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A Signal in the Void


At the end of November 2017, scientists and engineers based at NASA’s Jet Propulsion Laboratory in Pasadena, California, fired up a motor that had not been used for thirty-seven years. They sent a command to a spacecraft to ignite a thruster to shift its position and alter the angle of its antenna. Since the spacecraft was 13 billion miles from planet Earth, the command, travelling at the speed of light, took more than nineteen hours to reach it. Then the engineers had to wait another nineteen hours and thirty-five minutes to find out whether their manoeuvre had worked. It had. Thrusters puffed bursts of gas from their nozzles for a hundredth of a second, to turn the spacecraft fractionally so that its antenna pointed in the desired direction. The command was a simple one, and its success had no immediate significance – it was a test and no more – but the achievement made the broadcast bulletins and news headlines.


That is because the spacecraft was Voyager 1 – the first man-made object to leave the solar system. It is a twin sister ship to Voyager 2, the only observer to visit the outer planets Jupiter, Saturn, Uranus and Neptune before it too began to head for the space between the sun and other stars. And in the course of this journey, Voyager had gradually become one of the icons of modern science. It is both an instrument and exemplar, not just of human curiosity, but of the joy – a delight that is intellectual, aesthetic and emotional – of exploring what is beyond the horizon, and beneath the surface of things.


All science, like all religion, like most history, like philosophy and probably all great art, addresses a set of universal, enduring questions: how did we get here? Why are things as they are? Where are we going? What does it all mean? Is there an ultimate purpose to our existence, or is what we can see around us just the result of a horrible accident, or a sublime one?


What science – and in this story, physics – does is take a little piece of one of those questions and, systematically and provisionally, deliver an answer. This answer on its own may help nobody and answer nothing. But physics goes on to another little question within that bigger question, and then another and then another, and sooner or later, the mosaic of little answers starts to deliver something of more substance: a pattern, a direction of travel, a model that seems to make sense. Actually, substance might not be the right word: we can never be sure that what we see is reality: we may be observing a mirage, or a reflection of reality, or just the silhouette of reality, as if a figure through an opaque glass door. Plato immortalised this possibility twenty-five centuries ago with his image of shadows in a cave. But even if the evidence tells us something incomplete, it still tells us something.


I am very fond of the metaphor of the world around us as a book, but a book only open at the present page. We have learned to read some of this book. It has a huge cast of characters in a confined landscape. We can infer a topography, sense a culture, interpret a plotline and thrill at hints that whatever is going on now might be just a twist, an interlude, an episode in some much bigger story. And from the adventures and conversations on the page open before us now, we have to deduce a number of things: are we reading history, or fiction? What happened at the beginning? How will it end? Does this story have a conclusion, or is it still being written? Voyager is an experiment in physics and cosmology that began forty years ago and has already helped us understand a great deal more about what we call home, the solar system, and this planet, the only place in the universe known to be hospitable to life. It is one of a procession of increasingly ambitious instruments designed to explore the order that underpins all creation. There are vast and separate projects to probe the nature of inner space – the structure of the atom itself – and the fabric of the void that we call outer space. This book is a love letter to physics, written by an amateur, and begins with Voyager, perhaps chiefly because it has been with us – and receding from us – for four decades, perhaps because its very existence is enduring testimony to 300 years of scientific Enlightenment, and perhaps also because it has already carried our dreams for longer and for a greater distance than any other scientific device.




I


Journey to the Stars


Consider it a getaway vehicle, the ultimate in escapism. It is on a journey to the stars, but no one would call it streamlined or aerodynamic, no one would call it state of the art, no one would now describe its instrumentation as sophisticated, and no one now uses the language in which its computer code was written. Nothing about it is miniaturised. How could it be, when its memory is in the form of an eight-track digital tape recorder, spooling backwards and forwards from a fading power source that delivers energy measured in fractions of a watt? It is not in a welcoming place: the ambient temperature of interstellar space is not far above absolute zero. Against the backcloth of darkness and the speckle of distant stars far beyond the last outposts of the planetary system, it would appear motionless, because the only things against which you could measure its motion are themselves so far away. It is, however, one of the fastest things ever to have left Earth.


It is now receding from the sun at more than seventeen kilometres a second, more than 62,000 kilometres an hour. This is a speed that is difficult to imagine. Were such a spacecraft to fly low over Greater London – which, of course, at that speed it could not – or the New York conurbation, or the sprawl of Shanghai, it would make the traverse in little more than a second, and be gone long before a sonic boom announced the instant of arrival. Like Shakespeare’s Puck in A Midsummer Night’s Dream, it could put a girdle round Earth in forty minutes. It is so far the only surviving emissary from Earth, launched by dreamers with degrees in engineering, in mathematical physics and in astronomy, dreamers with patience, determination and a strong practical streak. It represents the last great ambition of the first years of the space age, the years 1957 to 1977 that saw the Soviet Union put the first object into space, the first dogs, the first man, the first team, the first woman, and launched the first missions to another planet; the years in which American ambition and enthusiasm put the first humans on the moon, and brought them back alive. For a few years, the Cold War seemed to take the form of a space race. Then it slid back into a war fought by proxy, with napalm and the defoliant Agent Orange in Southeast Asia, and governments on both sides began to lose interest in discovery for the sake of it.


But by 1977, the Voyager mission was a then-or-never project: it could not wait. It was dreamed up to take advantage of a planetary conjunction that happens only once every two centuries: all the outer planets would be on the same side of the sun, so one spacecraft could visit them all. The Voyager project survived political cutbacks: its authorisers budgeted for a four-year journey, but its makers quietly prepared for forty years. Voyager was launched with a letter from President Jimmy Carter and a song by Chuck Berry, and an onboard computing system with about one millionth of the computing capacity and capability of a modest modern smartphone, and with three separate computers instead of one, each of them vastly bigger than a smartphone, and duplicated in case of failure.


When it took off on a Titan rocket in 1977, Voyager was the climax of a dream. This dream was itself older than the space age, and some of those first dreamers of interplanetary exploration even lived to see it, and to see it succeed. It was a double mission: two spacecraft, Voyager 2 first and then Voyager 1 just sixteen days later, were launched with different flight plans, but between them they flew by Jupiter and Saturn and their moons, and then Uranus and Neptune. They carried with them an array of instruments: a small arsenal of detectors designed to capture light for photographs, to analyse electromagnetic radiation, to detect and identify any particles in the spacecraft’s path. Voyager’s begetters prepared for almost every form of radiation, any kind of electric or magnetic field and any kind of cosmic particle hurled at the solar system from the distant stars, that they could think of.


Both spacecrafts used the massive gravitational field of Jupiter to accelerate itself to a speed that could take it out of the solar system altogether. This is commonplace now: the equations of physics deliver solutions that save on fuel and make epic voyages possible, so both spacecrafts entered into a trade-off with the biggest planet in the solar system. As each one looped around Jupiter it slowed down the planet’s spin, but as part of the same bargain captured the equivalent force in the form of velocity. This was not a trafficking that should cause any concern. The energy of Jupiter’s gravitational field accelerated each Voyager to dizzying speeds, and – since the laws of physics dictate that energy must be conserved – the drag of Voyager slowed Jupiter’s spin by a rate that could be measured in centimetres over a period of a trillion years. Each Voyager was sent sailing into distant space by the Herculean heft of the Jovian gas giant: a discus launched by a Roman god. Both went on to Saturn, and then Voyager 2 to Uranus and Neptune, Voyager 1 out of the solar system altogether.


In February 1990, 6 billion kilometres from home and high above the plane of the ecliptic – the rotating, planet-bearing dusty disc of the solar system – Voyager 1 was about-turned, to point its cameras for a last family portrait of the little worlds that orbit the sun. The sixty photographs are there in the world’s album, and one of them inspired words that made my scalp prickle at the time I first read them, and still do so over two decades later: the astronomer Carl Sagan’s hymn to the home planet, Pale Blue Dot, published in 1995.


Look again at that dot. That’s here. That’s home. That’s us. On it everyone you love, everyone you know, everyone you ever heard of, every human being who ever was, lived out their lives. The aggregate of our joy and suffering, thousands of confident religions, ideologies, and economic doctrines, every hunter and forager, every hero and coward, every creator and destroyer of civilization, every king and peasant, every young couple in love, every mother and father, hopeful child, inventor and explorer, every teacher of morals, every corrupt politician, every ‘superstar,’ every ‘supreme leader,’ every saint and sinner in the history of our species lived there – on a mote of dust suspended in a sunbeam.


Earth is, of course, barely visible at the distance from which the photographs were taken. A bit later in the same chapter, Sagan wrote:


Our posturings, our imagined self-importance, the delusion that we have some privileged position in the universe, are challenged by this point of pale light. Our planet is a lonely speck in the great enveloping cosmic dark. In our obscurity, in all this vastness, there is no hint that help will come from elsewhere to save us from ourselves.


When I feel more than usually desolate and wish to escape from the squalor and shame of so much human behaviour, I remember Voyager and realise that escape is impossible: we are stuck with the planet we have, and must make the best of it. In a world seemingly characterised by resentment, suspicion and hostility; by bigotry and condemnation; by barbed-wire borders and travel bans; by almost grotesque levels of inequality; and by greed, Voyager is a reminder that humans are also capable of selfless co-operation in pursuit of entirely unearthly satisfactions: if ever there was an instance of other-worldly pre-occupation, Voyager is it.


So some of us can still derive a measure of consolation – yes, a quantum of solace – by thinking of Voyager 1 and Voyager 2. Each of them by now beyond the notional limits of the solar system, each of them heading into interstellar space, each alone and far from the other in the cold and the dark, most of their instruments now turned off, their tape machines turning back and forth to record and relay their 68kb maximum of data, both sending ever more feeble messages home, messages that can be picked up and read only by the world’s largest antennae, both eventually to fall silent as their plutonium power sources become increasingly exhausted, and both bearing not just evidence of the civilisation that created them, but images, words and music, too. It represents an act of hope: that at some moment some alien civilisation, if any exists, will intercept one of the spacecraft, examine it, discover its gold-plated record bearing greetings in Earth’s languages, the sounds of whales greeting each other, pictures of dolphins leaping, and the music of Beethoven and Chuck Berry. This notional alien discoverer may have difficulty interpreting the significance of the find: difficulty working out that the disc must be rotated at a certain speed while being scratched with a stylus which will then relay vibrations that only make sense when transmitted by air at atmospheric pressures that one might expect on a relatively small rocky planet covered mostly with water. But then, ironically, so would some people now on Earth.


Technology has moved on. Teenagers tend not to spin long-playing records. And programmers no longer use Fortran, or any of the languages that informed the first computing systems. Earth went one way, and the Voyager spacecraft another. Voyager is now an antiquarian emissary, a laughably overweight mission with clumsy systems that have this one virtue: that, despite an occasional hiccough, they have continued to work, no matter how improbably, for forty years in an environment that no living thing could survive for seconds. Voyager is in the grip of cold so fierce and deadly that we have no words for it, except ‘nearing absolute zero’. It flies through a darkness for which we have only classical imagery: we call it Stygian and evoke the landscape of death and oblivion. And yet Voyager is alive, and going places, and it carries a message to the rest of the universe. And even if no one ever reads the message, or finds Voyager, there is this thought: never is a long time, and in an infinite universe, everything that can happen will happen, so ultimately someone will find Voyager, and read its message in a bottle. But by then, we’ll be long gone, which I also find oddly comforting. Human ideas will endure for as long as humanity itself endures. The last thoughts will expire with the last thinking human. Voyager will endure as a palpable instance of such thoughts. It implicitly announces ‘we were here’.


But why care? There are two reasons, maybe three, and they are rooted in physics. If physics is the search for the laws, the principles, the order that underlies and shapes all our reality – the air we breathe, the water we drink, the rocks we stand on, the solar energy and carbon dioxide that somehow become trees, and shrubs and grasses and of course, lunch – then an experiment such as Voyager is evidence that we know something about that order and want to know and understand more. We can do the sums, calculate the fuel, build a spacecraft, despatch it and watch it go. And keep on going. Voyager is both an assertion of confidence and an expression of hope. Those of us brought up to recite the Nicene Creed on Sundays would state, without thinking much about it, that among many other things we believed in the resurrection of the dead, and maybe some of us really did believe this to be true, but we could never have demonstrated such a truth.


Voyager confirms that a body subjected to a force continues in a state of uniform motion until another force is applied, and that those other forces can be predicted, and then checked against those predictions. In evolutionary terms, there is no obvious need for such knowledge: dolphins, eider ducks and dromedaries evolved on this planet and successfully occupied their ecological niches without founding any tradition of scholarship and without, as far as we know, formulating any questions about the purpose and meaning of life. But one mammalian species that evolved in and depends utterly upon the tiny biosphere of Earth, can nonetheless calculate velocities and predict flight paths that will despatch an emissary to the faraway stars. We talk of ‘a thirst for knowledge’ but such ready-made phrases won’t suffice. Curiosity is not a thirst that can be slaked: it is a permanent condition. Every answer points to more and sometimes more profound questions. And knowledge, by itself, achieves nothing: we want more, we want something elusive, called understanding, or wisdom. We want both the big picture, and our place in it.


Voyager was also not just the fruit of one intellectual adventure but the launch of another: what Voyager saw, and sent back to Earth – an aurora over Jupiter’s north pole, for instance, and tantalising hints of icy tectonic violence on the surface of Jupiter’s moons Ganymede and Callisto, and even the discovery of a tenuous set of rings around the gas giant – immediately began to help us understand not just the planet on which we evolved, but profoundly more about the improbability of life on other planets, and about our extraordinary good fortune in being on this one, right now. Not only are humans alive, but we are alive to the colossal possibilities of life; not only can we ask questions, but – says the Voyager mission – we can answer them, or at least some of them, while at the same time finding new and ever more puzzling questions to address.


There is another special reward from Voyager. This is a confirmation that humans – collectively a species with a long and scary history of greed, selfishness, resentment and murder – are capable of dreaming of such a selfless venture and then co-operating to make it happen. We designed it, perfected it, built it, tested it, launched it and then nursed it from 1977 until now, but it’s a fair guess that we didn’t do it for the money. We did it because we believed in it. And if Voyager was, essentially, an American mission ultimately funded by the US government, it nevertheless advanced the dreams and ambitions of physicists and astronomers around the world.


Voyager is only one instance of the co-operative compulsion that seems to have been a feature of physics and astronomy from the very beginning, a collective and shared ambition to know more about the world and our place in it: there are others, and each of them testifies to the generosity of a big and often notionally mad idea.


Beneath the rocks that underlie the city of Geneva and the villages of France across the border is a tunnel, twenty-seven kilometres long, that is home to four vast experiments and a partnership of 10,000 scientists and engineers from all over the world: the European Organization for Nuclear Research, also known as CERN, home to what might prove ultimately an impossible attempt to resolve a philosophically ridiculous question: how did the universe begin? What strange phenomena took shape in the first violent microsecond of creation that made possible the world we now call ‘mundane’? What determined the properties of matter?


In the US states of Washington and Louisiana an international partnership called LIGO, or Laser Interferometry Gravitational Wave Observatory, has built identical experiments – necessarily identical because to convince the researchers in the partnership, each instrument must confirm the other’s data. While experimenters in Geneva want to interrogate the nature of matter, the substance of the universe, the LIGO research teams have begun to ask questions about the fabric of space itself. Their experiments exist only to detect distortions in space-time, at levels of sensitivity so extreme that across a length of four miles, instruments could register a shift of less than one thousandth of the diameter of the nucleus of an atom, and from this, identify an unimaginable event at unthinkable velocities a billion or more light years away, and therefore more than a billion years ago. All of these experiments have one key thing in common: there is no conceivable practical reward for the information sought.


No human being will be richer because Voyager has confirmed the existence of a heliopause, a region where the pressure of the wind from the sun – the shower of particles that identifies the solar system – is more or less matched by the pressure from the gas and dust from the distant stars. No government can possibly hope to profit, or advance its citizens’ economic betterment in any demonstrable way, by the confirmation, at CERN in Geneva in 2012, of the sub-atomic particle that theoretical physicists proposed must have existed in the first trillionth of a second of time – when the universe was possibly about the size of a football, or perhaps a football pitch. Physicists ‘needed’ the Higgs boson to explain why matter has mass – their overarching model of why the universe is as it is required it to have existed in the first moment of creation. But theories demand confirmation at every point. So the identification of the Higgs particle was evidence that they had – so far – been working with the right model. This confirmation of its existence is limited: nobody could show you a Higgs boson, nobody could tell you what it would look like, supposing you could ever have seen it, and the evidence for it is still second-hand, because the CERN experiment in Geneva is capable, right now, of recreating only roughly the conditions that existed in the universe in the first trillionth of a second. Time, inside this first trillionth of a second, has already moved on, past the kingdom of the Higgs boson, and all that is left is the remnants of the remnants of the monstrous but mysterious object. The important thing is that the theorists knew what to look for, and then designed the experiments and built the instruments to find the answer, and then find it again and again, to their delight.


And the same intoxicated response occurred again in 2016, on another continent and in an entirely different international experiment, designed to answer a very different puzzle of theoretical physics. Although experimental and theoretical physicists are overjoyed by the detection of gravity waves – distortions in space-time predicted by the same model of why the universe is as it is – at the experiments in Louisiana and Washington, it is difficult to explain why. Their happiness was sparked by an event that lasted for twenty thousandths of a second, recorded by two instruments 3,000 kilometres apart within a hundredth of a second of each other. This was an event so small and so brief that no previous experiment had a hope of registering it. This same event told a story of two black holes, each with the mass of around thirty of our suns, that spun around each other at speeds rapidly approaching the speed of light, and then merged: and as they did these things, they distorted the fabric of space-time in a way that could have been predicted a hundred years ago from the equations of a physicist who started his career as a clerk in a Swiss patent office.
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