
		[image: cover]

	
PENGUIN BOOKS

TIME

Stefan Klein is one of Europe’s leading science journalists and writers. Winner of the 1998 Georg von Holtzbrink Prize for Scientific Journalism, he is also the author of the international bestseller The Science of Happiness, which has been published in twenty-eight countries. He lives in Berlin, Germany.

 


TIME

: a user’s guide

STEFAN KLEIN

Translated by Shelley Frisch





 

 

[image: ILLUSTRATIONS]

PENGUIN BOOKS





PENGUIN BOOKS

Published by the Penguin Group

Penguin Books Ltd, 80 Strand, London WC2R 0RL, England

Penguin Group (USA) Inc., 375 Hudson Street, New York, New York 10014, USA

Penguin Group (Canada), 90 Eglinton Avenue East, Suite 700, Toronto, Ontario, Canada M4P 2Y3

(a division of Pearson Penguin Canada Inc.)

Penguin Ireland, 25 St Stephens Green, Dublin 2, Ireland (a division of Penguin Books Ltd)

Penguin Group (Australia), 250 Camberwell Road, Camberwell, Victoria 3124, Australia

(a division of Pearson Australia Group Pty Ltd)

Penguin Books India Pvt Ltd, 11 Community Centre, Panchsheel Park, New Delhi – 110 017, India

Penguin Group (NZ), 67 Apollo Drive, Rosedale, Nortii Shore 0632, New Zealand

(a division of Pearson New Zealand Ltd)

Penguin Books (Souui Africa) (Pty) Ltd, 24 Sturdee Avenue, Rosebank.

Johannesburg 2196, Souui Africa

Penguin Books Ltd, Registered Offices: 80 Strand, London WC2R 0RL, England

www.penguin.com

First published in Germany by S. Fischer Verlag 2008

This translation first published by Marlowe and Company 2007

Published in Penguin Books 2008

1

Copyright © Stefan Klein, 2006

Translation copyright © Avalon Publishing Group, 2007

All rights reserved

The moral right of die autiior has been asserted

Except in the United States of America, diis book is sold subject

to die condition diat it shall not, by way of trade or otherwise, be lent.

re-sold, hired out, or ouierwise circulated witiiout die publishers

prior consent in any form of binding or cover odier than that in

which it is published and without a similar condition including this

condition being imposed on the subsequent purchaser

978-0-14-191804-4





For Alexandra




CONTENTS

INTRODUCTION

The Discovery of Inner Time

       PART I: EXPERIENCING TIME

CHAPTER 1

TWENTY-FIVE HOURS

What Happens When Nothing Happens

  A Hidden Clock • How Long Does an Hour Last? • The Trouble with Time

CHAPTER 2

OWLS AND LARKS

A Biological Clock Guides Us through the Day


Even Flowers Are Aware of Time •

Trillions of Clocks • The Sun Sets the Internal Clock • Why There Are Morning

People and Night People • When Sex Is Best • Why Teenagers

Are Night Owls • Twilight Gloom • Better to Be Well-Heeled

and Worn Out than Hale and Hearty • Tailor-Made Time



CHAPTER 3

A SENSE OF SECONDS

The Origin of Inner Time


Under the Spell of Boléro • Pacemakers in the Brain • Time

Is Motion • Distorted Minutes • An Orchestra under the

Cranium • The Art of Cooking Goulash • When the World

Begins to Race • Country Folk, City Folk



CHAPTER 4

THE LONGEST HOUR

Why Time Races and Crawls


Two Minutes on a Hot Oven • The Rhythm of Breath

• Why Murders Take Forever • Time Flies When You’re

Having Fun • Let the Good Times Last



CHAPTER 5

ATOMS OF TIME

How Long Does the Present Last?


Time in a Black Hole • A Mosquito Beating Its Wings

• The Now Is an Illusion • Consciousness Lags Behind

• Mind-Reading Airplanes • The Longest Moment



CHAPTER 6

“TWINKIES, GRANOLA”

Neglecting the Now


Head in the Clouds • Banal Banter • Consciousness on

Autopilot • Three Minutes of Eternity



CHAPTER 7

FROZEN IN TIME

We Are the Architects of Our Memory


Life without Past and Future • Several Kinds of Memory •

How the Present Becomes Memory—and Vice Versa • Memory

Transforms Us • His Own History • No Watch, No Calendar

• Retouching Experiences • A House of Splinters and

Chips



CHAPTER 8

SEVEN YEARS ARE LIKE A MOMENT

Why Life Speeds Up as We Grow Older


Why the Way Back Is Always Shorter • Machines that Kill

Time • “An Hour Is Not Merely an Hour” • Crossing the

Threshold of the Moment • The Teddy Bear Test • Pioneers

on an Empty Continent • Revamping the Brain • Short on

Time • Racing to the Home Stretch • Applying the Brakes

as We Age • Where the Years Do Not Count



       PART II: USING TIME

CHAPTER 9

THE ALLURE OF SPEED

How Fast a Pace Can We Endure?


The Three Time Wasters • Measuring Device as Moral Barometer

• The Push for Punctuality • Faster! • The Race Is On

• A Journey through Time to Weimar • Craving Stimulation

•  The Battle of Life • Why We Are No Longer Able to Listen



CHAPTER 10

THE CUP OF LIFE RUNNETH OVER

Why It Is So Difficult to Stay Focused,

and How to Do It


The Manager of Our Intentions • A God with Six Hands •

The Sluggish Mind • Thoughts Adrift • Sushi Chef and Fidgety

Philip • Card Games to Combat Distractibility



CHAPTER 11

RULED BY THE CLOCK

Little Time # Big Stress


What Stress Is • The Myth of “Hurry Sickness” • When We

Lose Our Heads • Calm and Controlled • Why Managers

Don’t Get Ulcers • Dogged by a Duck • A Shortage of Time

Is a Matter of Perspective



CHAPTER 12

MASTERS OF OUR TIME

A Matter of Motivation


Pleasure or Pressure? • Why We Always Finish Things at the

Last Possible Minute • That Prickle of Anticipation • The

Rich Run Themselves Ragged • The Hunger for More



       PART III: WHAT TIME IS

CHAPTER 13

DISMANTLING THE CLOCK

Is Time Just an Illusion?


A Voyage to Jamaica • The Universal Clock • Do We Need

a Cosmic Time? • Thelma, Louise, and the Rocket • Why

Moving Watches Are Slower • If You Travel to the East, You

Live Longer • Life Is Faster at the Top • The Succession of

Earlier and Later • The Teacup and the Big Bang • At the

Limits of Physics • Transcending Time



EPILOGUE

A NEW CULTURE OF TIME

Six Steps to a More Relaxed Life


Can One “Have” Time? • A New Culture of Time • First

Step: Sovereignty over Time • Second Step: Living in Harmony

with Your Biological Clock • Third Step: Cultivating

Leisure Time • Fourth Step: Experiencing the Moments •

Fifth Step: Learning to Concentrate • Sixth Step: Setting Your

Priorities • Taking it Easy



NOTES

BIBLIOGRAPHY

ILLUSTRATION PERMISSIONS

ACKNOWLEDGMENTS

INDEX


Introduction

The Discovery of Inner Time



ONCE IN A great while we experience a magical moment when the laws of time just don’t seem to apply: standing atop a mountain, watching the ocean surf, enjoying a creative spurt, or making love. Plans for the future, worries about the present, and memories of the past lose their meaning. Time stands still: the moment envelops all that has ever been and ever will be. Some people report feeling as though the boundaries of their bodies are melting away and they are becoming part of a grander scheme.

Sometimes all it takes is a rousing evening with old friends or a project you’re engrossed in, to make the hours fly by as though they were minutes. You’ve missed the last train, you’ve gone way past your usual lunch hour, and you didn’t even notice while in the thrall of the here and now.

At some point, time is sure to reenter your consciousness; it is a feeling akin to awakening from an exhilarating sleep.

You catch sight of a clock, and the spell is shattered. W. G. Sebald’s novel Austerlitz powerfully evokes “the movement ofthat hand, which resembled a sword of justice… it jerked forward, slicing off the next one-sixtieth of an hour from the future.”1 Sebald is describing an enormous clock in the entrance hall of the Antwerp railway station, perched high up for all to see—where the architects of old churches once placed the eye of God. Every traveler has to fix his gaze on these hands. By the same token, every person—and every object—in the hall is in this clock’s line of vision.

No one in today’s society can steer clear of clocks. Clocks are everywhere. Life revolves around them. We race from one meeting to the next and muse wistfully about what we would do if we could only find the time. Sometimes we feel as though we are caught up in a whirlwind and fear being swept away yet we fail to reap the rewards of our haste. Hectic days yield the fewest memories of all—as though the time had elapsed without a trace, and is lost forever.

The authority of clocks has come to seem quite natural. We regard these instruments as virtual envoys of a higher power. The railway station hall of Antwerp is not the only place people submit to the power of two hands moving around a dial high above their heads. More or less consciously, all of us believe that a mysterious cosmic ticking clock molds our lives, taking the form of a second hand on our wristwatches. If we happen to forget the presence of clocks, we later wonder whether this experience was a dream or a reality.

Benjamin Franklin wrote that time is “the stuff life is made of.” But is the time we live by truly identical to the time we read on clocks? Some hours race by, whereas others seem to stretch out almost indefinitely—and all the while the big hand moves like clockwork, the same as ever. It seems as though another, second time is entwined with the time displayed on clocks: a time that originates within us.

• • •

Inner time abides by its own mysterious laws. Why do unpleasant situations seem to be agonizingly slow, yet happy moments speed by? Why do we often get distracted in our finest hours? Why does life go by faster and faster as we grow older?

The only thing we are sure of when it comes to time is that it is in short supply. This is odd because, measured in hours and years, we are richer than people have ever been. No previous generation has had so much leisure time and such a long life span. Still, more than a third of all Americans report that they do not have enough time. And the number keeps growing with each new survey.

These numbers are dismaying in light of new neurological findings: the feeling of being under constant pressure triggers stress. Chronic stress can have a lasting impact on the brain; it is injurious to our health and lowers our life expectancy.

An incessant time bind is insidious particularly because time pressure feeds on itself, and the result is a vicious circle: Once we fear that we won’t be able to get all our tasks done on time, we lose our grasp of the situation and things go from bad to worse. A lack of time makes us lose sight of the future, and we find ourselves running behind events instead of shaping them.

Calendars and schedules do little to address the problem, because they register only clock time, whereas harried feelings originate in our consciousness, which is oriented to inner time. It is therefore essential to understand the laws governing inner time.

The differences between inner and outer time are especially stark when it comes to our personal circadian rhythms. The time displayed on a wristwatch reveals very little about how our bodies go through the day. Some people have to struggle each and every morning to get out of bed and get going; others sparkle with energy at the same hour of the day. The time of day the sunlight, and even the amount of coffee we drink are relatively the same for everyone, so the contrast must lie within us.

Why is it that some of us can skip from one meeting to the next in high spirits and stay cool as a cucumber, but others moan and groan when faced with a relatively light agenda? Indeed, the “retirement syndrome” is often accompanied by complaints about a lack of time when a person is no longer employed, which quite obviously can only be explained by an internal, subjective sense of time.

The time we read on clocks represents only a tiny segment of what we experience as time in our lives. The second hand deals only with the present; it does not register the past and future, whereas people also live in their recollections, which are, in a sense, time frozen in their memory. What mechanisms transform the time we have experienced into memory? How is it that people can travel back into the past in their minds? And can people really see their lives flash before their eyes at a moment of mortal danger?

• • •

This book explores the hidden dimensions of time, the phenomena that cannot be reduced to minutes and hours. The focal point is the question as to how the experience of time comes about—and how we can learn to deal with it more mindfully.

The perception of time is a highly sophisticated faculty of the mind that engages nearly all functions of the brain, encompassing physical sensation, sense perception, memory, the ability to craft plans for the future, emotions, and self-awareness. If even one of these mechanisms is incapacitated, our ability to gauge time gets distorted or even lost. To explore the origins of our sense of time is to embark on an exciting journey through consciousness: In the process, we see a reflection not only of our nature, but also of our culture. Some of the ways in which we perceive the passage of minutes and hours are hardwired, but many more are learned behavior.

When Europeans and Americans form a visual image of time, they picture bygone days as behind them, and the future as approaching from the front. But an Amerindian group in the Andes highlands pictures the spatial dimension of time just the opposite way. When the Aymara are asked about the past, they point forward, evidently because they have already seen the events of the past. By contrast, since the future cannot be seen, it lies behind their backs. The American cognitive psychologist Rafael Nunez was given these explanations when he conducted an in-depth study of Aymara language and gestures.2 The implications of their outlook on time are reflected in their lack of interest in picturing the future: since it is invisible, it is not worth speculating on. They dismiss any questions about tomorrow with a shrug of the shoulders. And they maintain an admirable sense of equanimity when waiting half a day for a bus, or for a friend who arrives way behind schedule.

Consequently, a study of time needs to examine the ways in which our upbringing, environment, and genes interact in shaping our personalities. Our attitude toward time has a bearing on how we perceive it.

Nature has a relatively limited role in determining how we experience time. It is up to us to decide how to fill our hours—and how to shape the rhythm of our lives.

• • •

Most people picture time as a force apart from them, flowing somewhere out there. Either time is available or it is not, and they simply have to adapt to its exigencies. I would like to propose a different perspective. The phenomenon we experience as time derives not only from the outside world, but also from our consciousness. Our perception of time is an outgrowth of the interaction between our environment and our brains. New scientific methods have enabled us to investigate how the outside world meshes with our inner life. Current brain research is yielding insights that may transform our perception and our behavior.

This perspective follows from my earlier books on happiness and chance, and is a natural extension of my interest in these topics. In The Science of Happiness, I attempted to demonstrate that feelings of happiness are far less dependent on external circumstances than we normally assume. The crux of our happiness lies in how the brain interprets events, and this interpretation is subject to modification. Neurobiologists have recently begun to recognize the extreme plasticity of the brain, and how the cluster of gray cells in the head is subject to transformation. Hence, the proper training can enhance our capacity for happiness. In short: happiness can be learned, and so can a calm and mindful way of dealing with time.

My last book, All a Matter of Chance, urged readers to embrace the unexpected. Chance events offer us opportunities. Of course, we can recognize them as such only if we are fully receptive to the present—a central topic in this book as well.

Chance events make us aware of the direction in which time travels. We know the past, while the future is shrouded in darkness and delivers one surprise after another. Time and chance are inextricably linked. As the philosopher Johann Gotthelf Herder astutely observed, “The two greatest tyrants on earth [are] chance and time.”

Recent scientific advances reveal that chance events are anything but tyrannical; in fact, they are essential to the development of our minds. Time can also work to our benefit. Our sense of time is such a highly developed function of our brains that we have great power to influence the direction it takes. Our awareness of the passage of time is by and large learned behavior, even more so than the mechanisms that control our sense of happiness.

This book aims to demonstrate our active role in crafting our perceptions of time. Its three parts examine the workings of time in increasingly broad contexts. The first part explores the origins of inner time and the processes in the brain that give rise to a sense of time. It also examines what can be done to influence this experience, which is why some chapters end with a little postscript inviting readers to try out new ideas.

How do we react to the rhythm of our surroundings? This is the topic of the second part. Its underlying theme is life in an ever-faster world, but it also raises practical questions: Is it worthwhile to do several things at once? Does a lack of time have to result in stress? If it does not, how can a sense of tranquillity be maintained when people are working on tight schedules?

The third and final part is devoted to the cosmic dimension of time. Our experience of time provides a direct link between each individual and the development of the cosmos as a whole. This may be the greatest miracle of the sense of time. This section of the book explores why we think time flows—and whether everything really is subject to time.

“Time is the element in which we exist,” Joyce Carol Oates wrote a good two decades ago. “We are either borne along by it or drowned in it.”3 We seem to feel the urgency of time more keenly with each passing day. Our society today is obsessed as never before with the idea of using every single hour to best advantage. The result is an ever-accelerating pace of life, often right to the breaking point. We are all taking part in a giant experiment in dealing with time.

It is therefore vital to recognize the degree to which our experience of time hinges on our outlook on life. A sense of serenity or anxiety, fulfillment or frustration stems far less from outside circumstances than from our take on these circumstances. The film of our lives originates in our heads, and we are the directors, because the so-called sense of time is one of the most malleable functions of the brain. Nature has programmed our minds to register the passage of minutes and hours, but how we do so is up to us. By schooling our own perception and focus, our sense of time can be transformed. We can let go of our fear of drowning in the maelstrom of time and learn to swim.


PART I EXPERIENCING TIME

CHAPTER 1

Twenty-five Hours

What Happens When Nothing Happens

IT IS HARD to fathom how easily your customary sense of time can come apart at the seams until it happens to you, as I discovered when visiting a cave in the spring of 1996 at the invitation of Romanian scientists. Buried down under the earth and far from anything familiar, I suddenly realized how tenuous our orientation to time really is. Our usual way of counting the minutes and hours might be compared to a sheet of ice on which we skate along from day to day with little apparent difficulty, but which separates us from a sea of other modes of experiencing time. This abundance of options is hidden from view, but ever-present. I have never been able to shake this image since my experience underground.

Caves are like places beyond time. The passage of time is forgotten in a flash when you have left the last glow of daylight behind. Once you hear nothing but an intermittent dripping of water, the tempo of the outside world fades away. These drops of water take the course of a human lifetime to make a stalagmite grow just a couple of millimeters. It is a cosmos unto itself, as old as the earth. Just as you cannot gauge the space between yourself and a bird in flight, because the air does not offer you any cues, you lose your orientation in time when you experience the monotony of a cave. Suddenly you have arrived in eternity.

Normally, of course, speleologists are far too preoccupied exploring descents, labyrinths, and hidden water-courses to notice that past and future are gradually merging. A visit to the underworld is over in a couple of hours anyway. Cave explorers know when it’s time to leave by looking at their watches, or by noticing that the fuel in their carbide lamps is draining out. It is rare for someone to spend a night down below. How would time be perceived if one could endure a lengthy stay in a cave? Wouldn’t complete seclusion be an ideal laboratory to explore our sense of time?

Buoyed by this hope and a heaping dose of courage, Michel Siffre decided to try this experiment on himself. The French geologist was just twenty-three years old on July 16, 1962, when he descended into a glaciated cave in the southern Alps without a watch. He wanted to find out what happens when nothing happens for weeks on end. One hundred and forty-two yards deep in the mountainside, he set up a subterranean camp stocked with food and equipment and pitched a tent. A battery-operated lamp cast just enough light for Siffre to find his way around and take notes. But this lighting method was costly, and Siffre was on a tight budget, so the researcher spent most of his time sitting on a campstool in complete darkness.

[image: ILLUSTRATIONS]
On September 14, 1962, an utterly exhausted Michel Siffre was hoisted out of his cave by his jubilant team. Dark eyeglasses shielded his eyes from the sunlight, which the researcher had not seen for sixty-one days.

The only living being he encountered was a spider. Siffre began to regard this spider as a kind of friend, and struck up one-sided conversations with it. But when he got the idea of sharing his canned food with the spider, it died. Now he was all alone.

In no time at all, his tent and clothing were soaked through and through. The thermometer hovered at about the freezing point. His assistants had pulled the ladder back up; Siffre did not want to be tempted to break off the experiment. A field telephone was his only connection to the outside. He used it to let the team know when he got up, when he lay down in his sleeping bag, and how long he thought he had spent in the dark.

Siffre lost his orientation in time. “When, for instance, I telephone the surface and indicate what time I think it is, thinking that only an hour has elapsed between my waking up and eating breakfast, it may well be that four or five hours have elapsed,” he noted in his diary. “And here is something hard to explain: the main thing, I believe, is the idea of time that I have at the very moment of telephoning. If I called an hour earlier, I would still have stated the same figure.” He was dismayed to realize that although the only thing he was still experiencing was the passage of time, this very experience was deceiving him, “I feel motionless, but at the same time I feel as though I am being pulled along by the uninterrupted flow of time. I try to grab hold of it, but every evening I realize that I have failed.”1

But what does “evening” really mean? In the complete darkness, day and night are pointless concepts. Siffre—s life lost its rhythm—at least it seemed that way to him. He estimated that ten minutes had elapsed between the moment he got up and when he began to eat breakfast, but in actuality more than a half hour had gone by. At one point he felt tired after a meal that he thought was his lunch, and lay down. When he woke up, he thought he had taken a little nap. In reality, his sleep had lasted more than eight hours.

He found it exhausting to spend his days without feeling the passage of time. He played Beethoven sonatas on the battery-powered record player he had brought along, calculating that a 33⅓–rpm record took forty-five minutes from start to finish. But that did not really help him, either. When the record was over, and the silence returned, he felt as lost as ever. In desperation, he even considered using his camping stove as a clock. He knew that the contents of the cartridge would last for exactly thirty-five hours if he burned it down all at once. If he did this, of course, he would no longer be able to make himself even a cup of tea to stay warm.

The anticipation of falling asleep became his only pleasure—even though he found he could not always distinguish sleep from waking: “My eyes were wide open as I looked into the darkness. I hesitated for quite a while and wondered whether I was asleep, hoping that I was still dreaming. But after I while I realized to my dismay that I had been wide awake for some time. I switched the light on, leaned out of my sleeping bag and dialed the telephone.”

But the confusion existed only in Siffre’s consciousness. In his body, a precise rhythm had been established. Of course, only Siffre’s friends, who kept a record of every call, knew how rigid a time schedule his body was maintaining. Siffre’s day lasted 24½ hours, of which he spent 16 awake.

When a rope-ladder was lowered into the cave on September 14 to hoist him to the surface, and his cheering friends toasted his successful completion of the experiment with champagne, Siffre was dismayed. His last diary entry read August 20, and he had planned to remain down below much longer. The researcher could not conceive of having simply having lost twenty-five days. Where had the time gone?

A Hidden Clock

Siffre repeated his experiment several times. In 1972, he spent 205 days underground in Texas, observed by NASA scientists. This time, a full two months were missing from his memory after the experiment.

Others followed in his footsteps. Among them was the FrenchwomanVeronique Borel-Le Gue, who set a women’s record by remaining under the earth for 111 days. Her experience had a tragic aftermath: According to a statement by her psychiatrist, the isolation and disorientation in time plunged her into a deep depression when she emerged into the light. One year later, she committed suicide.

A comparable but less perilous and uncomfortable version of Siffre’s first underground experiment took place in a bunker in Andechs, outside Munich. There, scientists from the nearby Max Planck Institute for Behavioral Physiology set up cozy apartments under the earth and, over the course of the next few years, hundreds of students lived in complete isolation for weeks at a time. (Many of them were enticed by the hope that the isolation from any distractions would give them a good environment to cram for their upcoming examinations.) The only contact with the outside world was by way of a dumbwaiter, which the heads of the research teams used to supply the students with food at irregular intervals, and sometimes letters as well; they also collected urine samples to measure hormone levels. The subterranean beds were equipped with sensors that automatically registered the time at which the voluntary prisoners went to bed.

All these experiments yielded the same results as Siffre’s underworld adventure: after a brief period of adaptation, the isolated subjects unwittingly stuck to a personal rhythm. Their day was somewhat longer than usual—for most of the test subjects it lasted about 24½ hours, for some 26 hours or more. Hence, they went to bed less often than usual, and consequently felt as though days were missing, when they emerged from their confinement.2

A hidden clock ticks inside our heads, regulating all the processes in our bodies and guiding us through the succession of day and night. Our body time modulates our blood pressure, hormones, and gastric juices, and makes us grow tired and reawaken. It works in perfect rhythm with the finest mechanical clocks, because the natural chronometer is a miracle of precision. Over the course of decades that make up an entire life, it is off by no more than a few minutes.3 Our bodies are keenly aware of outer time, down to almost the exact second.

Siffre and his colleagues brought the workings of this biological clock of the human body to light. Very few researchers get the chance to make such a great discovery; this result alone would have been ample reward for the weeks in isolation.

However, their experiments yielded still another exciting outcome: Although the biological clock modulates every aspect of our lives, it is not what we associate with the concept of time. Our consciousness produces its own inner time, which we might think of as the pulse of our souls. Everything we see, think, and feel is measured against it.

Inner time works independently of both mechanical and biological clocks. Siffre’s biological clock kept to a perfect rhythm, yet his sense of time had shifted substantially in relation to that of his friends. All of us find that our consciousness freely creates its own time frame; if it didn’t, we would not need to wear instruments on our wrists to tell us what time it is.

How Long Does an Hour Last?

But why does our body possess a perfectly calibrated instrument to measure time if we cannot read it? We are oblivious to many of the processes that take place in our bodies, such as the extremely efficient way our livers modulate our metabolism, even after an all-you-can-eat buffet. The economy of attention requires that most functions in the body have to proceed without our conscious awareness. We would lose our minds if we had to take note of hundreds of thousands of biochemical reactions somewhere in our bodies at all times. As we will see, our body time is guided by biochemistry.

Perhaps the clock that determines the rhythm of our days is not suited to counting minutes, which might seem odd, because when we think of time, we picture a clock face with several hands to indicate minutes and even seconds as well as the hour. A church clock is useless in determining the winning time in the hundred-meter dash; a stopwatch does not distinguish between morning and evening. A similar situation applies to our physical and mental timers: We need—and have—several yardsticks to orient ourselves in time. When we are experiencing the span of a moment, seconds count; for our day and night rhythms, by contrast, our bodies need a clock that runs at least 24 hours long.4

The clocks of the body and the consciousness measure time in completely different manners. The body clock determines the time automatically. Sixteen hours after awakening we grow tired, whether we like it or not. Its gauge is fixed.

Inner time, in contrast, depends on the focus of our consciousness at a given moment. Our ability to gauge time is an extremely complex function of the brain, more learned than innate. How long does an hour last? The question seems trivial, yet it is anything but. The answer requires us to bring in past experiences as a yardstick: An hour spent waiting for a streetcar seems like an eternity, an hour in a doctor’s waiting room just barely acceptable, an hour’s stopover at an airport before a transcontinental flight is a quick connection. We rely on our memories of hours spent at streetcar stops, at doctors’ offices, at airports in the past. To form a picture of those time intervals, we need memory. If our memory fails, we lose our sense of inner time.

Michel Siffre’s memory was intact, but he appears to have lost all gauges of time. Sounds are different in a cave; scents are unfamiliar. And what little there is to see appears as a shadow in the light of the mine. The stream of events thatnormally pours over us seems diluted to an extreme. For minutes on end, nothing whatsoever happens, then a drop of water can be heard, and then there is silence. In this setting our accustomed means of calculating intervals, which work so well in the light of day, are doomed to failure. This was Siffre’s disturbing experience.

The Trouble with Time

The rhythm of day and night is programmed into humans at birth, but we structure our day in accordance with minutes and hours, using their scale to schedule appointments or to figure out how long we will need to accomplish a given task. But minutes and hours are not natural measures of inner time. Nature did not equip us with an innate sense of the intervals of time that matter most in our everyday lives. If it had, life would be simpler: if we could count on a gauge for time intervals just as reliable as the one that makes our stomachs growl at noon, we would not miss our trains, we would have no trouble organizing our workdays, and we would get to our meetings on time.

Why didn’t evolution provide us with a clock to measure minutes and hours? As with all questions about the why of nature, this one allows only for speculation. Probably in the past there was simply no need to establish a chronometer for intervals of this order. A creature has to adapt to the rhythms of day and night to be able to hunt for food when its natural enemies are sleeping. It can be a matter of life or death whether an animal leaves its shelter at daybreak or at noon, but it is of no consequence whether it gathers the first nuts at exactly 4:17 a.m. or fifteen minutes later.

Minutes and hours have no meaning in the wilderness. Traditional tribal cultures also get along without them. The languages of some traditional cultures even lack vocabulary for such brief periods of time.5 Only highly developed societies have demarcated these segments of time, a process British natural philosopher Gerald Whitrow has called “the invention of time.” This invention has enabled people to coordinate their activities in an increasingly complex network of relationships, but it runs counter to human nature, which is why people continue to grapple with issues of time far more than when living in a cave, and their control over minutes and hours keeps breaking down as they lurch from one mini-crisis to another.

We generally think of time as an unvarying mush; one spoonful tastes exactly like the rest. We picture 60 seconds as adding up to a minute; 60 minutes, to an hour; 24 hours, to a day. Every unit is simply a fraction of the next.

But our experience of time tells a different story. Our perception of a single moment has nothing in common with the mental processes that make spending an hour in the waiting room unbearable or make us notice that our stomach growls when the clock strikes twelve. In an alien environment, such as a cave, these disjunctures are immediately evident, but in everyday life we fail to notice them, because we rely on clocks, which measure all time uniformly. Since this uniformity runs counter to our nature, however, they seem positively tyrannical.

We have the freedom to enjoy a far richer experience of time. An hour is often more—or less—than the sum of its minutes. And there is more to a day than a set of twenty-four hours.


CHAPTER 2

Owls and Larks

A Biological Clock Guides Us through the Day



I AM PERPETUALLY ahead of my wife—by at least one and a half hours. When I try to talk her into joining me in some early-morning calisthenics, she crawls back under the covers. When I leave the house and head to my desk, she is just peeping out from behind the newspaper. When the evening rolls around, however, and she launches into a description of her day, I can barely keep my eyes open. All attempts to synchronize our rhythms have failed. Even several cups of coffee won’t perk her up in the morning, or me in the evening. Thus, we happily coexist as night owl and early bird.

Many people are simply not destined to be the early bird that catches the worm. We cannot change our natures. Our biological clock instills a personal rhythm in each of us, as Michel Siffre discovered in his cave. This clock doesn’t care one bit about proverbial early birds and worms, nor does it do what we tell it to, let alone what our spouse insists on. Genes determine the course of our body clocks.

Our body time sets the stage for all actions, including the modulation of blood pressure, digestion, and, first and foremost, our efficiency at given points in the day. It determines whether we feel invigorated at some hours and drained at others, and governs the state of our libidos. Our biological clock even affects the firmness of our handshakes, the degree of our patience, and whether an alcoholic drink leaves us with a hangover.

There is a right time for each of the things we do. If you try to work counter to your personal rhythm, you will expend more time and energy on the things you need to get done. You will feel weary and wretched, without knowing why. Body and soul suffer in the long run if we force them to wrestle against their own rhythm. Over the past few years, physicians have begun to identify the extent to which physical and psychological ailments are accelerated or even triggered by an ill-timed daily routine.

Even the beginnings and ends of our lives follow the dictates of our biological clocks. Babies are most likely to be born at about four in the morning. Death claims its greatest numbers at five in the morning.

Even Flowers Are Aware of Time

Our body time determines so many facets of our lives, yet we appear oblivious to it, possibly because we do not apprehend it directly through our senses. Michel Siffre’s experience in his cave is a powerful demonstration of the disconnect between individuals and their biological clocks. The only way to “tell time” on your biological clock is to notice when you feel perky or sluggish.

In our culture, time has long been equated with the position of the hands on a clock. Our reliance on mechanical clocks may have impeded our ability to decipher our inner time. In any case, sensible people have tended to dismiss the seemingly preposterous notion that a natural chronometer could synchronize all processes in the body, even though scientists found evidence nearly three centuries ago that biological clocks guide every living being through the day.

In the early eighteenth century, the French astronomer Jean-Jacques de Mairan was struck by the way the mimosa plants on his windowsill raised their leaves toward the sun at the same time every day. An effect of the light? Mairan placed the mimosas in a dark cellar, but the leaves kept right on unfurling every morning and closing back up every evening. He repeated this experiment again and again, with the same result. In 1729, he reported his findings to the Paris Academy of Sciences. His publication boldly declared, “The activity of the plant is related to the keen sensibility that enables bedridden invalids to tell the difference between day and night.” In his day, most hospitals were dark vaults.

The news of Mairan’s discovery spread quickly. Soon afterward, Carolus Linnaeus, who had detected similar behavior in other plants, set out to plant a flower clock in his garden. By arranging a circular formation of selected species of twelve flowering plants that opened and closed at different times, his “clock” told the time accurately to within a half hour.

Of course Mairan and Linnaeus did not have the slightest idea what timekeeping mechanisms were at work in these plants. And they could not begin to imagine that the biological clock was one of the earliest inventions of nature. It is found even in simple creatures such as the euglena. These tiny creatures have inhabited the earth for over a billion years—far longer than flowering plants have existed. A thick green slush on a pond indicates the presence of a mass of these one-celled organisms. In the genealogy of nature, euglena can be found at the very beginning of the long line of ancestors of the animal kingdom, although they also possess plant characteristics such as photosynthesis, as is evident in their green color.

An odd spectacle often occurs at the mouth of a river: At low tide, one-celled euglena, ascending to the surface toward the light, color the water green, but as soon as the tide comes in, they vanish. The euglena burrow down in the mud so as not to be washed away by the water. When the tide recedes, these organisms reemerge, and the spectacle begins anew. Does this primitive creature sense the approach of the ebb and flow? We know that is not the case because the euglena ascend and burrow down even in the absence of tides. If we collect some green-covered mud in a petri dish and examine it in a laboratory, we find that the euglena continue to ascend every six hours and burrow down for the next six hours. And although the euglena appear to have a simple sense organ for light (their name’s Greek origin is “good eyeball”), the succession of light and darkness is not what triggers this migratory pattern. Like the mimosa, the euglena stick to this pattern even in complete darkness.1 Hence, the simple rhythm of the euglena must originate within the organism itself.2 And sure enough, even this tiny organism contains a biological clock.

Trillions of Clocks

The human body consists of up to 100 trillion cells, each about as large as a single euglena. As improbable as it may sound, each cell has its own biological clock, a chronometer that functions like an hourglass. Specific genes with names like “clock” and “per” (“period”) make the cell produce proteins. When these proteins exceed a specific threshold, the genes are blocked. The hourglass is full, and the mechanism stops. Now the hourglass is turned upside down and the cell emptied. The proteins disintegrate. In time, the whole production begins again. A full cycle lasts precisely 24 hours and a few minutes.

Molecular biologists have learned about this kind of clock, which ticks in every cell, from studying their favorite experimental animal: the drosophila.3 Drosophila (also known as fruitfiies) are easy to breed and to manipulate genetically. In the quest to discover the rhythm of life, scientists have introduced a firefly gene into fruitfiies—the gene that makes fireflies glow. The researchers linked the gene for the luminous substance (which bears the lovely name luciferin) with other fruitfiy genes that control their internal clock.

Because the clock genes were now connected to the firefly genes, the flies began to glow wherever a clock was running. This glow was not restricted to their heads, but extended to the most improbable parts of their bodies: their antennae, their legs, and even their intestines. Soon biologists discovered clocks in all kinds of mammal cells—in their eyes, their livers, and even in their cells that build bones.4

There is only one possible explanation: Each and every cell contains a mechanism for measuring time. Because the cells of flies and humans are constructed in essentially the same way, it follows that human beings also contain trillions of clocks.

But why? Perhaps the chronometers that are dispersed throughout the body are an evolutionary vestige—like the human appendix. After all, in simple multicellular organisms still lacking a nervous system, every cell is responsible for its sleep-wake cycles. More likely, however, this surplus is only seemingly redundant: Guiding the organism through the day is such an important task that nature seems to have located the chronometers all over to ensure proper functioning. Some organs appear to have a daily routine that is conducted independently of the rest of the body5 The liver, for instance, even has sensors that enable it to exchange information about time with other organs.6 American chronobiologist Jay Dunlap compares the human body to a huge clock store in which some timepieces tick quite noisily, and others more quietly.

But this profusion of clocks creates a new problem: Even the most precise clocks get off track if they are not constantly reset. In higher animals, a specific center in the hypo-thalamus assumes this function. In humans, this central clock consists of a pair of ganglia the size of a grain of rice called the suprachiasmatic nuclei, located in each hemisphere of the brains a couple of centimeters behind the bridge of the nose. This central clock controls nearly the entire body. If it is destroyed by a brain tumor, a patient’s daily routine turns chaotic; patients with this condition eat, sleep, and wake up at random times, and go to work in the middle of the night.7

A healthy suprachiasmatic nucleus is a marvel of precision. When people are not exposed to daylight, the pacemaker emits recurrent electrical signals, adding up to a biological day that is slightly more than 24 hours. Evidently, the precise length of this biological day is hardwired. For some people, the oscillation period amounts to 24 hours and 5 minutes; for others, it is 30 minutes longer. And it stays that way. In the course of an entire life, the deviation amounts to a couple of minutes, at most.8

Our biological clock keeps running even after death. If it is removed from the brain and stored in a nutrient solution, the suprachiasmatic nucleus continues to emit impulses for days.9

The Sun Sets the Internal Clock

The human biological clock thus lags a couple of minutes behind the succession of day and night. In nature, that is not a problem, because all creatures use the sun to
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