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Have you ever wanted to understand the universe?

Once that desire burns away at your soul – really burns – there’s no going back.

Michael Brooks





Dear Reader

This book conveys something of the scale and sweep of the universe we know today.

It examines not just the stars and galaxies but the whole thing, space and time, matter and light, life and consciousness, reason and language.

It brings all this together in one volume, one picture and invites us to give it some time and thought.

What sense might we make of it?

What might it make of us?

Do join me on this roller-coaster, this voyage like no other.

Ian Breckenridge





Describing the indescribable

This book will sometimes struggle to find words which can do full justice to its extraordinary subject. Quite often it will be tempting to fall back on words like ‘fantastic’, ‘colossal’, or ‘breathtaking’, but superlatives like these, repeated too often, may eventually wear thin and lose much of their force. Some of the time, surrounded by wonders, it might even be better to understate things.

Similarly it will be tempting to attribute truly awe-inspiring phenomena to some supernatural force. This might appear to be a simple response, but it might also seem like giving up the quest altogether, and missing its strange magnificence. This book, however, will follow reason and evidence as far as they will take us.

This book, then, will try to limit itself to the reality of the material world, leaving other realities – moral, psychological, aesthetic, theological – as far as possible to one side.
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Embarking

A glance through the book

During the last several decades, within a little more than the span of a human life, we have created a new picture of this surrounding reality of ours in immense detail, from the Big Bang and black holes to the double helix and the genome, from the Large Hadron Collider and the geological history of planet earth to the private life of the brain and the deep history of our own species. The sciences, indeed, continue to open up new worlds at an exhilarating pace.

Excellent books have appeared on a whole array of particular topics. A smaller number cover a very much wider canvas, like the scale of cosmology, for example, or the evolution of life on earth, but surprisingly few titles have investigated the entire picture in one volume. By this I mean not just atoms, planets and galaxies, but the exquisite choreography of life, the intimate mystery of time, the puzzles of infinity and deep complexity, strange kinship of matter and energy, and the biochemical wizardry underwriting the human quest to make sense of all this.

This book ponders all of this. It sets out on a voyage into our 21st century universe, examining many of its wonders, but also probing its depths and asking what it might all add up to.

The first half of the book ranges from the world within each atom, through the stars and galaxies to the origin of all things. For some readers this may turn out to be stranger than they had expected. This universe is certainly rational but also unimaginably vast and impenetrably complex. Strangest of all, the whole thing emerged apparently from nowhere at a datable time in the past.

In its second half the book goes on to investigate the distinctive self-assembling system we know as life, with its baffling intricacy and its exceedingly ancient heritage. At some time several thousand million years ago early versions of life first took root and multiplied on a still young planet. Its complex molecular building blocks, moreover, may have been coming into place a good deal further back, before the sun ignited and the earth and the moon formed.

The book finally considers the consciousness by means of which we have been pondering all this, and the brain which generates, edits and supervises this whole experience. For some people this stands out as the most remarkable wonder of them all.

By the end of the book we will have come full circle – we start and we will finish with these inquisitive creatures looking up at the night sky, clumsy newcomers with their words and numbers, who so badly need to make sense of things.

Why might a book like this matter?

Within the last century, then, the picture we have of our universe has been transformed by spectacular advances in a whole range of sciences. A growing number of people are now beginning to see just how absolutely extraordinary this is. The emergence of this new understanding might in fact prove to be one of the truly great turning points in all of human history. It feels like an awakening.

Yet probably only a few of us, I imagine, will have taken the time to sit down and think this right through. This book gives you an opportunity to do that. So this book is not a coffee table ‘gee-whizz’ book, to be skimmed in one evening, nor indeed a pocket encyclopedia, but rather an invitation to reflect more carefully. For this truly is a voyage like no other, crossing a vast, wild territory, by turns both exhilarating and disorienting.

A unique adventure like this, then, might be uniquely rewarding. And in any case, if we are to call ourselves well-informed human beings in our own time, don’t we need to be more aware of this reality which surrounds us? Don’t we owe it to ourselves to try to make some sense out of it?

But there may be more to it than that. Our day-to-day working model of the universe by now probably lags behind this 21st century reality, perhaps by some distance. Perhaps more worryingly, our working model of ourselves may have become similarly out of date.

This surely matters to us rather urgently in our own time. In this century humanity is facing a whole series of challenges, from mass migration to climate change, from the poisoning of air, land and sea to the quiet rise of ever smarter robots. These challenges do question at a fundamental level exactly who we think we are, and today’s headless exploitation of the earth, damaging the very biosphere on which we all depend, will surely no longer do as an answer. Maybe it’s high time we took a fresh look at the whole picture, a long view, and considered what it might be telling us.

When we embark on a voyage like this, then, who knows what we might discover? We might even catch a glimpse, a clue to who we are and who we might become.

Maps of the territory

The first map looks up and out as we voyage into the world of our neighbouring stars and the galaxies beyond. Starting with the everyday marvel of our sun, we steer out through the solar system, past our nearest stars, out to the confines of our night sky. Beyond this we become aware of the surrounding apparition of the Milky Way. But we have barely started. And we soon realise the strangeness of this map as we begin to sense the eerie interweaving of time and space.

A second map looks in and down, through all the levels of physical reality, all the way down to the atom and the quantum world within it. This entire material universe, we realise, arises out of an exquisitely strange world deep within every atom.

Further maps look at the epic sweep of animal and plant life as it spread across the earth during the most recent half billion years or so. Its beauty and its diversity entrance us, from orchids to blue whales, from the leopard to the dragonfly. Yet the survival of life was never guaranteed, indeed it was mortally threatened by a series of catastrophes, the worst of them requiring some millions of years to effect a full recovery. Indeed the very survival of today’s great panoply of life on earth, including our own species, is itself an unlikely wonder.

Yet it is easy to forget the earlier wonder of the evolution of the first living cells during the preceding three billion years. And even this wonder is perhaps in the end eclipsed by the emergence of the very earliest precursors of life, perhaps protected in the depths of the newly formed oceans at some point during the earth’s first billion years.

A final map comes back to the creature who is drawing up the maps. All the workings of the human mind, from the most familiar daily routines to the deepest musings on the meaning of our existence, rest on neural systems of truly unimaginable complexity. Different biochemical catalysts take different fountain pathways through the geography of the brain, combining to influence our responses in a thousand ways every microsecond of our lives.

Natural voyagers

The remarkable thing is, the modern quest to understand this surrounding reality of ours once had ancient roots set deep within that reality itself. The first dim awakenings reach back at least a couple of million years to the heyday of our human predecessor Homo erectus. This is when the earliest precursors of modern human reason were presumably first shaped. Later, the voyage continued through what might be called the dream time of Homo sapiens, the 2–3 hundred millennia of early modern humanity when the first prototypes of language may have emerged. Later still it was further refracted through the very different, revolutionary times of Neolithic and early classical experience, with the emergence of agriculture, the first long-distance trading networks, the spread of writing and numbers, and the earliest truly destructive wars.

Much more recently this adventure entered a new phase as late renaissance science started to uncover more and more of the magnificent rationality of the universe. For an exhilarating period this seemed to be like a fully determined, rational machine which one day we would no doubt decode completely. In still more recent times, however, amid increasingly awesome discoveries there has emerged a very different picture, more like a great encompassing riddle than a machine.

In the last half-millennium, then, you could say this human voyage has taken us from an ancient infancy marked by all-pervading ignorance and fear, then through childhood wonder and growing adolescent confidence to today’s more sober, thoughtful encounter. The question is, where will this voyage take us now?





Theme 1


The scale of reality







Chapter 1


Through the circle of the night

We now know that our universe is built on a truly stupendous scale, altogether vaster than anyone could have imagined just a handful of centuries ago. People today are becoming aware of this in a general sense but are still perhaps a bit vague on some of its major features. Perfectly intelligent individuals can even find themselves occasionally mixing up the solar system with our home galaxy, the Milky Way, and others sometimes confuse this one galaxy with the whole creation.

Looking back, the universe understood by Copernicus and Newton was still built on a broadly human scale. It was the 18th century astronomers, and then the founders of geology in the late 18th and early 19th centuries who probably first understood that this universe must be built on much more awesome dimensions. By the mid-19th century Darwin’s extraordinary insight into the evolution of all living things dramatically confirmed this, but by the early decades of the 20th century even Darwin’s dimensions had begun to look decidedly cramped. So when people today speak about the vastness of the universe, what do they mean exactly? How vast is vast?

A recent press article came up with an answer of a kind, estimating the number of atoms in the entire universe – 10 to the power 80, that is, one with eighty noughts after it (just for comparison, a billion has nine noughts after it). But a number like this is simply unimaginable. How can we possibly picture this scale of things?

In order to get our heads round this maybe we need to free up our imagination a little. Imagine then, if you will, a spacecraft advertising trips to the end of the universe (perhaps in the spirit of Douglas Adams’ Hitchhiker’s Guide). You have booked a seat, all the passengers have boarded, and we are ready for take-off. You recall that when you bought your ticket you were warned that this journey might be unsuitable for persons of a nervous disposition. But now the seat belts have been checked, you settle back, and off we go.


Our backyard

Our sun (sun swims into view) is such a familiar, daily presence that we might sometimes think of it as quite close, but in reality it is a long way off – some 149,600,000 kilometres distant from us in fact. Light travels at almost 300,000 kilometres per second, that is, seven and a half times round the earth in the time it takes you to read just a few words in this text, so the light which we see from the sun has taken 8 minutes and 20 seconds to reach us. That is, we see it as it was 8 minutes and 20 seconds ago. We express this by saying that the sun is 8 light minutes and 20 light seconds distant from us. (Our moon, just for comparison, is 1.28 light seconds distant from us.) Measured by our homely earthbound dimensions our planet is a very long way out from the sun – a modern spacecraft, travelling at well beyond the speed of sound, would take several months to reach the sun.

Light circumnavigates this earth, then, in 140 milliseconds, barely the time it takes to register an individual word as you read this sentence. This may be worth just a moment’s pause for reflection. Light, part of the fabric of this universe, is a familiar element in our daily experience and yet it clearly operates on a scale far removed from us.

But on with our voyage. Our nearest neighbour Mars is approximately 227,940,000 kilometres, in other words between 12 and 13 ‘light minutes’ distant from the sun. Hold on tight now, we’re going up! Jupiter, the first of the so-called gas giants as we go out from the sun, is some 43 light minutes distant from the sun, while Saturn is between 79 and 80 light minutes away. Far away Pluto is 328 light minutes, in other words between 5 and 6 ‘light hours’, or almost one-quarter of a ‘light day’ distant. NASA’s craft ‘New Horizons’ took off from earth in 2006. Travelling at an average speed of 36,000 miles per hour, it took nine years to reach Pluto, arriving in July 2015.

We live in an age of discovering our solar system, recalling the age of discovering the earth in past centuries, and in recent years we have been getting used to its many splendours. We can for example admire the spectacular beauty of that designer masterpiece Saturn with its 62 moons and 7 bands of rings, as we view from space the flickering auroras around the mysterious rotating hexagonal cloud pattern in its north polar region. We can read about the thousand mile-deep vortex within its gas layer. We can admire the mile high water geysers on its tiny 300 mile-wide moon Enceladus.

At the centre of this planetary system burns the awesome furnace of the sun, a fierce, angry tumult of nuclear fire, spinning on its own axis, spitting arcs of flame far into surrounding space. The mind can register the facts of this but may perhaps find it hard to really grasp the fearful internal dynamics keeping this furnace in equilibrium. We are told that it is about midway through its ten billion year life cycle. By now, though, even junior school pupils know that our sun is just one star among countless others.

Our solar system, for all its power and splendour, is really no more than our immediate backyard, all its planets circling well within a light-day from the sun. What do we find when we venture out from this close compass? If we travel out well beyond the planet Uranus, the outermost of the four gas giants, and beyond even distant Pluto, we eventually reach the edge of the heliosphere, where the solar magnetic field finally peters out. This is between 17 and 18 light hours distance. Persevering out far beyond this we run in due course into the so-called Oort Cloud, not a cloud but an uncounted myriad of asteroid-like rocks somewhat chaotically circling our sun, anything from 50 light days all the way up to a bit more than a light year distant. People have calculated that the Oort Cloud probably has more mass than the rest of the solar system put together, including the sun.

Continuing still further out, our sun’s nearest neighbour of significant size, Proxima Centauri, visible in southern latitudes, is 4.2 light years distant. The brightest star anywhere in the night sky, Sirius, outshining all the rest in the northern winter evening sky, is our second nearest neighbour, at a distance of 8.3 light years. There are in fact 11 sizable stars within 25 light years distance from us, and around 150 within the span of 100 light years. Many of the stars visible to the naked eye in our night sky are a few hundred light years distant from us, some as far as a few thousand light years away.

Many of us by now have got used to the remarkable fact that as we look out at the night sky we are looking back in time – the further out we look, the longer it has taken the light to reach us. This means that in our imagination we can link the stars we see in the night sky with our own history back on earth. So, where were you 4.2 years ago, when the light from our nearest star, Proxima Centauri, set out towards us? What was happening in world history 250 years ago, when the light set out from Bellatrix, one of the main stars in the constellation of Orion? At that time there were still 13 British colonies in North America. Going further out, the light from Deneb, in the Swan constellation high overhead in the northern summer evening sky, set out 2,600 years ago, before Socrates was born.




As far as the eye can see

But the stars we can see at night are in reality quite close neighbours. If the solar system is our backyard, then all the stars we can see in the night sky with the naked eye, taken together, could be compared perhaps to our local parish or maybe a suburban neighbourhood. In fact we can picture our night sky, with its few hundred major stars, as like a small spherical patch of space with our sun and its midge-like attendant planets at its centre, the whole thing just a few thousand light years across, really quite an intimate little locality when you compare it to its immediate surroundings. Our solar system, then, sits at the centre of our night sky, and this night sky in turn is situated… somewhere within a very much grander affair.

Countless billions of more distant stars are visible to the naked eye as a faint continuous grey blur, arching high across our night sky, the Via Lactea (i.e. Milky Way) as our Roman forebears called it. What we are seeing is our own galaxy, an enormous flattened disc in shape a bit like a dinner plate, only we are seeing it from the inside. It encircles us, and the whole thing is turning on its own axis like a gigantic Ferris wheel. This wonder of the night sky is at its clearest before the moon has risen or after it has set, or perhaps at around the time of the new moon. The sky has to be really dark to see it at its best. As we gaze up at this silent encompassing apparition in the early evening sky it emerges from its background only slowly. But soon, if we keep watching, it appears eerily to draw closer to us as the eye becomes accustomed to the growing darkness. Instinctively we shiver as the hairs rise on the back of the neck.

How can we take our bearings within this giant spiral presence? As we look due south just above the horizon in the northern summer evening sky and recognise the pattern of stars sometimes called the teapot in the constellation of Sagittarius, we are looking towards the centre of our galaxy. Then if we locate the great spectacle of Orion with his belt, sword and bow dominating the southern sky on northern winter evenings, we are looking outwards, towards the edge of the galaxy. Our star, the sun, is located somewhere about halfway out from the centre of the galaxy on one of its several spiral arms roughly 25 thousand light years from the hub and a similar distance from the edge. Our galaxy is also about a thousand light years thick, which is why we see so many stars in areas of the sky far from the arc of the Milky Way itself. The whole galaxy may contain many score billion stars – estimates do vary.

Recently observers measuring the precise movements of the stars in the Milky Way relative to each other have concluded that the whole galaxy is rippling like a flag in the wind, just one stately ripple lasting a few million years. We are also told that the whole thing is revolving in a cycle completed every 210 million years. This means that the great extinction of the dinosaurs on earth some 65 million years ago happened, we could say, almost a third of a galactic cycle ago. Likewise the evolution of multi-celled life on our planet, life as we know it, got underway just some 600 million years ago, in other words almost three galactic revolutions ago. The formation of our local solar system out of spiralling rock, ice and dust happened in an unremarkable corner of the galaxy approximately 4.5 billion years ago, that is, just over 21 galactic revolutions ago. Finally the whole galaxy itself, at some ten billion years in existence, will soon be on the countdown to complete 47 revolutions. Only 47 – at last among all these zillions we have a number we can relate to.

Light, meanwhile, shoots across our galaxy in a mere 100 thousand years. So if we are 25 thousand light years from its centre, then I suppose light from its far side will have taken something like 75 thousand years to reach us. This light, then, must have started out when early Homo sapiens, our human ancestors, lived in Africa, perhaps only a few millennia before some of them first crossed to Asia at the very start of their migration across the continents.

One way or another, here we are, perched out on one of our galaxy’s spiral arms, in the middle of, well, heaven only knows where.




Deep space

Yet our voyage has still some way to go. Everything we can see as we gaze up at the night sky is part of the Milky Way, our own galaxy – everything, that is, except three objects. In the skies of the southern hemisphere two faint grey smudges can be picked out, known historically as the Smaller and Larger Magellanic Clouds. (Did the 16th century voyager Magellan record these strange apparitions as he attempted the first global circumnavigation, sailing into the southern oceans and then westwards across the Pacific?) We now recognise these ‘clouds’ as two relatively small galaxies which are in effect satellites of our own Milky Way, situated 160,000 and 200,000 light years away respectively, yet still drawn by the immense gravitational pull of their larger neighbour as it turns on its axis. These two Magellanic galaxies are in fact the largest of some twenty so-called dwarf galaxies broadly within the gravitational field of the Milky Way.

Then in our northern skies, still rising in the east in an autumn evening, is another faint smudge, located not far above and to the left of the great rectangle of Pegasus. We now know this as the Andromeda Galaxy, our closest neighbouring galaxy, about 2.4 million light years distant from us and now reckoned to be quite a bit larger than the entire Milky Way. That would make it the largest object visible to the naked eye, larger in fact than everything else we can see put together.

By now, though, we have reached the limits of what the human eye can see unaided. Now it’s time to engage one final gear-shift as we turn to our on-board telescopes and find ourselves emerging clear from the Milky Way itself. Quite soon it becomes clear that both galaxies, our own and the Andromeda Galaxy, are members of a group of galaxies, some fifty or so including the attendant dwarf galaxies around some of them, whose distances from us are anything up to a few score million light years. Fully six of them can be seen by earth-based telescopes through the constellation of Virgo. One particularly gorgeous one, the so-called Whirlpool Galaxy, a favourite in astronomy calendars on sale before Christmas, is about 28 million light years distant. Taken together these galaxies are sometimes referred to as the ‘home’ group! Yet none of them, apart from Andromeda and the two Magellanic dwarf galaxies, is visible to the naked eye – they are simply too faint and too far away.

Yet this home group is well named. In the early decades of the twentieth century, as ever more powerful telescopes probed farther and farther into the deeper recesses of space, Edwin Hubble and his colleagues made a truly momentous discovery, transforming forever our view of the universe. More and more galaxies, hundreds then thousands of them, came into focus. The thousands soon became millions. Eventually it became clear that our universe consists of perhaps 100–200 billion galaxies, each with on average several hundreds of millions of stars. Many of these galaxies are relatively ‘close’ to us, others at distances stretching out to 12 billion light years and more. In recent years the broad patterns and networks of these galaxies have been partially mapped out. Astronomers describe these using words like clusters and superclusters, threads, mats, knots and voids.

The furthest detectable signals come from 13.8 billion light years distance. If we assume that our galaxy is approximately midway (more of this later), this would mean that the observable universe is some 27.6 billion light years across. This, then, does seem to be the scale on which this creation of ours is built.
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