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“When a distinguished but elderly scientist states that
something is possible, he is almost certainly right.
When he states that something is impossible,
he is very probably wrong.”

Arthur C. Clarke


 

 

 

 

 

I’ll be looking for you, Will, every moment, every single moment. And when we do ﬁnd each other again we’ll cling together so tight that nothing and no one’ll ever tear us apart. Every atom of me and every atom of you…

We’ll live in birds and ﬂowers and dragonﬂies and pine trees and in clouds and in those little specks of light you see ﬂoating in sunbeams… And when they use our atoms to make new lives, they won’t just be able to take one, they’ll have to take two, one of you and one of me, we’ll be joined so tight.
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Science: a very
short introduction

by Philip Pullman



 

Science was one of those things (music was another) that I was fascinated by at home, and turned off by at school. Like many children who grew up in the 1950s, I read that great comic the Eagle every week, with the adventures of Dan Dare and his enemy, the Mekon; and one of the items I most enjoyed was the science feature, the explanation of such things as radar, or nuclear fission, or rocket propulsion. There was a comic-strip character called “Professor Brittain”, a genial sort of boffin, as they used to call scientists, who explained it to a suitably wide-eyed boy and girl. I soaked it all up greedily.

Then there were our trips to the Science Museum in South Kensington. What a wonderful place that was, and still is! Photoelectric cells and calculating machines, pulleys and radio valves – I didn’t understand much of it, but I loved it all. It meant excitement and wonder and amazement; it meant the sense that anything was possible, and that the universe was huge and full of exciting things to discover.

So why didn’t I like science at school?

One reason might be that although I’m a science fan, I’m not fundamentally a scientist. I’m a storyteller. A genuine scientist would love the subject for itself: I think I love science for the stories that are told about it. I can’t do the hard stuff; mathematics is a horrible struggle; but let Professor Brittain begin to explain gravity or nuclear radiation or how the solar system was formed, and I’m spellbound.

I think there are many people like me, who love hearing about something we can’t ourselves do. Those of us who enjoy reading about science are living in a lucky time. There has been a great wave of very good writing about science in recent years; it’s easy now to find books on geology, or evolution, or physics, or genetic engineering, or all sorts of other sciences, which are brilliantly written and as exciting as any thriller.

And among the very best of the modern writers on science are Mary and John Gribbin. I have read many of their books; I’ve heard John lecture; I’ve learned an enormous amount from them. When I heard that they were interested in writing a book about the science of His Dark Materials, I felt as privileged as if Dan Dare had invited me for a flight in his rocket.

But I wondered what they’d find to say… Because I wasn’t writing about science, after all. I was writing about Lyra, and Will, and Mrs Coulter and Lee Scoresby and Mary Malone and all the other characters; and although I did try to get a bit of science in, and to get it right, it was very much there as a background, as a sort of stage set for the story to take place in front of.

Take the idea of parallel worlds. Many writers have used this idea, though it doesn’t always come with a scientific explanation. Lewis Carroll’s Alice books both begin with Alice leaving her world, our world, and going to another; and The Lion, the Witch and the Wardrobe works in exactly the same way. So I wasn’t being very original in using the basic idea.

What I did try to do was get the science right – though not for a scientific purpose: for a story-telling purpose. In my story, Lyra first becomes aware of the existence of other worlds when the witch’s dæmon tells her about them. What I was trying to do in that passage was not so much explain that other worlds exist – I was trying to convey to the reader the sense of awe and mystery that suddenly comes over Lyra. And when Will, in The Subtle Knife, goes through the mysterious window under the hornbeam trees to enter the city of Cittàgazze, what I wanted the reader to feel was not a logical conviction but a sense of wonder. The purpose is different, you see.

But I did try to get it right. In the case of parallel worlds, I read as much as I could find about the matter; I went to a lecture by David Deutsch, a scientist who has done a great deal of research into the subject; and although I didn’t understand very much, I hope I managed to absorb enough of the arguments to make the reader feel that the background was solid enough not to fall over when anyone leant against it. I think if you’re convinced by one part of the story, you’re a little more willing to believe the rest of it. I don’t mean believe it’s true, of course; we know it’s not true. I mean believe that it works. My test was always: “I don’t know very much about this, but I do know something, and if I read this in a novel, would it make me think that the writer knew at least as much as I did, and wasn’t a complete fool?”

Well, many people much more scientifically learned than I am have read this trilogy, and found not too much, I hope, to quarrel with. Among them are the Gribbins, and the result of their reading is this book. When I first read it, I was enormously impressed by how clever I was. Then I read it again, and realised that if I’d got anything scientific right in the first place, it was because of the work of writers like them, who had explained these difficult ideas – and many others – with such clarity and skill.

Real scientists and science fans alike will find all kinds of things here to delight them. And if my story has been the cause of it, then no one will be more delighted than me.

Philip Pullman


Chapter One

Bright Materials

The secret of science, and all the stars that shine
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“She walks in beauty, like the night
Of cloudless climes and starry skies;
And all that’s best of dark and bright
Meet in her aspect and her eyes:
Thus mellowed to that tender light
Which heaven to gaudy day denies.” 
 
Byron
 

 
 
 
Her knowledge was patchy. She knew about atoms  and elementary particles, and anbaromagnetic charges and the four fundamental forces and other bits and pieces of experimental theology, but nothing about the solar system. In fact, when Mrs Coulter realized this and explained how the earth and the other ﬁve planets revolved around the sun, Lyra laughed loudly at the joke.
 
However, she was keen to show that she did know some things, and when Mrs Coulter was telling her about electrons, she said expertly, “Yes, they’re negatively charged particles. Sort of like Dust, except that Dust isn’t charged.”
 
 
 
Science is explainable magic. If you were a time traveller visiting our world from the ancient past, you would think that magic was everywhere around you. Planes ﬂying, cars moving, even frozen food would seem strange and miraculous. They are not strange magic to us because we are used to them, and because we know they work by science, not magic. In ancient times, people were amazed and awed by things like rainbows and eclipses, things they had no control  over. We still can’t control these things, but we aren’t scared of them because we understand the science behind them.
 
In Philip Pullman’s His Dark Materials trilogy, when Lyra visits Will’s world, things like cars seem magical to her. And in Lyra’s world there are things, like the alethiometer, and Dust, that seem like magic to Will. But even these things are really based on science. We are going to tell you about that science, the science of His Dark Materials. The story is all about uncovering hidden truth. The truly big magic that Philip Pullman weaves into his story is the magic that understanding things and knowing how the world works makes it less scary. He shows us that knowledge and science put you more in control of things.
 
This means more than understanding how a frozen pizza is made. Understanding frozen pizza is pretty smart, but the understanding behind His Dark Materials involves the whole Universe. That’s where the “dark materials” come from. We’re not talking here about the kind of material used to make a shirt  or a curtain, but much more mysterious stuff, a kind of invisible matter that ﬁlls the Universe.
 
The worlds inhabited by Lyra, Will and the other characters are embedded in a sea of Dust, which falls on them from space, and is real, but cannot be seen by human eyes. The characters, especially Lyra and Will, are also surrounded by a sea of knowledge. There is information about the world that they know nothing about when the story begins, but which they learn about, with the help of the alethiometer, as their adventure unfolds.
 
Both these images are true. Knowledge really does make the world a better place to live in. And astronomers really do have evidence that there is about ten times as much dark stuff in our Universe as there is bright stars and galaxies. Just like Dust, this dark material is not like anything ever detected on Earth. It isn’t made of the kind of atoms and molecules your body is made of, or the air you breathe, or anything you have ever touched or seen. But, like Lyra, we have to know about things like atoms and electrons before we  can learn about the dark materials in the Universe. And, unlike Lyra, we know a great deal about what goes on in space – not just in our Solar System, where there are actually nine planets, not six, but in the stars and galaxies beyond the planets.
 
The stuff of the Universe
 
What are atoms? Atoms are tiny particles that move around all the time, bouncing off one another and sometimes sticking together to make molecules. The discovery of atoms is the most important discovery in the whole of science. An atom is only about one hundred-millionth of a centimetre across, so that it would take ten million atoms side by side to stretch across the gap between two of the “teeth” on the jagged edge of a postage stamp. The oxygen molecules that you breathe in to stay alive are made of two oxygen atoms joined together. They don’t just waft around gently in the air waiting for you to come along and breathe them in. When it comes to speed, they can go 50 times faster than the fastest 100-metre  sprinter, and they never stop for a rest.
 
Oxygen molecules in the air move at about 500 metres a second. If they went in a straight line, they could cover 30 kilometres in a minute. But they never get a chance to go far, because they are always bouncing off other molecules in the air. The average distance they travel between collisions is just 14 millionths of a centimetre. They are so close together that they collide with other molecules three and a half billion times every second. That makes 90 billion collisions every minute. Feel free to work out how many that is in a day, a week, a century…
 
Atoms come in different varieties, corresponding to different kinds of material, called elements. There are 92 different elements (things like oxygen, gold, or the silicon used in computer chips) that occur naturally on Earth. Because each variety of element corresponds to a different variety of atom, this means there are 92 different kinds of atoms. Everything we experience in our everyday lives is thanks to these 92 kinds of atoms interacting with each other in different  ways. All the stuff around you, everywhere in the Universe, that is made of atoms is called baryonic matter.
 
The light that shines
 
When atoms get hot, they radiate energy in the form of light – they shine. The white light that surrounds you in daylight is made of all the colours of the rainbow mixed together. In a rainbow, the colours are spread out to make a spectrum. You can do the same thing by shining light through a triangle of glass, called a prism, to make a spectrum. If you hang a prism in a window on a sunny day, it makes rainbow patterns dancing on the walls. The rainbow pattern is made because the light gets bent when it goes through the prism. Different colours are bent by slightly different amounts, so the colours get spread out. The same thing happens in raindrops, to make rainbows. Raindrops are like tiny prisms.
 
One of the great discoveries of science in the 19th century was that each kind of atom shines in a particular way, making  its own contribution to the rainbow spectrum of light. It’s an example of a hidden truth.
 
All the colours of the rainbow are made by light from shining atoms. Sodium atoms shine very brightly with yellow light. Sodium atoms in the gas in street lights get their energy from electricity, and turn it into yellow light. Every time you see that sort of yellow light, you know sodium is there, even if you can’t touch it. If you ever see someone throw ordinary salt into a ﬁre, you see a ﬂash of the same “street lamp” yellow light. That is because salt molecules are made of sodium atoms joined to chlorine atoms (the chemical name for salt is sodium chloride).
 
Beyond the rainbow
 
On Earth, chemists can study the light from every kind of atom, and measure the exact colour it contributes to the spectrum. A little piece of magic turned into science. Astronomers can take this magic out into space. They measure the strength of light of different colours coming from the Sun and the stars. So they can work  out what the stars are made of without ever going into space. That would have seemed like magic even a couple of hundred years ago. We actually know what the stars are made of, even though they are so far away that the light from them takes hundreds or thousands of years to get to us.
 
The scientiﬁc magic of the spectrum shows that all the stars – everything we can see in the Universe – is made of the same kind of atoms that we are made of. It is all baryonic matter.
 
Stars like dust
 
The Sun looks big and bright to us, and we see it in daylight, not at night. But it is an ordinary star. It is about 109 times bigger across than the Earth is, and contains about 330,000 times as much material as the Earth does. It shines because, deep inside the Sun, one kind of atom (hydrogen) is being turned into another kind of atom (helium). This process is called nuclear fusion. When light atoms fuse together, they release energy. All  stars shine in the same way.
 
The Sun looks very bright to us because it is quite close, in cosmic terms. The Earth orbits around the Sun once every year, at a distance of about 150 million kilometres. That’s very nearly 400 times further away from us than the Moon. But it’s just next door in the Cosmos.
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