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To my dad and mum.


Nobody’s parents could have done more.






















Foreword







It’s the oldest fossil in creation


•


It carries with it a ‘baby photo’ of the Universe


•


It accounts for 99.9 per cent of all the light in the Universe


•


It’s in the air around you – even in the room where you are now


•


Its discoverers mistook it for the ‘glow’ of pigeon droppings


(yet still carried off the Nobel Prize)





Afterglow of Creation was first published in 1993. It tells the story of the leftover heat of the Big Bang. Remarkably, that heat is still all around us today. Turn on your TV and tune it between the stations. One per cent of the static on your screen is the afterglow of the Big Bang. Before being intercepted by your TV aerial, it had been travelling across space for 13.7 billion years, and the very last thing it touched was the fireball of the Big Bang.


Afterglow of Creation tells the story of the people involved in the discovery of the afterglow of the Big Bang – the biggest cosmological discovery of the past century – and of the imaging of the afterglow by NASA’s Cosmic Background Explorer (COBE) satellite in 1992. The trigger for the book, in fact, was COBE’s extraordinary ‘baby photo’ of the Universe. Stephen Hawking called it ‘the discovery of the century, if not of all time’. But it was when COBE scientist George Smoot referred to it as ‘like seeing the face of God’ that all hell broke loose. The story was splashed all over newspapers and TV screens around the world, and Smoot reportedly received a $2-million advance for a book which later became Wrinkles in Time.


That’s where I came in. Working as science-news editor at New Scientist in London, I followed the story. I also knew a bit about the Big Bang radiation from my university days. When a colleague at the magazine said to me, ‘Why don’t you do a book about it?’, I thought, ‘Yeah, I could try that.’ So I put together a two-page outline and sent it out. Publisher after publisher rejected it, until finally it fell on the desk of Neil Belton at Jonathan Cape, who said, ‘Great, why don’t you do it?’ (for considerably less than $2 million, I should add).


That was when I got a tight knot in my stomach. I had never written a popular-science book before. I had said ‘I could’ without knowing I could. I didn’t even know half the story. I would have to go and talk to the people at NASA who worked on COBE and hope I would be able to get all I needed. Then I would have to sit down and write something coherent, comprehensible, chatty, engaging. Something longer than anything I had written before. Could I pull it off?


I met the deadline – just. And, when the book came out, lots of wonderful things happened. For instance, the magazine Focus bought 200,000 copies and cover-mounted them as a reader promotion. That probably made Afterglow of Creation the most-read (though not the most-sold) popular-science book after Hawking’s A Brief History of Time. In addition, the book was runner-up for the Rhône-Poulenc science Book Prize.


The events of 1992 are a long time ago now. However, Afterglow of Creation remains the only account of the discovery of the afterglow of the Big Bang in the words of the discoverers. I talked to all of the players, some of whom are now dead, so the book is a unique text on a key chapter in the history of science.


But, more than this, the subject matter remains extremely topical. Not only is the afterglow of creation still yielding its secrets, but two of COBE’s scientists, John Mather and George Smoot, won the 2006 Nobel Prize. It was time to produce an updated edition, I thought, and Faber & Faber, my current publisher, agreed. It is fitting that Neil Belton, who commissioned the book at Jonathan Cape and who is such a good editor that I have become his stalker, is now head of non-fiction at Faber.


A tremendous amount has happened since the book’s publication and I have added material on the two most important recent developments: the launch in 2001 of COBE’s successor, NASA’s ‘Wilkinson Microwave Anisotropy’ (WMAP) probe; and the discovery of the biggest mass component of the Universe in 1998. This ‘dark energy’ is invisible, fills all of space and its repulsive gravity is speeding up the expansion of the Universe. Nobody knows what it is.


WMAP has ushered in the age of precision cosmology, discovering among other things that the Universe is precisely 13.7 billion years old and that only 2 per cent of it is visible (23 per cent is invisible ‘dark matter’ and 73 per cent invisible ‘dark energy’, and astronomers have seen only half the rest). In addition, and intriguingly, there are peculiar anomalies in the Big Bang afterglow which could conceivably be evidence that our Universe once collided with another universe.


Afterglow of Creation is dedicated to my dad and, by a peculiar coincidence, I find myself writing the foreword to this updated edition on the tenth anniversary of his death. I’d been wondering for a while what to do today to mark the anniversary, and what better way than to write about my dad.


It was my dad who bought me Dr H. C. King’s Book of Astronomy for Christmas when I was eight. It was my dad who got me out of bed to see the Moon landings on TV. It was my dad who bought me a small telescope, which I poked out of the window of our upstairs flat in north London, squinting at the jittery images of the crescent of Venus and the rings of Saturn above the shimmering orange haze of the North Circular Road. Why did my dad buy me that book on astronomy, which sparked a lifelong passion for the stars? It’s one of those questions I wish I had asked while I had the chance.


Another mystery is my dad’s enormous – at times, almost ridiculous – faith in me. On one occasion, when I told him about a friend who had won a science-book prize, his immediate response was: ‘You should have won that prize, Marc.’


‘But I didn’t enter for it, Dad.’


‘You’re much better than him, Marc.’


‘But I didn’t even write a book this year that was eligible.’


‘I’m telling you, Marc, they should have given you that prize.’


‘But, Dad …’


In the end I gave up arguing. There was no dissuading him from his view that I had been scandalously overlooked.


Whatever I did, it seemed, my dad assumed I would be brilliant at it. When I went to Caltech in Pasadena, my dad knew I would win the Nobel Prize for Physics and run the NASA space programme. When I abandoned research and returned to England to try and be a journalist, he assumed I would win the Pulitzer Prize. The thing I marvel at – and, to this day, still have trouble getting my head around – is that, for some reason, my dad believed I could do anything.


For most of my life, when my dad’s faith was always there, like the air I breathed, I hardly noticed it. I didn’t take it seriously enough to notice it. Now that he is gone – and isn’t it always the way? – I notice it and wonder, ‘Where in the world did his unshakeable belief come from?’ Since it was there from day one, when I was a blank slate, a mere pink blob, all I can think is that he must have seen in me something which was in himself.


Dad was born on Coldfall Estate, a sprawling council estate in Muswell Hill, a suburb in the northern outskirts of London. This in itself restricted the possibilities open to him. Those possibilities were further limited by the year of his birth: 1934. Although luckier than his contemporaries born in Berlin and Stalingrad, he was still a victim of the Second World War, which broke out as he stepped over the threshold of Coldfall School for the first time.


The obvious way the war affected education was through the German air raids, which interrupted schooling. But a more subtle effect was that it took away all the young, vibrant teachers, conscripted to fight if they were men or sent off to work in factories or on the land if they were women. Their places were filled by impossibly ancient teachers, brought out of retirement to meet the national emergency – teachers the children played up something rotten.


Things got better with the end of the war and the return of a younger generation. But there was no getting away from the fundamental limitations of Coldfall School, a one-size-fits-all establishment that children attended continuously from five to 15. It was not a bad school but nor was it an aspirational school. For a girl, the pinnacle of expectation was a place at secretarial college; for a boy, a light-engineering apprenticeship, with day release to study for a vocational qualification at a technical college. On his fifteenth birthday, Dad left for an apprenticeship at the Post Office.


I ought to know what he did there. But it’s another one of the things I paid only passing attention to whenever he mentioned it, never once thinking that the day would come when I would be hungry for information about his life. I have a vague recollection that he serviced teleprinters. Certainly, it would explain why, on his eighteenth birthday, when the call-up for national service came, he was assigned to the Royal Signals. And it is national service that is the key, I think, to understanding my dad’s extraordinary belief in me.


It was a profound, horizon-expanding experience, comparable in many ways to university for me – though I was spared having to ‘wade through muck and bullets’ (my dad’s phrase, not mine). Throughout the war, it had been impossible even to visit the British seaside. Now Dad was actually on a plane – a novel experience in 1952 – flying out across the blue Mediterranean to Cyprus. But it was not the foreign places he saw that had the most profound effect on him but the people he mixed with.


It is a truism, of course, that National Service was the great leveller, throwing together people from all backgrounds and all walks of life. But that isn’t to downplay the effect it had. For the first time, Dad met people who had actually been to university – something utterly unheard of for boys of his class and background. And what he learnt, first on the gruelling six-week basic training course at Catterick in Yorkshire, then at a radio listening post at Episkopi, was that he was not stupid. Far from it. When it came to taking down Morse, he was one of only a handful of operators able to record it at the very fastest rate.


Almost certainly, it reinforced something he already knew. As a boy, he had read voraciously – adventure classics like Treasure Island, The Thirty-Nine Steps and King Solomon’s Mines. Furthermore, he knew that his own father, though merely a painter and decorator for Hornsey Council, was quick-witted. According to a family story, he had actually passed an entrance exam for a ‘minor public school’, though, for obscure reasons, possibly to do with money, he’d never actually taken up his place. But for his own accident of birth – not to mention the years he spent in the trenches on the Western Front – his father would have done much more with his life.


For Dad, I believe, national service was a confidence booster. He discovered, or had confirmed, that he had a brain. Growing up in a working-class family in the austere, post-war 1950s, he simply did not have the opportunity to do anything with it.


But his son and daughter might.


I came into the world during a heatwave in June 1959. For the first six months of my life, my parents lived in squalid conditions in one room in a terraced house in East Finchley. When the new MP for Finchley started regular ‘surgeries’, my parents went along in the hope she might help them find somewhere better to live. She did. Three weeks later, they received a letter offering them a two-bedroom flat on a relatively modern estate. ‘This is my first success as MP,’ read the letter. It was signed: ‘Margaret Thatcher’.


Luck, which had not been on my dad’s side, was very much on mine. The Borough of Barnet, in the affluent northern outskirts of London, had good schools, and my parents had an acute understanding of just what they had missed by leaving school at 15 in order to bring money into their families. They encouraged me and my sister in all we did, took us to libraries, bought us books.


As I started school in the mid-1960s, unbeknown to me Britain’s universities were undergoing an unprecedented expansion. Whereas previously only a fortunate few from ordinary backgrounds had won scholarships to universities, now it was possible for large numbers to go. As I progressed through the education system, doors continually opened up before me, which I stepped through without even noticing they were there.


I went to university – the first from my family to do so – followed by my sister. I did well, graduated and went to do a PhD at Caltech, where I was taught by Nobel Prize-winners like Richard Feynman, who, while my dad had collected shrapnel from the doodlebugs raining down on London, had helped build the first atomic bomb in the desert of New Mexico.


I now see, I think, why my dad had so much faith in me. He knew himself, knew what he could have done if he had been born in a different place at a different time. And it was not just knowledge of himself; it was knowledge of his own father, my grandfather, who had survived the Somme and Russia in 1919. My dad’s potential was unrealised because of the accident of where and when he was born. I was able to realise my potential for exactly the same reason.


Afterglow of Creation was my first popular-science book, and I have written five more since, in addition to other books, including children’s fiction. I have been able to do what generations of my family before me were unable to do. I have had the opportunities my parents and grandparents never had. And for that I am extremely grateful.


My dad did not see a lot of the success I have had but, actually, it does not matter. He did not need to see it. He always knew. He had faith. ‘You wanna punch out a best-seller, Marc,’ I remember my dad saying to me over a mug of coffee at our kitchen table.


‘But, Dad …’ I protested. At the time, I was struggling to finish a book that was already several years behind its delivery date, so I was mildly infuriated.


‘No, I’m telling you, Marc,’ my dad repeated, as if he was imparting a piece of valuable advice, as if writing a book that sells a million copies requires no more than putting your head down for an afternoon’s solid application, ‘you wanna punch out a best-seller.’


My dad died ten years ago but I still carry around his faith in me. And there have been times when I have felt he is still looking out for me. A few days before a book signing at London’s Science Museum, the phone rang, and it was my then editor. The week before, knowing the book had been selling well, I’d said to my editor: ‘You do have enough books for the signing, don’t you?’


‘Yes, don’t worry, we’ve got plenty in the warehouse.’


I picked up the phone. ‘I’m really sorry,’ my editor said, ‘I’ve just checked and there aren’t any books in the warehouse. We’ll scrabble around the office and see what we can find.’


‘What! But can’t you print some more?’


‘Sorry, not until we get a big order.’


‘Well, when’s that going to happen?’ I asked, knowing as I put the phone down that it was never going to happen before the book signing.


‘Fuck!’ I thought. ‘Fuck. Fuck. Fuck!’


Later that afternoon, my editor rang again. ‘What?’ I said, still annoyed.


‘You’ll never believe this. We haven’t had any big orders for months and, out of the blue, we’ve just had two!’


I looked up at the clock. It was two years to the hour since my dad had died.


The book signing was a success. Afterwards, my wife, Karen, and I were driving back to Worcestershire, where we lived at the time. It was in the early hours of the morning and we were on a deserted road between Moreton-in-Marsh and Broadway. Suddenly, a fireball streaked down the sky in front of us and split into two. We looked at each other. ‘It’s your dad,’ said Karen. ‘It’s like Superman. He’s saying: “Bye for now. Until you need me again!”’


Marcus Chown     


Sitting under a tree by the Serpentine     


Hyde Park, London     


2 May 2009     



















Prologue: The World through Microwave Eyes





It is a crystal-clear night far away from the bright lights of a big city. A luminous full Moon is pulling itself free of the treetops. Against the velvet-black sky stars are winking like diamonds.


But the night sky is not all it seems …


The visible light our eyes see makes up only a vanishingly small portion of all the light that is streaming through the Universe. Raining down on the Earth from space is a ceaseless torrent of invisible ‘light’.


For most of human history we have been entirely blind to this light. But in recent years astronomers have opened up our eyes. New telescopes have been built which can see X-rays, infrared, radio waves and every other kind of invisible light. Now, for the first time, we can behold the greater glories of the Universe.


Imagine that you can see what the astronomers see simply by putting on a pair of ‘magic’ glasses. To ‘tune’ them to different types of light you need only twiddle a knob on the frame. No longer are you almost blind. Now you can have infrared eyes, radio eyes, eyes that see ultraviolet light, gamma rays or X-rays.1


What can you see with these impressively enhanced lenses?


At first, nothing appears to be changing. Then you realise that the Moon is fading. So, too, are most of the stars. Soon the Moon is hardly visible and the stars have begun to wink out one by one. But as the stars disappear new ones pop into view in places where no stars were visible before. Some of the new stars are shrouded in clouds of misty white.


This is the ultraviolet sky. Your glasses are registering the kind of invisible light that causes sunburn when you lie too long on a beach. Only the very hottest stars shine brightly with ultraviolet light.


Twiddle on.


The stars change again. Now there are no familiar signposts in the heavens. The intensely bright pinpricks that dot the sky mark places where stars are cannibalising other stars and where blisteringly hot gas is plunging headlong into black holes. Wherever matter is heated to hundreds of thousands of degrees it shines brightly with X-rays.


Keep twiddling.


Everything is fading now. We have come to gamma rays, the most energetic light in the Universe, created by the most violent events imaginable. Now the sky looks utterly black.


But there is a tiny, brilliant flash of light. You turn your head to stare. But there is nothing to see. The black sky is utterly empty. But if you were very patient indeed and watched the gamma-ray sky for a few days at a stretch you would see another brilliant flash from an entirely different part of the sky. And after a few more days you would see another. Astronomers call these ‘gamma-ray bursters’. They are the most powerful explosions in the Universe and we are seeing them at the very edge of the Universe. No one is completely sure what they are, but they may be the birth cries of black holes.


There is nothing more to see by tuning any further – except darkness and yet more darkness. Turn the knob back the other way, through the X-ray and ultraviolet skies to the familiar visible sky with its full Moon and familiar stars. But don’t stop. Keep going. Keep tuning.


You are now seeing infrared light. Instead of the Universe’s hot bodies, you are seeing relatively cool ones. Even human beings give out infrared. It’s the same kind of light earthquake-rescue teams use to detect people trapped beneath rubble.


The Moon has reappeared in the sky. But instead of shining brightly from reflected sunlight, it is glowing dully from its own meagre internal heat. The sky is full of unfamiliar stars. Cold stellar embers. There are bloated red giants in their death throes and stars so new that they are still swathed in the shimmering gas out of which they were formed.


But now you have left even the infrared sky behind. You are seeing microwaves, the same type of light used for radar and for heating food in the ubiquitous ovens. Now if our glasses are working, something very odd will begin to happen: the sky will light up. Not just a part of it – all of it.


The whole sky, from horizon to horizon, is glowing a uniform pearly white. You tune further into the microwave region but the sky simply gets brighter. The whole of space seems to be glowing. It is as though you are inside a giant light bulb. And what you are seeing is quite real. It is the relic of the Big Bang, the titanic fireball in which the Universe was born. Incredibly, it still permeates every pore of space 13.7 billion years after the event.


There is more energy tied up in this universal ‘cosmic microwave background’ than there is in the visible light of all the stars put together. In fact, the Big Bang radiation accounts for 99.9 per cent of all the particles of light streaming through the Universe at this moment.


Yet although the technology to detect microwaves was developed for radar during the Second World War, remarkably it was not until 1965 that anyone noticed this ‘afterglow of creation’. And even then it was noticed only by accident. The two astronomers who stumbled on it carried off the Nobel Prize for Physics despite not believing in the cosmic origin of what they had found for at least a year after their discovery, and despite initially mistaking it for the microwave glow of pigeon droppings.


The extraordinary story of the discovery of the relic radiation from the Big Bang forms the backbone of this book. With its tortuous twists and turns, accidents and missed opportunities, it provides a wonderful example of the way in which science is really carried out.


The cosmic microwave background is the oldest ‘fossil’ in creation. It has come to us directly from the Big Bang and has been travelling across space for 13.7 billion years. The cosmic microwave background was given out by matter cooling in the fireball, so it carries with it an imprint of the Universe as it was soon after the Big Bang. When you look at the microwave sky, you are seeing a snapshot of the Universe 13.7 billion years ago.


The early Universe must have been an extremely boring place, you think. After all, there is not a single feature anywhere in the microwave sky. However, the beauty of this featureless, uniform Universe is that it is a lot easier for scientists to understand than a complicated one. The smoothness of the cosmic microwave background is telling us that matter in the early Universe must have also been spread amazingly smoothly throughout space. And herein lies a great puzzle. Today’s Universe is anything but smooth. In fact, the Universe is full of stars, and the stars are grouped together into galaxies, and these galaxies are in turn linked into great chains and clusters that snake their way across space. And between these groupings of galaxies are great voids of utterly empty space. Far from being smooth, the luminous material in today’s Universe has the appearance of Swiss cheese.


So how did such an uneven and complicated universe arise from such a smooth and simple beginning?


Clearly, at some point the stuff of the Universe must have begun to clump together, like milk curdling. So, although the cosmic microwave background looks remarkably smooth, it cannot be dead smooth. If we look closely at it, we ought to be able to see signs of the first structures in the Universe beginning to clump together under gravity soon after the Big Bang.


For more than 25 years after the discovery of the cosmic microwave background astronomers peered at it closely. But, try as they might, they were unable to find any variation in the brightness of the microwave background.2 There were no signs of the lumps of matter which would later form galaxies like our own Milky Way. The evidence of the cosmic microwave background seemed to be contradicting one of our most cherished ideas: that we and our world exist!


In 1989, NASA launched an obscure satellite called COBE (pronounced ‘co-bee’) into an orbit just above the Earth to study the fireball radiation. Previously, this had been difficult because the Earth’s atmosphere glows brightly with microwaves.3 COBE’s sensitive instruments listened carefully for the faint whisper of the cosmic explosion which started the Universe’s expansion 13.7 billion years ago. For more than two years the satellite found nothing. There were jittery mutterings among scientists.


But, in April 1992, COBE hit the jackpot. It found ‘ripples in the cosmic background radiation’. In some parts of the sky the cosmic microwave background was ever so slightly brighter than in others. It was a tiny effect. The ‘hot spots’ in the sky were only a few parts in 100,000 hotter than the ‘cold spots’, but the outpouring of relief among scientists was unprecedented. ‘It’s like seeing the face of God,’ declared one of the scientists on the COBE team. ‘It’s the discovery of the century, if not of all time,’ declared the physicist Stephen Hawking.


Many thought these remarks a little extravagant, but the fact remained that COBE had found the ‘seeds’ of galaxies in the early Universe. Those regions that were slightly denser than others would grow and grow as the Universe expanded in the aftermath of the Big Bang, getting bigger as their gravity pulled in more and more matter. They would eventually become the clusters and superclusters of galaxies we see around us today. COBE had not quite seen the face of God but it had seen the largest and oldest structures in the Universe.


At the time of the discovery the world’s media went wild. The story was splashed across TV screens and the front pages of newspapers all over the planet. It is probably true that no other scientific story has received such blanket coverage in the media.


Why so many people lost their heads over such an obscure and esoteric story is a bizarre tale in itself, and one that I tell later in this book. But before you can understand what all the fuss was about, you need to know a little background to the cosmic background. In particular, you need to know about the Big Bang.


The story begins in the first decades of the twentieth century, when a new generation of giant telescopes allowed astronomers to probe the remote depths of space and discover for the first time just what kind of Universe we were living in …




Notes – Prologue


1. Strictly speaking, you would have to go into space to use your magic glasses because most invisible light is absorbed by the atmosphere. But don’t let that worry you. This is only a story.


2. This is not strictly true. In the late 1970s, astronomers discovered that the microwave background is slightly hotter in the direction the Earth is moving in space and slightly colder behind us. But this is due to our motion through the microwave background and is not inherent in the background radiation itself.


3. In fact, the ground glows with microwaves, as do buildings, trees, people and even clouds of hydrogen gas floating in space. These competing sources of microwaves make the uniform glow of the fireball radiation a little more difficult to spot than I have led you to believe. They explain why detecting the fireball radiation is a challenge and why it was not discovered until 1965.

























PART ONE


The Toughest Measurement in Science
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The Big Bang


How did we come to believe in such a ridiculous idea?





In December 1924, the astronomers of the world gravitated to Washington DC for the 33rd meeting of the American Astronomical Society. It was a routine and unremarkable meeting. Some of the participants had already departed to catch their trains home when, late on the last day, one man stood up in front of a half-empty auditorium, cleared his throat and began to read out a scientific paper. It had been submitted by a 35-year-old astronomer who had been unable to make the arduous journey east from southern California.


When the reader finished and left the podium, there must have been many in the audience who felt a sudden chill descend on the auditorium. For, at long last, the human race knew the true scale of the Universe it was lost in. And it was unimaginably more vast than anyone had ever dreamed.


The absent Californian astronomer was Edwin Hubble, an ex-athlete and ex-boxer who had given up a promising career in law to study the heavens. In 1923, he had turned the most powerful telescope in the world – the newly built 100-inch reflector on Mount Wilson above Pasadena – onto a misty white patch in the night sky known as the Great Nebula in Andromeda. What he had made out in the outskirts of the nebula, so faint that they teetered on the very edge of invisibility, were the tiny specks of individual stars.


To understand why this changed our picture of the Universe you have to realise that, at the time of Hubble’s observation, most astronomers assumed that Andromeda was merely a cloud of glowing gas floating between the stars. Hubble showed this was wrong. Andromeda was no nebula. It was made of stars blurred together by sheer distance. It was a vast island of stars suspended in the depths of space.


The Mysterious Spiral Nebulae


By discovering his remote stars, Hubble had settled a fierce astronomical debate which had been raging throughout the early decades of the twentieth century. It concerned the nature of the ‘spiral nebulae’, of which Andromeda was the largest and so most easily studied with telescopes.


The spiral nebulae had been discovered in the eighteenth century, when the first generation of astronomers to use telescopes had seriously trained their instruments on the sky. Their passion was comet-hunting, so these early astronomers were irritated to discover that cluttering up the night sky were many fuzzy patches of light which could easily be confused with comets. In 1784, the French astronomer Charles Messier provided a valuable service to his fellow comet-hunters by publishing a catalogue of the positions of the brightest of these ‘vermin of the skies’.


Messier’s original catalogue contained 103 cloud-like objects, the majority of which were spiral-shaped nebulae. At number 31 in the list was the Great Nebula in Andromeda. Arguably the least comet-like of all the celestial objects in Messier’s list, the nebula is easily visible to the naked eye if you know where to look: a fuzzy elongated cloud about six times as big as the Moon appears in the sky. To this day, astronomers refer to it as Messier-31, or M31 for short.


The fierce debate about the nature of the spiral nebulae was inextricably bound up with the size of the Universe, for the following reason: if the spiral nebulae were clouds of glowing gas, as most astronomers maintained, then they must be near the Earth. Glowing gas simply did not shine brightly enough to be visible at great distances.


But others argued that the spiral nebulae were great islands at enormous distances from the Earth. They appeared like clouds of glowing gas only because distance had blurred together their stars.


At the time, it was known that our Sun belonged to a large stellar swarm called the Milky Way. The Milky Way is a flattened, roundish collection of stars similar in shape to a compact disc. In the night sky it appears as a misty band stretching across the heavens, but that is only because we see it edge on from our position inside it.


In the early part of the twentieth century, many astronomers believed that the Milky Way was the entire Universe and that nothing existed beyond its limits. If the spiral nebulae were shown to be beyond the Milky Way, then this idea would be blown apart.


The moment Hubble found stars in Andromeda, it began to look as if it was indeed beyond the Milky Way. But unless he could discover its exact distance, Hubble could not tell for sure.


Fortunately, among the stars of Andromeda Hubble was able to identify were very unusual stars known as Cepheids.1 And these enabled him to settle the question once and for all.


To an astronomer, finding Cepheids is like scouring a vast expanse of beach and stumbling on a handful of jewels sparkling in the sand. The reason is that it is always possible to determine the exact distance to a Cepheid, which is usually impossible with an ordinary star. If you see two stars and one appears brighter than the other, it is impossible to tell whether the bright one is intrinsically brighter or whether it is simply closer. But there is a way of telling how intrinsically bright Cepheids really are. So if an astronomer sees two similar Cepheids and one is brighter than the other, he can be certain that the bright one really is closer.


Building Blocks of the Universe


Hubble compared the Cepheids he had found in Andromeda with those in the Milky Way and found that they were immensely further away. Andromeda was at a truly enormous distance. It was a ‘galaxy’, a vast island of many billions of stars floating in space far beyond the limits of the Milky Way.


If Andromeda was a separate galaxy, then the implication of this was obvious to Hubble: the Milky Way must be a galaxy as well. Although it looked like a flattened disc of stars from our vantage point, it, too, was a spiral galaxy, a giant fiery pinwheel turning ponderously in space.


And if Andromeda was a galaxy, all the other spiral nebulae littering the heavens must also be galaxies, giant beacons of stars burning brightly out of the black depths of space. Far from being all of creation, the Milky Way was merely one galaxy among countless billions of others scattered throughout space. Galaxies like Andromeda, which appeared large and bright in our sky, were simply close neighbours of the Milky Way. The small and faint galaxies were at enormous distances.


Hubble had demonstrated just how large our Universe really is. He had identified the building blocks of the Universe – immense pinwheels and spheroids of stars. They crowd space all the way out to the very limits probed by the largest telescopes, dwindling finally to mere specks of light.


Today, the Universe we see with our telescopes is about a billion billion billion metres across. If that gives you a headache, try imagining the Universe as a sphere just a kilometre in radius. In this shrunken Universe, our Galaxy,2 the Milky Way, which has about 200 billion stars, floats at the centre and is roughly the size and shape of an aspirin.


But the Milky Way is not alone in space. Galaxies tend to congregate in ‘clusters’, and our Milky Way is no exception. It belongs to a meagre cluster of galaxies called the Local Group. Of the cluster’s couple of dozen other galaxies, only one – the Andromeda galaxy – is sizeable. Andromeda is another aspirin floating in space a little over ten centimetres away.


The nearest large cluster of galaxies to our own is the Virgo Cluster, which contains about 200 galaxies. In this Lilliputian universe, the galaxies of the Virgo Cluster occupy the volume of a football and are about three metres away.


Some other more distant clusters may contain many thousands of aspirin-sized galaxies, and these clusters may be many metres across. And clusters of galaxies in turn form clusters, which astronomers call ‘superclusters’. Aspirin-sized galaxies crowd space out to the edge of the observable Universe a kilometre away.


The Fleeing Nebulae


Hubble had succeeded in identifying the major constituents of the Universe – the galaxies – and provided some sense of the vastness of the cosmos that they inhabited. But he had yet to make his greatest discovery. For his next trick, Hubble would show that the Universe had not existed for ever, as most astronomers believed, but that it had a beginning.


The man who laid the groundwork for Hubble’s greatest discovery was Vesto Melvin Slipher, an astronomer at the Lowell Observatory in Flagstaff, Arizona. Ever since 1912, well before anyone knew about galaxies, Slipher had been painstakingly measuring the patterns in the light from spiral nebulae.


Just as in sunlight, the light from these nebulae was a mixture of colours. Each colour corresponded to a particular wavelength of light: the longest was red and the shortest blue.3 With the aid of a prism – a triangular wedge of glass – it was possible to spread the colours out into an ordered sequence known as a spectrum.


In the nineteenth century, astronomers had found that the rainbow-like spectra of the Sun and the nebulae were interrupted by ugly dark lines. Colours were missing. It was soon realised that these ‘missing’ colours had been removed, or absorbed, by gases in their atmospheres. From the pattern of dark lines it was possible actually to identify the gases that were doing the absorbing – gases like helium or nitrogen or oxygen.


Slipher’s great triumph was to perfect a technique for photographing the spectra of extremely faint objects such as spiral nebulae. By 1917, he had studied 15 of these with the telescope at Flagstaff, and what he had discovered puzzled him greatly.


In the spectra of the Sun and the stars of the Milky Way the dark lines of absorbing gases appear very close to the positions measured in laboratories on Earth when the same gases absorb light. But Slipher found that in the nebulae the lines were shifted – usually to the longer wavelength end of the spectrum, where the light was redder. In only two of his sample of 15 nebulae were the lines shifted towards the blue end of the spectrum.


Slipher interpreted the wavelength shifts as due to the Doppler effect, which is familiar to anyone who has noticed how the pitch of a police siren changes as it speeds across town, becoming higher as it approaches, then deeper as it recedes into the distance.


As a sound wave passes, the air is alternately compressed and expanded. That is all a sound wave is: a long train of alternating ‘compressions’ and ‘rarefactions’ of air. The longer the wavelength – related to the distance between one compression and the next – the deeper its pitch.


Waves from an approaching siren are ‘scrunched up’, shortening their wavelength and making them higher pitched, while waves from a receding siren are ‘stretched out’, deepening their pitch.


On the other hand, when the wavelength of light is changed, this causes a change in colour rather than a change in pitch. So, for a body coming towards us, the Doppler effect shortens the wavelength of the light, shifting its characteristic pattern of colours to the blue end of the spectrum; on the other hand, the same effect drags out and lengthens the wavelength of the light from a body moving away, causing the pattern in its spectrum to be ‘red shifted’.


We are fortunate indeed that nature has created atoms which can make dark lines in spectra. If all the colours in a spectrum were simply shifted, we would never know. The spectrum would look the same. It would be like taking a sequence of numbers like 1, 2, 3, 4, 5, 6, 7, 8 … and shifting it one place to the right. The number 1 would replace 2, 2 would replace 3, and so on, but the sequence would still appear as 1, 2, 3, 4, 5, 6, 7, 8 …


But, because of spectral lines, there are distinctive patterns in any spectrum. A spectrum looks like a supermarket bar code, so it is immediately obvious if the atomic bar code has been shifted.


Because 13 of Slipher’s 15 nebulae had red shifts, this meant that 13 were racing away from us, while only two were coming our way. But this seemed to defy common sense. The nebulae were in different parts of the sky and so were not connected to one another. They should therefore be moving in random directions. By the laws of chance, roughly half the nebulae should be approaching and half receding. Why should there be any pattern at all in their velocities?


There was something else peculiar about the red shifts of the receding spiral nebulae. The shifts were very large, much larger than those of ordinary stars in the Milky Way. Taken at face value, they implied that the nebulae were receding from us at enormous speeds of thousands of kilometres per second.


A partial explanation of these speeds came in 1923, when Hubble discovered that the spiral nebulae were galaxies. Since they had nothing whatsoever to do with the Milky Way, there was no reason why they should be moving like stars in the Milky Way. But though the high red shifts could be swept under the carpet, there was still no explanation of why most spiral nebulae were fleeing from us.


Hubble’s assistant at Mount Wilson was a man called Milton Humason, a one-time mule driver on the mountain who had taught himself to be an astronomer. On Hubble’s suggestion, Humason began to extend Slipher’s pioneering work. He measured the velocities of the faintest, and therefore most distant, galaxies that could be seen with the 100-inch telescope, and very soon confirmed that Slipher was absolutely right. Every single galaxy whose spectrum he measured was receding from us, some at incredible speeds of tens of thousands of kilometres a second.


Hubble had not been idle while his assistant photographed spectra. He had been painstakingly measuring the distances to Humason’s galaxies, assuming that they were all of the same brightness, so that the fainter ones really were further away than the brighter ones.


A Beginning to Time


In 1929, while staring at the data, it suddenly dawned on Hubble that the red shifts of the galaxies were not random at all. There was a pattern: the further away a galaxy, the faster it seemed to be hurtling into the void. In fact, the velocities of the galaxies increased in step with their distances. A galaxy that was twice as far away as another turned out to be receding from us at twice the velocity; a galaxy three times as far away was receding at three times the velocity.


The pattern would come to be known as Hubble’s law.


The simplest and most naive explanation of what Hubble had found is that at some time in the remote past a violent explosion took place in the Universe, centred on the Earth. The galaxies were blasted outwards so that today when we observe them we quite naturally see them all racing away from the origin of the explosion. Those galaxies that came out of the explosion moving relatively slowly have covered the least distance, while those that started off fastest have receded furthest from us.


Hubble had made the outstanding astronomical discovery of the twentieth century. The entire Universe is expanding, its constituent galaxies flying apart like pieces of cosmic shrapnel. But if the Universe was expanding, then one conclusion was inescapable: it must have been smaller in the past. There must have been a moment when the headlong expansion started: the moment of the Universe’s birth.


This was the real significance of Hubble’s discovery. By finding that the Universe was expanding, he had found that there was a beginning to time; that although the Universe was old, it had not existed for ever. By imagining the expansion running backwards, like a movie in reverse, astronomers now deduce that the Universe came into existence in the Big Bang about 13.7 billion years ago. For the first time, scientists would be able to ask where the Universe – with its galaxies, stars and living organisms – had come from and where it was going. Cosmology – the most audacious of sciences – was born.




Notes – Chapter 1


1. Cepheids are ‘variable’ stars which brighten and dim periodically. In 1908, Henrietta Leavitt discovered that how long they take to do this is related to how intrinsically luminous they really are. So to discover the true brightness of a Cepheid, it is necessary only to measure the ‘period’ of its light variation.


2. Astronomers often give our Galaxy a capital ‘G’ to distinguish it from other galaxies.


3. Light is a wave like a wave on water. And, just like a wave on water, it has peaks and troughs. The wavelength of any wave, whether a light wave or a water wave, is defined as twice the peak-to-peak distance.
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The Restless Universe


How Einstein missed the message in his own equations





Edwin Hubble’s discovery that the Universe we live in is expanding in the aftermath of a gigantic explosion should have surprised no one. Not only had several scientists predicted it more than a decade earlier, but their predictions had also been published in the scientific literature for everyone to see. No one had taken a blind bit of notice – least of all Hubble.


The man who had made it possible to think seriously about what kind of Universe we live in was Albert Einstein. In 1915, he had published his theory of gravity, which described the way in which every chunk of matter pulls on every other chunk.1 Never one to shy away from the really big problems in science, two years later Einstein applied his theory of gravity to the biggest collection of matter he could think of – the entire Universe. In doing so, he created cosmology, the science which concerns itself with the nature of the Universe we live in – where it has come from and where it is going.


According to Einstein’s theory, matter does not influence other matter directly but only through the intermediary of space. This is the crucial difference between Einstein’s view of the Universe and the view of his famous predecessor, Isaac Newton. To Newton space was simply the backdrop against which the cosmic drama was played, but in Einstein’s theory it has a far more active role.


The essential idea is that space is malleable – it can be warped or curved by the presence of matter. Warped space is a hard thing to imagine, but though we cannot visualise it, we can gain some insight into its most important properties by thinking of it as a pliable rubber sheet. If a heavy ball bearing is placed on such a sheet, it creates a depression or valley around it.
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