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INTRODUCTION

Over the many years in which I have taken an interest in science, a ragbag of facts, anecdotes and oddities have stuck in my mind, and some of them form the substance of the short essays in this book.

Here you will read about an aircraft carrier made of ice and sawdust, a nuclear blast detector using ESP, a scientist who was strangled by his own invention, a philosopher who believes that if there were more women scientists science itself would be fundamentally different, a poor black woman whose cancer cells are now in every laboratory in the world, and a two-billion-year-old nuclear reactor. You will find the answers to questions you might never have asked, such as: Why is the sky dark at night? Why doesn’t the Earth move when we move our eyes? Is your brain really necessary? Can money bring happiness? Can the blind see? Does 1 + 1 really equal 2?

But these essays are more than amusing or intriguing curiosities. Many of them help us understand how astronomy or maths or biology or physics actually work, and the methods scientists use to verify their hypotheses.

For example, the answer to ‘Why is the sky dark at night?’, first asked hundreds of years ago, depends on knowledge acquired in the twentieth century about the expansion of the universe. Asking ‘Can the blind see?’ takes us into a pioneering area of neurophysiology. And even the existence, regrettable, perhaps, of a molecule called ‘arsole’ helps us understand the systematic way in which scientists name new biological molecules.


HEAVEN AND EARTH

IS THIS A RECORD …?

Here’s a prediction: in 40,000 years’ time, in a planetary system around a nearby star, a group of aliens will gather around a gramophone, one of those devices we dimly remember from the 1970s. They will lift the pickup arm and place the stylus gently on a disc rotating at 33⅓ rpm. They will then hear – if they have ears to hear – a greeting in the Akkadian language used in Mesopotamia about six thousand years ago.

As predictions go, this sounds fairly dotty. But it is based on sound reasoning. In 1977, NASA sent two spacecraft, Voyagers 1 and 2, off into space. Their mission was mainly to gather data, including photographs, about Jupiter and Saturn and their moons, and then to travel on out into space, across the vast emptiness between our solar system and the nearest stars.

Each Voyager was the size of a small car, and carried what was described at the time as a ‘phonograph record’, with the intention, or at least the hope, that one day in the distant future some extraterrestrial civilization would discover one of the Voyagers, detach the interesting-looking disc and ‘play’ it. If they did so, they would find an hour’s worth of sound, including greetings in many Earth languages and various earthly sounds, such as a bus, a tractor and a horse. The disc also contains 115 still photos, including one of a woman eating an ice-cream cone and another of a man eating a piece of pizza.

But in 1977 the latest technology for recording and playing back sound was the long-playing record. The first patent for what became the CD wasn’t filed by Sony until 1980. So what are aliens to do in 40,000 years’ time, the soonest the Voyagers could possibly be intercepted by inhabitants of other planets round other stars? Faced with a disc with a fine groove spiralling from the outer edge to the centre, how are they to know that its tiny variations conceal information about our far-off planet and its preoccupations in 1977?

To give the aliens a sporting chance, on the cover of the record NASA printed a picture of a gramophone stylus seen from above and from the side. Since no written instructions would have been comprehensible, the NASA scientists tried to convey in diagrams such information as the way the stylus worked, the need to rotate the disc, what the period of rotation should be, and how to translate the squiggles detected by the stylus into sounds or pictures. And so that the aliens knew exactly where the spacecraft had come from, NASA engraved a map, showing the location of the Solar System in relation to fourteen pulsars, stars with a particular, very precise period of rotation, which would be likely to be known to the aliens.

The whole project is a triumph of hope over expectation. It’s difficult enough to imagine how humans of the distant future might interpret such a disc. The pace of technical change is accelerating so fast that the world of AD 42,000 will be unimaginably different from the world of 1977. People might understand NASA’s stylus in the way it’s intended, or they might think it’s a drawing of a train going round a circular track, or they might just pick the record up and throw it to each other like a frisbee (a mid-twentieth-century leisure device, now almost obsolete). At least those humans will probably still have eyes and still be able to interpret diagrams. But who knows what sense organs will be possessed by intelligent lifeforms elsewhere in the universe to help them interpret the disc? What engineering technology will they have to manufacture the stylus, the turntable, the speed controller, the loudspeaker? Will they even have ears to hear or eyes to see, once they put the record on their celestial gramophone?

It’s easy to ridicule the idea of sending a ‘how to’ kit to make a gramophone into space, at a time when it is becoming the norm for sounds and images to be stored on hard disks with a capacity that increases tenfold every year or two, and with iPods capable of storing eighty days’ worth of sound rather than the one hour on the Voyager disc. In fact, such new technology is at the heart of a more recent space project, called KEO, which is planned to launch in 2010 or 2011, carrying messages from as many inhabitants of Earth who choose to participate, encoded in glass radiation-resistant DVDs. Needless to say, the spacecraft will carry instructions for the future recipients on how to build a DVD player. And also needless to say, it can only be a few years before this too will seem as out of date a way of recording and reading data as the Voyager gramophone is today. But unlike the few hours’ capacity on the Voyager disc, the KEO DVDs will have enough space and compression to allow every citizen on Earth today to send a message up to four pages long.

Not everyone thinks this kind of reaching out to other lifeforms is a good idea. At the time of Voyager, Professor Sir Martin Ryle, the leading British radio astronomer, protested to NASA that, by revealing our presence and exact location, we would be making it possible, if the aliens are malevolent or even just hungry, for them to invade our planet and put an end to the human race, assuming there still is one. But the time for such worries was past even in 1977. Any extraterrestrial civilization worth its kryptonite will be fully aware of the details of life on Earth by watching the programmes of David Attenborough, along with the other outpourings of terrestrial television. Whether, on balance, they would conclude that Earth was a place worth avoiding rather than visiting is at least arguable.

AN EXPLODED VIEW

In 1991 the British artist Cornelia Parker created an installation called Cold Dark Matter: An Exploded View. It was produced by filling a garden shed with objects gathered from sheds belonging to herself and her friends and arranging for the British army to blow it up. Parker then collected the pieces and created a work that represented a moment after the explosion as the shed and its contents flew apart.

Scientists are fond of ‘thought experiments’, where new ideas can arise as a result of imagining an experiment that would be very difficult, or even impossible, to do. One thought experiment with Parker’s shed would be to imagine the pieces flying apart and then to reverse the direction of travel of each piece so that they all converged on their original positions, reconstituting the shed and its contents. It is that sort of imaginary process that cosmologists have carried out with the universe, with some very surprising results.

The universe is expanding, with stars and galaxies flying away from each other like the pieces of Cornelia Parker’s shed. Scientists have arrived at a picture of the history of the universe by imagining its contents retracing their steps. Using their knowledge of the masses and velocities involved, and a lot of physics, they have traced the history back over a period of 12–15 billion years to a point in time and space where our universe could be said to have begun, with the event known as the Big Bang. For much of that time, the universe would have behaved like Parker’s shed if run in reverse, and any of us, even the non-scientists, can imagine the stars and galaxies (and, indeed, some material called cold dark matter) converging at speed on some central point. But going back past about 300,000 years after the Big Bang, the whole picture changed. By applying the laws of atomic physics at high temperatures and pressures, a picture emerges of the first few moments in the life of the universe which is as strange and unimaginable as any painting by Dali or Magritte. It is as bizarre a picture as if Parker’s shed had continued contracting after it reached its initial state, and as it got smaller and smaller it changed shape, its wood and metal and cloth components turned to cheese and neon and diamond and eau de cologne, and eventually shrank into a tiny dot the size of an atom with the temperature of the heart of the sun.

‘If the history of physics has taught us anything,’ wrote two physicists recently, ‘it is that the true nature of the world may lie beyond our ability to visualize directly.’ This is all very well, but humans are creatures whose first instinct is to visualize when trying to understand complex scientific explanations. Nevertheless, as science becomes more theoretical and less dependent on direct observation, it is more difficult for non-scientists to grasp what scientists are on about.

The theory that purports to describe the early years, days and seconds of the universe is firmly based. It successfully explains observations that puzzled astronomers and cosmologists in the past, and has led to new experiments using satellites based on predictions that were subsequently fulfilled. In the past, people who believed that the Earth was round bolstered their theory with the well-known observation that ships setting out from land seemed to disappear, almost as if they were sinking, at a point in their voyage where they should still be visible. This ‘round Earth’ theory also predicted that a ship would be able to sail continuously from east to west and arrive at its starting point. The predictions and observations confirmed the theory of a round Earth that everyone now believes. A similar combination of observations and predictions underlies scientists’ understanding of the birth of the universe.

Here’s what they believe happened:

During the first second, the shortest period of time any of us can imagine realistically, the universe expanded from an object that was infinitely hot and with a radius of zero to a sphere with a radius of four light years (about 40 million million kilometres). It also cooled down to 10,000 million degrees. (The temperature at the heart of the sun is only 15 million degrees.) During that first second, a series of events took place one after the other which I list below, not in the hope that you will understand what they mean (I don’t) but to show the nature of the scientific imagination at work, unshackled by the need to relate the ideas to the real world:

• ‘The quantum wavelength of the universe was larger than the size of the universe itself.’

• ‘At the Planck time, symmetry breaks. Gravity becomes a distinct force. We have entered the GUT era. Here we have the quantum limit of classical general relativity.’

• ‘Limit of perturbative interaction – thermalization of universe.’

• ‘Grand unification and spontaneous symmetry breaking.’

• ‘The universe enters a state called a “false vacuum”.’

• ‘Electroweak era begins.’

• ‘End of Electroweak era. The Electroweak force breaks down into two distinct components, the weak nuclear force and the electromagnetic force.’

(These last two events are worth noting in passing. The Electroweak ‘era’ lasted from 1/100,000,000,000,000,000, 000,000,000,000,000th of a second after the beginning of the universe to 1/100,000,000,000th of a second, surely the shortest ‘era’ in history.) By two ten-millionths of a second after the Big Bang, the universe was the size of the solar system and had cooled to 1,000,000,000,0000 degrees.

I could go on and describe a similarly mind-boggling series of events that took place between the first second and the first minute, the first minute and the first hour and, in fact, right up to about a billion years after the Big Bang, when the universe began to look a bit like the place we live in today.

What is significant about all this is not that non-physicists are expected to understand and remember these stages, but that mathematics and physics demand a parallel type of understanding to that which operates in most of us in our everyday lives. So often we try to understand what scientists say by getting them to put it into ‘ordinary language’, but if ordinary language could convey scientific truth, scientists would be using it anyway. ‘Ordinary language’ says that the universe started as an infinitely small point of infinite temperature, which just sounds confusing – or nonsensical. The best attempt I’ve seen to convey what this actually means suggests that all of space was filled with energy at the beginning and that the expansion from an infinitely small, infinitely dense, infinitely hot point is how our observable universe began, from just one point in that mass of energy, and that we have no way of knowing or inferring what happened to the rest, although it could be that every point in the entire universe expanded in the same way, leading to other universes beyond our grasp.

Ultimately, the only terms in which anyone can really understand what happened at the beginning of the universe are mathematical terms, and to understand them we have to learn another language, mathematics. Or we can just use an interpreter, a scientist, which is what most of us are happy to do.

COSMIC COINCIDENCE

A total solar eclipse is one of the most beautiful sights in the sky. Most people who see it never forget the moment when the dark disc of the moon fits exactly over the bright disc of the sun, and for a minute or two the gaseous envelope that surrounds the sun becomes visible, temporarily freed from the dominance of the overwhelmingly brighter solar surface. This spectacle occurs once or twice a year somewhere on Earth, although people in any one spot will have to wait nearly four hundred years to see it. Nevertheless, it was known to ancient cultures around the world, from Greece to Central America, and they built it into their pictures of the cosmos as a rare, dramatic and significant event.

And yet, it all comes down to a cosmic coincidence. If the moon were a little smaller or farther away, no one would have been aware of the beauties of an eclipse. (If the sun were larger or nearer, we would be unlikely to be here to be aware of anything.) The exact superimposition of the moon over the sun comes about only because of the figure 400. The sun’s diameter is 400 times larger than that of the moon, but it is also 400 times farther away, which means that their apparent diameters are the same. But there is no physical or astronomical reason why this should be so. The way the moon formed, probably as the result of a giant impact between the Earth and another celestial body, has nothing to do with the distance or size of the sun, and the resulting size of the moon after that collision was determined by gravity and the movement of the fragments of the collision in the region local to the Earth.

One astronomer, Guillermo Gonzalez, a believer in the Anthropic Principle [[image: Image] 28], has stuck his neck out and said that he thinks there is a connection between intelligent life on Earth and the phenomenon of a total eclipse, pointing out that the moon has gradually moved farther from the Earth over millennia, reaching the point at which total eclipses became possible at the same time as intelligent life. But then he makes the even more astonishing inference that in other solar systems with other planets, intelligent life will arise only on planets that experience total solar eclipses.

This coincidence of size, by the way, will not last for ever. People who live on Earth 200 million years from now will no longer see the full glory of a total eclipse because the moon will have moved too far away. The best they can hope for is an annular eclipse, which looks like a bright circle of solar light around a dark smaller core. This type of eclipse is the best that Martians can experience as well. One of their moons, Phobos, is about three-quarters the apparent size of the sun seen from Mars.

Here’s one final interesting point about our judgement of apparent size: asked to guess how much of the width of the Sun would be obscured by holding a thumb up in front of it at arm’s length, most people hazard a guess that the sun’s diameter is about the width of a thumb. In fact, it’s less than a quarter of the width of a thumbnail, as you can easily verify by experiment. (And if you have a small thumb, don’t worry that you’ll get a different result from your large-handed friend, because you’ll also have a shorter arm than him.)

DROPPING IN ON THE BIG BANG

In the days of analogue TV – fast disappearing as the digital changeover takes hold – older television sets did not have remote controls or even channel buttons, but a rotating knob which you turned through various UHF frequencies until you found the channel you were looking for. If you stopped tuning before you found a channel, you’d see a screen full of ‘snow’ – white dots coming and going randomly. Some of that ‘snow’ is a sign of the Big Bang [[image: Image] 7], although nobody was aware of its significance until the 1960s. And even then, a heap of bird droppings got in the way of one of the most significant twentieth-century discoveries in science.

When two physicists working at Bell Labs in the United States tried to find uses for a defunct communications antenna, they noticed some annoying interference which occurred wherever they pointed the antenna in the sky. They’d been hoping to use the antenna to detect radio waves from certain stars, but clearly they would have to remove all sources of interference before they could measure the stellar radiation, which would be very low-level anyway.

The scientists, Arno Penzias and Robert Wilson, climbed up on the roof where the antenna was kept and found what they thought was the problem – layers of droppings from pigeons that had turned the antenna into a home. The droppings were warm, and since the kind of radiation causing the interference was an indication of temperature, they realized they had probably found the source.

After thoroughly hosing down the antenna and scattering pesticides, the scientists went back to their measurements. Sure enough, there had been an effect from the bird droppings, and the level of interference was now lower. But it was still there.

At the same time as Penzias and Wilson were wrestling with their little technical problem, another physicist, Robert Dicke, had been working on what was then a new idea about the origin of the universe, the Big Bang theory. One consequence of this theory was that the universe began in an intense burst of very hot radiation, and spread in all directions over the succeeding billions of years, becoming cooler at the same time. If this theory is correct, the universe today, after 15 billion years, would be bathed in much cooler radiation, at exactly the frequency of the interference found by Penzias and Wilson – after they had cleaned their antenna.

When Dicke heard about their problems, the three scientists got together and it became clear that the Bell Labs antenna had detected the first hard evidence for the Big Bang theory, and in 1978 Penzias and Wilson (but not Dicke) shared the Nobel Prize for physics. Although Wilson had supported a rival theory for the origin of the universe, the Steady State theory, he had to accept that the combination of Dicke’s reasoning and his and Penzias’s own data supported the Big Bang.

There was another odd twist to the story. It turned out that a paper in a Russian journal in 1964, the year before Penzias and Wilson recognized the source of the interference, had predicted that if the Big Bang theory was correct it would generate microwave radiation, and that the best available instrument for detecting it, because of its size and shape, would be the Bell Lab antenna. Unfortunately, as Penzias said in his Nobel lecture, ‘it appear[ed] to have escaped the notice of the other workers in this field’, including, presumably, himself.

HENRIETTA’S MILESTONE

On a very clear moonless night, the most prominent feature in the sky is a diffuse band of light that stretches from one side of the horizon to the other. In addition to this band, scanning the sky with the naked eye reveals stars of different brightnesses, and small fuzzy areas which show up in a telescope as galaxies and nebulae. The band of light, which we call the Milky Way, is actually ‘our galaxy’ – a whirlpool of stars shaped like a disc which we see edge-on because our sun is embedded in it. Until a hundred years ago, astronomers thought that our galaxy constituted the entire universe, and that the stars and fuzzy areas we could see were all part of that galaxy. It was a discovery by one woman, Henrietta Leavitt, which helped to overturn the prevailing picture and revealed a vast and expanding universe in which our galaxy was a tiny component in a much bigger and more complex system, containing millions of ‘Milky Ways’ whose existence had been undetected by the existing technology.

The essence of Leavitt’s discovery was a method of measuring the distances of stars and galaxies. It was almost like discovering in each distant astronomical object a label that said ‘I am 56 million light years away’, or whatever the actual distance was.

If all the stars, including our sun, were of equal brightness, we would have no trouble measuring distances in the universe. The dimmer a star looked, the farther away it must be. With powerful telescopes we could measure the apparent brightness of stars far too dim to be seen with the naked eye, and with mathematics we could work out their distance. A law of physics called the Inverse Square Law says that with two stars of equal brightness, if one is twice as far away as the other it will look a quarter as bright. If it was three times the distance it would look a ninth as bright, and so on [image: Image]. So finding the relative distance of stars would mean starting with a star whose distance we know, the sun maybe, and comparing the brightnesses of all the other stars we could see.

But stars are not equally bright. They are of different ages and at different stages of evolution and as a result have different temperatures. Early modern astronomers tried to arrange them in some kind of sequence, from A to S, hottest to coldest, but later discoveries muddled up the order, so they now run: O, B, A, F, G, K, M, R, N, S. I include this piece of information only so that I can tell you that astronomers remember the temperature categories of stars with the sentence ‘Oh, be a fine girl, kiss me right now, sweetie’. (Some astronomers in the 1970s used ‘On Bad Afternoons, Fermented Grapes Keep Mrs Richard Nixon Smiling’.)

Because stars are not equally bright, we need a way to tell how bright each one actually is before we can determine its distance. Let’s say we know by other methods that a star, Alpha, is four light years away. Suppose we know that another star, Beta, is in absolute terms half as bright as Alpha. In other words, if the stars were at the same distance, Beta would look half as bright as Alpha. Suppose now that Beta actually looks one sixteenth as bright as Alpha. By the Inverse Square Law, if Beta were as bright as Alpha, it would be four times farther away. But because it’s half as bright, we know that it is actually nearer, at twice the distance of Alpha. The point I am making is that if we know how bright a star really is, we can tell how far away it is.

In 1904, Henrietta Leavitt was working for 30 cents an hour at the Harvard College Observatory. She worked in the photometry department, checking hundreds of photographic plates to measure the brightness of stars. Her job required a good eye, an accurate memory and a high boredom threshold.

Although most stars have a fixed magnitude – the apparent brightness as seen from Earth – there are many with fluctuating brightnesses, called variable stars. Because Henrietta Leavitt had a good visual memory, she could look at a photographic plate taken one night and notice whether one star was a different magnitude from when it had appeared on a plate a week before. In this way she discovered more than two thousand variable stars, about half the known total at the time. This was an impressive achievement, but her crowning discovery related to one class of these variable stars, which became known as Cepheid variables, because they had a similar pattern of variability to a star in the constellation of Cepheus.

She noticed that these stars varied in a very regular way – the greater their absolute brightnesses the longer their period of oscillation. So a Cepheid variable that was about eight hundred times as bright as the sun went from bright to less bright and back again over a period of three days (its ‘period’), while a Cepheid that was ten thousand times as bright as the sun varied over a period of thirty days. What this meant was that by measuring the period of a Cepheid variable, astronomers could measure its absolute brightness, and once they knew that, using the method described above they could tell how far away it was.

Leavitt’s discovery eventually led to a huge expansion of our estimates of the size of the universe. Using powerful telescopes, astronomers discovered some stars with this pattern of variation in nebulae and galaxies that had been assumed to be part of the Milky Way. But by calculating the stars’ absolute brightness from their periods of variation, they found that the stars could not be in our galaxy, since if they were they would look brighter than they did. The fact that they looked much dimmer and yet had a large absolute brightness meant only one thing – they were much farther away than the stars in our galaxy.

Our galaxy is 100,000 light years across – it takes light 100,000 years to travel from one end to the other [[image: Image] 35] – and it turned out that the first galaxy whose distance was calculated from its Cepheid variables was 2.5 million light years away, enlarging the size of the known universe twenty-five times.

For someone who made such a major contribution to astronomical science, Henrietta Leavitt is considered by some people to have been denied the credit that she deserved. Astronomy was certainly a male profession at the time she worked at Harvard, and because she was not a professional astronomer (and perhaps because she was a woman) she was never allowed to use a telescope professionally, although she was passionate about astronomy. Another female astronomer, Cecilia Payne-Gaposchkin, said that preventing Leavitt using a telescope was ‘a harsh decision, which condemned a brilliant scientist to uncongenial work, and probably set back the study of variable stars for several decades’.

After Leavitt’s death, when her contribution was more widely recognized, her name was given to a 65-kilometre-wide lunar crater – on the back side of the moon.

ALL IN A SPIN

Sometimes, if you read too much science it can make your head spin. The farther reaches of physics – astronomy and cosmology in particular – deal with objects that are presented by scientists in a matter-of-fact way but which challenge one’s credulity if you stop to think about them for too long.

I’m not talking about the true exotica of astronomy – black holes, wormholes, multiverses, inflation, and so on. Even more ‘ordinary’ objects in the sky, described in terms that don’t require any specialized knowledge to understand, sometimes tax one’s belief.

Take the Crab Nebula. This is a fuzzy patch, visible in a small telescope, which is the remains of a star that was observed to explode in AD 1054. Today (or rather 6,000 years ago, since that’s how long light takes to travel from the Crab Nebula to Earth) much of the star’s material is seen to be flying away from the centre at a speed of about 1,500 kilometres per second, and it has now reached a diameter of about eleven light years (100 million million kilometres). But that’s not the incredible bit. Large sizes and distances I can manage. It’s what’s at the heart of the Crab Nebula that is the problem.

All that remains of the original star that exploded is what’s called a neutron star, in the centre of the nebula. This is twelve miles (about 20 kilometres) in diameter. That’s the diameter of London out to the suburbs, or the length of Manhattan from the tip to the Bronx.

This star, a sphere, has a mass of about twice the mass of the sun. The sun has a mass of about 330,000 Earths. So we have to think about a sphere the size of London or Manhattan but weighing over 300,000 times the weight of the entire Earth.

So far, so astounding. But now it turns out that this sphere is spinning, quite fast. In fact, the neutron star at the heart of the Crab Nebula completes thirty full rotations every second. So if you were standing, say, in Richmond Park, where the surface of the neutron star, transplanted to London, rotated past you it would be travelling at a speed of about four million miles an hour. (You might like to treat it like a Fermi problem [[image: Image] 272] and work it out for yourself.) This is some way from the speed of light, about 670 million mph, but is still a pretty impressive rotational speed for an object as massive as 300,000 Earths.

The fact is, of course, that if you were standing anywhere near the surface of this neutron star, and you could withstand the heat and X-rays pouring out of it, you would be sucked by gravity into its heart with such force that all the molecules of your body would be torn apart into their constituent atoms. Still, at least you wouldn’t feel anything, since this would all happen before a pain signal had travelled more than a fraction of a centimetre along your nerve fibres.

‘WE ARE STARDUST…’

The American singer Joni Mitchell wrote a song called ‘Woodstock’, which contained the words ‘We are stardust’, a lyric that might be taken as no more than a beguiling metaphor, as in ‘We’ll build a stairway to paradise’ or ‘Catch a falling star’, if it wasn’t for the fact that she also sang about ‘billion-year-old carbon’, suggesting that she knows whereof she sings.

The chemical elements that make up our bodies, including the iron in our blood and the calcium in our bones, originated, with one exception, in the turbulent body of a star. The exception is hydrogen, the most abundant element in the universe, which formed the starter material for all stars and still provides the fuel for the nearest star, our sun. Hydrogen is a simple element and it can be visualized as having a single particle, a proton, as its nucleus and another, an electron, ‘orbiting’ round it, although this model is now considered oversimplified. It is the building block of the other chemical elements, which have more nuclear particles and more electrons.

In a sequence of events during the life cycle of some stars, hydrogen atoms under pressure combine to produce heavier elements like helium, and the helium under further high pressure and temperature forms carbon and oxygen. By this stage the original atoms consisting of one proton and one electron have combined to form larger atoms, some with six protons and electrons (carbon) and others with eight of each (oxygen). As the star becomes denser and denser the force of gravity crushes these atoms together to produce yet heavier ones, until the process stops with iron. With iron atoms, made up of twenty-six protons and electrons, the process of crushing together to make even heavier atoms stops, and the star’s core acquires more iron and becomes heavier and heavier until the star collapses under its own weight.

The process of getting from hydrogen gas to a solid iron core takes about ten million years, but all that hard work is undone in the space of less than a second as the star collapses. Then a shock wave travels out from the centre of the star and blows off the outer layers, which contain a range of elements that were intermediaries on the way from hydrogen to iron – silicon, oxygen and carbon. This explosion results in a huge emission of light and other energy over a few days, and can be observed as what’s called a supernova [[image: Image] 188], when a star seen from the Earth increases many times in brightness before lapsing back to a dimmer state.

Those heavier elements, forged in one star, now spread out into space, eventually to form other stars like our sun, which was formed out of a cloud of matter attracted by gravity towards a central point. Some of the elements in that cloud condensed into planets, including the Earth, and thus all the heavier elements that started out in the outer shell of a star came to their final resting place, on the Earth’s surface and in its atmosphere. From there it was a short step for a small proportion of that ‘stardust’ to become incorporated in our bodies, in the following proportions: oxygen (65 per cent), carbon (18 per cent), nitrogen (3 per cent), calcium (1.5 per cent), phosphorus (1.0 per cent), potassium (0.35 per cent), sulphur (0.25 per cent), sodium (0.15 per cent), magnesium (0.05 per cent) and copper, zinc, selenium, molybdenum, fluorine, chlorine, iodine, manganese, cobalt, iron (0.70 per cent).

In fact, it’s unlikely that the hydrogen in our bodies – 10 per cent of the mass – came from the explosion of a distant star since there’s much more available as gas between the stars, and so it might be better to change the words in Joni Mitchell’s song to ‘We are 90 per cent stardust…’

COMBING THE UNIVERSE

The Doppler effect [[image: Image] 168] is an essential tool in astronomy. It was the source of our understanding of the fact that the universe is expanding, because the light from certain stars and galaxies is redder than we would expect, owing to what is called the ‘red shift’ in its spectrum as it moves away. The red shift with light is similar to the drop in pitch of sound waves as a source of sound moves away from the hearer.

Until recently, the sort of expansion speeds that could be measured were of the order of 30,000 kilometres per second. When a galaxy is moving at that sort of speed away from us, the change in the colour of the light emitted is large enough to be easily measurable.

The way the change is measured is as follows:

Most of us are familiar with the rainbow colours of the spectrum of white light. If you shine light through a prism on to a sheet of white paper, you get a spread – or spectrum – of colours from red through yellow and green to blue. All of these colours are normally mixed up in one beam of white light and the triangular glass shape of the prism spreads them out. Now, if that source of white light was moving very fast away from the prism, the spectrum would be shifted. The violet light that was at one end of the spectrum would now look blue, the blue light would look green and the green light would look yellow. Everything would be ‘shifted’ towards the red end of the spectrum. As it happens, with white light from, say, the sun, a frequency or ‘colour’ of light that had been invisible beyond the violet end (ultraviolet) would now be violet, and so in fact the spectrum wouldn’t look any different to the naked eye. But physicists have found a way to detect this shift, using what are called emission lines.

Every chemical element, if it is heated in a star or a galaxy or over a Bunsen burner, will emit a pattern of distinct bright lines in a certain part of the spectrum. These patterns are very recognizable by the distance apart and the brightness of the individual lines. So when an astronomer sees that the pattern of a particular element – helium, for example, which is usually in the yellow part of the visible spectrum – has shifted its position towards the red end of the spectrum, he or she knows that the source of the helium is moving away from us and can calculate how fast it is moving by measuring how far it has shifted towards the red.

This is fine for fast-moving astronomical objects, but the use of red-shift measurements has not been so successful for objects that move or change speed slowly. There are various areas in astronomy where small changes in speed are important. One of them relates to the possibility of planets orbiting around distant stars. Such planets are not visible through telescopes but can be detected by the effect they have on the movement of the star they orbit.

A planet does not rotate around the centre of a stationary star, but instead the star and the planet rotate around a point between the centres of the two objects but nearer the more massive object, the star. It’s like a drum majorette’s baton with different-sized bobbles on either end, twirled
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