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Stand outside under a darkling sky, with a slender Moon and the gleaming Evening Star, and I defy you to remain unmoved.


CONTENTS

[image: Illustration]


Preface

1: Discovering the Universe

2: The Moon

3: The Planets

4: Cosmic Vermin

5: The Sun

6: The Stars

7: The Cosmos

8: The Constellations

9: Observing the Sky


HOW TO USE THIS EBOOK

Select one of the chapters from the main contents list and you will be taken straight to that chapter.

Look out for linked text (which is in blue) throughout the ebook that you can select to help you navigate between related sections.

You can double tap images to increase their size. To return to the original view, just tap the cross in the top left-hand corner of the screen.


PREFACE

‘And Nigel’s an astronomer…’ When my wife introduces me to new neighbours and friends, I know that an avalanche of questions, ideas and – sometimes – the odd new theory is about to be unleashed. It could be the latest conjunction of planets mentioned in the news, how likely is life in the universe, or a discussion on what happened before the Big Bang.

Being an astronomer really isn’t like being any other kind of scientist. I know there are plenty of exciting breakthroughs in solid-state physics or organic chemistry, but these topics don’t get the public’s pulse racing (as I’m well aware because my dad was an organic chemist, known in those circles for the ‘Henbest reaction’).

But the cosmos has a visceral hold over us. Stand outside under a darkling sky, with a slender Moon and the gleaming Evening Star, and I defy you to remain unmoved. The idea of a black hole – a chasm with irresistible gravitational powers – tantalizes our minds. And whether you’re a science fiction fan or not, everyone has an opinion on alien life. Do they look like us? Can they voyage across interstellar space in UFOs? Or even – given the total lack of any definite evidence – do they exist at all?

If you’ve ever wondered about the mysteries of deep space, or you’re simply awed by the wonders of the cosmos, let me be your guide in the pages of this book. Starting out as young stargazer, I’ve been lucky to make my hobby my profession – first in research and then as an author and documentary maker.

When I was at Cambridge in the UK, the then Astronomer Royal told me that our research was to be kept at the observatory and never discussed with outsiders. My philosophy was – and is – entirely the opposite. The universe is for all of us, and those who are working at the cutting edge should be sharing our discoveries, our excitement and our passion as widely as we can.

In The Night Sky, I take an overview of the entire universe, with all the twists and turns of cosmic discovery. Explore with me everything that’s out there, from the Moon and the constellation patterns, to black holes, dark matter and even the final fate of the universe.
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Early astronomers realized that the night sky was not just a beautiful panorama: it was also a practical tool.

The story of astronomy goes back far into prehistory. Although we don’t know much about the way ancient people interpreted the sky, there’s one traditional view that has survived at least 40,000 years. It’s been preserved in oral accounts passed down from generation to generation among the Aboriginal peoples living under the coal-black heavens of Australia. With no light pollution, they saw a sky so blanketed with stars that it was easier to pick out dark patches where the stars were missing. These dark constellations included the Emu, which rose in the sky in the same season that these flightless birds laid their eggs.

In other parts of the world, giant prehistoric structures mutely inform us that their builders were fascinated by the sky. Chief among them is Stonehenge, in Wiltshire, England. Traditionally, visitors celebrate at the summer solstice – normally 21 June – when from inside the circle the rising Sun aligns with the outlying ‘heel stone’ to mark the height of summer. But archaeologists now think Stonehenge was dedicated to winter, and that an observer would stand at the heel stone and watch the Sun setting between two towering sarsen stones on winter’s shortest day. It marked the turning point of the year and the coming of spring.

The earliest written records concerning the sky come from the Middle East, from the region around the great rivers Tigris and Euphrates and the Persian Gulf. They saw patterns in the stars – in a cosmic join-the-dots puzzle – to make the shapes of people, animals and everyday objects. The most ancient constellations, such as Leo (the Lion) have a pedigree stretching back 4,000 years, while Capricornus, a strange amalgam of goat and fish, has been gracing our skies for three millennia.

Early astronomers realized that the night sky was not just a beautiful panorama: it was also a practical tool. Navigators around the world – from the Mediterranean to Polynesia – used the stars to steer their boats across the open sea. You could also use the patterns in the sky for timekeeping, as they moved regularly across the sky every night. The heavens became essential for calendar-making; our ancestors realized that different constellations became visible as the year progressed. The regular cycles of the Sun and Moon dictated how time was divided up, into the year and the month (originally a ‘moonth’).

The beginnings of astronomy

Around 600 BCE, the Greeks, with their logical and analytical minds, were the first civilization to turn astronomy into a science. Most of the highly gifted astronomer-philosophers didn’t live on the Greek mainland, but in scattered colonies and overseas settlements: from Sicily to Turkey, and Alexandria in Egypt.

They observed lunar eclipses and concluded they were caused by the Moon moving into the Earth’s shadow. From the curve of the shadow on the Moon, they deduced that the Earth was spherical, and about four times larger than our satellite. Around 240 BCE, the polymath Eratosthenes accurately calculated the circumference of the Earth, by comparing the overhead positions of the midsummer Sun at two different locations in Egypt.

The ancient Greeks were far from being only abstract philosophers. They also built the first computer: the Antikythera mechanism, containing a complex set of gearwheels, could predict eclipses, the Moon’s phases and the positions of the planets.

Derived from the Greek for ‘wandering stars’, the planets fascinated these pioneering scientists. In particular, they carefully observed how these five objects – Mercury, Venus, Mars, Jupiter and Saturn – sometimes loop backwards in their slow progression against the background stars.

For this, the analytical Greeks needed an explanation. Building on earlier ideas, the last great Greek astronomer, Claudius Ptolemy – based in Alexandria around 150 CE – envisaged a grand architecture for the Solar System. At the centre lay the massive unmoving Earth. Around it wheeled the lesser objects – the Moon, the Sun and the planets. To account for the strange motions of the planets, Ptolemy posited that each planet goes around in its own big circle, but it rides on a little ‘wheel’ (an epicycle) attached to the main orbit, so that it loops back on itself as the cosmic wheels revolve.

Ptolemy also catalogued the heavens systematically, listing 1,022 stars, which he grouped into 48 constellations. Ptolemy summed up the whole of Greek astronomy in a great compendium called the Almagest, which ensured that the Greek view of the heavens was enshrined for over a millennium.

After the end of the Hellenistic period (31 CE), the flame of astronomy was rekindled in the Middle East. Arabian astronomers bestowed the names we still use for the brightest stars, such as Aldebaran (Arabic for ‘the follower’), the star that stalks the Seven Sisters star cluster.

The Copernican revolution and beyond

Eventually, in the fourteenth century, ancient Greek culture was rediscovered in Western Europe, launching the Renaissance. In northern Poland, a cathedral administrator named Nicolaus Copernicus (1473–1543), fascinated by astronomy, eagerly examined the Almagest but was puzzled. Ptolemy’s predictions of the movements of the planets were well out of kilter with the positions he was measuring himself from a tower in the cathedral grounds.

Aesthetically, he disliked Ptolemy’s cumbersome epicycles. And he wondered why the blazing Sun was so different from the other planets circling the Earth. Then he experienced his ‘eureka’ moment: one that would change astronomy forever. From his observations, Copernicus deduced that the planets circled the Sun – not the Earth. And that the Earth itself wasn’t fixed, but also orbited the Sun: it was a mere planet, like Mercury or Saturn. His controversial De revolutionibus orbium coelestium (On the Revolutions of the Celestial Spheres) – which would remove humans from their supposed central place in the universe and deal an immense blow to religious beliefs – was published when he was on his deathbed in 1543.

But was Copernicus right? Only better measurements could decide it one way or another. This task was taken up by an eccentric Danish nobleman, Tycho Brahe (1546–1601), who boasted a golden nose (it was actually made of brass) and kept a moose as a pet. Before the era of telescopes, Tycho built astonishingly complex and accurate instruments to measure the positions of the stars and planets as never before, latterly at a palatial castle-cum-observatory on the Danish island of Hven.

After moving to Prague, Tycho met up with the world’s greatest mathematician, Johannes Kepler (1571–1630). The German was the opposite of Tycho: a shy, sickly man. While Tycho still believed in an Earth-centred cosmos, Kepler was convinced by Copernicus’s new idea. Using Tycho’s superlative observations, he was able to prove that the planets do indeed orbit the Sun: not in circles, but in egg-shaped orbits called ellipses. When the fast-moving Earth overtakes Mars, for instance – on the inside track – the Red Planet only appears to go backwards. There’s no need for the complicated Greek wheels within wheels.

It was a heady time in astronomy. In 1609, while Tycho and Kepler were debating in Prague, over in northern Italy the outspoken scientist Galileo Galilei (1564–1642) turned his ‘optick tube’ – the newly invented telescope – towards the sky. Finding that Venus shows phases like the Moon, and that Jupiter has its own moons, he confirmed that Copernicus and Kepler were correct. He also discovered that the heavenly bodies were not perfect: the Moon was pocked with craters and the Sun had spots.

This was not good news for the Church authorities, who believed in the supremacy of a central Earth, and the purity of the Sun, Moon and planets. For teaching Copernicus’s ideas, Galileo was placed under house arrest until he died. But his findings in astronomy and mechanics were to inspire a young Englishman, Isaac Newton (1642–1726/7), born in the year of Galileo’s death.

With his formidable mathematical brain, Newton worked out why bodies in space move in the way they do: there was a previously unknown force at work, and he called it gravity. At last, astronomers could calculate what was going on in the universe, rather than just predict the future based on what had happened in the past.

Newton was a reclusive figure, and he published his findings only after being pestered by his colleague Edmond Halley (1656–1742). Halley would later use the new theory of gravity to predict the reappearance of a comet that he had seen on his honeymoon in 1682 – now known forever as ‘Halley’s Comet’.

From Newton’s time on, the pace of advancements in astronomy quickened. Some astronomers spent their time trying to prove Newton right or wrong; others employed his new invention, the reflecting telescope (which uses a mirror, instead of a lens, to collect light), to make astonishing breakthroughs.

In the eighteenth century, the German-born British musician and amateur astronomer William Herschel (1738–1822) used a Newtonian telescope to discover a new planet beyond Saturn – quickly named Uranus – which doubled the size of the Solar System at a stroke. Additionally, by building ever-larger telescopes, Herschel paved the way to exploring the wider universe, with his investigations into the nature of the Milky Way. He mapped the stars and came up with the first accurate model of our local galaxy.

On to the stars

By the early nineteenth century, attention was turning to the stars. What were they? What were they made of? What made them shine? And how far away were they?

With precision telescopes, astronomers answered the last question. By measuring tiny shifts in the apparent positions of stars as the Earth orbits the Sun, they could calculate the stars’ distances. The Sun’s nearest neighbour, Proxima Centauri, turns out to be 4.24 light years away: light from the star, travelling at 300,000km per second, takes over four years to reach us.

The next breakthrough came not from an astronomer, but from a bespoke Bavarian lens-maker, Joseph von Fraunhofer (1787–1826). Testing a new prism, which splits up light into a rainbow – or spectrum – of colours, Fraunhofer was horrified to find that the Sun’s spectrum was crossed with narrow, vertical lines. Was his glass at fault? The true answer lay far deeper. When German scientists Gustav Kirchhoff (1824–87) and Robert Bunsen (1811–99) checked out the spectrum produced by various chemical elements glowing in the heat of the eponymous Bunsen burner, they discovered that the light consisted of lines across the spectrum, just like the dark bands in the spectrum of the Sun and other stars. Each element produced a unique set of lines, a chemical fingerprint that now allowed astronomers to tell what particular chemical elements made up the distant stars.

The stars’ light revealed that they contain elements familiar on Earth, including iron, calcium, sodium and carbon. But the spectra didn’t immediately tell us which were the most abundant. It wasn’t until the 1920s that the brilliant young British astronomer Cecilia Payne-Gaposchkin (1900–79) discovered the astounding truth. The stars – and indeed the whole universe – are made overwhelmingly of hydrogen, an element that is quite rare on Earth.

Shortly afterwards, Arthur Eddington (1882–1944), the leading British astronomer of his time, put two and two together. He realized that stars are giant nuclear reactors, fusing hydrogen into helium in their super-hot cores, and this reaction produces the energy that makes the stars shine.

But where did the other elements come from? The British–American team of Margaret (1919–2020) and Geoffrey Burbidge (1925–2010), William Fowler (1911–95) and Fred Hoyle (1915–2001) calculated that stars more massive than the Sun have the gravitational power to create heavier and heavier elements in their cores, until they try to fuse iron. The process then breaks down – spectacularly. The massive star explodes as a supernova, spewing its guts out into the cosmos. Loaded with heavy elements created deep inside the star, this debris seeds a new generation of stars and planets.

The star’s dying core shrinks under its own gravity to form a super-compact neutron star. Predicted in the 1930s, neutron stars weren’t observed until 1967 when radio astronomers picked up regular pulses from spinning neutron stars, also known as pulsars. Alternatively, a supernova’s core can collapse completely, into a black hole that can irrevocably suck in anything that comes by, including light. This is a fate predicted by the general theory of relativity, proposed in 1915 by Albert Einstein (1879–1955), but it seemed so preposterous that Einstein himself never believed in black holes. The first convincing evidence came 16 years after his death, when astronomers picked up a scream of X-rays coming from gas on the brink of being swallowed up by gaping maw of a black hole.

Origins and geography of the universe

In the twentieth century, astronomers also nailed down definitively the geography and history of the entire universe. The Milky Way, which William Herschel had mapped, turned out to be just a run-of-the-mill galaxy – one of billions in the universe – once the American astronomer Edwin Hubble (1889–1953) had proved that many of the fuzzy patches in the sky are distant starcities like the Milky Way.

Galaxies are gregarious: most live in groups or larger clusters. In the 1930s, the Swiss astronomer Fritz Zwicky (1898–1974) found that the galaxies in clusters are bound together by more than just their own gravitational pull. He posited that the extra gravity came from ‘dark matter’ that we can’t observe directly but which in total is more massive than the galaxies we do see. Even today, astronomers do not know what dark matter consists of.

The American researcher Vesto M. Slipher (1875–1969) found that the clusters of galaxies are racing apart from each other. And one of the unsung heroes of cosmology, the Belgian priest Georges Lemaître (1894–1966), proved that the expanding universe began in the explosion of a ‘primeval atom’ – the Big Bang – which occurred 13.8 billion years ago. The proof of this cataclysm came in 1965 when American physicists Arno Allan Penzias (b. 1933) and Robert Woodrow Wilson (b. 1936) detected radiation from the inferno all over the sky – the ‘afterglow’ of the Big Bang.

The universe is not just expanding: in the 1990s astronomers discovered that the rate of expansion is accelerating. It’s powered by a force called ‘dark energy’, but the nature of dark energy – like dark matter – is still a mystery.

Recently, two new revolutions in astronomy have taken place, as great as the upheaval in the era of Copernicus and Galileo. We can now send robotic explorers to the other planets, to explore them at close quarters. And new technologies mean that astronomers are no longer limited to viewing the light coming from space. They can tune into the cosmos in many ways, from hugely energetic gamma rays and low-frequency radio waves to gravitational waves, which are ripples in the very fabric of space.

This recent cornucopia of data on the cosmos has told us that we live in a violent universe. The safe, predictable stars and planets of our ancestors have been replaced by wild worlds, black holes, quasars and exploding stars.

However, on the constructive side, astronomers have been finding a plethora of planets circling other stars: the total number of exoplanets now stands at over 5,000. Among them are many worlds that resemble the Earth, giving us ever stronger hope that – despite all this disruption – there are other oases of life out there in the cosmos.
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