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To my wife Jill and my children, Christopher, Lucy and Emily, with thanks for all the sunny days, and for those to come.




INTRODUCTION


BITS OF A STAR GONE WRONG


The President of the United States is missing. On the morning of 24 April 1984 Ronald Reagan is on-board Air Force One over the mid-Pacific, having left Hickam Air Force Base in Honolulu, en route to China via Guam, for a meeting with Premier Zhao. In his suite he was talking with his aides in Washington when the line suddenly goes dead. The pilot tells him that that all communication channels between Air Force One and the outside world have been cut-off. The most powerful man in the world is out of touch with the infrastructure of his government for over an hour.


The Soviets were not to blame; they too were experiencing communication difficulties. The pilots of the Presidential flight were experienced enough to know what was happening. It was the Sun, 150 million kilometres away, that was responsible. There was a string of sunspots spread over 280,000 km across the Sun’s surface – over twenty times the diameter of the Earth. Active Region 4474, as it had been designated, had been scrutinised by astronomers for days. Many were observing it: the Solar Tower telescope at Mt Wilson Observatory in California, the National Solar Observatories at Kitt Peak in Arizona, and Sacramento Peak in New Mexico, radio telescopes scattered across the world, satellites in orbit and thousands of amateur astronomers in their back gardens. The region was crackling with electric and magnetic energy and had produced vast explosions called flares incorporating several powerful bursts of radiation as well as a very rare ‘white light’ flare and the most powerful X-ray-emitting flare ever seen. Although the Sun had been declining in its surface activity for several years, as part of its regular eleven-year solar cycle, there had been a dramatic recent surge in activity.


As astronomers watched, Active Region 4474 produced an explosion equivalent to billions of megaton H-bombs that heated gas in the Sun’s atmosphere to tens of millions of degrees Celsius, throwing a trillion kilograms of it out into space. Shock waves from the blast rippled between the planets. The ejected gas cloud, with its pent-up magnetic energy, reached the Earth and triggered a so-called geomagnetic storm as its magnetic field caused the Earth’s field to twist and writhe, bringing on radio communication blackouts. But such energies, titanic on a human scale, are but minor perturbations in the Sun’s overall output, being equal to the Sun’s output for just one-hundredth of a second. Yet that energy, if it could be captured, would be enough to supply mankind’s energy needs for 10,000 years. The Sun often shows us just how paltry is our desire and command of energy.


The flare from Active Region 4474 was detected by the orbiting Solar Maximum Mission (SMM) satellite that had been circling the Earth since 1980, a year of peak solar activity. SMM carried a suite of state-of-the-art instruments to observe the Sun, in particular its flares and its total radiative output. Curiously, its first five years of data suggested that the Sun was dimming slowly, by a small but significant amount each year (0.02 per cent). Some astronomers were puzzled, questioning whether the Sun would keep getting dimmer or whether the dimming was part of a cycle to be followed by subtle brightening. Measurements made with rockets and balloons also noted the decline and heightened the puzzle.


Earlier that month space shuttle mission 41-C had visited the SMM to repair it. Not long into its mission the SMM had experienced failures, so for the first time astronauts had grabbed a satellite and pulled it into the shuttle’s cargo bay for a service before releasing it. Fortunately, the shuttle had landed on 13 April, so the problem of radiation from the Sun’s outburst posing a danger for the crew was averted. Significantly, but not realised as such at the time, post-flight inspections showed that that particular shuttle had experienced what was described as ‘enhanced primary O-ring erosion in the Right Hand Nozel Joint’. Two years later the same shuttle – Challenger – would be destroyed and its crew killed when an O-ring in one of its boosters failed and caused an explosion. The commander on that mission was Dick Scobee, who was also the pilot on the mission to rescue the SMM.


Mankind is here at the Sun’s whim. Presidents are humbled before it and astronauts orbiting the Earth seem puny in comparison and continually at its mercy. The Earth itself quivers and shakes in response to the forces it can release, small changes in its activity cause the Earth to warm or chill, shift climatic zones, make deserts out of green lands and alter the fate of civilisations, perhaps including our own.


But where did it come from? And how long will it last?




CHAPTER ONE


THE GOLDILOCKS STAR


It begins again, as everyone knew it would – the event that has marked the start of each day. Ra has completed his journey through the underworld, faced the scorpion and returned triumphant. Inti has come back and looks to his people for human sacrifice. The all-knowing Nazambi surveys his world once more, dispassionately accounting for the souls that have departed since he left. The youthful and handsome Helios adjusts the long chiton of a charioteer, takes up the reigns and pulls his four white horses to order. Pyrois, Aeos, Aethon and Phlegon shake the dust from their manes and leap skyward from the shores of the great ocean Oceanos watched by the immortals. Surya, of the one hundred and eight names, drives his five-horse chariot so that all can see his wisdom and benevolence.


On the Côte d’Azur, on Bondi and Malibu beaches, sun-worshipers prepare to pay it homage. Farmers in Brazil tending the all-important maize crop hope the coming day’s sunlight will not be too harsh. In the morning mist, a grape is plucked from a vine in South Africa and tasted: ‘more sun’ is the verdict it gets. Water evaporated from the Arabian Sea by the Sun’s summer heat gathers in great clouds to be blown across the Indian sub-continent at the start of the monsoon season. Leaves start converting the Sun’s light into carbohydrate. Ocean currents cross the Earth powered by its rays banishing the ice from shorelines as they redistribute heat to temperate climes. And right across the globe the sunrise is the signal for work.


Today, from research bases on the edge of Antarctica, from Northern Canada and Scandinavia, people watch shimmering green and red glows in the sky. Airline pilots adjust their course because of increased radiation; engineers monitor the health of trans-continental oil pipelines while controllers keep an eye on the power relay system and satellite operators watch nervously.


There is no such thing as a boring day on the Sun. Each day an army of astronomers and spacecraft study its ever changing surface and, images, colour-coded by temperature that show the birth and death of features in a realm where fundamental forces rule. There are amazing wonders, sunspots larger than the Earth, loops of superheated gas the height of ten Earths, unimaginable explosions and deep mysteries of matter.


**************


The US National Solar Observatory at Sacramento Peak in New Mexico turns its huge sun-reflecting mirror – a heliostat – so that it feeds the Sun’s image down a huge long tube, from which the air has been removed to eliminate disturbing air currents to distort the image, around which astronomers sit wearing sunglasses. And the McMath solar telescope at Kitt Peak, Arizona – the world’s largest solar telescope – also watches the Sun rise, as does the Big Bear Solar Observatory near Pasadena, California, that is located in the middle of a high-altitude lake to provide a cooling stabilising effect on the air flow around the telescope, and a better image.


The Nancay Radioheliograph in France will also turn its many radio dishes towards the Sun, scrutinising radiation from the hot gas surrounding it. The twenty-seven dishes of the Very Large Array – a Y-shaped series of radio telescopes in New Mexico – uses its power to look at explosive events on the its surface while on the island of La Palma, the Swedish Solar Telescope looks at sunspots providing the most detailed images of these blotches ever obtained. They enable solar astronomers to see and photograph details as small as 70 km on this ball of gas 1.49 million km across.


For the SOHO (the Solar and Heliospheric Observatory) satellite stationed in a gravitationally stable point on the sunward side of the Earth, there is no such thing as sunrise. Its sensors monitor various events and track sound waves rippling through the Sun’s outer layers that tell us much about what lies beneath its 6,000-degree-Celsius surface. Its view is shared by the Solar Dynamics Observatory, which has a different mix of sensors to peer at the Sun, and the twin Stereo (Solar Terrestrial Relations Observatory) spacecraft – one ahead and one behind the Earth in its orbit around the Sun. These spacecraft make 3-D images of explosions on the surface of the Sun, and determine whether or not they are heading for us. Scattered across the solar system many space probes sample the particles that constantly stream off it.


Two great lights, so says the Book of Genesis: the greater light to rule the day, the lesser light to rule the night. All our days are ruled by the Sun. All cultures and civilisations have known it. In ancient times, whether it is the sole god or just one of them, it was usually the most powerful. A god! Certainly you cannot look at it. It was a god to the ancient Maya who called it Kinich Anau – the squint eyed. But hold your arm out and your thumb barely covers this god. We know that a million Earths could fit inside it. Yet it is still perhaps a god of sorts for the Sun rules all of us. As well as the Earth it is the only object in the Universe that we need. We could do without all the rest, all the other planets, stars and galaxies, but we need the Sun’s presence to bring warmth and security in a cosmos that is mostly dark.


In a sense this is the golden age of solar science. We have made remarkable discoveries and have amazing new instruments and satellites that can probe its innermost secrets, and we have learned its fate, and possibly our own as well. Sir Arthur Stanley Eddington, a scientist we shall come to know, wrote that it was not too much to hope that in the not-too-distant future we shall be competent to understand so simple a thing as a star. Today we think that we do. He also wrote that we humans were bits of stellar matter that got cold by accident, bits of a star gone wrong, as we shall see.


There are other stars like our Sun out there – in fact an almost uncountable number in the universe. It is actually an average star, a Goldilocks star if you like, neither too hot nor too cold. Long-living and well behaved, and perhaps that is the reason why we are here. Also, it is on its own whereas most stars it seems are not.


Look across the vastness of space to our nearest stellar neighbours – to the Alpha Centauri system. It is 4.35 light years away (i.e. about 41 million million km) and it consists of three stars orbiting each other. Alpha Centauri A and B form a binary, taking eighty years to circle one another. Alpha Centauri C (often called Proxima Centauri as it is the closest to us) is a dwarf star much further out and may even leave the system completely in a million years or so. Alpha Centauri A is very similar to our Sun, a type G2 yellow dwarf. It is the fourth brightest star in the sky and is so bright only because it is close by.


There are other so-called solar analogues – stars almost identical to our own Sun – out there: LQ Hydra, HD 44594, HD 190406, 16 Cyg A and the most similar, 18 Scorpii, to name a few. The story of our Sun is therefore not unique because it has been and is being repeated across the length and breadth of the cosmos. So, in the starfields of our own galaxy and in the smudges of light from the most distant galaxies ever seen there will be stars like our Sun. Barely anything that happens in this universe is not witnessed by a solar-type star. Its life is a typical one, but no less remarkable for that.


Until relatively recently we were not sure if there were planets circling other stars but in the past decade or so that has all changed. We now know that many of the closest stars have large gas-giant worlds like our Jupiter in orbit around them, as well as smaller rocky worlds. In the future, space-based observatories may be able to detect them. We can also see discs of dust around young stars that we believe will form planets. Our Sun’s retinue of planets is certainly not unique and as for life, I believe the universe is teeming with it, many forms living under the light of a yellow dwarf star like our Sun. In fact, stars like our Sun may be the life-givers of the cosmos, responsible for creating the conditions for life to originate and flourish. If ever we do contact alien intelligences, intellects born under a foreign star, we may find we have many things in common, perhaps one of them would be our parent suns.


We can see stars like our Sun being born and we can see them die, and from these observations we know what will be the fate of our Sun. Any extraterrestrial intelligence we may find will probably be old, for the chances are greater of finding long-lived civilisations than youthful ones like ourselves that have only recently acquired the technology to search the skies for signs of life or signal our presence to the cosmos. Perhaps these life forms will tell us of their lives around their star, and how one day they had to leave it because stars like our Sun, that were born when the universe was young, have now come to the end of their useful lives. But our Sun is nowhere near the end of its life. To tell the story of its birth we first have to survey the universe and put our little star into its cosmic context.




CHAPTER TWO


THE SILKEN THREADS OF SPACE


Be they against the warm velvet of a summer’s night or the cold and dark of November night skies, on a clear night you can a few thousand stars with the unaided eye. They occupy only a small nearby part of our Milky Way galaxy; telescopes reveal a much vaster realm of light from billions of galaxies and each galaxy the combined light from billions of stars.


Astronomers know there is much more out there than that which shines. Most of the universe is dark, made of matter that gives off no light and about whose nature we know frustratingly little. We know it is there because of its gravity but we cannot see it. The view from planet Earth shows us that we live in a universe where stars and planets are comparative rarities, made of the minor constituents or impurities of the cosmos. In the universe there is the mysterious dark energy (about 70 per cent of the universe) and the undiscovered dark matter (25 per cent). Atoms make up only about 5 per cent of matter. There is more to the universe than meets the eye.


Despite this puzzling yet attractive situation (how dull it would be if we knew almost everything about the makeup of the cosmos), I regard stars as fundamental as atoms. When we gaze out across the depths of space, be it to the suburbs of our own galaxy or across the vast reaches of intergalactic space, we see the light from stars. It is through collections of stars – galaxies – and the groupings that galaxies make, that we are able to map the universe. And it is from stars that we get planets and life itself. Stars are almost everywhere, but it was not always so. To begin the story of the Sun we have to go back to a time when the universe was featureless and dark – the time before the stars.


We now realise that all space, time and energy began with the Big Bang, estimated to have occurred around 13.7 billion years ago. At the Big Bang all was hot beyond any form of measurement. Energy and matter, space and time were indistinguishable and interchangeable. Within the first second the super-hot gas, referred to as a plasma – which the Sun is made of it – may have cooled enough for particles called quarks that had condensed out of the energy to combine and form protons and neutrons, the building blocks of atoms. After about three minutes, a small portion of the neutrons bonded with protons. For a few hundred thousand years the universe remained extremely hot at around a billion degrees Celsius, too hot for ordinary atoms to form.


Three to four hundred thousand years passed with the hot plasma eventually cooling, allowing atomic nuclei to hold onto electrons to make the atoms hydrogen and helium. It was then that the universe entered the dark ages in which there was only gas, dark matter and, crucially, gravity.


Today, our radio telescopes can detect the echo of the Big Bang in the form of an omnidirectional glow called the cosmic microwave background radiation. This echo originated about 380,000 years after the Big Bang with the first atoms formed, and their properties tell us that the early universe was remarkably smooth. The tiny density fluctuations in the expanding and cooling plasma gas may have led to uneven concentrations in the primordial distribution of matter in the universe, of which around nine-tenths was comprised of dark matter.


Today, dark matter is separate from ordinary matter (the stuff you and I are made of) having its home chiefly, we believe, in the outer regions of galaxies and in the spaces in-between the galaxies, but in those early times the two were intertwined. Gravity caused dark matter ‘seeds’ to form into a network of filaments and sheets. In a way, during these early phases of its expansion, the universe spun a web with strands of diffuse matter acting like silken threads. So, as the web was spun by dark matter’s gravity, hydrogen and helium formed into forests of gas which then fragmented into vast clouds of about 100,000 to one million solar-masses that may have measured around 30–100 light-years across, and which contained much dark matter.


As the gas clouds contracted under their own gravity, the compression would have heated the gas to temperatures above 1,000 degrees. Hydrogen atoms would have paired up within the hot gas to create molecular hydrogen, which would then help to cool the densest parts of the gas cloud by getting rid of energy in the form of infrared radiation. Ordinary matter could then have collapsed into flattened, rotating clumps – possibly shaped like discs that resembled miniature spiral galaxies. In this way, ordinary matter was segregated from dark matter, which does not emit radiation and therefore easily loses energy, and so it remained scattered throughout space. Inside the discs of ordinary matter the densest gas clumps continued to contract and eventually some underwent a runaway collapse to form the first stars. But the first stars were unlike those we see today. Our Sun is descended from giants.


The first star-forming gas clouds were much warmer than the gas clouds that form stars today. They lacked dust grains and heavier elements – so common today – that work to cool such clouds. The result was that the first stars to shine in the universe were exceptionally massive and bright, and they changed the course of cosmic history. The appearance of the first stars, between 100 million and 250 million years after the Big Bang, was profound; they rebalanced the ecology of the cosmos.


The first stars were larger and hotter than those we see today but they obtained their energy in basically the same was as our Sun does, i.e. from nuclear reactions whereby lighter particles combine to form heavier ones liberating a little bit of energy when they fuse. Computer simulations suggest that the first stars had surface temperatures of about 100,000 degrees Celsius – about seventeen times hotter than our Sun’s surface. This means that the first starlight in the universe would have been intense, mainly ultraviolet radiation. It would have begun to heat and remove the electrons – a process called ionisation – from the hydrogen and helium gas around the first clusters of stars. The radiation would have created a growing bubble of ionised gas that grew as more and more stars formed. Eventually the bubbles of ionised gas would merge allowing the power of the ultraviolet radiation to be felt almost everywhere.


The first stars would have had relatively short lifetimes – only a few million years – and then exploded. The explosion of a star – a supernova – is one of the universe’s most dramatic events. Today they are so bright that we can see them far across the cosmos, and how much more cataclysmic must they have been when the first giant stars tore apart. They were so bright and energetic that they would have rapidly exhausted their nuclear fuel. As they consumed this fuel, heavy elements, mostly iron, accumulated at their cores. Iron is important because it cannot burn – it marks an endpoint – and so there comes a time when the energy from the core decreases and the outward pressure of radiation can no longer hold the weight of the star above it, which begins to fall. After a lifetime of millions of years the stars life is over in just a few seconds. In the collapse, matter is forced together under incredible pressure, electrons and protons fuse into neutrons and a shower of ghostly particles called neutrinos are produced that flood into space at the speed of light leaving behind the expanding entrails of the star so bright that, for a while, one star turning into a supernova can have the brightness of ten billion suns.


The heavy elements made inside the star by nuclear burning are now scattered throughout space, and they have a marked effect on the formation of the next generation of stars because they are much more effective than hydrogen in cooling clouds and allowing them to collapse into stars. The more efficient cooling allowed the formation of stars with smaller masses and may also have boosted the overall rate at which stars are born. It is possible that the pace of star formation did not accelerate until after heavy elements had been scattered like cosmic fertiliser. It was therefore the second-generation of stars that were primarily responsible for lighting up the universe in a cosmic renaissance.


Perhaps some of those early stars are still around; some may be hiding in obscure corners of the cosmos, but some may be hiding in plain sight. The discovery a few years ago of an extremely ancient star – designated HE 0107-5240, in our Milky Way’s outer reaches – demonstrated that stars that are less massive than our Sun can form from gas that lacks many heavy elements. This was unexpected, as most current theoretical calculations indicate that it should have been very difficult to form low-mass stars shortly after the Big Bang. The existence of HE 0107-5240 suggests that there must be other ways of achieving the necessary cooling. Remarkably, some of the witnesses to those early times may still be around, shining faintly (and so still detectible) as dwarf stars in the far reaches of our galaxy’s stellar halo.


So the stage was set for the birth of our Sun and the way it would affect our lives.




CHAPTER THREE


THE SHAPE OF TRUTH


Thousands of people in Japan, the Land of the Rising Sun, go to the Futamigaura seashore at Ise to await the dawn on the first day of the year. The silence is interrupted only by the breaking of waves. As the pre-dawn light arrives you can see a pair of Mateo-iwa rocks in the sea, one larger than the other – the large rock is said to represent a male and the smaller one a female, while a rope connecting them is the eternal bond uniting the divine couple. This is the Gateway of Heavenly Deities – the Shinmai-Dorii. On the large rock is the universal Sun door – the symbol of immortality.


As the Sun rises the people join hands, clap twice and bow in order to draw the attention of the sun goddess to them. They close their eyes and pray until the Sun has risen high into the sky and is no longer red. They clap once more and leave. But they do not go far; they walk to the shrine of Amaterasu on the seashore. It is said that the sun goddess emerged from the celestial cave to illuminate the world with the sunlight of spiritual salvation. In the small wooded shrine the sun icon is a small round mirror, which together with jade jewellery and a bronze dagger forms the three sacred object of Japanese mythology.


The English do things differently. It is 4 a.m. on a damp and misty morning in Wiltshire. Festivities have gone on throughout the night. In recent years a disparate collection of people gather at the stones on Midsummer Eve – New Age revellers, Druids (although they have about as much to do with the stones as the New Agers), Wiccan worshippers, onlookers, police. They are all waiting for that one famous moment.


Stonehenge was built between 2800 and 1500 BC and for most of the time since then has been a ruin. What would it have been like in its glory days? For much of the time between then and now the sunrise on midsummer’s day must have gone unwitnessed, such was the disinterest. But today the car park is full with all manner of vehicles and a cacophony of chants fills the air. Then, as the pink glow of dawn begins to show, there is a scramble for a place near a large stone known as the Heel Stone that marks the point of sunrise on 21 June, the summer solstice.


The Heel Stone stands to one side of the axis of the hinge. In Stone Age times the Sun would not have risen over it, as is popularly supposed, but to the left of it as viewed from the centre of the sarsen circle. In 1979 a stone hole to the left of the Heel Stone was uncovered, and this is now catalogued as stone 97. This may have been a former setting of the Heel Stone itself, but perhaps more likely the midsummer Sun rose between the Heel Stone and its now lost companion. The two uprights would have framed the first gleam of the Sun precisely, and the rising disc would then have grazed the tip of the Heel Stone. The origin of the name of this stone is uncertain. The name Heel has also been recorded as Hele, giving rise to suggestions that the word may be derived from the Greek helios, meaning ‘sun’.


The tip of the Sun appears above the horizon as if it waiting for the rain to subside, the Druids wave their mistletoe and chant. The tension rises, the police stir. But come back to this spot in six months’ time and you will be on your own to witness what is perhaps a more important event. The days are shorter and the air colder, the landscape harsh. Winter was a painful struggle for prehistoric man. Some of them must have witnessed the winter solstice and the midwinter sunset, framed between the uprights of the Great Trilithon. This is the shortest day (21 December) and after it the days will grow longer and the warmth will eventually return. Stonehenge is a midwinter marker saying that you have survived the worst, the Sun will soon return and bring the Spring.


One thing that intrigues me about Stonehenge is something that is lost and gone forever. The stones have been carefully placed to map out the movement of the Sun and the Moon as they rise and set at various points on the horizon in cycles that take many years. Yet the people who built Stonehenge had, as far as we know, no written language. So they must have passed the knowledge of how to place the stones down the generations by using stories, poems and songs. I wonder what they were like, those ancient songs of the Sun, Moon and stones. We will never know.


Throughout the world stones and temples are oriented at the Sun. Its influence permeated all societies. For the ancient Hindus the sun god was one of the principal triad of deities, called Surya in the Vedas (Books of Divine Knowledge). ‘All that exists was born from Surya, the God of gods,’ states the Rig Veda of ancient India. ‘He who dwells in man and who dwells in the Sun is one and the same,’ says the Taittiriya Upanishad.


Polished convex discs of bronze with solar symbols on their non-reflecting side are found in Siberia having been used widely among the peoples of the Eurasian steppe. There is a stone tablet three thousand years old depicting the sun-god Shamash in his temple with the solar disc before him and a Babylonian king being led into his presence. In the tomb at Shang-ts’un-ling in Honan, China, which is eighth century BC, there are believed to be the earliest mirrors in China. Dragons are interwoven with zoomorphs whose tails turn into volutes – symbols of the Sun.


We have always known that the Sun was part of our beginnings. Australian aborigines believe that during wongar, or dreamtime, there was a cave in which slept a beautiful woman – the Sun. The Origin People of the Incas in Peru were thought to have come out of a cave, as their deity, Viracocha created them from painted stone dolls. The sun god Utu, in Sumerian myth, helped Dumuzi, the young husband of the deity Inanna to escape from the netherworld by turning him into a stone. Bhavisya Purana states that it was out of the orb of the Sun that Vishvakarma, the divine sculptor of the Hindus, chiselled the human form.


Other examples abound. Petroglyphs from Kazakhstan, carved in the Bronze Age and now found on shattered rocks lying in the bed of mountain streams, show rays emanating from a circle while Mohenjo-daro seals found in the Indus Valley show animals emerging from the Sun’s disc as it was thought mankind had done. An orator from the fourth century BC, Aeschines, tells of a custom in ancient Greece in which, on their wedding eve, girls went naked on a sunny morning to bathe in the Skamandros river. Today in India women who want a baby still stand naked in water facing the Sun.


More than any other object in the heavens the Sun is intertwined with our lives and culture. The gesture of reassurance when the Buddha shows the palm of his hand is also a sun symbol called ‘the fiery heart, my kith and kin’. To the ancient Greeks the shape of truth was the shape of the Sun, but the ancient peoples of the Indus Valley thought the Sun was square and conceived of the swastika sun-symbol.


To the east of Lake Titicaca on the Collao High Plateau of Bolivia stands something that would not look out of place at Stonehenge. It is called the Gateway of the Sun – the door to immortality. In the church of Santa Maria in Rome is a monolith, La Bocca della Verità, a massive marble sun disk with a grim human face. People who tell lies are advised not to insert their hand into its mouth or the avenging justice of the Sun will bite it off.


And do not forget Alexander the Great, who aspired to rule the world ‘like the Sun’, and Pharaoh Akhenaten, who sought to unite his people under the all-embracing light of the solar disc, the Aten. The Aztecs memorably called themselves people of the Sun. For all of the humans who ever lived, the Sun has been the centre of their lives. They survived because they knew its yearly rhythm.


The Sun is everywhere, in our past, present and future. But its light has given us more than life. It has given us a glimpse of how the universe works. Not only is the Sun the fundamental constituent of the universe, a star, but the very processes by which that star makes its light illuminate the workings of the cosmos at its most fundamental level.


Our beliefs today are different. We have had the Renaissance, the scientific and industrial revolutions. Our lives are ruled by other patterns. With our electric lights, TVs and fires, we think we do not rely on it as much as we did generations ago. The mighty Sun, which removed God himself from the centre of the universe, has been removed from its prime position in our lives by our arrogance and by our indifference. But, read on, and you will see that it will be not too long before the Sun once again reminds us that we are here because of it. There will come a time, perhaps within our lifetimes, when the Sun will no longer be our friend.


Science has made great strides in understanding our parent star, its discovery is one of the highlights of science, but there is still much about it that mystifies us. But one thing seems certain – if we survive, we will eventually have to do without it. The Sun is an average star, a typical building block of the universe. Because of this particular star’s profound influence on the Earth, on our lives and on our future, it is essential that we understand it.


The worship of the Sun, although not peculiar to any one time or place, received its greatest prominence in ancient Egypt. There, the daily birth, journey and death of the Sun was the dominating feature of life. One of the most important gods of Egyptian religion was Ra, the sun-god, who was considered the first king of Egypt. The pharaoh, said to be the son of Ra, was the sun god’s representative on Earth.


The Sun’s importance can be seen in the case of Amenhotep IV, an Egyptian pharaoh of the 18th dynasty who ruled in the 14th century B.C. Husband to the beautiful Nefertiti he was possibly the father of Tutankhamun, an otherwise obscure child ruler whose tomb somehow lay undiscovered until the twentieth century. Before his time, Egypt paid homage to many gods including Osiris, Isis and Set. But Amenhotep combined them into a single deity, the Sun, which he called Aten-Ra. He renamed himself Akhenaten, the servant of Aten-Ra. Akhenaten may not have acted purely out of religious feelings. One effect of the new religion was to dispossess the old priests, and Akhenaten was able to consolidate his power.


But his changes were shortlived. Akhenaten presumably died in the city named after him of natural causes. The city of Akhetaten was abandoned and in ruins, his brief experiment apparently ended as abruptly as it began. He was despised by his successors and all but erased from history. Upon its rediscovery and examination in the nineteenth century, Akhenaten’s tomb lay empty save for some debris and the smashed remnants of the heretic pharaoh’s red granite sarcophagus.


Like the Egyptians who believed in Ra, the Greeks believed that Helios drove the Sun across the sky from east to west in his golden chariot every day. After sunset the Sun sailed back across the ocean. The Sun’s influence on religion extended to Zoroastrianism, Mithraism, Hinduism and Buddhism, and was also important to the Romans, Incas and many Native Americans.


Some stories are domestic. Malina was and continues to be the sun goddess of the Inuit people who live in Greenland. Malina and her brother, the moon-god Anningan, lived together. They got into a terrible fight and Malina spread dirty black grease all over her brother’s face. In fear, she ran as far as she could into the sky and became the Sun. Anningan chased after her and became the Moon. This eternal chase makes the Sun alternate in the sky with the Moon.


Other stories are more cosmic. For the Aztecs, Tonatiuh was a sun god. They believed that four suns had been created in four previous ages, and all of them had died at the end of each era. Tonatiuh was the fifth sun and the present era is still his. He was in charge of the Aztec Heaven called Tollan, but only dead warriors and women who died in childbirth could be received there. Tonatiuh was responsible for supporting the universe. To prevent the end of the world, Aztecs believed it was essential to maintain the strength of the sun god by offering him human sacrifices. The victims were usually prisoners captured in the frequent battles the Aztecs fought against their neighbours. The sacrifices were intended to secure rain, harvests and success in war. The most common form of sacrifice practiced by Aztecs was to tear out the heart of a living body and offer it to the Sun. Inti was considered the Sun god and the ancestor of the Incas. In the remains of the city of Machu Picchu, it is possible to see a shadow clock that describes the daily course of the Sun personified by Inti.


The Chinese view of the Sun is very different. They believed that there existed ten suns that appeared in turn in the sky during the Chinese ten-day week. Each day the ten suns would travel with their mother, the goddess Xi He, to the Valley of the Light in the East. There, Xi He would wash her children in the lake and put them in the branches of an enormous mulberry tree called fusang. From the tree, only one sun would move off into the sky for a journey of one day, to reach the mount Yen-Tzu in the Far West.


Tired of this routine, the ten suns decided to appear all together. The combined heat made life on Earth unbearable. To prevent the destruction of the Earth, the emperor Yao asked Di Jun, the father of the ten suns, to persuade his children to appear one at a time. They would not listen to him, so Di Jun sent the archer, Yi, armed with a magic bow and ten arrows to frighten the disobedient suns. However, Yi shot nine suns, leaving only the Sun that we see today. Di Jun was so angry for the death of nine of his children that he condemned Yi to live as an ordinary mortal on Earth.


More than three thousand years ago Shamash was a sun god in Mesopotamia, between the valleys of the rivers Tigris and Euphrates. Since he could see everything on Earth, he represented also the god of justice. Shamash and his wife, Aya, had two important children. Kittu represented justice and Misharu law. Every morning the gates in the East open up and Shamash appears. He travels across the sky and enters the gate in the West. He travels through the underworld at night in order to begin in the East the next day. In Babylon, south of Mesopotamia, the symbol of Shamash was the solar disc, with a four-pointed star inside it.


Mesopotamia also gives us the ancient Epic of Gilgamesh, probably first composed around 2000 BC. In this ancient Sumerian story, Gilgamesh, king of Uruk, sets out on a quest for immortality to the Garden of the Sun, the land of everlasting life. To reach it, Gilgamesh must pass through the Sun’s gate in the mountain of the horizon. The setting Sun disappears there and emerges from it at sunrise. A pair of terrifying scorpion-people stationed at the gate of heaven guard the Sun’s path. Which brings us finally to India.


The ancient Persians bowed to Mithra as the Sun, for it was said, ‘May he come to us for protection, for joy, for mercy, for healing, for victory, for hallowing. Mithra will I honour with offerings, Will I draw near to us as a Friend with prayer.’


India has to this day revered the Sun. Its Vedic names grew into some sort of active personality. We can follow in the Vedic hymn step by step the Sun changing from a mere luminary into a creator, preserver and ruler. As the Sun sees and knows everything, he is asked to forgive and forget what he alone has seen and knows. He may be Indra, Varuna, Savritri or Dyaus, the shining one. Even in Homer, Hyperion, the sun-god, was the father of all gods. Baldur, the white god, or Sun, was killed, said our Norseman and Saxon forefathers, by an arrow from the blind Höder, or night. Africa has in all time been a centre of sun-worship. The Spaniards found the cult both in Mexico and Peru.


Some measure of the Sun’s importance can be seen in the case of Amenhotep IV, an Egyptian pharaoh of the eighteenth dynasty who ruled in the fourteenth century BC. Husband to the beautiful Nefertiti he was possibly the father of Tutankhamen, an otherwise obscure child ruler whose tomb somehow lay undiscovered until the 20th century. Up until his time, Egypt paid homage to many gods: Osiris, Isis, and Set among them. But Amenhotep had a wish to combine them into a single deity, the Sun, which he called Aten-Ra. He renamed himself Akhenaten, the servant of Aten-Ra. Akhenaten may not have acted purely out of religious feelings. One effect of the new religion was to dispossess the old priests, and Akhenaten was able to consolidate his power.


But his changes were shortlived. Akhenaten presumably died in the city named after him of natural causes. The city of Akhetaten was abandoned and in ruins, his brief experiment apparently ended as abruptly as it began. He was despised by his successors and all but erased him from history. Upon its rediscovery and examination in the nineteenth century, Akhenaten’s tomb lay empty save for some debris and the smashed remnants of the heretic pharaoh’s red granite sarcophagus.


But out of all these myths and legends came science and understanding. The ancients worshiped the Sun and noticed its behaviour and their records provide us with the first useful pieces of information about it – the first clues to its real nature.




CHAPTER FOUR


THE MONTH OF MERCEDONIUS


The Sun taught us how to keep time and regulate our lives. Its daily passage across the sky changes a little from day to day, but eventually you will notice the changes as the seasons progress. Ancient man knew that. During summer the Sun is at its highest but there comes a point when it starts to sink a little lower each day, until it reaches its lowest at midwinter. The cycle of the seasons is obvious but devising a calendar is not. There are only three regular measurements that can be used as a basis for a calendar and they do not coincide. Two involve the day and one the year, but as there is not an even number of days in the year how do you measure the number of days in the year?


The first calendars used the third cycle in the sky that could be relied upon. It was easier to count the twenty-nine days between full moons and use that as a basis for timekeeping. There are some very ancient lunar calendars with twenty-nine notches carved on a 28,000 year-old bone found in Africa and twenty-nine dots found in a curious pattern in the cave paintings of Lascaux in the Dordogne, painted some 20,000 years ago when Europe was still in the grip of the ice. But lunar calendars have disadvantages. There is not a whole number of lunar months in a year so you cannot divide the year, with its changing seasons, using the Moon. What was required was a calendrical system in which the dates stayed in synchronicity with the seasons, and did not occur in one season one year and in another sometime later. The rainy season was always at the same time so the date of its onset should be as well. The same applied to the annual flooding of the Nile River.


Egypt was the first ancient civilisation to realise the error of the Moon and embrace the Sun, making the change over six thousand years ago. How they did it we are not entirely sure. They estimated that the solar year was close to 365 days, which led to a calendar of twelve months of thirty days each with an additional five days that Egyptian mythology says were added to the year by the god Thoth. These became the holidays of Osiris, Isis, Horus, Nephtys and Set.


The Egyptians had calculated that the solar year was actually closer to 365.25 days, but instead of having a single leap day every four years to account for the fractional day (the way we do now), they let the one-quarter day accumulate. So, after 1,460 solar years, or four periods of 365 years, 1,461 Egyptian years had actually passed. This means that as the years passed, the Egyptian months fell out of sync with the seasons, so that the summer months eventually fell during winter.


When Rome emerged as a world power, the difficulties of making a calendar were well known, but the Romans believed that even numbers were unlucky so their months were twenty-nine or thirty-one days long, with the exception of February, which had twenty-eight days. But four months of thirty-one days, seven months of twenty-nine days and one month of twenty-eight days added up to only 355 days. Therefore the Romans invented an extra month of twenty-two or twenty-three days called Mercedonius, which was added every second year. Even with the month of Mercedonius it was a clumsy system and the Roman calendar eventually became so inaccurate that Julius Caesar, advised by the astronomer Sosigenes, ordered a reform in 45 BC. One year was made 445 days long by imperial decree to bring the calendar back in step with the seasons. Then the solar year (with the value of 365 days and six hours) was made the basis of the calendar. The months were thirty or thirty-one days in length, and to take care of the six hours, every fourth year was made a 366-day year, a leap year.


It was a considerable improvement, but it still had its problems. The Julian calendar is still eleven and a half minutes longer than the actual solar year – the time it takes for the Earth to go around the Sun, and after a number of centuries, the eleven and a half minutes added up. By the fifteenth century the Julian calendar had drifted behind the solar calendar by about a week, so that the vernal equinox was falling around 12 March instead of around 20 March. Pope Sixtus IV decided that another reform was needed and called the German astronomer Regiomontanus to Rome to advise him. Regiomontanus arrived in 1475, but died shortly afterward, and the pope’s plans for reform died as well.


In 1545 the Council of Trent authorized Pope Paul III to reform the calendar. Most of the mathematical and astronomical work was done by Christopher Clavius. The immediate correction was that Thursday, 4 October 1582 was to be the last day of the Julian calendar. The next day would be Friday, 15 October. For long-range accuracy, Vatican librarian Aloysius Giglio’s idea was adopted: every fourth year is a leap year unless it is a century year like 1700 or 1800. Century years can be leap years only when they are divisible by 400 (e.g. 1600 and 2000). This rule eliminates three leap years in four centuries, making the calendar sufficiently accurate. In spite of the revised leap year rule, an average calendar year is still about twenty-six seconds longer than the Earth’s orbital period. But this discrepancy will need 3,323 years to build up to a single day.


Most Catholic countries quickly changed to the pope’s new calendar in 1582. But Europe’s Protestant princes chose to ignore the papal bull and continued with the Julian calendar. It was not until 1700 that the Protestant rulers of Germany and the Netherlands changed to the new calendar. In Great Britain the shift did not take place until 1752, and in Russia a revolution was needed to introduce the Gregorian calendar in 1918. In Turkey, the Islamic calendar was used until 1926.




CHAPTER FIVE


THE HILL OF THE WITCH


Loughcrew, just inside the Meath border at Oldcastle in the Irish midlands, is a lonely place, an old place with a feeling of ancient peoples who, if you do not look up at the hills, may live there still but who quickly vanish behind the stones when you try to see them. Loughcrew stretches over four hilltops, it is also known as Sliabh na Caillighe meaning ‘Hill of the Witch’. Scattered around are the remains of over thirty passage tombs dating back to around 3300 BC in the Neolithic or Stone Age, the time of Ireland’s first farmers. Two tombs on different hills stand out. The climb to both sites is very steep and you need stout footwear and care. Inside them are highly decorated stones with swirls and spirals similar to those found further south at the slightly younger sites of Newgrange and Knowth.


One tomb contains a cruciform chamber, a corbelled roof and some of the most beautiful examples of Neolithic art in Ireland. During the vernal and autumnal equinox, people gather at dawn in the tomb to watch the Sun’s rays enter the chamber and illuminate the inside. The sunlight is shaped by its passage between the stones and descends to the back stone, illuminating its carved solar symbols.


Here, in November 3340 BC, the Sun seemed to set twice as the locals witnessed an eclipse of the Sun. It was subsequently recorded on three carved stones. Looking at them you can see the eclipse. On one there is a large spiral with a smaller one emerging out of the side, just like the first bite of the Sun’s disc by the encroaching Moon.
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