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Introduction

Our Drive to Know Space

One question has driven the arc of my life: what draws us to the heavens and how can we as humans make sense of all that lies there?

I became fascinated with the stars and planets as a child growing up in a sturdy grey-granite house on a windswept clifftop on the western tip of Cornwall in the 1970s. Walls two feet thick stopped the slew of winter storms from blowing us into the valley, although we had to dodge the occasional falling slate and bags of shopping blasted from the car across the gorse. From my parents’ bedroom window, at the end of the day, I would watch the Sun slip silently into the Atlantic, hoping to spot the elusive ‘green flash’ (I never did). I’d look on in awe as first one, then a dozen, then tens, then hundreds of pinpricks of light gradually emerged from the gloaming.

I got to know the soft red tint of Mars and the confident glare of Jupiter, and traced their paths across the sky through the year. I started to pore over coffee-table atlases of astronomy, heavy with star charts and alluring photographs of nebulae in space looking like glowing splatters of candy floss and clusters of stars glinting like clutches of sapphires, emeralds and rubies.

As winter storms howled outside and then abated, plucky daffodils and sea thrifts popping up their heads to meet the Sun’s warmth in spring, I wondered about wildernesses and forces of nature beyond our planet. It was not many years since NASA’s Apollo Moon landings – television still showed grainy black-and-white pictures of proud American men in padded white suits bouncing over a desert of grey dust or careening like clowns over rocks in their rovers. Reflections in their visors hinted at mountains and craters beyond, lit by blinding white light.

At junior school, while painting orange stripes and a red oval on a pencil sketch of Jupiter or trying to work out how to draw Saturn’s rings so they didn’t look like ears, I wondered about the nature of those planets. I don’t recall questioning then why they existed – Mars and Venus, Jupiter and Saturn just were, like my mum and dad and sister, cats, dolphins and gulls, cars, tap water and electricity. But something about them took hold in my mind.

In 1976, just as colour television spread across the UK, NASA’s Viking landers revealed the surface of Mars. The robotic probes beamed back pictures of a barren plain littered with rust-red rocks set against a pale apricot sky. It looked more like a film set for Star Trek or Doctor Who than an alien world. The oddly recognisable landscape seemed to beg for people to go there. How different from a desert on Earth could it be? And how exciting to go and see it in person, to experience Mars’s sense of place! It became another destination for explorers. Mount Everest was conquered, and the Moon. What next – Mars? It seemed so obvious.

The following year saw the launches of the planet-hopping Voyager 1 and 2 space probes, whose postcards from their grand tour of the solar system I eagerly awaited every couple of years. As I grew in height, I notched off their destinations. First Jupiter, with its fuming stripes and ominous ‘red spot’, a vast cyclone as mesmerising as a cyclops’s eye. Next Saturn’s majestic rings, vast circles formed from myriad blocks of ice, interrupted by sharp gaps like grooves on a vinyl record.

My horizons expanded with those of the far-flung probes. My 17th birthday coincided with the first flyby of Uranus. It turned out to be a disappointingly bland grey-green sphere. A year later, Neptune was revealed as a slightly more pleasing blue marble streaked with white clouds. There was a lot that was strangely familiar, even at the solar system’s outer edge.

Hoping to learn more about these stars and planets and how the Universe works, I studied physics at university. There I found out a lot about the mechanics of the cosmos: heat and energy, fundamental forces such as electromagnetism and gravity, and the constituents of matter, from electrons to quarks. But, apart from a brief taste of astronomy in my final year, the lecturers said little about the origins of these celestial bodies, or about the long history of people trying to understand our place in the cosmos. We students had to accept that the physical description was the only tale. Cosmology, and much of physics, was an intellectual and mathematical pursuit, nothing more.

That left me hungry. Obviously, there was more to it than could be taught in an undergraduate degree. And so I studied more. I pursued a PhD in astrophysics, travelling to the other side of the world to Sydney, Australia, to get a broader perspective. I wanted to know what the forces were that made the Universe tick. What else was out there? Why are we here?

As a graduate student, and afterwards, I studied quasars, the glowing clouds of material around giant black holes that emit immense amounts of radiation into the Universe. I worked on getting to know around one hundred quasars well – a sample of distant galaxies centred around internal fires driven by black holes burning in their bellies. I was the first person to examine these particular quasars in such detail, and I still feel strangely attached to them: I was part of their lives for a decade as they are part of mine.

None had a familiar name, just a number, based on their position in the sky. But, to me, each had a character – from being inscrutably bright and brash to soft and smouldering. Some had arcs of gas pulled out like veils around them. Others hid in clusters of smaller galaxies. Some were smothered in dense clouds that hid their light and contained them. Some pointed their faces straight at me; others were shyer and only shared their profiles side-on.

I kept studying them, and other aspects of the distant Universe, for a decade, while based in the UK and US. I feel privileged to have used some of the world’s finest telescopes, in exotic and remote places from Hawaii to the Chilean Andes and the Atacama Desert. I still pinch myself to think I once controlled the Hubble Space Telescope, writing instructions telling it where to point and click as it whizzed forty times around the Earth.

Yet even after more than a decade of searching, I had more questions than answers. Astrophysics was revealing amazing things, and it was incredible that I could find new patterns in the cosmos. But the story was still being told in dry symbols and jargon, the astrophysical Universe increasingly a place of abstract mathematics. Competing for grants and kudos seemed more important than the pure joy all astronomers feel when working at a telescope. You could be the first or only person to ever get to know a star, a quasar or a canyon on a planet away from Earth, receiving light that had taken as long as billions of years to reach you. But that seemed apart from our everyday lives. Looking back to Earth and humanity, things seemed safer, more tangible and more urgent. I stepped back from active research and enrolled as an editor on scientific journals to keep my curiosity fed.

As a former astronomer, I’ve seen how aspects of space are objectified and quantified. Yes, scientists love what they work on, and many, like me, were drawn to their field by a sense of awe and a desire to make discoveries and breakthroughs, to understand how nature works. But in reality, most scientists spend their time treating extraterrestrial places as things to be measured and sized up.

For what? Sometimes they are seen as potential reservoirs of fresh resources, to be tapped once we’ve consumed all the easy-to-reach minerals on Earth, to make rich men richer. Or as places to change – to ‘terraform’ to be more like the Earth we’re failing to manage. At best, they are seen as primordial places that can tell us more about our own importance – our origins and that of earthly life.

Equating the night sky only with physics and maths and money makes it seem expendable and distant. But there are millennia of human history up there too. We are in the stars. Stories we have told to and about ourselves are spelled out in constellations. Our sense of what it means to be human has changed as we have learned more about the Universe. Knowing the stars and planets do not revolve around us forces humans to be humble: a sideshow, not the main act.

As the curtains of the cosmos have been pulled back, as we delve ever further, humanity has conjured up new tales to explain what we see. Most of us don’t know quite what we are looking at when we see an image of a gas nebula in rainbow colours – often highlighting different gases giving off different hues of light. But we know it is beautiful. We give these celestial clouds familiar names - the Crab Nebula, the Antennae Galaxies, the Sombrero Galaxy. And the more we see, the more familiar we get, the more we want to go there.

The range of exploration, both human and robotic, is expanding fast. It’s been more than fifty years since humans walked on the Moon, and although we haven’t been further in person (yet), the planet Mars has been mapped and photographed down to an inch. Its red landscapes can be almost as familiar to us as those of the Australian interior or the Atacama Desert. Even though we may have never been to either, a visit to Mars seems just as plausible.

Since the 1960s, space has been deemed ‘a province of all mankind’, a global (or, indeed, extra-global) commons. In theory, anyone has rights to go there and sample its fruits. When the Outer Space Treaty that codified this was agreed in 1967, the Soviets and Americans could afford to be generous: only they had powerful enough rockets to reach space. Now that balance is changing, as Europe, China and India are joining in. Commercial companies and billionaires are getting in on the act too, like Elon Musk’s SpaceX and Richard Branson’s Virgin Galactic. To entrepreneurs like them, space is a new frontier brimming with natural resources waiting to be bagged. Like the American ‘Wild West’, it risks being fenced off, risks ceasing to be wild.

There are many reasons for this new space race. Geopolitics is one. The launch of Sputnik, the first orbiting satellite, by the Soviets in 1957 scared the United States enough to provoke the moonshots. The world stayed up to watch Neil Armstrong’s first step onto the lunar surface – one of the great shared events of all time. Now both new American and Chinese astronauts are preparing to recreate that thrill in the next decade.

The growing space economy is another reason. Satellite launches are becoming cheaper, encouraging most countries to want to get a toehold in space. The next steps may well be a base for humans and robots to work on the Moon, or scavenging trips to asteroids to bring back valuable elements.

Eventually, a few brave souls might head off to Mars. And some people actually see the future of humankind as an interplanetary species. Musk, for one, says his chief reason for building a spaceship capable of travelling far from Earth is that he wants to die on Mars, and not in a crash-landing.

But until then, we are left with second-hand views of the landscapes of planets beamed back by space probes. In half a century these have told us a great deal and had a huge impact on our imaginations. Before 1950, people really believed there were aliens living on Venus and Mars. Missions found the opposite – these are barren places. Now we are pushing farther afield for signs of life, to Jupiter and Saturn’s moons and planets beyond the solar system.

What drives our fascination with space? And what is our relationship to these off-planet places? Are they becoming the playgrounds only of experts and elites and how can we all claim a sense of presence? How do we project meaning onto the skies? All these questions play in my mind. These are old questions, with deep roots.

This book is the result of my personal journey to answer some of those big questions. With such a vast subject, I’ve not been able to cover anything; indeed I’ve barely scratched the surface. But I’ve enjoyed finding out new stories and loved hearing voices from history speak of their own longing for and fears of the stars and great cosmic unknowns.

The tales I’ve chosen highlight a mix of people, times and places. They aim to convey how people have felt about the cosmos, and they try to give a feel for the real places that surround us in the Universe. The book charts a journey starting with the nearby Moon before venturing further, through the solar system to the planets and then on to the stars, galaxies and beyond.

Within each section the flow is also largely chronological. It’s not a conventional history of astronomy, but by the end you’ll have a pretty good sense of how our knowledge about the Universe unfurled. I’ve skirted some well-known scientific stories, to look instead at their roots. I’ve tried to question conventional wisdoms, and often found them wanting. And I’ve tried to sample stories from around the world, beyond the West.

I’ve also picked out particular themes for each section. For the Moon, poetry and photography were key tools in allowing people to come to know this familiar body more intimately. In a sense, it is the play of shadows on the lunar surface that has attracted us to it so powerfully through history.

As for the other planets of our solar system beyond Earth, their less-familiar surfaces have acted as stage sets for our fantasies. I’ve looked to science fiction to shed light on those projections, as well as the evolution of ideas about their habitability and the chances of life elsewhere in the Universe.

The third section opens with a look at practical uses of the stars, for navigation and social control. It concludes with a whistlestop tour of how twentieth-century physics transformed astronomy – and made it so abstract.

From the earliest records of tracking the stars and planets to wield power and control fate in ancient Babylon and China, to the baffling profusion of the twentieth century, when Mars fever and belief in extraterrestrial life ran alongside profound progress in atomic physics and theorising about the entire history of the cosmos, I’ve found more threads of continuity than I expected.

Take any current view and its roots go way back, deep in human history. Yes, there is a steady march of increased knowing, just it tends to lead us back to the same sorts of thorny questions. What is the nature of matter? How did the Universe begin? Why do humans exist? It’s part of the human condition to want to know. And it drives us – to conquer Everest, the Moon, Mars, yes, but also to want to protect the rare gem of a planet we live on and share with other living organisms.

Even in a small way, I hope the perspectives shared in this book will underscore the important roles that the Moon, planets and stars play in all our lives, and have done across human history.



1Shadows

To the Moon


Lunar attraction

We’re all drawn inexorably to the Moon: so much so that people have developed entire technologies and risked death to set foot on it. And many still want to do so, aiming to set up Moon bases for research and perhaps even to settle there one day. Or at least visit.

But what drives that pull – to understand, go to, perhaps to possess the Moon? One thing is for sure, it goes back a long way. As the two dominant objects in our skies, the Moon and Sun have been revered for millennia in myriad ways. The physical attributes of the Moon and Sun have long shaped the lives of humans and other organisms on Earth, through cycles of day and night as well as the tides and the seasons. These cycles have brought us a sense of time, and of control over nature. But strong psychological factors are there too. The bright torch of the Sun spotlights our lives and has been said to burnish the truth. Meanwhile, the soft glow of moonlight reveals shadier goings-on that would otherwise be hidden by darkness. 

And perhaps surprisingly, ideas about both have had much in common across cultures. Themes soon emerge – the Moon is often portrayed as softer and more feminine than the strong and masculine Sun, but those very qualities can also give the Moon an edge in some cultures. Both have been worshipped and linked to the realm of the gods. Yet humans appear in these myths and stories too, for instance in the way that many cultures have perceived, or imagined, human features on the ‘face’ of the Moon. The heavenly pair have been widely used as proxies for earthly battles over life and death.

Playing such central roles in human societies, people throughout the ages and around the world have worked hard to learn ever more about the cycles of the Moon and Sun. The more about their timings skywatchers have pinned down, the more power that knowledge has commanded, and the narrower the range of people who are allowed to possess it has become. From predicting eclipses to possessing the kudos that comes from familiarity with profound phenomena like black holes, astronomers have acted as expert intermediaries between the wild forces of the cosmos and our everyday lives for centuries. Each fact-seeker among them adds a grain of sand to the dune of knowledge.

But others have been drawn to explore the cosmos in different ways, including poets and science-fiction writers, composers and sculptors, bringing to bear not knowledge but imagination. Many of us might be in that latter group, too, inspired by sublime telescope images as well as by thrilling coverage of rocket launches, space probes and astronauts’ low-gravity adventures. With a foot in both camps, I’d like to try to bring these two views of the cosmos together.

To try to tease out these cosmic forces of attraction and how they have propelled humans for millennia, let’s focus first on our nearest neighbour, the Moon, followed by some reflections on its twin and rival, the Sun. The Moon has a particularly special draw for people, I feel, as it is our nearest world, and the only one with a surface humans have actually stood upon, and will again.

Weightless and floating, the Moon’s body appears unshackled from the Earth. Yet it is not free. It is bound to our planet by the intangible threads of the force of gravity.

And gravity is not the only force at work. I believe that tension, of being both connected yet isolated beyond reach, lies behind the Moon’s attractive power. It fuels the emotional associations humans project upon it: love and yearning, loss and loneliness.

Yet, as a ‘place’, both real and in our imaginations, I think that the Moon cannot be considered entirely apart from the Sun’s illumination. Sun and Moon are inherently connected. No sunlight and we wouldn’t know the Moon was there. There would be no shadows. Switch off the Sun and the Moon’s phases would be gone, its face blank.

As I’ll relate, yearnings to understand the cycles and phases of the Moon have driven many scientific discoveries, from the distances to and sizes of the Sun and Moon to what each is made of. Studying the Moon’s varying illumination by eye and through telescopes, sketches and photography, and eventually by visiting it, have revealed ever more about its landscape.

But
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