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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








Living with the sky
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‘SPREAD OUT!’ URGES OUR GUIDE, as we pick our way up the scrubby slope towards a vast jagged boulder that has fallen, long ago, from the sandstone cliffs above.


Each taking a different route, we reconvene under the giant red rock. Now we can see why our guide didn’t want our combined feet to make a trail. Etched into the rock, at the brink of visibility, are shallow markings. They have the air of great age. And even the slightest wear from the curious fingers of a multitude of visitors could erase these petroglyphs forever.


Amid a set of figures carrying strange instruments is a symbol that sets the hearts of us two astronomers pounding: a circle with loops writhing from its edge. Surely this has to be a total eclipse of the Sun, with the delicate streamers of its atmosphere reaching out into space?


‘There was a total eclipse of the Sun visible from here in 1097,’ confirms our guide, GB Cornucopia. ‘Though we can’t definitely say that’s what this petroglyph is showing. But come and take a look at this…’


Another face of the giant stone bears a faintly inscribed spiral. From here, we look up to the northeast, where a prominent triangular rock stands against the skyline. ‘You see the Sun rising right behind that stone at the summer solstice,’ explains Cornucopia.


And on the far side of the stone from the spiral, a line of hollowed out footprints leads to a split in the great rock, where a set of holes has been deliberately pocked out of the sandstone. From this sheltered side of the boulder, our view lies towards the horizon where the Sun sets at Midwinter.


We’ve come to Chaco Canyon – near the Four Corners where New Mexico, Arizona, Utah and Colorado all meet – to try to understand the very roots of astronomy. What was in the minds of people as they first looked up at the sky?


Our quest for astronomical origins had started at the Griffith Observatory in Los Angeles – which has an excellent view over a more contemporary ‘star’ symbol, the famous hillside ‘Hollywood’ sign. The observatory’s director, Ed Krupp, is one of the world’s leading experts on ancient astronomy.


‘I don’t think we can ever know anything in detail about the minds and motivations of the people who built places like Chaco Canyon and Stonehenge,’ opines Krupp. ‘What is absolutely absurd is to claim that we know for certain what they were thinking of. But the investigation of ancient and prehistoric and traditional astronomy is still a worthy enterprise. It’s essentially an examination of fundamental human response to nature.’


That’s why GB Cornucopia moved to Chaco Canyon as a Ranger, after seeing it featured on Cosmos, Carl Sagan’s hugely popular television series on astronomy. ‘One of the Chacoan people’s tools was certainly astronomy,’ Cornucopia avers, ‘and they were interested in astronomy because anyone living in this harsh environment who does not understand their environment will not survive.’


The trained eye can find any number of alignments at Chaco Canyon that apparently relate to the Sun and the sky. More than that, though the canyon itself is now deserted, descendants of its people still live in the region – the Pueblo peoples of New Mexico and the Hopi of Arizona. Their traditions may hold clues to the astronomical traditions behind the silent stones.


‘The ceremonial life of many of the Pueblo people today revolve around their observations of the Sun and Moon,’ explains Cornucopia. Every Pueblo settlement has its own Sun Chief, who monitors where the Sun rises and sets, so providing a basic calendar for the farmers.


‘Many of the Pueblan ceremonial times revolve around the winter solstice,’ Cornucopia adds, ‘to do the proper ceremonies so that the Sun will come back into the sky and start another yearly cycle.’


For all his skepticism, Ed Krupp agrees that the Pueblo people may be carrying on an ancient tradition. ‘You see many aspects of their life as represented in the archaeological record that persist in the traditional culture. And a few centuries really is not so long for everything to change and to evaporate.’


Cornucopia puts it this way. ‘We find these traditions alive and well among the Pueblo people of today. We believe some of these traditions started here in Chaco; perhaps they were even old traditions by the time they were building the Great Houses.’


The Great Houses are the most stunning sights in Chaco Canyon. Their ruins are impressive even a thousand years on. Each is built from millions of small fragments of dark hard sandstone, meticulously fitted together to form a veritable maze of small rooms and round sunken ‘kivas’.


‘Sometimes a single building covers over 4 acres (1.6 ha), four storeys high, six to eight hundred rooms,’ elaborates Cornucopia. ‘Early researchers counted up the rooms, and said 20,000 people lived in the canyon. No-one thinks so any more – the environment is just too harsh. The most anybody is willing to say now is about 6000 people – maybe even as few as one thousand.’


The extra rooms were probably for visitors – thousands of them who congregated for special ceremonial events. Around AD 1000, this broad and relatively shallow canyon was the hub of trade and culture – and astronomy – for the American Southwest.


People traveled here along a network of paved roads: in this part of the world, all roads led to Chaco Canyon. One of them heads in a due north-south line for 35 miles (55 km), even traveling up vertical cliffs – a sure indicator that it was as much ceremonial as practical!


The greatest of the Great Houses is Pueblo Bonito. And astronomy is built into its very foundations. One wall runs through its centre, running exactly north-south, while part of its outer wall lies on a precise east-west line. But there’s more to it than that.


Outside the southeast corner of Pueblo Bonito, a stone box is marked with an engraving of steps. GB Cornucopia explains that these match the stepped outline of the cliffs. A Sun Chief stationed here could have ticked off the months of the autumn, as he saw the Sun move along the horizon and set behind each step in the cliffs in turn.


The Sun reached the last step on October 29. On that day, the setting Sun began to shine through an unusual diagonally placed window on the first floor of Pueblo Bonito, casting a patch of light that gradually moved across the opposite wall from one day’s sunset to the next. Eventually, it came to touch a protruding buttress – precisely at sunset on Midwinter’s Day.


Perhaps the Sun Chief came indoors to this special room at the end of October, to make his observations sheltered from the freezing cold. ‘The winter solstice is a really difficult time to be here,’ says Cornucopia. ‘It’s very cold – our historical low in the canyon is -36°F (-38°C); it averages 9°F (-13°C).


Some modern astronomers have suggested that Chacoan skygazing went even further. Dominating one end of the valley, the massive Fajada Butte has an intriguing set of rocks, arranged so that sunlight falls between them in the shape of short knives. These ‘sun daggers’ shine onto spiral-shaped petroglyphs on both Midsummer’s Day and Midwinter – and at the equinoxes too.


At the other end of the canyon, a pictograph high up on a cliff depicts a circular object with a fluffy tail, along with a crescent Moon plus a bright star. These just might depict Halley’s Comet, during its visit in AD 1066; and a supernova that blazed forth in the sky in AD 1054, leaving as its remains a cloud of glowing gas we call the Crab Nebula.


‘At one level I’m fascinated and I wonder is it an eye-witness account of the supernova of 1054,’ says Cornucopia, ‘but the evidence is circumstantial at best. On the other level, I don’t care. It hardly matters when we think that whatever we read it to be, this painting tells us they were interested in the sky, they were affected by what went on in the sky.’


Because for them the sky wasn’t something separate from the Earth. According to Clive Ruggles, the world’s first professor of archaeoastronomy – a mouthful of a word for the archaeological investigation of our stargazing forebears – ‘the sky was massively important to our ancestors, and so was a whole load of other stuff about what they saw in the landscape around them.’


Today, we artificially divide our surroundings into sky, landscape, plants, animals and so on. But, in the beginning, everything was part of a whole environment. ‘Generally people in indigenous cultures in the past tried to make sense of the Cosmos – of the world around them – by drawing links between things,’ continues Ruggles, ‘things in the sky, things around them in the landscape and social things too – all mixed in.’


And as evening drew in on Chaco Canyon, we were treated to the skygazing Ranger spinning his stories of astronomy past and present to an enthralled bunch of campers. The crescent Moon was setting, while the Milky Way arched overhead. A meteor flashed through the sky. You could understand how the people living here felt so close to the heavens.


While the oral traditions of the Pueblo people have helped to flesh out ancient Chacoan skygazing, that’s the exception when it comes to trying to understand the very roots of astronomy.


And the oldest, most impressive and most famous monument to the history of astronomy is also the most inscrutable. Standing isolated on the chalk plains of southern England, age and mystery seep from the massive stones of Stonehenge.


Several years ago, we were lucky enough to spend the night within the open walls of the great monument – on the night before the summer solstice.


The circle of great stones seemed to pull the stars downwards, forming a planetarium dome above us. We could have been keeping vigil with our distant ancestors who erected these stones over 4000 years ago – except for the music drifting over from the hippies’ tent city across the road, accompanied by fragrant smoke.


As the sky lightened, a procession of white-robed Druids circled Stonehenge. To the northeast, a brighter glow coalesced on the horizon. The golden disc of the Sun emerged, immediately above the dark silhouette of the outlying Heel Stone.


Millennia ago, the British version of Chaco’s Sun Chiefs were probably presiding exactly where we sat, celebrating the beginning of the longest day of the year. The Druids and the hippies certainly have no doubt of that, as they invade the site for their own rituals, including infant baptisms at the ancient Heel Stone.


Or were the Sun Chiefs standing at the Heel Stone, looking towards Stonehenge – and at the opposite end of the year? ‘There’s a lot of uncertainty about whether it’s the direction looking out towards the Midsummer sunrise,’ explains Clive Ruggles, ‘or the direction coming in – towards the Midwinter sunset – that might have been the more significant.’


Either way, Stonehenge is a monumental shrine to the Sun. It was built from stones weighing up to 55 tons (50 tonnes), which have been shaped to fit together with precision joints, like carpentry on a massive scale. Some of the smaller stones have been transported from Wales, 135 miles (215 km) away.


‘I think that Stonehenge was a huge temple,’ declares Clive Ruggles, ‘and I have no doubt that the solsticial alignment was part of its significance. By building this powerful monument that includes stones from exotic places, it puts Stonehenge very forcefully in the Cosmos as the centre of things.’


Is this all? In the 1960s, British-born astronomer Gerald Hawkins harnessed the power of the newly invented computer to unravel the mysteries of Stonehenge. He concluded it was not so much a religious site as a giant observatory and computer rolled into one.


By sighting between the stones on the site, Hawkins deduced that early astronomers made precision observations of the Sun and Moon. He also suggested that a set of 56 holes surrounding Stonehenge was a primitive computer. The great astrophysicist Fred Hoyle improved Hawkins’ model. He showed that ancient astronomers could have moved a set of four markers around the holes, to calculate eclipses of the Sun and Moon.


But Clive Ruggles is not impressed. He points out that Stonehenge was not built all at once, according to a single plan: its construction lasted over a millennium, the work of many different generations with perhaps contrasting agendas. And as you look at the history of the great monument, some of Hawkins’ and Hoyle’s ideas begin to fall apart.


In fact, the very earliest version of Stonehenge had nothing to do with stones. Around 2950 BC it was ‘Earthhenge.’ The site was merely a large circular ditch, with an entrance that led towards the Midsummer Sunrise.


Then it became ‘Timberhenge.’ Inside the ditch, a ring of 56 great wooden posts was erected; these have now rotted away to leave just a set of holes. This new evidence is bad news for anyone who wants to see Stonehenge as a computer. ‘Most archaeologists would say that these holes held posts,’ Ruggles explains, ‘and these timber posts rotted away. That scotches the idea that they were open, and used for moving markers around.’


In addition, archaeologists have found rings of holes at other sites around Britain that number from 19 up to 100-plus. ‘So the fact that there are 56 at Stonehenge I don’t think is significant,’ Ruggles continues. ‘I don’t think people were predicting eclipses at Stonehenge. But of course we can’t say they weren’t. And to be fair to Fred Hoyle, all he ever said was: if I were trying to use Stonehenge to predict eclipses, this is what I would do.’


But it was perhaps around this period – about 2700 BC – that the early British began to take the sky more seriously… ‘People came along and made little offerings,’ explains Ruggles. ‘Bits of animals, sometimes a whole dog skull, placed very carefully. And later on, cremated animals and even human cremations. They didn’t put them all around the place – there’s a big interest in the northeast and southeast directions, which to correspond to the most northerly rising and setting points of the Moon.’


Ruggles thinks that the first set of small stones – the Heel Stone and four other outliers – were then set up to help astronomers observe the Sun and the Moon. And in 2002, German archaeologists revealed a unique bronze disc that indicates our Bronze Age ancestors were keeping track of the sky in just this way.


Dating from 1600 BC – a few centuries later than Stonehenge – the Nebra sky disc is a little over 12 inches (32 cm) across, and adorned with astronomical symbols in gold leaf. A round circle is probably the Sun, while a crescent must be the Moon. Another curved shape may represent a boat that carries the Sun across the sky. Small dots are stars, with a group of seven stars probably showing the Pleiades star cluster, which we call the Seven Sisters.


Most interesting are the two golden arcs that stretch 82 degrees around the circumference, on opposite sides of the disc. This is exactly the extent that the Sun moves around the horizon, from Midsummer to Midwinter sunrise, as observed from central Germany. The arcs show that the skywatchers of Nebra watched the Sun’s progression around the horizon with some precision.


Elsewhere in Europe, local Sun Chiefs may have used lines of standing stones to follow the Sun and Moon. We find spectacular megalithic alignments at Callanish in the Hebrides, and Carnac in Brittany. But at Stonehenge – around 2400 BC – people had grander plans. First they brought strange blue-coloured stones all the way from Wales. Then they shaped massive boulders, and built them up into giant portals and lintels of stone, and Stonehenge assumed its present imposing structure.


While Ruggles accepts that the earlier stones could have been set up to observe the Sun and Moon, he scratches his head over Gerald Hawkins’ idea that all these massive stones are set up as astronomical markers: ‘You’ve got many pairs of stones, and you can always find alignments if you take enough pairs of things.’


And the sheer scale of Stonehenge raises doubts that it was built merely for astronomers to forecast the sky and the seasons.


‘Well to assume that is rather like saying you need to put the US economy onto a full budget for a hundred years to work out your shopping list,’ retorts Allan Chapman, a leading historian of science at the University of Oxford. ‘You don’t need all of that colossal investment in stone, earth-moving, all the rest of it, just to know when to put the pigs out or when to gather in the wheat!’


Ed Krupp at the Griffith Observatory expands. ‘Usually monumental architecture isn’t dedicated to observing the sky. It’s a way that people express how they feel at home in the Universe; but also how they control the Universe.’


When people lived as nomads, giant monuments were out of the question. The first chiefs or kings of farming communities, however, wanted to create a symbol of their power, which in turn would coordinate the community.


Across the Irish Sea from Stonehenge, we can see that celestial order integrated into the huge funerary mound of Newgrange, in Ireland’s Boyne Valley. While Stonehenge was still a twinkle in someone’s eye, a major chief was buried in Newgrange at the end of a long passage grave. The stone-lined corridor faces southeast, so the rising Sun shines directly up the long passage on Midwinter’s Day.


And on Jersey, one of the Channel Islands between England and France, the great mound of La Hougue Bie has perpetuated its religious symbolism from the earliest times. Right at its base is an ancient passage grave that admits the Sun’s first rays on the morning of the Spring Equinox. And the mound is crowned by a medieval Christian chapel.


‘People use the sky for that kind of co-ordination,’ Krupp continues. ‘After all, the sky is the fundamental regulator – it provides the basic references for time, for direction. This is the order of the world. People then incorporate it into their architecture, into their rituals, into their costumes, into every aspect of life to demonstrate that they are integrated with that order.’


The most convincing example of ancient people using the Sun to regulate their yearly calendar came to light in March 2007, when Clive Ruggles and his colleague Ivan Ghezzi published their interpretation of the Thirteen Towers of Chankillo. These are a baker’s dozen of stone piles that rise from an elongated hilltop in Peru, like the spines on a dinosaur’s back. They date from AD 300 – many centuries before the Inca civilization that we usually associate with this region.


‘This is an extremely exciting site,’ enthuses archaeoastronomy guru Ruggles. ‘It’s the clearest example I’ve ever seen of a solar alignment.’ At the winter solstice, the Sun rises behind the leftmost tower in the row. The progress of the months is marked by the Sun rising behind each of the other towers in turn, until six months later it is rising behind the rightmost stone edifice.


But the fusion of sky, Earth and ourselves doesn’t necessarily require showy monuments. For some peoples, it resides deep inside themselves. And in Australia, we can find a unique window into the astronomy of the past. In a culture that makes no distinction between the past and the present, ancient oral traditions of the skies have passed down to the present day.


‘The Aboriginal cultures are all about integration,’ explains Ray Norris – a British radio astronomer who now works in Australia and has been seduced by the lore of the native skywatchers. ‘There’s no clear distinction between the sky and the land, or between what’s magic and what’s everyday.’


And even the origin of the Universe becomes one with everyday life. The Dreaming was when the creator spirits formed the world; but it’s also a process that’s going on now. ‘Most creator spirits are actually still around,’ continues Norris, ‘everything from little meany spirits which are like elves, right up to the big creator spirits who may live in places like Uluru.’ The planet Venus is one of the creator spirits. To the Yolngu people, living in Arnhem Land in the north of Australia, she is called Barumbir.


‘She comes in from the sea,’ explains Norris, ‘from the east and travels westwards across the land. And as Barumbir walks, she’s naming objects and animals, saying ‘this is where you fish,’ ‘I’m going to make sand-dunes here’ or ‘these are kangaroos, eat these.’ And there’s a song she sings which brings the land into being.’


And the songs are repeated to this day. Norris recalls sitting on a beach in Darwin, eating fish and chips, when some Aboriginal kids in baseball caps and tee-shirts started singing: ‘It’s not some Eminem rap. Just to amuse themselves, they’re singing the Yolngu songs. And it’s just a lovely sound.’


The present-day Yolngu also use Venus as a way of communicating with the spirits in the sky. ‘They have this wonderful Morning Star ceremony,’ Norris tells us. ‘It starts the previous evening, at sunset, and it involves poles with feathers on, which represent the lady star Barumbir. As she rises in the morning, this is the creative spirit actually coming towards them.’ With brilliant Venus holding open the doorway to heaven, the Yolngu can speak to their ancestors, or relations who have recently died, and keep them in touch with all the news – ‘like little Johnny’s grown his front teeth,’ adds Norris.


But there’s no single myth for Venus, or any of the other celestial sights. There are literally hundreds of Aboriginal groups across the continent, each speaking a different language and holding different traditions. Interestingly, they generally view the Sun as being female, and the Moon as a male – the opposite to most cultures in the world, which have a Sun-god and a Moon-goddess.


Some of the Aboriginal stories may date back the time when these people arrived in Australia over 40,000 years ago. They would then be the very earliest astronomical traditions in the world. But in the land of the Dreaming, it’s impossible to know how far back the story-weaving began.


When it comes to Venus, for instance, the Aborigines of Ooldea, on the edge of the desert in South Australia, have another account of the – male – Morning Star. They tell the story of a young couple, who were traveling with an older man acting as their chaperone. When he kept on stopping them from doing what they wanted to do at night, they tricked him into climbing a tree – and then chopped it down, to leave him stranded in the sky. But he became the Morning Star, and is now always keeping an eye on anyone who is tempted to stray.


That’s not the only example of the sky providing a reminder of the Aborigines’ moral code. The people living near the Clarence River in New South Wales point out a red star that warns of the dangers of adultery. In the western world, we call it Aldebaran – the eye of Taurus, the bull – but here it is a man called Karambal. He seduced a young woman, but unfortunately she was already married to a great warrior. Karambal escaped by hiding in a tree, but the wronged husband set fire to it, sending Karambal up to the sky where he still burns today.


The constellation of Orion – seen in the West as a mighty hunter – also has a different interpretation in Australia. That’s partly because the stars are seen ‘upside down’ from the southern hemisphere. Contemporary Australians often pick out the central three stars of Orion’s ‘Belt’ and ‘Sword’ as a rather nicely defined Saucepan!


‘The Yolngu see the three stars of Orion’s Belt as three men sitting in a canoe,’ says Ray Norris, returning to the more ancient traditions, ‘with Betelgeuse and Rigel as the front and back of the canoe.’ Orion’s Sword – comprising fainter stars and the glowing patch of the Orion Nebula – is a fish caught on a fishing line. Norris enthuses: ‘Once you’ve been told this, and you’ve seen it, it’s actually really dramatic.’


But the Aboriginal constellations aren’t all made up of stars strung together. While the western star-patterns are like join-the-dots puzzles, the indigenous people of Australia have other ways of seeing the sky.


You can understand why, when you look up on a moonless night in the Outback. The sky is so dark, and so clear, that it’s overflowing with stars, filling almost every spot of the heavens. Amongst the starry multitude, your eye picks out two things. First, you see the fuzzy patches where stars assemble into clusters. Then you start to notice the dark patches, where there aren’t any stars… The Milky Way is a wide glowing band. But along its length, dark clouds block the light from stars behind. To many Aboriginal peoples, these clouds are the silhouette of a giant emu. The head of the celestial bird is a small black patch, which westerners call the Coal Sack, lying next to the Southern Cross. Its body runs down into the western star pattern of Scorpius (the scorpion).


Near Sydney, there’s an ancient carving in the rock, depicting the outline of an emu – but with its legs oddly splayed out behind. ‘What’s interesting,’ muses Norris, ‘is that this engraving doesn’t look like the emus that run around – but actually looks more like the emu in the sky.’


And there may be a practical aspect to this engraving. In May, the emu in the sky stands directly over the carved emu on the ground – marking the time for the Aboriginal people to collect emu eggs.


Other signs in the sky also helped the indigenous Australians to find food in their barren lands. The ‘mallee-fowl’ constellation (Lyra) showed the time of year to harvest the eggs from these hen-like birds. And for people in the western deserts, the season for collecting tasty young dingo pups was signaled by the appearance of the Pleiades.


This star cluster has excited people all around the world, from the earliest times. In the western world today, the Pleiades are largely hidden from view by the light pollution that makes the sky one vast glowing dome.


But in the desert, or at sea, the Pleiades are just about the first thing you home in on. This bright, compact group of stars is unlike anything else in the sky. Throughout the world, people have identified its stars as a group of young girls – hence the Seven Sisters – often being pursued by an aggressive male, who may be the red star Aldebaran or the constellation Orion.


Across the Pacific from Australia, people in the Andes regularly observed the Pleiades to ensure a bountiful supply of food. They were not hunters, though, but farmers. If the Seven Sisters were clear and bright, they would plant their potatoes in October. But they would delay the planting if the Pleiades were dim and hazy.


Modern science has recently caught up with the wisdom of the Andean ancients. When the Pleiades are dim, they’re being hidden by a veil of high-altitude cloud, associated with an El Niño in the Pacific. This change in the ocean’s circulation leads to a drought in South America, and would spell ruin for the potato crop.


In the midst of the vast expanses of the Pacific, the Polynesians used the Pleiades as the basis of their calendar. Not for them the fixation with the Midsummer and Midwinter Sun, that we find at Stonehenge or Chaco Canyon. The Polynesians divided their year into two halves. The first started in December, when they saw the Pleiades rising as the Sun set; while the second half of the year began in May or June, when the Pleiades were first visible in the morning sky. And the Polynesians had an intimate relation with the sky for another reason. They relied on the stars to navigate, as they sailed across thousands of miles of the empty Pacific Ocean.


‘From the central Eastern Polynesian islands,’ explains Ben Finney, an anthropologist from Hawaii, ‘canoes sailed north across the equator to distant Hawaii, southeast to tiny Easter Island off the coast of Chile, and back southwest to the great islands of New Zealand – to complete the settlement of an island realm spread over an area almost as large as Europe and Asia combined.’


To check how they accomplished this almost miraculous feat, Finney has built replicas of the Polynesians’ voyaging canoes, the huge double-hulled vessels in which they sailed, with their families and crops and animals, to colonize their new worlds.


‘The first islands they came to were already inhabited, but soon every island they came to was uninhabited,’ Finney continues. ‘And they kept pushing and pushing, because they were the only people in that part of the world. Every island was new and virgin, and open to them.’


Finney’s first canoe was called Hokule’a, the Polynesian name for the star Arcturus. In 1976, he sailed with a native navigator from Hawaii all the way to Tahiti; and then back with a young Hawaiian who had learnt the traditional methods of star-navigation, Nainoa Thompson.


Standing on the deck of Hokule’a – even in Honolulu Bay – you feel light years away from the bright lights, crowds and noise of Waikiki. The crew of a dozen volunteers is bonded like family, much as the ancient Polynesians must have done to survive the long voyages. A magical moment comes when a school of dolphins cavorts around the twin bows. Above all there’s a sense of peace; of being at one with both the ocean and the stars above.


Nainoa is our guide to both. In some Polynesian islands, there’s no such word as ‘astronomer’ – if you want to find your way around the sky, you ask for a ‘navigator.’

OEBPS/images/9781844037261.jpg
v
Heather Couper & Nigel Henbest

Story i
Astronomy

]

How the Universe Revealed its Secrets

§

- %
Foreword by Arthur C. %’Lﬁ om0
! % §





OEBPS/images/Common_image01.jpg





