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Foreword
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FOR MORE THAN HALF A CENTURY, I have been lucky enough to observe – and occasionally experience – the greatest revolution in the history of astronomy, perhaps the oldest of all the sciences. With the dawn of the Space Age in 1957, it moved from observation to experimentation – and now exploration.

But astronomy is not just about space probes, satellites, space telescopes and other expensive toys deployed by rich nations often trying to outdo each other. At the most basic, it’s about exploring that great laboratory within easy access to anyone, anywhere on the planet: the night sky.

We have to admit though, that space exploration has expanded our knowledge and understanding of the heavens as never before. We have learnt more about the universe in the past half century than we did for several centuries since Galileo turned a refracting telescope on the night sky circa 1609.

For much of history, astronomy involved peering through ground-based optical instruments – no matter how powerful they were, they had one insurmountable limitation: observations were distorted by the Earth’s atmosphere. But as Heather Couper and Nigel Henbest remind us in this well-researched history of astronomy, this did not prevent generations of astronomers from carrying out some of the finest observational work.

When I joined the British Astronomical Association (BAA) in the 1940s, any talk of space travel was regarded as harebrained nonsense, fit only for boys’ magazines and the cheaper science fiction ‘pulp’ magazines. It is now amusing to recall some of the objections raised against the idea that we would one day be able to leave the Earth. In a famous (or infamous) editorial, the New York Times once castigated Robert Goddard for thinking that a rocket could work in a vacuum, when ‘there was nothing to push against.’ Though they apologized in the special Apollo issue on July 17, 1969, by then Goddard had been dead for years.

I also recall a wonderful headline in a British newspaper during the 1930s – ‘We are prisoners of fire!’ – when radio echoes revealed that the temperature in the Ionosphere was some thousands of degrees. The journalist responsible for this headline obviously didn’t understand the difference between heat and temperature. One would soon freeze to death in the Ionosphere, if the only warmth came from the rare thousand degree gas molecules. (For a good example of this distinction, consider those delightful Guy Fawkes Night fireworks that you can hold against your hand, even when they are spitting out showers of incandescent sparks.)

Until quite recently – except for those deluded individuals who believe in horoscopes1 – it was generally considered that celestial bodies had no influence on this planet – except, of course, in such obvious cases as the Sun and the Moon. Then, during the course of a little more than a decade, it was realized that impacts from space have had a profound effect upon life on Earth. We might not be here today if an asteroid or comet had not wiped out the competition some 65 million years ago.

I can still recall arguments at the BAA meetings over the origin of lunar craters, where one astronomer remarked: ‘The presence of central peaks completely rules out the meteoric hypothesis.’ We cannot altogether blame him because there are obvious examples of volcanic activity on the Moon, e.g. the crater Wargentin, which is full of lava up to the brim. So when we know one process is at work, it seems unnecessary to look for another. And who would ever have imagined that the brief upward splash which occurs when you drop a lump of sugar into a cup of coffee can be reproduced on a million-fold greater scale – in solid rock!

Compared to the history of space exploration, which completes half a century this year, the history of astronomy goes back several millennia. To compile this brief history of our understanding of the heavens, Heather and Nigel sift through historical records and artifacts belonging to many cultures and civilisations. Like the ancient Greeks did, they ask all the right questions, but some of the answers remain, for the moment, speculative.

A good example is my favourite artifact from the ancient world, the Antikythera Mechanism. Discovered in 1900 by Greek sponge divers, this bronze contraption consisted of a box with very complex gear wheels. It remained something of an oddity until British physicist Derek Price carried out a detailed analysis in the 1950s. He showed that the mechanism was a component of an analog astronomical computer that displayed the position of the Sun and Moon on any particular day of the year. That was impressive enough, but most remarkable was its age: it was dated back to the first century BC!

I played a small part in this investigation. In the late 1950s, I put Dr Price in touch with Dennis Flanagan, editor of Scientific American, who persuaded him to write the article which first presented this astonishing device to the general public (‘An Ancient Greek Computer’, Scientific American, June 1959)2. Over the years, I continually pestered Dr Price to complete his research, which was finally published in 1974 (‘Gears from the Greeks’, in the Transactions of the American Philosophical Society)3.

Meanwhile, in 1965, I was in the Greek capital to attend a space congress, and took time off to personally examine the device. It required three visits and a letter from an admiral to access the item, tucked away at the time in a cigar box in the basement of the National Museum of Athens (I believe it now has a more prominent display). But it was worth the hassle: looking at this extraordinary relic was a disturbing experience.

Though it was more than two thousand years old, it represented a level that our technology did not match until the eighteenth century. Unfortunately, this device merely described the planet’s apparent movements; it did not help to explain them. With the far simpler tools of inclined planes, swinging pendulums and falling weights, Galileo pointed the way to that understanding – and to the modern world.

If the insights of the Greeks had matched their ingenuity, the Industrial Revolution might have begun a thousand years before Columbus. By this time we would not merely be pottering around the Moon; we would have reached the nearer stars.

Well, that is one of history’s greatest might-have-beens. I have often wondered what other treasures of advanced technology may lie hidden in the sea.

Tighten your seat belts to go on a fascinating journey through space and time with Heather and Nigel as your guides.


Sir Arthur C Clarke

Colombo, Sri Lanka

May 2, 2007



1  That’s almost everyone in Sri Lanka! When asked for my own views I usually reply: ‘I think astrology is utter nonsense – but then I’m a Sagittarius, and we’re very skeptical.’

2  On the copy he sent to me, Derek Price wrote: ‘Please find some more.’ I am afraid that the most advanced underwater artifact I have discovered is an early nineteenth-century soda water bottle.

3  In 2006, a team of British, Greek and American researchers examined the artifact using the latest in high-resolution imaging systems and three-dimensional X-ray tomography, and was able to decipher many inscriptions and reconstruct the gear functions.
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‘IF I HAVE SEEN FURTHER THAN certain other men, it is by standing on the shoulders of giants.’ So wrote Isaac Newton to his fellow scientist Robert Hooke on February 5, 1675.

In one stroke, Newton summarized the whole history of astronomy. It is an edifice built on the endeavours of countless men and women through the millennia; a vast pyramid of human achievement that points towards the sky.

The story of astronomy is so much more than the history of a science. It is a reflection of our culture: an insight into the development of humankind’s ideas and ideals. Why else would we call the cosmic firmament ‘Heaven’, and populate it with deities – like Apollo the Sun god and Diana the Moon goddess, along with Jupiter, Venus and the other planets? Why else would we map our long-cherished legends onto the sky, making them concrete as the constellation patterns? Why else have civilizations believed that the stars dictated their lives?

Our ancestors built monuments that are aligned with the heavens. From Stonehenge to the great Pyramids, from the native North American structures at Chaco Canyon in New Mexico to the mysterious mounds of Bronze Age Britain, it is clear that – in those un-light-polluted days – the sky was as important to humanity as events on the Earth.

With the passing of the centuries, we can only guess at the motivation behind these grandiose schemes: are we looking at cathedrals to the cosmos? What is certain is that almost every culture has a ‘Creation myth’ which involves the simultaneous formation of ‘heaven and earth’.

We are on firmer ground when we reflect on how our ancestors used the stars – for timekeeping, calendar-making and navigation at sea. Even today, a small cadre of Polynesian sailors is following in the footsteps of their forebears, who, around 2000BC, started to explore the myriad islands of the Pacific Ocean, using guidance from the heavens.

‘When beggars die, there are no comets seen; the heavens themselves blaze forth the death of princes’. In Act II of Julius Caesar, William Shakespeare encapsulated our other fascination with the sky: that heavenly events reflected life on Earth. The ancient Chinese believed that the sky was literally the mirror of the Earth, and that an unwelcome comet or exploding star indicated rebellion in the provinces. The roots of astronomy and astrology were deeply intertwined.

The Greeks were the first to look to the sky with a scientific eye. How big was the Earth? How far away was the Sun? Does the Sun travel around the Earth, or the Earth around the Sun? How far does our cosmos extend?

But when the Greek civilization foundered, the rationalist approach to the heavens virtually died in Europe. The flame was kept alive for a thousand years in Arab lands. Astronomy was part of a wide vision: the great Persian scientist Omar Khayyam – who reformed the calendar – is probably better known as the poet who penned the lines ‘the moving finger writes, and having writ moves on …’

Then, in the sixteenth century, came the first great revolution in astronomy. The Polish canon Nicolaus Copernicus dethroned the Earth from its central position, and made it orbit the Sun. As a consummate draughtsman, he was motivated by his aesthetic sense: the planets’ orbits were neater if the Sun were at the centre.

Johannes Kepler, the mathematician who discovered the shapes of the planetary orbits, was also concerned to find out the different notes the planets would ‘sing’ as they orbited the Sun at different speeds. One of Kepler’s fundamental laws of planetary motions is hidden between the covers of a book devoted to the Harmony of the Spheres.

The scene was now set for astronomy to change forever. In 1609, Galileo Galilei turned his ‘optick tube’ – the newly-invented telescope – towards the sky. Galileo was the first scientists’ scientist, dedicated to performing experiments and making observations. Almost certainly, he was inspired by his father, Vincenzio, a maverick musician who played around with the tension in his stringed instruments, and experimented with musical discords.

Galileo made bold of his astronomical discoveries: that the Earth circled the Sun, and that the heavenly bodies were not perfect. The Moon was pocked with craters; and the Sun was spotty. His forthright rebuttal of church doctrine led to Galileo being placed under house arrest.

But his legacy in astronomy and mechanics inspired a young Englishman, Isaac Newton, who was born within a year of Galileo’s death. Newton is one of the great enigmas in the history of science. With his formidable mathematical brain, he worked out why bodies in space moved in the way they do: there was a new force to be reckoned with – gravity. But he devoted equal amounts of time to pursuits that historians brush aside today. Newton was obsessed with the chronology of events in the Bible, and he wrote over a million words on the subject of alchemy.

With Newton’s scientific laws, astronomers could calculate what was going on in the Universe, rather than just predict the future on what had happened in the past. And from Newton’s time onwards, the pace of astronomy quickened.

In the eighteenth century, a musician-turned-astronomer, William Herschel, literally doubled the size of the Solar System by discovering a new planet – Uranus. And he paved the way forward to exploring the wider Universe, with his investigations into the nature of the Milky Way. The view through Herschel’s giant telescope probably inspired Joseph Haydn to compose his great oratorio, The Creation.

Victorian astronomers had the bit firmly between their teeth. With the invention of photography, they could record their observations for perpetuity; with the invention of spectroscopy – which reveals the composition of stars and planets – they could work out the chemistry of the Universe. And with precision telescopes, they were at last able to measure distances to the stars.

Astronomy has always had the power to inspire us to ask the deepest questions. And, as the twentieth century hoved into view, astronomers were poised to answer an age-old enigma: how did the Universe begin?

Edwin Hubble – a brilliant lawyer who gave up the legal profession for astronomy – was in the driving seat. First, he proved that our Milky Way was just one of billions of galaxies that stretch out as far as telescopes can see. And then Hubble made the epochal discovery that the entire Universe is expanding.

Play this cosmic explosion backwards, and – reasoned Belgian priest Georges-Henri Lemaître – the Universe must have begun at a particular point in time (according to modern observations, 13.7 billion years ago). For Abbé Lemaître, it chimed in with the Bible’s account of a moment of Creation. Many scientists took the opposite view, with the great astrophysicist Fred Hoyle denouncing the idea of what he called, derogatively, the ‘Big Bang’.

Instead, Hoyle proposed that the Cosmos has always existed. To scientists, the Steady State – a Universe that always looks the same – was mathematically perfect. But, in the 1960s, astronomers picked up an afterglow of radiation from the Big Bang. The Steady State was dead. A colleague of Heather’s at Oxford, Dennis Sciama, mourned: ‘I cried that day. It was such a beautiful theory.’

The history of the Universe has now been laid bare. And astronomers are busy filling in the gaps in the geography of the Cosmos. In medieval time, cartographers would label unexplored tracts of land ‘Here be Dragons’.

While explorers on Earth have failed to discover these monsters, in recent decades astronomers have found a whole bestiary of cosmic dragons. They’ve been brought to light by new telescopes that have expanded astronomers’ vision beyond just investigating the light coming from space. Researchers can now tune into the Cosmos at a whole range of wavelengths – from hugely energetic gamma rays to low-frequency radio waves – ushering in a new revolution in astronomy, as great as the upheaval in the era of Copernicus and Galileo.

This recent cornucopia of new views of the Cosmos has told us – in no uncertain terms – that we live in a violent Universe. The safe, predictable, stars and planets of our ancestry have been replaced by wild worlds. The newly discovered ‘dragons’ include black holes, colliding galaxies, exploding stars and wayward planets.

And we may be on the brink of answering perhaps the biggest unanswered question of all: are we alone in the Universe? Astronomers are accruing evidence that the raw materials of life are common in the Universe, and that the Milky Way contains millions of worlds suitable for living beings. The discovery of alien life may be just around the corner …

This book celebrates our ever-changing perspective on the Universe. Over the millennia, astronomers have come closer to establishing the true nature of our Cosmos. At each stage, our planet Earth has seemed smaller and less significant. And this changing perception has led astronomers into ever-deepening dialogues with philosophers and priests alike.

Today, we know that the Earth is merely an average planet, circling a middle-aged star in an unremarkable galaxy. But we can be proud of one achievement: that our planet has developed a life-form so inspired by the jewel-studded sky that we can gaze out into the Universe – and question what it all means.


Heather Couper & Nigel Henbest
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