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For Kate, Renu and Mina.


Those who dwell, as scientists or laymen, among the beauties and mysteries of the earth are never alone or weary of life.

Rachel Carson, The Sense of Wonder, 1965


The universe is made of stories, not of atoms.

Muriel Rukeyser, The Speed of Darkness, 1968


Practise any art, music, singing,
 dancing, acting, drawing, painting,
 sculpting, poetry, fiction, essays, reportage,
 no matter how well or badly,
 not to get money and fame, but to experience becoming,
 to find out what’s inside you, to make your soul grow.


Kurt Vonnegut, Letter to students of Xavier High School, 2006




Contents

About the Author

Title Page

Copyright

Dedication

Introduction: What’s the Point of This?


1. Why Is the Sky Blue?

2. Why Don’t Things Fall Up?

3. Why Does Ice Cream Melt?

4. What Is the Smallest Thing?

5. What Are Stars?

6. Are Fish Animals?

7. What Am I Made of?


Appendix

Acknowledgements



Introduction

What’s the Point of This?

‘Why?’ seems to be my daughter’s favourite word at the moment. She’s just turned three and, like most children around this age, is capable of following up any answer I give her with another ‘Why?’ and then another and another. This incessant questioning can sometimes be exasperating, but I usually enjoy seeing how long I can go on responding to her before I run out of answers. It probably helps that I’m a science teacher and I’ve found that she listens quite intently if I talk about photosynthesis when she asks about leaves, or the water cycle when she asks about clouds. No matter how detailed my answer, though, she always seems to have a follow-up question.

At this point, if I was looking to score easy points with you, I might have written that ‘children are born scientists’. This is something that sounds profound, and maybe even makes your spine tingle a little, like the best aphorisms do. But it’s just not true. I’d go as far as to say that it’s an insidious idea because it suggests being scientific is an ability we somehow lose as we grow up, instead of one that requires very specific nurturing to develop. I have taught hundreds and hundreds of children, many of whom have grown up to become scientists, but I can confidently assert that none of them were born with the knowledge, or particular set of intellectual and practical skills, which the role requires.  

Young children are naturally curious, and have an innate desire to learn more about the world around them. The insistent ‘Why? Why? Why?’ that most parents of toddlers are familiar with, is their way of expressing this. But, let me stress again, they are not born scientists. Just as anyone who might have an aptitude for art or music or writing needs some form of teaching, and practice, to become really good at these things, children with a natural urge to understand how the world works need to develop, and practise, a ­distinct set of skills. 

Another mistake is to think that science is simply a refined form of ‘common sense’. In fact, to ­understand scientific explanations for natural phenomena, we often need to overcome our intuitive ways of thinking about the world. But what is certainly true is that, without questions, there would be no science. At its heart, science is a process by which we find answers. 

This is a book for anyone who is curious. It’s a book for anyone who didn’t understand science at school, anyone who simply didn’t like their science lessons, or was left bored or confused by them. This is a book for anyone who, when faced with a question about the world around them, has wished they could remember more of what they should have learned.

Most ‘popular science’ books, which attempt to explain scientific ideas, are written by scientists or former scientists. In my experience, these books are often written with an assumption that the reader already has some basic knowledge, and is interested and motivated enough to want to deepen it. I’m a secondary school  science teacher, and I’m bringing the perspective of someone who has spent much of the past twenty-five years trying to explain science to people who don’t understand it at all, and sometimes have little inclination to try. I have a lot of empathy for such people because, until the later years of my secondary education, I was one of them.

The questions in this book are ones that many young children ask, and are deceptively simple. Like fast food, fast explanations to questions such as ‘Why is the sky blue?’ and ‘What am I made of?’ are rarely ­satisfying; they often rely on making dangerous assumptions about what people already know, and can lead to confusion and misunderstandings later on. In giving my answers to the seven questions in this book, I hope to take you on a journey through the ‘big ideas’ of science, which any decent school science education should cover. 

Along the way, I’ll remind you about the science of everything from atoms to cells to stars, as well as ­showing you the power and beauty of scientific achievements like the Big Bang Theory and evolution by ­natural selection. I’ve used explanations that I’ve honed over many years of teaching, taking into account the most common misconceptions and intellectual hurdles that prevent people from grasping key ideas. I’ve also included descriptions of some of the ­experiments and practical experiences that a good ­science education ought to include, as well as some of the stories which best illustrate how scientific discoveries are really made, as opposed to simplistic narratives of lone geniuses and single moments of inspiration. 

The most important question I have to answer as a teacher is: ‘What’s the point of this?’ I could point out that the society we live in is built on the fruits of ­science – from the electricity that powers our lives, to the ­technologies that keep us connected and ­entertained, to the medicine that allows us to survive illness and disease and live longer than ever before. I could also tell you that it’s important to understand science so that you can make sense of issues like climate change and stem cell research, and make well-informed decisions when these matters become the focus of political decisions for which you have a vote. 

I could tell you that science plays a crucial role in helping us deal with many of the problems we face as a species, from preserving the environment to ensuring there is enough food for everyone to eat. While these are all important reasons why science is given such a prominent place in education systems around the world, they are not really why I took an interest in science myself, or why I think everyone should have the opportunity to learn about it. 

For me, there are two main reasons why everyone should be entitled to a good science education. First, it is a uniquely powerful ‘intellectual toolkit’ for helping us to make sense of the natural world. Second, and perhaps more importantly, it is a cultural activity with which all of us should be able to engage, and indeed contribute to, should we wish. I think science comes from the same thing that drives us to make art, music and literature – our response to being alive, existing in this world, and the urge to make sense of it and share what we have understood with others. Science is not only for those who want to become scientists, just as art is not only for those who wish to become artists; it is a human endeavour that enriches all our lives. 

Scientific ideas and discoveries have the capacity to elicit awe and wonder from us, and I hope you will experience that in the pages of this book. But I think the real joy of science is to be had from an understanding of it that is genuinely meaningful and ­useful. For that, you need to start with the basics, simple models that you can get your head around and apply to the world around you. That’s what I’m hoping to do with this book – to introduce you (or remind you about) the scientific ideas you should have learned at school, so that you can provide truly satisfying answers to questions like ‘Why don’t things fall up?’ and also have the confidence to be unashamed about saying, ‘I don’t know, that’s an interesting question, how can we find out?’

This book is by no means a definitive guide to ­science, not even to the science that is covered in schools. Instead, it’s a journey through some of the key ideas, which I hope will give you a taste for more, in the same way that listening to a song you love for the first time might give you the urge to listen to more songs by the same artist, or reading a great book makes you want to read all of that author’s work. This is my attempt to write a popular science book for ­people for whom science was not popular, for anyone who wants to give science a second chance to make sense. 
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