone was out dynamite fishing, he reflected. Raderstorf blearily considered

         arising for a dawn-cracking kayak trip but thought better of it and drifted back to sleep. After all, he was on vacation.

      


      

      More specifically, the Raderstorfs were on vacation from their vacation. At age forty-two, Scott Raderstorf was living out

         a dream that he and his wife, Joellen, had schemed over for years: they were taking their three young sons on a round-the-world

         adventure. Having recently sold off a software company, the couple seized on their newfound freedom and charted a journey

         that would carry them away from their Boulder, Colorado, home for six months—Dubai, Melbourne, Istanbul, Beijing, Johannesburg,

         and more. They set off in November 2004 with a single backpack each, blitzing first through Japan, then China, all of it more

         or less improvised. “The only thing we had were the plane tickets,” explained Raderstorf. “Other than that, we just showed

         up and figured it out.” The one pre-planned reservation that the Raderstorfs allowed themselves was for a Christmas sojourn

         at the Golden Buddha Beach Resort on pristine Koh Phra Thong island, three hundred miles southwest of Bangkok. Arriving at

         the retreat via longboat amid an idyllic Christmas Eve sunset, the family felt they had reached heaven itself.

      


      

      By the time the Raderstorf clan ventured out for breakfast on their third day at the Golden Buddha, Scott had forgotten all

         about the morning’s mysterious rumblings. It was another flawless day in paradise, and after making himself a press pot of

         coffee, Scott took his laptop to the Internet shack while the two youngest, Quin and Max, headed for the beach to make castles

         in the fluffy beige sand. On a call to the friends who had told them about the resort, the trouble began. “I called to say

         ‘Merry Christmas and thanks for the recommendation,’ ” Raderstorf told me. “I’d literally just gotten that much out when I

         heard this huge boom down on the beach, like a jet plane had crash-landed. So I ran out, and my wife ran up from the breakfast

         area, and this big, broad beach was totally wet.” The sea had been as placid as bathwater before, yet a massive wave had suddenly

         flooded forty feet up the beach and swiftly drained away. The quaking of a few hours before flashed forebodingly through Scott’s

         mind. In the water, Scott saw people frantically swimming toward the shore as a powerful current swept them out to sea. And

         where Quin and Max’s sandcastle had been a moment before there was now only a waterlogged mess.

      


      

      This was Scott Raderstorf’s warm-up fright of the day. With their oldest, Ben, in tow, Scott and Joellen tore down the beach,

         yelling their sons’ names. The boys weren’t there. The family’s bungalow was empty. Their parental alarm amplifying, Scott

         and Joellen were scanning the sea with darting eyes when the boys appeared in the entrance of the cottage two doors down,

         guilty looks on their faces. By an incredible coincidence, the Raderstorfs had run into two old friends at the Golden Buddha,

         Roger Hodgson and Carrie Sengelman, and their kids’ irresistible Game Boy—which Quin and Max had been sternly forbidden to

         play—likely saved the Raderstorf children’s lives.

      


      

      It was while the two families were exchanging relieved hugs that Carrie noticed something peculiar: the ocean was disappearing. The waterline slid farther away by the second, first a hundred yards distant, then two hundred, leaving schools of fish

         flopping on a vast, smooth expanse of sand. The sight mesmerized Scott and Carrie—but not Joellen, who immediately started

         shepherding the kids away from the beach. With the water now a quarter mile away, Roger hurried into his family’s bungalow

         to secure his laptop, but Scott wandered forward to watch the entrancing spectacle. Like several others on the beach, he saw

         little to be concerned about. “It didn’t look menacing,” he recalled. “It was just novel. I knew the water would come back, but I thought at worst the resort might get

         a little swamped.”

      


      

      When the wave of returning water first loomed on the horizon, it appeared small and almost tranquil, a burbling, seemingly

         harmless white tide. As the seconds ticked by, however, the water grew strangely loud, sending out a rumble that struck Raderstorf

         as far too deep for such a tiny wave—and anyway, shouldn’t it have arrived by now? The truth didn’t click in his mind until

         he saw the wave pass a large rock at sea, and the water that had once appeared so sedate enveloped it violently and completely.

         In an instant, his mind recomputed the scale of what he was looking at: it wasn’t a sluggish little wash of water; it was a thirty-foot-tall

         mountain of surf moving with crushing speed. The vibration he had felt that morning wasn’t a rat; it was the radiating tremor

         of the second-largest earthquake ever recorded, issuing from deep beneath the Indian Ocean. And the wave it triggered wasn’t

         a wave at all. It was a tsunami—and he was standing directly in its path.

      


      

      Right then, Raderstorf’s brain grasped that he was probably about to die. A biochemical switch flipped. Within milliseconds,

         his body flooded with the strongest feeling of fear he had ever experienced, a physiological torrent that transformed him

         at once into a primal creature with a single overpowering urge: survive.

      


      

      And… let’s freeze the story right here.


      

      We’ll return to Raderstorf’s bout with the Boxing Day tsunami in a moment, but first, let’s ask a question: What in the world

         just happened to him? How, literally in the blink of an eye, did he swing from a state of mesmerized awe to one of abject

         terror, with adrenaline coursing through his every limb? What, in other words, is this fear he felt, and how does it work? We generally don’t think in such an analytical way about our emotions, as nebulous

         and unpredictable as they often seem to us, but in Scott Raderstorf’s case it’s no idle question. Without a swift and powerful

         fear response, flipped at just the right moment and precision-engineered to produce the exact sequence of physiological events

         that soon followed, he would have died that day. Raderstorf’s case may be extreme, but his story also offers us the clearest

         possible illustration of why our fear is a very good thing.

      


      

      In this chapter, we will explore the split second when fear bursts into being within our bodies and brains, a surprisingly

         rich and complex sliver of time that neuroscientists have only recently demystified. Thirty years ago, the scientific establishment

         believed emotions to be too troublesome to study with any rigor, yet thanks to technological advances and a few innovative minds, we now understand how fear works, where it lives in the brain, and why

         it behaves in such puzzling ways. What, for example, would make an arachnophobic terrified of a toy tarantula, even though

         it posed no threat to his safety? Why doesn’t reason make fear immediately dissipate? How is it that we can react to danger

         before we’ve actually figured out what’s going on? It all happens because our fear mechanism has a mind of its own—in fact,

         it is a mind of its own. Before we can comprehend the secret ingredients of clutch, cool, and grace under fire, we first need to

         understand fear itself.

      


      

      

      The Three Fs

      


      

      Our systematic knowledge about the circuitry of fear might be brand-new, but long before neuroscience ever beamed a spotlight

         on the emotion’s inner workings, we’d already pieced together a tidy explanation for its purpose in human life. Of course,

         philosophers have pondered the nature of fright and terror since the days of Plato; Spartan warriors even built temples in

         honor of fear. Our first truly useful insights about the function of fear, however, trace back to the dawn of evolutionary

         thought.

      


      

      Working from the assumption that all of our emotions must have arisen to fulfill some survival-ensuring purpose, Charles Darwin

         (among others) loved to muse about why certain situations make us feel the way we do. In his 1872 book The Expression of the Emotions in Man and Animals, Darwin wrote of one particularly revealing experiment he attempted at the Zoological Gardens in London. Pressing his face

         up close to the thick glass wall of a puff adder cage, Darwin set his concentration toward one goal: if the venomous (and

         highly annoyed) snake tried to strike, he would not allow himself to flinch. Time after time, no matter how strong his determination, he got the same result. “As

         soon as the blow was struck,” he wrote, “my resolution went for nothing, and I jumped a yard or two backwards with astonishing

         rapidity.” Darwin marveled at the sheer strength of his fear response, against which his “will and reason were powerless.”

         Clearly, he was dealing with a potent, deeply ingrained emotional reaction—maybe the most important one of them all.

      


      

      To better demonstrate the precise evolutionary function of fear, let’s travel back in time, oh, a million years or so to pay

         a visit to one of our Stone Age ancestors. We’ll call him Thag. Feeling pent up in his damp and poorly furnished cave one

         day, Thag decides to take a restorative stroll through a nearby glade. Mere minutes into his walk, though, an unforeseen danger

         streaks through the underbrush: a mastodon charging straight for him, angry puffs of steam billowing from its trunk. In this

         dire predicament, with not even a spear at his disposal, Thag can do two things—think or act. Suppose Thag chooses Option

         A and tries to reason his way out of the situation. His thinking might look something like this: Ah yes, the mighty mastodon. Majestic creature. He appears agitated with me. Now, then: how to survive? How… to… sur— And right about here, Thag would be crushed underfoot. Put simply, thinking in this situation is maladaptive; it wastes precious

         time, stands in the way of useful action, and puts the Thag bloodline in jeopardy. To maximize his chances of staying alive,

         Thag needs to have some kind of self-activating defense system in place that can instantly supercharge his body and launch

         it into a protective action like sprinting away—preferably before he even has an opportunity to ponder other options. He needs fear.

      


      

      Fear is nature’s little way of telling us the following: Sorry, but you’re not to be trusted with your own survival. It’s

         a blunt physiological tool designed to automatically supersede every other bodily function and ensure our continued existence right now. “Fear evolved as a protective mechanism focused on antipredator behavior, and it’s one of the most powerful forms of selection

         pressure,” explained Michael Fanselow, a psychology professor at the University of California, Los Angeles, who is one of

         the nation’s foremost experts on the science of fear. “So here’s the example I typically give to illustrate that. We’ve all

         missed a mating opportunity, but we’ll have another one. If we miss a feeding opportunity, with someone like me that’s probably

         a good thing—it’s not going to hurt us. But if we miss an opportunity to defend ourselves, that’s it. And we don’t reproduce

         anymore.” Because of this premium on snap-quick, decisive action, evolution programmed our fear system to react first and

         ask questions later. “You want to be conservative here, right?” Fanselow continued. “If something has the potential to do

         you harm, you want to rapidly and completely react to it.”

      


      

      In 1915, the Harvard University physiologist Walter Cannon coined a catchy term that we still use to describe this automatic

         fear system: the fight-or-flight response. Cannon’s fundamental insight was that all animals, from brainy humans down to tiny

         field mice, meet a sudden threat with the same basic biological reaction—a state of impulsive nervous excitement that prepares

         them either to scamper away at warp speed or to battle tooth and claw. Adrenaline surges through the body, charging the muscles

         with energy for emergency action. Surface-level blood vessels constrict and leave the skin pale and slightly numb, providing

         a temporary layer of armor that is less likely to bleed.* The pupils dilate for heightened vision. Nonessential processes like digestion cease—and worse, the body sometimes decides to jettison all extra

         weight, which accounts for the unfortunate sudden loss of bowel and bladder control that can strike when we’re frightened.

         Breathing and heart rate both speed up, funneling more oxygen into the muscles. In short, you’re ready to rock and/or roll.

         The brain decides whether to fight or flee subconsciously and instantaneously, and threatened animals often swing back and

         forth between the two. Confronted by a hostile fox, a squirrel might first sprint away in terror, then lash out in a reckless

         last-ditch attack after it’s been cornered.

      


      

      As any fear researcher could tell you, however, Cannon missed one important detail. There are really three Fs to the fear response: fight, flight, or freeze. Imagine that you’re walking alone down a dark street, and you’re startled by a suspicious rustling off in the bushes. What’s

         the first thing you’ll do? Without thinking, you will stop dead in your tracks, your senses suddenly razor sharp. Your eyes

         will fly wide open to take in as much visual information as possible, and you’ll quickly draw in and hold your breath, rendering

         yourself completely silent. Your mouth will drop open, in case you need to scream for help. In a flash, you’ve become an alarmed-looking

         human statue.

      


      

      Based on what we’ve discussed so far, this freezing response probably seems somewhat wrongheaded; wouldn’t it be better to

         get a head start and dash away from the potential threat immediately? Actually, no. In the wild, many predators react to movement,

         and if you abruptly go rigid there’s always a chance that the tiger you just spotted won’t notice you. Think of freezing as

         a state of defensive preparation. The body gets the same jolt of adrenaline that readies it for fighting or fleeing, but the

         brain has calculated that at least for the moment, your best odds of survival come with no action at all.* Sometimes this gamble backfires, the most obvious example being deer that freeze in the headlights of an oncoming Mack truck,

         their brains programmed to hope this weird, shiny predator will fail to see them. We often dismiss the petrified deer’s reaction

         as primitive or brainless, and then, of course, we do the very same thing when prodded to speak before an audience—most likely

         one that contains zero predators.

      


      

      In an especially menacing situation, some animals stretch the freezing response even further and instinctively play dead,

         on the theory that predators have an innate revulsion to eating things that are already deceased (as an evolutionary safeguard

         against food poisoning). The North American hognose snake, for instance, takes the play-dead reaction to such comical heights

         that it resembles a standup comedy routine more than a survival behavior. If you startle a hognose as it winds through the

         grass, it will hiss and lash out just like any other snake—at first. This is mostly for show; the snake’s bite packs no venom.

         So, when its tough-guy act fails to intimidate, the hognose opts for Plan B. Like a bad actor in a community theater production

         of Hamlet, the snake suddenly lurches as if struck by a mortal blow. Apparently afflicted with incredible pain, it writhes and twists

         dramatically before finally flopping on its back, its tongue hanging out the side of its gaping mouth: dead, from some invisible

         poison. It emits a rancid musk to complete the ruse, and sometimes drops of blood will even appear in its mouth. Turn it right

         side up, and the snake will instantly flip itself over again, as if to say, “No, seriously—I’m totally dead.”

      


      

      Terrified humans feign death too, and not always by choice. Biologists call this kind of response tonic immobility, and we

         resort to it only when we’re literally in the jaws of a predator. The celebrated explorer David Livingstone learned about

         this firsthand in 1844, when he attempted to help some African villagers fend off a lion and promptly found himself between

         the creature’s teeth, being shaken “as a terrier does a rat.” Almost immediately, Livingstone felt himself go limp and numb,

         later reporting that he remained fully aware through the entire experience; the ordeal, he wrote, seemed to occur through

         “a sort of dreaminess in which there was no sense of pain nor feeling of terror.” The lion soon dropped him to pursue more

         active prey, and thus Livingstone’s involuntary stupor may well have saved him. Likewise, many survivors of the 2007 Virginia

         Tech massacre—in which an unhinged gunman shot his way through several classrooms, killing thirty-two trapped students and

         professors before turning his gun on himself—recalled afterward that they fell to the floor and entered a catatonic trance

         when the assailant opened fire in their classroom, even though they hadn’t been hit themselves. This too was adaptive, but

         it’s also rare. Generally, freezing in humans is just a prelude to the two major survival actions of fighting or fleeing.

      


      

      For Scott Raderstorf, caught on an exposed patch of sand as the tidal wave thundered in, the obvious choice was flight—and

         that’s what he did, faster than he ever had in his life. Mere milliseconds after his brain comprehended the shocking scope

         of the oncoming torrent, Raderstorf’s fear system shot him into action. Without thinking, he pivoted around and entered a

         dead sprint. “RUN!” he bellowed to Carrie, the family friend who also remained on the beach. “I remember the total panic,”

         he told me of this moment. “I was just supercharged with adrenaline, more hopped up than I’d ever felt before.” What he saw

         as he turned to run only deepened his terror: the nearest sturdy structure stood a hundred yards away, across a stretch of open beach. Scott spotted Joellen and the kids climbing a staircase to the top of the house—one of the

         few on the island with a brick foundation. He figured he had maybe fifteen seconds to get there before the wave crashed over

         the resort.

      


      

      The loose sand made running nearly impossible, but Raderstorf’s legs were set to turbo.* As Scott flew over the beach, he heard Carrie scream “HELP!” behind him—yet when he looked over his shoulder, he saw only

         a rumbling white wall of seawater. An instant after he passed the first row of thatched cottages, they exploded under the

         wave’s force. “The first houses got hit by the front of the wave, and you could hear this huge boom as it blew these structures

         apart, turning them into toothpicks,” Raderstorf recalled. Palm trees snapped in half all around him. By the time he reached

         the house, he could feel the spray from the tsunami on his back, its roar shaking his body. Raderstorf bounded up the steps

         just as the water enveloped the house. The deck to which he and his family now clung stood twelve feet above the ground, yet

         the water lapped up within a foot of the top. Entire buildings floated by them. After two minutes spent frantically searching

         for Carrie and her husband, Roger, they spied the couple paddling through the water—Roger one pinky finger poorer, but each

         of them safe. Amazingly, both families escaped serious injury.

      


      

      Many died that day, yet Scott Raderstorf survived because his fear system worked to its absolute peak potential: within milliseconds

         of recognizing the threat, it threw his muscles into hyperdrive, commandeered his decision-making, and launched him into action.

         Had he paused even for a split second to think, had fear not instantly primed his body for a speedy escape, the tsunami would

         have overtaken him before he could reach safety. No wonder the Spartans paid such deep homage to fear; as Raderstorf could tell you, in the moments that truly matter, fear can

         become your closest ally.

      


      

      For a very long time, we didn’t know much about how this fight, flight, or freeze response worked in the brain—we just knew it did. The three Fs are only the outward manifestations of a more complex system deep within, and although they tell us a lot about why fear

         exists, they reveal little about the strange emotional machinery that leaves some poised and others panicked in the face of

         danger. According to the New York University neuroscientist Joseph LeDoux, the physical sensations we associate with fear—pounding

         heart, trembling hands, quickened breath—are no more than “red herrings, detours, in the scientific study of emotions.” To

         learn anything useful about fear, LeDoux continues, “what we need to elucidate is not so much the conscious state of fear

         or the accompanying responses, but the system that detects the danger in the first place.” He should know. Through their innovative

         research, LeDoux and his talented colleagues in the “brain mafia” have revolutionized our understanding of fear by tracking

         down its secret lair in the brain: a tiny hub of cells called the amygdala. It’s the hidden neural command center that explains

         all of fear’s mysteries. It’s also kind of a pain in the neck.

      


      

      Prepare to meet your second brain.


      

      

      

      Taking the Low Road


      

      As a kid growing up in the Cajun country of Louisiana, Joseph LeDoux spent a lot of time contemplating meat. He had little

         choice: his father, Boo, was a butcher in the small bayou town of Eunice, and young Joe logged many hours at the family meat

         market, his developing brain exposed to a bounty of, well… brains. Throughout LeDoux’s childhood, one of his after-school duties was to remove slaughterhouse bullets from the brains of the

         newly arriving shipments of cattle. Far from making him gag, the job filled him with questions about how the brain—which,

         as LeDoux likes to point out, is just “intricately wired meat”—produces thoughts, perceptions, and especially emotions. This

         curiosity eventually propelled him up through the echelons of neuroscience, first at Louisiana State University and later

         at SUNY Stony Brook, where he and the eminent neuroscientist Michael Gazzaniga did pioneering research into split-brain cases—patients

         whose left and right hemispheres cannot communicate with each other. LeDoux hoped he could investigate the genesis of emotions

         in human subjects as well, but that path came with a frustrating hitch: since you couldn’t exactly tinker with someone’s brain

         (lest you should accidentally break it), you had to wait around for someone to suffer some exciting new form of brain damage

         and then rush off to study him. LeDoux was too impatient for that. He needed another way.

      


      

      The answer was rats—many, many rats. In the early 1980s, soon after he accepted an assistant professorship in Cornell University’s

         neurology department, LeDoux came across an intriguing new research method that Michael Fanselow was using to create a strong

         yet easily controlled emotional reaction in lab rats. It was called fear conditioning, and the protocol couldn’t have been

         simpler. Step one: put a rat in a box. Step two: play a tone, like a loud beep. Step three: immediately after the tone, deliver

         an electric shock to the rat’s feet through the floor of the cage. And voilà—in the same way that Pavlov conditioned his dogs to salivate at the sound of a dinner bell, the rats would now freeze in

         fear when you next played the tone, expecting another zap.* “This method turned out to be pretty convenient, because you had a discrete stimulus, the tone, that you could use to elicit a

         fixed emotional response, which was the freezing behavior,” LeDoux told me. “These responses were very, very consistent and

         reliable, so it was a good way to study how the brain processed emotional stimuli.” Now able to summon fear at will, with

         any luck LeDoux could hunt down its source within the brain.

      


      

      There was just one problem: many of his colleagues thought such a task was impossible. When LeDoux sent out his first grant

         application to research fear in rats, he got rejected; the psychological establishment believed emotions were too nebulous

         to study. The thinking went something like this. By the 1970s and early ’80s, technological innovations like CAT scanning

         began offering cognitive scientists firm proof that the human mind is an information-processing device much like a computer.

         The majority of this processing happens unconsciously, but we do consciously experience two kinds of mental activity: thoughts and emotions. Brain researchers had long known that cognition—the

         kind of rational, deliberative thinking that we use for analyzing problems and formulating plans—takes place in a large area

         in the front of the brain called the prefrontal cortex. Yet while cognition appeared cut-and-dried to brain researchers, emotions

         seemed baffling. Unlike rational thought, feelings were highly subjective and came in an infinite number of shades and textures.

         How could one possibly quantify feelings like hope, shame, and awe, or analyze the differences between, say, envy and greed?

         As LeDoux is quick to point out, we casually toss around dozens of terms—for example, anxiety, terror, and apprehension—to stand in for the umbrella concept of fear, but each word actually means something subtly different to us. It’s hardly

         astonishing, then, that so many neuroscientists shied from studying emotions: they seemed like a never-ending labyrinth.

      


      

      The vagueness of these emotional signifiers can be so confusing, in fact, that it’s worth taking a moment to clearly define the three main terms we’ll be using throughout this book: fear, anxiety, and stress. These three probably seem virtually identical, but to psychologists and neuroscientists they’re quite distinct. Fear is the physical feeling you get when there’s something dangerous in front of you right now, and its simple job is to get you to safety. Anxiety, on the other hand, is a cognitive phenomenon, and its purpose is to protect you from potential dangers that might pop up in the future; it’s the free-floating sense of dread that often goes hand in hand with worry and unwarranted pessimism. Stress is perhaps the toughest term to pin down, but broadly speaking, it describes how our bodies respond to excessive demands:

         we feel stress when a situation grows emotionally difficult, when we have to work frantically to meet a deadline, when we

         endure too much pain, and so on. If the mental or physical demands of our lives overwhelm us, a stress reaction is the result.

         To put this all into context, imagine you’re on a long train trip and you spot a man in your compartment who looks suspiciously

         like a wanted killer. If this man brandishes a gleaming knife at you, you will feel fear; if he does nothing but you find yourself fretting endlessly about what might happen, you will feel anxiety; and if he just turns out to be some jerk who wants to spend the next three hours telling you the entire plot of Battlestar Galactica, you will feel stress. Of course, fear, anxiety, and stress often overlap—fear can make you stressed, stress can make you more anxious—but we’ll

         mostly talk about them as separate entities.

      


      

      Joe LeDoux’s target was pure, unfiltered fear, and he adamantly believed that the emotion’s straightforward physiological profile meant he could employ the information-processing

         model of the brain to study it too—not just cognition. “My contribution at the beginning of this was to say that we can study

         the way the brain processes an emotional stimulus and produces an emotional response without making any assumption about how the animal experiences it consciously,” LeDoux explained. With his tone-fearing

         conditioned rats, he could bring out the same fear reaction every time, and he never had to ask the rats to describe their

         subjective experience of the emotion. If some dedicated area of their rodent brains was processing the sound and triggering

         fear, he knew he could unearth it.

      


      

      LeDoux pulled off this cranial Easter egg hunt through the process of elimination—which, unfortunately for his rats, literally

         entailed surgically eliminating different brain areas to see if the rats could still feel fear after they were gone. Just

         as information traveling through telephone lines will fail to reach its destination if a wire gets snipped, LeDoux assumed

         the sound of the tone would fail to elicit an emotional reaction if he disabled a crucial link in the fear circuit. Thus,

         he started with the tone’s entry point, the rats’ ears, and worked his way up the fear chain.

      


      

      Almost immediately, he hit a paradox. When he destroyed a rat’s auditory thalamus—the lower brain region that relays sound

         information from the ear to the higher-up auditory cortex—the rats no longer displayed any fear when he played the tone. This

         was no surprise: they were now functionally deaf. But when LeDoux lesioned the auditory cortex itself while leaving the thalamus

         intact, the rats still displayed fear even though they couldn’t consciously hear the tone. This was somewhat mind-blowing. Without an intact auditory cortex you can’t “hear” anything, since the cortex transforms

         external audio information into the conscious experience of sound, so how could the rats possibly freeze at a sound they didn’t

         even know existed? If the rats were growing terrified at a noise they never consciously experienced, this meant that the auditory

         information from the ear must have split in the thalamus and traveled elsewhere in the brain—to some mysterious part of their subconscious mind that could still hear the tone. Amazingly, the fear system could bypass conscious thought entirely.

      


      

      This new revelation presented a predicament: if the auditory information was branching off, it could be traveling anywhere in the brain. So to narrow down the suspects, LeDoux turned to one of neuroscience’s James Bond–style tricks. Into each rat’s

         auditory thalamus he injected a special tracer chemical that piggybacks on molecules that pass through the neurons in the

         region, leaving behind a map of its outbound connections. All LeDoux needed to do now was scare the rat, remove its brain,

         and then put it under a microscope capable of displaying dark field optics, which popped the chemical’s path out into stark,

         luminous relief. In his 1996 book The Emotional Brain, LeDoux offers a description of this neural spectacle: “Bright orange particles formed streams and speckles against a dark

         blue-gray background. It was like looking into a strange world of inner space.” The auditory thalamus, it turned out, sent

         neural projections into four brain regions, three of which had no effect on fear when LeDoux disabled them in his rodents.

         But when he dismantled the fourth region, his rats abruptly and completely lost the ability to become afraid. That region

         was the amygdala.
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